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  Pref ace  

    The eyes are not responsible when the mind does the seeing.  

Publilius Syrus (85–43 BC) 

   Maps are one of the oldest forms of human communication. Map-making, like 
painting, pre-dates both number systems and written language. Primitive peoples made 
maps to orientate themselves in both the living environment and the spiritual worlds. 
Mapping enabled them to transcend the limitations of private, individual representa-
tions of terrain in order to augment group planning, reasoning and memory. Shared, 
visual representations opened new possibilities for focusing collective attention, 
 re-living the past, envisaging new scenarios, coordinating actions and making decisions. 

 Maps mediate the inner mental world and outer physical world. They help us 
make sense of the universe at different scales, from galaxies to DNA, and connect 
the abstract with the concrete by overlaying meanings onto that world, from astro-
logical deities to signatures for diseases. They help us remember what is important, 
and explore possible confi gurations of the unknown. Cartography – the discipline 
and art of making maps – has of course evolved radically. From stone, wood and 
animal skins, we now wield software tools that control maps as views generated 
from live data feeds, with fl exible layering and annotation. 1  

  “Foundational concept, fragmented thinking, line of argument, blue skies 
research, peripheral work”:  we spatialise the world of ideas all the time with such 
expressions.  Maps  can be used to make such confi gurations tangible, whether 
sketched on a napkin or modelled in software. In this book we bring together many 
of the leading researchers and practitioners who are creating and evaluating such 
software for mapping intellectual worlds. We see these as new tools for reading and 
writing in an age of information overload, when we need to extract and construct 
meaningful confi gurations, around which we can tell different kinds of narrative. 

1   Our sister volume in this series,  The Geospatial Web , explores the convergence of spatial data, 
mapping tools and the social web (Scharl and Tochtermann, 2006). 
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 For a visual generation of children who have never known a world without 
 ubiquitous information networks, we might hypothesise that knowledge maps could 
have particular attraction as portals into the world of ideas. Moreover,  the network  
is not only dominant when we think about our social and technical infrastructures, 
but almost an ontological stance in postmodernity, where we hold our viewpoints to 
be precisely that: always partial and contextualised. Weaving connections between 
nodes in the network is the most fl exible way to bring ideas and information into 
locally coherent relationships with each other, knowing that there is always another 
viewpoint on the validity of these patterns. Modelled in software, the vision is that 
intellectual continents, islands and borders can be invoked and dissolved at different 
scales, as required. 

  Knowledge Cartography  can be defi ned as:

•    the art, craft, science, design and engineering of different  genres of map  to 
describe intellectual landscapes – answering the question  how can we create 
knowledge maps?   

•   and the study of  cartographic practices  in both beginners and experts as they 
make and use such maps – answering the question  how effective are knowledge 
maps for different kinds of users?     

 The particular focus of the authors in this volume is on  sensemaking : the process 
by which externalising one’s understanding clarifi es one’s own grasp of the situa-
tion, as well as communicates it to others – literally, the  making  of  sense  (Weick 
1995   : p. 4). While “sense” can be expressed in many ways (non-verbally in gesture, 
facial expression and dance, and in prose, speech, statistics, fi lm, etc.), knowledge 
cartography as construed here places particular emphasis on digital representations 
of connected ideas, specifi cally designed to:

    I.     Clarify the intellectual moves and commitments at different levels.  (e.g. Which 
concepts are seen as more abstract? What relationships are legitimate? What 
are the key issues? What evidence is being appealed to?)   

   II.     Incorporate further contributions from others, whether in agreement or not.  
The map is not closed, but rather has affordances designed to make it easy for 
others to extend and restructure it.   

   III.     Provoke, mediate, capture and improve constructive discourse.  This is central 
to sensemaking in unfamiliar or contested domains, in which the primary chal-
lenge is to construct plausible narratives about how the world was, is, or might 
be, often in the absence of complete, unambiguous data.    

  Our intention with this book is to provide a report on the state of the art from 
leaders in their respective fi elds, identify the important challenges as they are 
 currently seen in this relatively young fi eld, and inspire readers to test and extend the 
techniques described – hopefully, to think more critically and creatively. Many of the 
tools described are not sitting in research labs, but are fi nding application in diverse 
walks of life, with active communities of practice. These communities  represent the 
readership we hope for: learners, educators, and researchers in all fi elds, policy ana-
lysts, scenario planners, knowledge managers and team facilitators. We hope that 
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practitioners will fi nd new perspectives and tools to expand their  repertoire, while 
researchers will fi nd rich enough conceptual grounding for further scholarship. 

    Genres of Knowledge Maps 

 A range of mapping techniques and support tools has evolved, shaped by the 
 problems being tackled, the skill of mappers, and the sophistication of software 
available. We briefl y characterise below the main genres of map. The appendix sum-
marises at a glance which mapping approaches and software tools are presented in 
each chapter. 

  Mind Mapping  was developed by Tony Buzan in the early 1970s when he  published 
his popular book  Use Your Head.  Mind Mapping requires the user to map keywords, 
sentences and pictures radiating from a central idea. The relatively low constraints 
on how elements can be labelled or linked makes it well suited for visual notetaking 
and brainstorming    (Fig.  1 ).

    Concept Mapping  was developed by Joseph Novak around 1972, based on Ausubel’s 
theory that meaningful learning only takes place when new concepts are connected 
to what is already known. Concept maps are hierarchical trees, in which concepts 
are connected with labelled, graphical links, most general at the top. Novak and 
many others have reported empirical evidence of the effectiveness of this  technique, 
with an international conference dedicated to the approach (Fig.  2 ).

  Fig. 1    Mind Map created with iMindmap       
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    Argument and Evidence Mapping  was fi rst proposed by J. H. Wigmore in the early 
1900s to help in the teaching and analysis of court cases. The objective is to expose 
the structure of an argument, in particular how evidence is being used, in order to 
clarify the status of the debate. Still used in legal education today, the idea has been 
extended, formalised (and reinvented) in many ways (Buckingham Shum 2003; 
Reed et al. 2007), but all focused on elements such as  Claims, Evidence, Premises  
and supporting/challenging relations (Fig.  3 ).

  Fig. 2    Concept Map created with CMap Tools       

  Fig. 3    Argument Map created with Rationale       
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    Issue Mapping  derives from the “Issue-Based Information System” (IBIS) devel-
oped by Horst Rittel in the 1970s to scaffold groups tackling “wicked” socio- 
technical problems. IBIS structures deliberation by connecting  Issues, Positions and 
Arguments  in consistent ways, which can be rendered as textual outlines and graphi-
cal maps. “Dialogue Mapping” was developed by Conklin (2006) for using IBIS in 
meetings, extended as “Conversational Modelling” by Selvin and Sierhuis (1999) to 
integrate formal modelling and interoperability with other tools (Fig.  4 ).

    Web Mapping  appeared as a result of the rapid growth of the internet. Software tools 
provide a way for users to capture, position, iconify, link and annotate  hyperlinks in 
a visual space as they navigate, creating a richer trail which comes to have more 
personal meaning than a simple bookmark list (Fig.  5 ).

    Thinking Maps  as defi ned by Hyerle (Chapter   4    ) contrasts all of the above with a set 
of abstract visual conventions designed to support core cognitive skills. Hyerle’s 
eight graphic primitives (expressing basic reasoning about, e.g.  causality, sequence, 
whole-part ) are designed to be combined to express higher order reasoning (e.g. 
 metaphor, induction, systems dynamics ) (Fig.  6 ).

   Finally, a note on what we might term  Visual Specifi cation Languages , which 
are designed for software interpretation by imposing constraints on how links and 
often nodes are labelled and combined. This is a huge fi eld in its own right, with 
schemes such as Unifi ed Modeling Language (UML) supporting user communities 
far larger than any of the others listed here, plus innumerable other notations and 
tools that exploit the power of visualization for modelling processes, ontologies and 
organizations. These are not, however, heavily represented in this book (though see 
Chapters   17     [Sierhuis] and   22     [Basque]) for the simple reason that this book’s interest 
in sensemaking focuses on the analytical work required at the upstream phases in 
problem solving, or in domains where formal modelling is contentious because of 
the assumptions it requires. Once the problem, assumptions and solution criteria are 
agreed and bounded, there is a clearer cost/benefi t tradeoff for detailed modelling.  

  Fig. 4    Issue Map created with Compendium       
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  Fig. 5    Web Map about mapping tools with Nestor Web Cartographer       

  Fig. 6    Thinking Maps created with Thinking Maps © tool       
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    Overview of the Book 

 This book has 22 chapters organised in two parts, defi ned by whether the primary 
application is in formal learning or the workplace. However, while this distinction 
refl ects two large audiences, readers will fi nd ideas cross-fertilising healthily 
between chapters. The fi rst half,  Knowledge Maps for Learning and Teaching , 
focuses on applications in schools and universities. We start with tools for learners, 
opening with a literature survey, followed by examples of different approaches 
(concept mapping, information mapping; argument mapping). Attention then turns 
to the kinds of maps that educators need. In the second half we broaden the scope to 
 Knowledge Maps for Information Analysis and Knowledge Management ,  examining 
the role that these tools are playing in professional communities – but with great 
relevance also to more formal learning contexts. We start with an analysis of the 
knowledge cartographer’s skillset, followed by case studies around issue mapping 
and refl ective practitioners documenting the most effective ways to map.

    1.    Suthers, in “ Empirical Studies of the Value of Conceptually Explicit Notations 
in Collaborative Learning ”, reports on a series of studies which show that differ-
ences of notations or representational biases can lead to differences in processes of 
collaborative inquiry. The studies span face-to-face,  synchronous online and asyn-
chronous online media in both classroom and laboratory settings.   

   2.    Canas and Novak present “ Concept Mapping Using CmapTools to Enhance 
Meaningful Learning ”. After briefl y introducing the pioneering concept map-
ping approach and CmapTools software, they provide an update to what is 
probably the world’s largest systematic deployment of concept mapping, the 
“Proyecto Conéctate al Conocimiento” in Panama, refl ecting on their experi-
ences introducing concept mapping in hundreds of schools to enhance mean-
ingful learning.   

   3.    Marriott and Torres, in “ Enhancing Collaborative and Meaningful Language 
Learning Through Concept Mapping ” describe how concept mapping can 
help develop students’ reading, writing and oral skills as part of a blended 
methodology for language teaching called LAPLI. Their research was fi rst 
implemented with a group of pre-service students studying for a degree in 
English and Portuguese languages at the Catholic University of Parana 
(PUCPR) in Brazil.   

   4.    Hyerle, in “ Thinking Maps ® : A Visual Language for Learning ”,  summarises 
a graphical language comprising eight cognitive maps called Thinking Maps ®  
and Thinking Maps ®  Software. These tools have been used from early grades to 
college courses to foster cognitive development and content learning, across all 
disciplines.   

   5.    Zeiliger and Esnault, in “ The Constructivist Mapping of Internet Informa-
tion at Work with Nestor ”, present the Nestor Web Cartographer software and 
the constructivist approach to mapping Internet information. They analyze a 
case study in Lyon School of Management (EM LYON), to show how the fea-
tures of the software, such as a hybrid representational system, visual widgets 
and  collaboration, help in constructing formalised knowledge.   
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   6.    Rider and Thomason, in “ Cognitive and Pedagogical benefi ts of Argument 
Mapping: L.A.M.P. Guides the Way to Better Thinking ”, show that in dedi-
cated Critical Thinking courses “Lots of Argument Mapping Practice” (LAMP) 
using a software tool like  Rationale  considerably improves students’ critical 
thinking skills. They present preliminary evidence and discussion concerning 
how LAMP confers these benefi ts, and call for proper experimental and educa-
tional research.   

   7.    Okada, in “ Scaffolding School Students’ Scientifi c Argumentation in 
Inquiry-Based Learning with Evidence Maps ”, reports pilot work investigat-
ing the potential of Evidence-based Dialogue Mapping to foster young teenag-
ers’  scientifi c argumentation. Her study comprises multiple data sources: pupils’ 
maps in Compendium, their writings in science and  refl ective comments about 
the uses of mapping for writing. Her qualitative analysis highlights the diversity 
of ways, both successful and unsuccessful, in which dialogue mapping was used 
by these young teenagers to write scientifi c explanations.   

   8.    Rowe and Reed, in “ Argument Diagramming: The Araucaria Project ”, 
describe the software package Araucaria, which allows textual arguments to be 
annotated to create argument diagrams conforming to different schemes such as 
Toulmin or Wigmore diagrams. Since each of these diagramming techniques 
was devised for a particular domain or argumentation, they discuss some of the 
issues involved in translating between the schemes.   

   9.    Sherborne, in his chapter “ Mapping the Curriculum: How Concept Maps 
can Improve the Effectiveness of Course Development ”, argues that 
 “curriculum development” is a process that naturally lends itself to visualisa-
tion through concept mapping. He reviews the evidence for how mapping can 
help curriculum developers and teachers, by promoting more collaborative, 
learner- centric designs.   

   10.    Conole, in “ Using Compendium as a Tool to Support the Design of Learning 
Activities ”, reports work to help multimedia designers and university academ-
ics create and share e-learning activities, by creating a visual language for 
 learning design patterns. She discusses how learning activities can be 
 represented, and how the maps provide a mechanism supporting decision mak-
ing in creating new activities.   

   11.    Opening the second half, Selvin, in “ Performing Knowledge Art: 
Understanding Collaborative Cartography ”, focuses on the special skills 
and considerations involved in constructing knowledge maps with and for 
groups. He provides concepts and frameworks useful in analysing collaborative 
practice, illustrating them with a case study.   

   12.    Culmsee and Awati, in “ The Map and the Territory: A Practitioner 
Perspective on Knowledge Cartography ”, provide a practical perspective of 
knowledge cartography by drawing on an approach that has been developed and 
refi ned through the lead author’s experiences in facilitating workshops in diverse 
professional domains. The discussion focuses on the importance of developing 
a feel for conversational patterns and for understanding the kinds of questions 
that enable insights to emerge from dialogue, leading to an emergent design 
approach that combines the methods of knowledge cartography with other 
 facilitation and problem solving techniques in a “fi t-for-situation” manner.   
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   13.    Buckingham Shum and Okada, in “ Knowledge Cartography for 
Controversies: The Iraq Debate ”, use the debate around the invasion of Iraq 
to demonstrate a knowledge mapping methodology to extract key ideas from 
source materials, in order to classify and connect them within and across a set 
of perspectives. They refl ect on the value of this approach, and how it can be 
extended with fi ner-grained argument mapping techniques.   

   14.    Groetker, in “ Visualized Problem Structuring for Stakeholder 
Consultations ”, presents a process model for asynchronous stakeholder 
 consultations with visualized problem structuring in the form of argument map-
ping. The consultations deal with matters of policy advice in the fi eld of science, 
technology and society, with a focus on bioethics and business ethics.   

   15.    De Liddo, in “ Enhancing Discussion Forums with Combined Argument and 
Social Network Analytics ”, uses the manual annotation of an extensive comment 
forum on nuclear power to demonstrate how sensemaking of online debate can be 
improved with argument and social network maps. She proposes insights on the 
affordances of effective online discussion tools, and envisaging future research 
scenarios to enhance online dialogue with social network and discourse analytics.   

   16.    Ohl, in “ Computer Supported Argument Visualisation: Modelling in 
Consultative Democracy Around Wicked Problems ”, presents a case study 
where a mapping methodology supported the analysis and representation of the 
discourse surrounding the draft South East Queensland Regional Plan 
Consultation. He argues that argument mapping can help deliver the  transparency 
and accountability required in participatory democracy.   

   17.    Sierhuis and Buckingham Shum, in “ Human-Agent Knowledge Cartography 
for e-Science: NASA Field Trials at the Mars Desert Research Station ”, 
describe the sociotechnical embedding of a knowledge cartography approach 
(Conversational Modelling) within a prototype e-science work system. They 
demonstrate how human and agent plans, data, multimedia documents, 
 metadata, discussions, interpretations and arguments can be mapped in an 
 integrated manner, and successfully deployed in fi eld trials which simulated 
aspects of mission workload pressure.   

   18.    Hogan, Harney and Broome, in “ Integrating Argument Mapping with Systems 
Thinking Tools: Advancing Applied Systems Science ”, describe an approach 
to knowledge cartography that seeks to overcome three independent human limi-
tations which impede our ability to resolve complex problems: poor critical 
thinking skills, no clear methodology to facilitate group coherence, consensus 
design and collective action, and limited computational capacities. Building on 
Warfi eld’s vision for applied systems sciences, we outline a new systems science 
tool which currently combines two thought structuring methodologies: argument 
mapping for critical thinking, and interactive management for system design.   

   19.    Scharl et al., in “ Visualizing Knowledge Along Semantic and Geographic 
Dimensions: A Web Intelligence Platform to Explore Climate Change 
Coverage  ”, presents the Media Watch on Climate Change, a publicly available 
Web intelligence portal that collects, aggregates and visualizes large archives of 
digital content from multiple stakeholder groups (documents and user  comments 
from news media, blogs, user-generated content from Facebook, Twitter and 
YouTube, corporate and NGO Web sites, and a range of other sources).   
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   20.    Lowrance et al., in “ Template-Based Structured Argumentation ”, present a 
semi-automated approach to evidential reasoning, which uses template-based 
structured argumentation. These graphical depictions convey lines of reason-
ing, from evidence through to conclusions. Their structured arguments are 
based on a hierarchy of questions (a tree) that is used to assess a situation. This 
hierarchy of questions is called the argument template (as opposed to the 
 argument, which answers the questions posed by a template).   

   21.    Vasconcelos, in “ An Experience of the Use of the Cognitive Mapping 
Method in Qualitative Research ”, analyzes concept mapping as a tool for 
supporting qualitative research, particularly to carry out literature reviews, 
 concept analysis and qualitative data examination. He uses his own experience 
in applying CmapTools software to understand the concept of partnership.   

   22.    Basque et al., in “ Collaborative Knowledge Modelling with a Graphical 
Knowledge Representation Tool MOT: A Strategy to Support the Transfer 
of Expertise in Organizations ”, present a strategy for collaborative knowl-
edge modelling between experts and novices in order to support the transfer of 
expertise within organisations. They use an object-typed knowledge modelling 
software tool called MOT, to elaborate knowledge models in small groups com-
posed of experienced and less experienced employees.    

      Towards Human-Machine Knowledge Cartography 

 To summarise,  Knowledge Cartography  is a specifi c form of information 
 visualization, seeking to represent spatially intellectual worlds that have no intrinsic 
spatial properties. We have emphasised the challenge of helping analysts craft maps 
of information resources, concepts, issues, ideas and arguments as an intrinsic part 
of their  personal and collective sensemaking . As with all artistry and craft, the 
  process and product  should interweave: the discipline required to craft a good map 
should clarify thinking and discourse in a way that augments the analytic task at 
hand, and the emerging map should in turn provoke further refl ection on the rigour 
of the analysis. We are interested in mapping the structure of  physical phenomena  
(e.g. a biological process), of  intellectual artifacts  (e.g. a curriculum), and  intellec-
tual processes  of inquiry (e.g. a meeting discussion, or a scientifi c or public debate). 

 This orientation complements the work that has emerged in Domain Visualization 
within the information retrieval community, and Meeting Capture from the multi-
media analysis community. In Domain Visualization (e.g. Chen 2003; Shiffrin and 
Börner 2004), “maps of science” are generated from the analysis of text corpora and 
related scientometric indices (e.g. co-citation patterns in literature databases), with 
the analyst then able to tune parameters to expose meaningful patterns (e.g.  emerging 
research fronts, turning points in the literature), and interactively navigate the visu-
alization as they browse trails of interest. In Meeting Capture research (e.g. the 
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European AMI and US CALO Projects), the analogous goal is to extract signifi cant 
moments from audio and video meeting records (e.g. decisions; action items; 
 disagreements), including generating argument maps (e.g. Rienks et al. 2006) in 
order to index the meeting and support follow-on activity. 

 We envisage that human and machine knowledge mapping will eventually 
 converge. Software agents will work continuously in the background and on demand, 
generating maps and alerts that expose potentially signifi cant patterns in discussions 
and publications (e.g. term clusters, hub nodes, pivotal papers, emerging research 
fronts, supporting/challenging evidence, candidate solutions). Analysts will assess, 
further annotate, and add new interpretive layers. While some of the authors in this 
book focus on mapping domains where objective, “hard” science data can be used 
to decide whether a map is correct or not, other authors are interested in how maps 
can support modes of interpretation and discourse across “softer” disciplines within 
the arts and humanities, and for teams confronted with wicked problems in policy 
deliberation and strategic planning, where there is no single, knowable solution. 

 The layers that analysts will add to machine generated maps will, therefore, also 
refl ect the community’s deliberations – whether in meetings or the literature – adding 
important connections and summaries that are not in the source documents/datasets. 
Human and machine mapping should be synergistic. Machines will play a critical 
role by fi ltering the data ocean, extracting increasingly higher level patterns, and 
acting on those semi-autonomously. People will, however, sense connections 
between experiences and ideas, and constantly read new connotations into their 
physical and information environments, in ways that are hard to imagine in machines. 
Crafting maps by hand will, in this view, continue to be an important discipline for 
sensemaking, even as our tools expand exponentially in computational power.

   ~~~~~~~~~~~~~~~~~~~~~~~~~~~~  

    We are confronted today by ever more complex challenges at community, 
national and global levels. As we learn almost daily of new, unexpected connections 
between natural and designed phenomena, we have to fi nd ways to teach these rich, 
multilayered webs to our children. More than ever, we need to fi nd ways to build 
common ground between diverse groups as they seek to make sense of the past, the 
immediate challenges of the present, and possible future. It would trivialise the 
dilemmas we face to declare a technological silver bullet. However, we cautiously 
propose that rigour and artistry in Knowledge Cartography has a signifi cant role to 
play in shaping how stakeholders, young and old, learn to think, listen and debate.

    Milton Keynes ,  UK       Alexandra     Okada  
         Sydney ,  Australia           Simon   J. Buckingham Shum   
   Sheffi eld ,  UK       Tony     Sherborne        
 February, 2014   http://books.kmi.open.ac.uk/knowledge-cartography/     
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    Appendix: Mapping Approaches and Software by Chapter 

 Chapter  Tool  Technique  Use context 

  Part 1: Knowledge maps for learning and teaching  
 01  Empirical Studies of the 

value of Conceptually 
Explicit Notations in 
Collaborative 
Learning 

 Belvedere  Argument mapping  Undergraduate 
science 

 02  Concept Mapping Using 
CmapTools to Enhance 
Meaningful Learning 

 CmapTools  Concept mapping  Schools 

 03  Enhancing Collaborative 
and Meaningful 
Languages Learning 
Through Concept 
Mapping 

 CmapTools  Concept mapping  Undergraduate 
language 

 04  Thinking Maps ® : A 
Visual Language for 
Learning 

 Thinking Maps  Thinking maps  Schools 

 05  The Constructivist 
Mapping of Internet 
Information at Work 
with Nestor 

 Nestor  Web mapping  Web learners 

 06  Cognitive and Pedagogical 
Benefi ts of Argument 
Mapping: 
L.A.M.P. Guides the 
Way to Better 
Thinking 

 Rationale  Argument mapping  Undergraduate 
Philosophy 

 07  Scaffolding School 
Students’ Scientifi c 
Argumentation in 
Inquiry-Based Learning 
with Evidence Maps 

 Compendium 
MindMeister, 
LiteMap 

 Dialogue mapping  Schools 

 08  Argument Diagramming: 
The Araucaria Project 

 Araucaria  Argument mapping  Undergraduate 
philosophy 

 09  Mapping the Curriculum: 
How Concept Maps 
Can Improve the 
Effectiveness of 
Course Development 

 CmapTools Mind 
Manager 

 Concept mapping, 
mind mapping 

 Schools 

 10  Using Compendium as a 
Tool to Support the 
Design of Learning 
Activities 

 Compendium  Mind mapping  Learning designers 

  Part 2: Knowledge maps for information analysis and knowledge management  
 11  Performing Knowledge 

Art: Understanding 
Collaborative 
Cartography 

 Compendium  Conversational 
modelling 

 e-Science and 
other mission 
operations 

(continued)
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 Chapter  Tool  Technique  Use context 

 12  The Map and the 
Territory: A 
Practitioner 
Perspective on 
Knowledge 
Cartography 

 Compendium  Conversational 
modelling 

 Facilitation and 
problem 
solving in 
diverse 
professional 
domains 

 13  Knowledge Cartography 
for Controversies: The 
Iraq Debate 

 Compendium  Dialogue mapping  Policy analysis 

 14  Visualized Problem 
Structuring for 
Stakeholder 
Consultations 

 XMind  Argument mapping  Participation 
design for 
policy advice 
in the fi eld of 
science, 
technology and 
society 

 VUE 
 Compendium 
 Mindmeister 
 Argunet 
 Argument 

Browser 
 Rationale 

 15  Enhancing Discussion 
Forums with 
Combined Argument 
and Social Network 
Analytics 

 Cohere  Conversational 
modelling 

  e-Science for  
social network 
and discourse 
analytics 

 16  Computer Supported 
Argument 
Visualisation: 
Modelling in 
Consultative 
Democracy Around 
Wicked Problems 

 Compendium  Modelling 
mapping 

 Government 
public 
consultation 

 17  Human-Agent Knowledge 
Cartography for 
e-Science: NASA 
Field Trials at the Mars 
Desert Research 
Station 

 Compendium  Conversational 
modelling 

 e-Science for 
space 
exploration 

 18  Integrating Argument 
Mapping with Systems 
Thinking Tools: 
Advancing Applied 
Systems Science 

 Argument 
mapping 
support tools 

 Argument mapping  e-Science for 
business and 
educational 
settings  IM software 

application 
SPSS, 
Statmodel 

 ENSIM, 
Powersim 

 19  Visualizing Knowledge 
Along Semantic and 
Geographic 
Dimensions: A Web 
Intelligence Platform to 
Explore Climate 
Change Coverage 

 MWCC Media 
Watch on 
Climate 
Change 

 Semantic and 
geographic 
mapping 

 e-Science for 
climate-related 
issues 

(continued)
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 Chapter  Tool  Technique  Use context 

 20  Template-Based 
Structured 
Argumentation 

 SEAS  Evidence mapping  Intelligence and 
other evidence 
analysis 

 21  An Experience of the Use 
of the Cognitive 
Mapping Method in 
Qualitative Research 

 CmapTools  Concept mapping  Postgraduate 
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    Abstract     “Knowledge Cartography” is concerned with a diversity of notations 
that all make certain conceptual structures explicit, but may differ from each other 
and from conceptually implicit notations in what they make salient. This chapter 
reports on a series of studies that investigated the idea that these differences or 
 representational biases  might lead to differences in processes of collaborative 
inquiry. The studies span face-to-face, synchronous online and asynchronous 
online media in both classroom and laboratory settings. An understanding of the 
observed effects can help both designers and practitioners think more deeply 
about the pedagogical implications of their representational tools and how these 
tools are embedded in a learning situation; i.e., how to convert representational 
 biases  to representational  guidance .  

1.1         Introduction 

 The variety of representational tools discussed in this volume – argument maps, 
concept maps, evidence maps, knowledge maps, mind maps, etc. – all offer the 
common advantage of being explicit about some conceptual structure or model: 
their notations are for constructing  conceptually explicit  representational artifacts. 
(See Suthers  2001b  for discussion of the distinction between notation, tool and 
artifact). In contrast written language is far more expressive yet as a notation does 
not make any particular conceptual structure visually salient. Researchers have 
claimed that explicit representations of conceptual structure encourage partici-
pants to clarify their thinking (Brna et al.  2001 ), make this thinking visible to 
others (Bell  1997 ), provide resources for conversation (Roschelle  1996 ), can 
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guide students’ argumentation to include disconfi rming as well as confi rming 
evidence (Toth et al.  2002 ; Veerman  2003 ), and can function as a “convergence 
artifact” that expresses the group’s emerging consensus (Hewitt  2001 ; Suthers 
 2001a ). The present chapter summarizes a series of studies undertaken to test 
hypothesized advantages of conceptually explicit notations, and that led to further 
discovery and explorations in the roles of representational tools in mediating 
interaction. The chapter begins with the historical context and motivation for the 
work and some theoretical considerations that led to the studies. The bulk of the 
chapter summarizes a series of classroom and laboratory studies comparing 
evidence maps to other representational notations, before concluding with some 
implications for practitioners.  

1.2     Background 

 This section summarizes the practical and theoretical motivations for the studies 
that will be described in the next section. 

1.2.1     Belvedere and Kin 

 This line of work had its origins in the  Belvedere  project at the University of 
Pittsburgh. The project was intended to support secondary school children’s 
learning of critical inquiry skills in the context of science, particularly at the 
scale of scientifi c discourse that spans multiple studies and authors (Cavalli-
Sforza et al.  1994 ). Belvedere was intended to enable the construction of node-
and-link style diagrams using a complex visual language that could capture the 
nuances of scientifi c argumentation, and an intelligent tutoring system that would 
help the student reason about the arguments. The name “Belvedere” was chosen 
by Alan Lesgold to convey both the “beautiful views” of arguments that it would 
enable, and the guidance it offered children like the butler “Mr. Belvedere” in a 
locally set television show.     1  

 A prototype that included a portion of the visual language and a simple pattern 
matching advisor was implemented (Paolucci et al.  1996 ; Suthers & Weiner  1995 ; 
Suthers et al.  1995 ). Belvedere’s diagrammatic language was later simplifi ed in ver-
sion 2 (Fig.  1.1 ) to focus on evidential relations between data and hypotheses 
(Suthers et al.  2001 ).     2  This change was driven in part by a refocus on collaborative 

1   Personal communication, Alan Lesgold. 
2   Version 4 of Belvedere is available at  http://belvedere.sourceforge.net/ . It supports multiple views 
on an evidence model, but does not support networked collaboration or include the prototype 
coach found in version 2. Version 2 is available from the author, but is based on 1990’s 
technology. 
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learning, which led to a reconceptualization of the role of the diagrammatic 
representations. When more than one student was working with Bevledere, much of 
students’ argumentation took place verbally between them rather than in the 
representations, and was concerned with manipulations and interpretations of 
the representations. Rather than viewing the representations as medium of commu-
nication or a formal record of an argumentation process, the author came to view 
them as resources (stimuli and guides) for conversation (Roschelle  1996 ) among 
co- located learners concerning issues of evidence.

   Meanwhile, it was apparent that various projects with similar goals (i.e., critical 
inquiry in a collaborative learning context) were using radically different represen-
tational systems. These included various forms of hypertext/hypermedia (Guzdial 
et al.  1997 ; O’Neill & Gomez  1994 ; Scardamalia et al.  1992 ), node-link graphs 
representing rhetorical, logical, or evidential relationships between assertions 
(Ranney et al.  1995 ; Smolensky et al.  1987 ; Suthers & Weiner  1995 ), containment 
of evidence within theory boxes (Bell  1997 ), and evidence or criteria matrices 
(Puntambekar et al.  1997 ). The obvious question arose: if representations are 
resources for conversation, does it matter which representation one uses?  

  Fig. 1.1    Belvedere 2, with prototype coach       
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1.2.2     Theoretical Background 

 In response to this question, the author postulated two broad ways in which 
representational notations infl uence learning (Suthers  2001b ). 

  Constraints : limits on expressiveness, for example, the representational system 
may provide limited types of objects and relations and structures that can be 
constructed from them (Stenning & Oberlander  1995 ). 

  Salience : how the notation makes certain types of information (such as concep-
tual relationships) visible, possibly at the expense of others (Larkin & Simon  1987 ; 
Lohse  1997 ). The absence of information where it is expected is also a form of 
salience (e.g., the empty cells of a matrix suggest that they might be fi lled). 

 These two fundamental expressive features of notations play out in many ways, 
including infl uences on individual (cognitive/perceptual) reasoning and learning 
(e.g., Kotovsky & Simon  1990 ; Novick & Hmelo  1994 ; Zhang  1997 ), but here we 
are concerned with collaborative learning. Of the various infl uences that representa-
tions have on collaborative processes, which are intrinsic to collaborative processes 
themselves rather than being due to the aggregated infl uence of representations on 
individuals? Three possible answers to this question, fi rst outlined in Suthers & 
Hundhausen ( 2003 ) and further developed in Suthers ( 2006b ), motivated the work 
reported in this chapter. 

  Negotiation Potentials . If multiple participants can add to or change a represen-
tational artifact that they are constructing together, the participants may feel an obli-
gation to negotiate and obtain agreement on modifi cations to those representations. 
Any medium offers certain potentials for action (affordances). The ideas associated 
with these potential actions are more likely to be discussed in the course of this 
negotiation. Notational constraints limit but focus these negotiation potentials, 
while salience makes them more likely to be taken up by participants. 

  Referential Resource . When people are constructing representations together, 
elements of the representational artifact become imbued with meanings for the 
participants by virtue of having been produced through the process of negotiation 
discussed above. These elements then enable participants to reinvoke these meanings 
through language, gesture, or direct manipulation. In this manner, collaboratively 
constructed external representations facilitate subsequent negotiations, increasing 
elaboration on previous conceptions and the conceptual complexity that can be 
handled in group interactions. Constraints on expressiveness will focus what is 
available for reference, and salience will affect the immediacy of its availability 
for reference. 

  Mutual Awareness . Computational media can be designed to foster group 
awareness (Kreijns & Kirschner  2004 ). The mere awareness that others are pres-
ent and will evaluate one’s actions may infl uence one’s choice of actions (Erickson 
& Kellogg  2000 ). An individual working in a group must constantly refer back to 
the shared external representation while coordinating activities with others: infor-
mation about the attentional status of group members and their attitudes towards 
previously proposed ideas may infl uence the actions of individuals in the group. 

D.D. Suthers
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 Following this reasoning, the author constructed a taxonomy of the various 
representations in use by researchers at the time, and made predictions such as 
the following:

•    A  plain text  environment (e.g., a word processor) does not constrain expressiveness 
in any particular way (written language is very expressive), but nor does it make 
any particular relationships salient (e.g., one cannot tell “at a glance” the overall 
argumentative, conceptual, or evidential structure of a text).  

•   A  graphical  (node-link) tool such as Belvedere (e.g., Fig.  1.1 ) will prompt 
users to make connections: all new contributions will be related to something 
else. Since participants talk about what they will do, this means, for example, 
that users of an evidence map are more likely to talk about evidence (as well as 
represent it) when using a graphical representation than plain text. Statements 
and the evidential relationships between them will be visually salient, so are 
more likely to be referenced in subsequent discussion, again leading to more 
talk about evidence.  

•   The salience of all the empty cells of a  matrix  (tabular) representation (e.g., to be 
shown in Fig.  1.2 ) will prompt users to consider many possible relationships that 
can be expressed in those cells. For example, if hypotheses label the columns and 
data label the rows, users are more likely to talk about evidential relationships 
between the two, even more so than with a graph representation.   

  Fig. 1.2    “Matrix” software, face-to-face study       
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   Predictions were made for other representational notations as well, but due to 
limited resources and the desire to sample diverse points in the design space of nota-
tions, the research to be discussed below was undertaken with these three notations. 
It should be understood that the research was not concerned with demonstrating the 
effi cacy of these specifi c notations for learning. Rather, it sought to evaluate the idea 
that representations infl uence interaction in predictable ways that can be leveraged to 
infl uence the quality of collaborative learning. That is, we sought to show that  repre-
sentational bias  exists (i.e., notational differences infl uence collaborative processes), 
which can be leveraged for  representational guidance  of learning.   

1.3     A Summary of the Research 

 A series of studies were undertaken with various versions of software derived 
from Belvedere to test the effects of selected representations on collaborative 
inquiry. These studies include a classroom study and laboratory studies. The 
classroom study provided evidence that representational bias infl uences students’ 
work in classroom settings. The laboratory studies provided a closer look at the 
effects of representational bias on learning  processes  under controlled conditions, 
with a particular focus on the predictions just stated. Subsequently we shifted our 
focus to online settings. 

1.3.1     Guidance for Inquiry in a Classroom Setting 

 Eva Toth, Arlene Weiner and the author developed a comprehensive method for 
implementing Belvedere-supported collaborative inquiry in the classroom (Suthers 
et al.  1997 ; Toth et al.  2002 ). Students work in teams to investigate “science challenge 
problems” that present a phenomenon to be explained (e.g., the Cretaceous mass 
extinctions; the cause of a disease on the island of Guam), along with indices to 
relevant resources. The teams plan their investigation, perform hands-on experi-
ments, analyze their results, and report their conclusions to others. Investigator roles 
are rotated between hands-on experiments, tabletop data analysis, computer-based 
literature review, and use of modeling tools such as Belvedere (we used the version 
of Fig.  1.1 ). Assessment rubrics are given to the students at the beginning of their 
project as criteria to guide their activities. The rubrics guide peer review, and help 
the teacher assess learning objectives pertaining to inquiry in science. For further 
information on this integrated approach to classroom implementation, see Suthers 
et al. ( 1997 ) and Toth et al. ( 2002 ).     3  

3   Supporting materials, including science challenge problems and assessment rubrics, are archived 
at  http://lilt.ics.hawaii.edu/belvedere/index.html . 
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 As part of this work, we conducted a classroom study comparing two forms of 
guidance for inquiry with respect to quality of inquiry process and conclusions 
(Toth et al.  2002 ). The forms of guidance included Belvedere’s graphical represen-
tations of evidential relations, and assessment rubrics. The Belvedere graphs relate 
data and hypothesis objects (represented by distinct shapes) with  consistency  and 
 inconsistency  relations (represented by links labeled “ + ” and “−”). The assessment 
rubrics were paper-based charts that included detailed criteria for progress in data 
collection, evaluation of information collected, quality of reports, and quality of 
peer presentations. Criteria used in the rubrics included the following:

•    The teams’ work is composed of information found in multiple sources.  
•   The content of the information the team used is related to the question asked.  
•   The team considered multiple hypotheses that are appropriate to explain the 

scientifi c problem in question.  
•   The team lists data for each hypothesis they have.  
•   The team lists data against each hypothesis they have.  
•   The team’s work includes a conclusion summarizing the results of inquiry from 

various sources.  
•   The report describes how the artifacts of investigations were used to analyze data 

and to formulate explanations and draw conclusions.  
•   The presentation was clear, well organized and easy to follow.    

 The rubrics were provided to students at the outset of the study with explicit 
instructions to use them during the activity to guide inquiry. A 2 × 2 design crossed 
 Belvedere  versus  Microsoft Word  ™  conditions with  Rubric versus No-Rubric  condi-
tions across four 9th grade science classes in U.S. Department of Defense Dependent 
Schools in Würzburg, Germany. Students spent about 2 weeks on each of three 
science challenge problems. 

 The data analysis was based primarily on artifacts produced by groups of 
students, namely their Belvedere graphs or Word documents, and their fi nal 
report essays. The amount of information recorded did not differ signifi cantly 
between groups. Signifi cant results were obtained on the categorization of 
information and the number of evidential relationships recorded. An interaction 
between the type of representational tool and the use of rubrics prompted a post-
hoc comparison. We found that the combination of graphing and rubrics resulted 
in a larger number of evidential relations recorded compared to all other condi-
tions. Further analysis showed that this interaction was primarily due to the 
Belvedere/Rubrics students having recorded signifi cantly more  inconsistency  
relations. Thus, there appears to be a synergistic effect between effective repre-
sentations and guidelines for their use, particularly with respect to attending to 
discrepant evidence. The best results were obtained with the combination of 
rubrics encouraging students to look for and record disconfi rming as well as 
confi rming information and explicit representational devices for recording such 
inferences. This result is consistent with other work on “distributed scaffolding” 
(Tabak  2004 ). These results suggest that representational tools be designed 
together with other instructional interventions.  

1 Studies of the Value of Conceptually Explicit Representations
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1.3.2     Comparing Three Representations 
in a Laboratory Setting 

 Subsequent laboratory studies were undertaken to document representational 
guidance in a controlled setting and to observe  processes  of representational guidance 
(we were not present during the classroom implementation in Germany). With the 
assistance of Christopher Hundhausen and Laura Girardeau, the author conducted a 
study comparing three alternative notations for recording evidential relationships 
between data and hypotheses with respect to participants’ amount of talk about 
evidential relations (Suthers & Hundhausen  2003 ). We employed a single-factor, 
between-subjects design with three participant groups defi ned by the notation they 
used. Participants in the control group,  Text , were given a simple word processor 
offering control over font characteristics and basic formatting. Participants in the 
 Matrix  condition used a tabular representation in which hypotheses were recorded 
as column headers, data were recorded as row headers, and each cell provided a 
menu for selecting symbols (“+,” “–,” “?,” or a blank space) to indicate the relation-
ship between the data item labeling the row and the hypothesis labeling the column 
(Fig.  1.2 ). Participants in the  Graph  condition used a Belvedere-like evidence- 
mapping tool (similar to Fig.  1.3 , but without the chat). Dependent measures 
included: (a) categorization of utterances and participant actions in the software; 
(b) ability to recall the data, hypotheses, and evidential relations explored in a 
multiple- choice test; and (c) ability to identify, in a written essay, the important 
evidential relations between the data and hypotheses presented.

   Sixty students (in addition to students for a pilot study) were recruited out of 
introductory undergraduate science courses in same-gender pairs of self-selected 
acquaintances and randomly assigned to the three treatment groups under the con-
straint that the treatment groups were gender balanced with respect to Female/
Female, Female/Male and Male/Male pairs. The experimental software had two 
main windows, one containing a workspace for creating either text, graph, or matrix 
representations, and the other presenting a science problem (e.g., to identify the 
cause mass extinctions, or of a neurological disease on the island of Guam) as a 
fi xed sequence of 15 information pages available to both participants. Participants 
were instructed to visit each page in the sequence, and to record data, hypotheses, 
and evidential relations in their workspace. Once fi nished, they were individually 
given a post-test, and then asked to work together on an essay summarizing their 
fi ndings. 

 All 30 sessions were videotaped and transcribed, including both verbal utter-
ances and actions performed with the software. Transcript segments were coded on 
several dimensions, including content categories such as whether participants were 
discussing issues of evidence or using empirical or theoretical concepts. Essays 
were scored according to the strength and inferential diffi culty of the evidential rela-
tions they cited. 

 Although no signifi cant differences were found on outcome measures related to 
the post-test and essays, there were defi nitive process differences. Results confi rmed 
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our prediction that notation signifi cantly impacts learners’ discussion of evidential 
relations. Analyses focused on the contents of participants’ representations and 
their elaborations on (revisitations and reuse of) information and beliefs once they 
are represented. The results of these analyses indicated that visually structured and 
constrained representations provide guidance that is not afforded by plain text. 
Users of Matrix and Graph revisited previously discussed ideas more often than 
users of Text, as was predicted from the greater salience of ideas and prompting for 
missing relations in the more structured representations. However, not all guidance 
is equal, and more prompting is not necessarily better. Text and Matrix users rep-
resented more hypotheses and Matrix users represented far more evidential rela-
tions than were considered relevant by our own analysis of the problem. Matrix 
users revisited prior data and hypotheses mainly to fi ll in the matrix cells that relate 
them. They revisited relations far more often than Text or Graph users, but often 
appeared to be doing this because they were attempting to make relationships 
between weakly or equivocally related items due to the exhaustive prompting of 
the matrix. A representation such as Graph may guide students to consider evidence 
without making them unfocused. 

 We found no signifi cant differences between the groups’ post-test scores (recog-
nition of factual information) and essay scores (using various measures of quality 
of inference), although all trends were in the predicted direction. These results 
were disappointing, but not surprising. Participants spent less than an hour on task, 

  Fig. 1.3    “Graph” software, synchronous CMC study       
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and this may not have been enough time for learning outcomes to develop fully. We 
did fi nd that the contents of the Graph representations overlapped with the content 
of those participants’ essays more than the corresponding representations over-
lapped in the Text or Matrix conditions. This result suggests that the work done 
using evidence maps had greater infl uence on participants’ views of the problem as 
expressed in the essays.  

1.3.3     Appropriation of Representations for Online 
Collaboration 

 All of the foregoing studies were undertaken with face-to-face collaboration of 
participants, yet online learning is becoming increasingly important, especially in 
higher education. We conducted a follow-up study designed to explore how the 
roles of representations in online learning might shift, with possible implications for 
the relevance of representational guidance (Suthers et al.  2003b ). Although asyn-
chronous learning environments are most prevalent, we chose to begin with a study 
of synchronous online collaboration so that the data would be comparable to our 
synchronous face-to-face data. This study was undertaken with a version of the 
Belvedere 3.0 research software that supported synchronous computer-mediated 
communication (CMC) with a textual “chat” provided in addition to the graph 
representation and information pages (Fig.  1.3 ). 

 Extensive prior research has compared the performance of face-to-face collabo-
rators with the performance of users of various forms of technology-mediated 
communication. Many of these studies show degradation of both problem-solving 
performance and interpersonal communication due to the reduced modes of inter-
action associated with technology-mediated communication (Doerry  1996 ; Olson 
& Olson  2000 ). However, other studies show that people can compensate for and 
even benefi t from restricted interaction (Burgoon et al.  2002 ; Herring  1999 ), and 
that factors extrinsic to the technology itself may play a role (Walther  1994 ). It was 
not our intent to replicate these results: our focus was on how the roles of external 
representations in supporting collaboration might change when going online, espe-
cially in ways that might affect the relevance of representational guidance. Two 
hypotheses were considered without prejudice: 

 (H1) Visual knowledge representations will play  less  of a role in guiding 
 discourse online because without co-presence the representations do not as easily 
function to convey “taken as shared” information, and gestural references are more 
diffi cult online (Olson & Olson  2000 ). 

 (H2) Visual knowledge representations will play a  greater  role in supporting 
discourse online because participants will make use of them to make up for the 
reduced bandwidth of the chat tool as compared to speech. 

 We conducted sessions with ten pairs of students using the CMC version of 
Belvedere 3.0, and compared these sessions to the face-to-face graph sessions from 
the previous study in order to identify how the roles of representations in supporting 
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collaboration might change. Other than the use of CMC, the protocols and measures 
were identical to the previous study. 

 Our quantitative results provided adequate evidence for the second hypothesis 
(Suthers et al.  2003 ). In the online condition, a greater proportion of communicative 
acts relevant to the problem domain were undertaken in the graphical knowledge 
representation as opposed to spoken or chat communications. (Examples of 
communicative acts in the shared graphical medium include creating new data or 
hypothesis objects or linking two such objects together). This was related to a shift 
in the role of the graph representation from  object of discourse  in the face-to-face 
condition to  medium of discourse  in the CMC condition. Online participants intro-
duced new ideas directly in the graph medium (rather than in the chat) by modifying 
the representation far more often than face-to-face participants, who almost always 
introduced and discussed new ideas verbally before modifying the graph represen-
tation. As a consequence, in the online condition there was greater use of categories 
supported by the software (i.e., evidential relations and epistemic classifi cations). 
The chat was used primarily for social banter and task management (e.g., coordinating 
access to information pages and allocating responsibility for graph edits), and 
occasionally for problem-related discussion that was not supported by the graph 
representations (e.g., deciding how to interpret problematic information). 

 However, there was also qualitative evidence for the fi rst hypothesis. Our 
informal review of the transcripts shows many examples of poorly coordinated 
activity in the online groups, such as disconnects between the activity in the 
workspace and the verbal activity in the chat. Also, we observed less use of 
gestural deixis     4  and less rich discussion in the online condition. A subsequent 
analysis provided further evidence for H1 (Suthers et al.  2003a ). In face-to-face 
collaboration, deixis was accomplished quite effectively through gesture. Gesture 
is  spatially indexical : it can select any information in the shared visual space, 
regardless of when that information was previously encountered or introduced, 
making it an effective device for integrating old and new information. We did an 
analysis to determine what fi lled the functional role of gesture in the online envi-
ronment. Online collaborators accomplished reference through verbal deixis and 
direct manipulation rather than gestural deixis. (See also Gergle et al.  2004 ). As 
participants used it, verbal deixis in the chat tool was  temporally indexical : it 
most often selected recently manipulated items (e.g., typing “what do you think?” 
after modifying the representation). 

 These results raised the question of whether and how online participants revisited 
prior information. Direct manipulation of the representations seemed to play this 
role most effectively, and indeed constituted an alternative means through which 
some aspects of communication about problem solution took place. However, 
communication in an evidence map is limited to propositions in the domain and the 

4   Deictic referencing, or deixis, is a reference to an entity in the extra-linguistic context. Deixis can 
be accomplished verbally with indexical terms such as “this,” “it,” and/or with gestures such as 
pointing or computer-aided highlighting. 
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evidential relations between them.     5  Direct manipulation is in a sense “fi rst order.” 
Higher order refl ections such as discussion of possible interpretations of the 
information available are undertaken more often in the verbal media (speech or 
chat). Putting these observations together, there is a danger that online discourse 
may be less refl ective, especially in its integration of new and prior information, 
because the more expressive and refl ective mode of interaction – chat – focuses on 
recent (temporally indexed) items; while the easiest means of reintroducing prior 
information is through direct manipulation. This reasoning is consistent with our 
fi nding that online participants had lower scores on measures of information inte-
gration in their essays. Having evidence for both hypotheses, we concluded that 
they are not in direct confl ict, and may be synthesized as follows: Lack of mutual 
awareness of orientation towards shared representations may result in poorer coor-
dination of immediate activity and the thinking behind it (H1). At the same time, 
greater reliance may be placed on those very representations as the medium through 
which activity takes place, biasing activity towards actions best supported by the 
representations (H2). From this work we learned that online discourse will not be 
confi ned to the medium provided for natural language interaction: it will be distrib-
uted across all mutable representations and infl uenced by the properties of those 
representations. Therefore, close attention must be paid to the design of affordances 
for argumentation in all representations provided to online collaborators. We also 
learned that the role of external representations as aids for integrating old and new 
information in an interactive, conversational manner could be weakened online due 
to the awkwardness of or lack of deictic affordances. Designers of online learning 
environments are advised to seek more natural means of referencing the contents of 
shared representations, particularly in conjunction with verbal communication. For 
example, chat or discussion tools might be designed to enable easy insertion of 
visual references to elements of other representations being discussed. Designers 
might also investigate other methods for helping online collaborators mutually 
attend to prior information, such as redisplay of prior information along with refl ection 
prompts provided after a period of time.  

1.3.4     Enhancing Knowledge Construction in Asynchronous 
Collaboration 

 The most recent experimental study in this line of work was conducted in an 
asynchronous setting to inform this common form of online learning (Mayadas 
 1997 ). This study focused on the question of whether conceptually explicit repre-
sentations such as evidence maps can improve on the prevalent tool for online 

5   The phenomenon discussed here may be independent of what is represented. Other researchers 
have observed an initial resistance to formalization, even in representations that are intended to 
map discussion or argumentation rather than evidence. See for example Shipman & McCall 
( 1994 ). 
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learning, namely threaded discussions. Although the lack of time-pressure in 
discussion forums may support more refl ective contributions than synchronous 
communication (e.g., Hawkes & Romiszowski  2001 ), online interaction can also 
suffer from  incoherence  due to the violation of adjacency conventions for topic 
maintenance (Herring  1999 ) and the coarse granularity of referencing (Reyes & 
Tchounikine  2003 ). Furthermore, there can be a  lack of convergence  due to the 
intrinsically divergent representations used in threaded discussion (Hewitt  2001 ) 
and a bias towards addressing recently posted messages (Hewitt  2003 ). The shared 
knowledge being constructed is not made explicit by typical CMC tools, and hence 
it is diffi cult to fi nd relevant contributions, place one’s own contribution in the 
relevant context, or quickly assess the outcome of the discussion (Suthers  2001a ; 
Turoff et al.  1999 ). Suthers ( 2001a ) argued that if the conceptual development of 
the conversation can be made explicit and each contribution to the discussion 
can be referenced to a component of this conceptual representation, interactional 
coherence may improve because the conceptual relevance of each contribution is 
clear (see also van der Pol et al.  2006 ), and convergence may improve because 
multiple contributions referencing a given topic are collected together. We conducted 
an experimental test of these ideas in which two forms of conceptually-enhanced 
support were compared to each other and to a threaded discussion control condition 
(Suthers et al.  2007c ; Suthers et al.  2008 ). 

 Based on reasons outlined at the beginning of this chapter, our primary 
hypothesis claimed: 

 (H1) Collaborative knowledge construction is more effectively supported by 
environments that make conceptual objects and relations explicit. 

 This primary hypothesis does not specify the relationship between knowledge 
representations and the conversation that accompanies the creation of those 
representations. Our secondary hypotheses are alternative elaborations of H1, 
arguing for either maintaining the distinction between discussion and knowledge 
representations or combining the two, as detailed next. 

 One could argue that discussion representations should be embedded in or mixed 
with the conceptual representations to contextualize the discussion and facilitate 
ease of reference (e.g., by simple attachment of notes to the objects to which they 
refer). A usability argument can also be made: it may be easier to manage a single 
workspace than interactions distributed across multiple tools. This reasoning led to 
the second hypothesis: 

 (H2) Collaborative knowledge construction is more effectively supported if 
conversational and conceptual representations are tightly integrated. 

 The third hypothesis is motivated by the observation that conversational  structures 
and conceptual structures are different: conversation relies on regularities in adjacency 
and focus shifts for coherence (Grosz & Sidner  1986 ; Sacks et al.  1974 ), while 
conceptualizations may be organized according to diverse ways of modeling or 
systematizing knowledge about the world. Therefore, separate tools will enable 
designers to optimize representations to meet the distinct structural needs of conver-
sation and conceptualization in a given domain of discourse. Explicit referencing 
can be used to make the connection between the two representations (Mühlpfordt 
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& Wessner  2005 ; Suthers  2001a ). This reasoning leads us to the third hypothesis, 
which is in opposition to the second: 

 (H3) Collaborative knowledge construction is more effectively supported if the 
distinction between discussion and conceptual models is refl ected in the representa-
tions provided. 

 We constructed three software environments in order to test these hypotheses. 
All three of the environments had an information browser on the upper left side in 
which materials relevant to the task were displayed, and a shared on the right hand 
side in which participants could share information they gather from the problem 
materials as well as their own interpretations and other ideas (Fig.  1.4 ). Changes 
made to the workspace by each participant were propagated to other participant’s 
displays under an asynchronous update protocol to simulate asynchronous  interaction 
common in online learning. An action taken by one participant did not appear in 
the other participant’s workspace until after the receiving participant “took a break” 
by playing a game of Tetris ™ .

   The three environments differed on the nature of the shared workspace. The 
shared workspace in the  Text  condition was a conventional threaded discussion tool. 
This is the control condition for testing the above hypotheses, since the workspace 
only provided explicit support for representation of discussion structure (subject 

  Fig. 1.4    “Mixed” software from the asynchronous CMC study       
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headings and reply relations). Motivated by H2, the shared workspace for the  Graph  
condition was based on the same Belvedere-derived evidence map representation as 
the previous studies with the addition of an embedded  note  object that supported a 
simple linear (unthreaded) discussion that was interactionally asynchronous and 
could be linked in the evidence map like any other object. Motivated by H3, the 
shared workspace of the  Mixed  condition (Fig.  1.4 ) included both a threaded discus-
sion tool (lower left) and an evidence-mapping tool for representing conceptual 
structure in the same manner as the Graph condition, except that there were no 
embedded notes in the Mixed version of the evidence map. Instead, one could 
embed references to evidence map objects in the threaded discussion messages by 
clicking on the relevant graph object while composing the message. The references 
showed up as small icons in the message that could be clicked on to highlight the 
corresponding object in the evidence map (as exemplifi ed in Fig.  1.4 ). 

 Materials were prepared based on the professional literature concerning a com-
plex public health problem: a disease that historically occurred in the native popula-
tion on the island of Guam. The materials suggested several distinct possible causes 
of the disease, and provided mixed evidence for and against each cause. Relevant 
evidence was distributed in a hidden profi le such that if participants did not share 
any information each participant would have evidence favoring a suboptimal dis-
ease hypothesis. Sharing was required to reject these hypotheses and construct a 
more complex explanation. In each dyad, Participant 1 (P1) received evidence for 
aluminum in the water and against genetic causes; Participant 2 (P2) received evi-
dence against aluminum and for genetic causes; and both participants received 
evidence for and against cycad seeds as the source of a neurotoxin as well as crucial 
information about native diets that, when brought together, points to seed-eating 
bats as the vector by which this toxin gets into humans. The articles included 
distracter information as well as relevant evidence.     6  

 Participants were directed to use the computer workspace to share information 
with their partner, and were told that this was necessary to identify the correct cause 
of the disease and to perform well on the essay and post-test to be given at the end. 
At the conclusion of their problem solving, each individual was asked to write an 
essay detailing the disease hypotheses considered and the evidence for and against 
those hypotheses, and to identify the best explanation for the disease. One week 
after their session, participants were directed to take an online post-test. This test 
included questions that tested participants’ memory for distracter information, 
memory for relevant information, and facts that required integration of multiple 
items of relevant information. “High integration” questions required integration of 
information that occurred far apart in the materials (in Suthers & Hundhausen’s 
( 2003 ) terms, there is a large “inferential span”). The questions were based on 
information given uniquely to one or the other participant, enabling us to assess the 
residue of information sharing. 

 Our analyses addressed  outcomes , based on content analyses of the essays and 
scoring of the post-test; and  session processes , based on quantitative analyses of 

6   Archived at  http://lilt.ics.hawaii.edu/lilt/papers/2006/Suthers-et-al-CE-2006/ . 
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elaboration on hypotheses. Two lines of evidence support H1, based on process and 
outcome data, as detailed below. 

 The  process  data shows clearly that there was more elaboration on hypotheses in 
both of the environments that made conceptual objects and relations explicit (Graph 
and Mixed) as compared to the environment that did not (Text). Hypotheses were 
stated earlier in the experimental session and there was more elaboration on the 
hypotheses individually as well as collectively. Furthermore, Graph users considered 
more hypotheses. These results are consistent with the representational guidance 
effects demonstrated for face-to-face interaction in the classroom study (Toth et al. 
 2002 ) and the laboratory study (Suthers & Hundhausen  2003 ) discussed previously 
in this chapter. In summary, process measures suggest that more knowledge con-
struction takes place when interaction is supported by conceptual representations. 

 Turning to  outcomes , the treatment conditions did not differ in optimality of 
conclusion in the essays: relatively few participants in all conditions identifi ed the 
bats-as-vector explanation for how the cycad toxin gets into humans. However, 
pairs in the Graph condition were more likely to express the same (not necessarily 
optimal) conclusions in their essays. This convergence cannot be attributed to a 
paucity of alternatives: the process data showed that Graph users considered  more  
hypotheses than the others, which makes their convergence even more notable. The 
convergence is not due to more effective information sharing per se: there were no 
differences on whether information given to one participant appeared in the other’s 
essay, or on memory for information given to one’s partner (from the post-test anal-
ysis). Also, a later analysis showed that Text users actually shared more information 
during the session (Suthers et al.  2007b ). (There was a greater tendency of the Text 
participants to simply cut and paste entire articles into their text messages and leave 
discussion for the end). Technologies that enable people to share more information 
do not necessarily lead to effective use of that information (Dennis  1996 ). Given the 
process data just reviewed, it is plausible that something beyond information shar-
ing, such as collaborative consideration of hypotheses  during  the study sessions had 
an effect on convergence of the participants’ conclusions. 

 On the other hand, the lack of differences on quality of solution may be counted 
as evidence against H1. Also, the failure of the Mixed condition in some analyses to 
display the advantages claimed by H1 may also be considered as evidence against 
H1, but the dual workspace is a confounding factor, as it requires managing two 
representations (Ainsworth et al.  1998 ). Participants in the Mixed condition may 
have converged the least because the dual workspaces provide more variation in 
strategies for using the workspaces, increasing the possibility that members of a pair 
will look at different material. 

 Turning to the comparison between H2 (in favor of integrated representations 
such as Graph) and H3 (in favor of distinct discussion and conceptual representa-
tions such as Mixed), signifi cant differences on direct comparisons between Graph 
and Mixed are limited to the result that Graph users scored higher than Mixed users 
on post-test questions requiring integration of information that was distributed 
across the materials. The distribution of information across two media in Mixed 
may have posed a barrier to integration of that information, obscuring the advantage 
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of Mixed’s evidence map. However, there is indirect evidence bearing on the choice 
between H2 and H3. All other statistical analyses in which there was a signifi cant 
advantage for one of the conditions over the others included an advantage of Graph 
over Text. In contrast, Mixed was sometimes advantageous to Text, sometimes not, 
but never was advantageous to Graph, and sometimes yielded the worst results. 
Since Graph and Matrix were introduced as competing alternatives to threaded 
discussions, support for H2 (Graph) is stronger than for H3 (Mixed). 

 The primary conclusion of this study – that collaborative knowledge construction 
is fostered by conceptual representations – not only adds to the growing literature on 
representational guidance for collaborative learning, but also has practical implica-
tions. Should threaded discussion tools be replaced with knowledge mapping tools 
in online learning? Although that is the direction in which the results point, it would 
be a brash conclusion to draw from this experiment alone, as it is limited in many 
ways. We studied dyads interacting over a relatively short period of 2 h. Dozens of 
students interacting over the course of a semester (even if divided into smaller 
groups as is generally recommended in ALN implementations) would generate 
much more complex artifacts. Any workspace has a limited useful life before it 
becomes important to “rise above” the clutter and start fresh (Scardamalia  2004 ). 
The subject matter, task structure, and nature of the representations used could also 
affect results. However, in conjunction with previous work the present results merit 
extending the research program beyond the laboratory by undertaking action 
research in which richer interactive representations are studied in settings of educa-
tional practice.   

1.4     Related Work 

 During this time, other researchers have undertaken related studies of representa-
tional effects using conceptually explicit representations. For example, Veerman 
( 2003 ) compared Allaire Forums (asynchronous online discussion), Belvedere 2.0 
(using synchronous discussion with a chat tool) and NetMeeting (internet video- 
conferencing) in a heterogeneous design (the activities were not identical). Among 
other differences, Veerman observed a greater percentage of argumentation related 
content, particularly counter-arguments, in Belvedere, a result that seems consistent 
with the Toth et al. ( 2002 ) result on discrepant evidence. Schwarz et al. ( 2002 ) 
showed that argument maps were superior to pro-con tables in supporting students’ 
collaborative argumentation and essay writing, but these differences were not 
internalized individually during the relatively short study. Others have studied 
alternative instructional strategies for using conceptually explicit representations in 
collaborative learning (e.g., Lund et al.  2007 ; Stoyanova & Kommers  2002 ). 
Related work may be found in (Andriessen et al.  2003 ). 

 The studies reported above were conducted using experimental manipulations 
and quantitative analyses. This methodology is valuable for hypothesis testing, but 
is weaker for discovery of the actual practices by which participants make use of 
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resources to accomplish their goals. Coding and statistical aggregation obscures 
what participants are doing as they try to make sense of the problem and the situa-
tion at multiple levels. For these reasons (Suthers  2006b ), following (Koschmann 
et al.  2005 ; Stahl  2006 ), argued for a turn towards the study of practices of indi-
vidual and intersubjective  meaning-making  through which learning is ultimately 
accomplished, and suggested that sequential analyses of interaction are more appro-
priate for under-standing how the cognitive and social affordances of technologies 
such as knowledge maps are appropriated by participants as well as infl uencing 
their interaction. Pursuing this agenda, the author re-examined the data from the 
synchronous laboratory study using the concept of  uptake  as the fundamental unit 
of analysis (Suthers  2006a ). Subsequently, we have explicated a formal and theo-
retically motivated basis for such analysis (Suthers et al.  2007a ). Early results from 
associated studies include an apparent pattern of successful collaboration in which 
information sharing is followed by subsequent “round trips” of negotiation of agree-
ment, and the observation that while information sharing takes place in the knowl-
edge map, parallel linguistic channels are used for these subsequent negotiations. 
Other recent analyses of meaning-making with conceptually explicit representa-
tions include Mirza et al. ( 2007 ) and Schwarz & De Groot ( 2007 ).  

1.5     Conclusions 

 The studies of representational guidance for collaborative learning summarized in 
this chapter were motivated by the idea that some roles of representations in sup-
porting learning are endemic to collaborative situations and that logical and percep-
tual differences between representations may infl uence how they fi ll these roles. A 
laboratory study confi rmed several predicted process differences, including discus-
sion of evidence and revisitation of prior information, as well as suggestive results 
indicating that the work done with graphs had greatest impact on participants’ 
understanding of the problem. A study of the products of students’ classroom work 
showed similar effects of representation on consideration of discrepant evidence, 
this effect being amplifi ed by a coordinated set of peer-evaluation rubrics calling for 
evaluation of discrepant evidence. The online study showed that all actionable/
mutable representations will be appropriated as part of the discourse medium (not 
just the intended discussion tools), and therefore we may expect representational 
guidance to be enhanced in online discourse. This work was continued in a study of 
asynchronous interaction, which confi rmed the infl uences of conceptually explicit 
representations on collaborative processes, leading to greater integration of infor-
mation by individuals and greater convergence of conclusions by pairs (even after 
they considered a diversity of alternatives). 

 The immediate implication of this work is that system designers should treat 
representational design as design of resources for conversation between learners. 
A designer or teacher might ask: What activities does a given representational 
notation suggest or prompt for? Do the actions that can be performed on a shared 
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representation in this notation correspond to the potential ideas that we want learners 
to negotiate and distinctions we want them to attend to? Do the resulting representa-
tions express and make salient the ideas and relationships that learners should revisit 
and relate to new information? Are the needs that should be addressed by subse-
quent activity, such the lack of information, made obvious? Do the representations 
capture important aspects of learners’ thinking and expose confl icts between alter-
native solutions or perspectives? Stepping beyond the scope of the studies reported 
here, one might ask: does the notation provide the preferred vocabularies and repre-
sentational perspectives that constitute both the target skill to be learned as an aspir-
ing member of a community, and focus learning activity on ways of approaching a 
problem that are productive? Representational notations are not determinants of 
behavior, but when the features of representations are coordinated with the design 
of other elements of a learning situation they can guide behavior. Activity theory 
(Cole & Engeström  1993 ; Wertsch  1998 ) tells us that tools and artifacts (among 
other things) mediate the infl uences of various learning resources on the learner, 
such as other individuals, community norms and roles. Therefore, the impact of the 
representational choices we make in designing these tools is not limited merely to 
the direct effects of representations. The impact of these choices will be amplifi ed 
to the extent that the representations mediate how other resources in the human–
computer system bear upon the learning activity.     
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    Abstract     Concept maps are graphical tools that have been used in all facets of 
education and training for organizing and representing knowledge. When learners 
build concept maps, meaningful learning is facilitated. Computer-based concept 
mapping software such as CmapTools have further extended the use of concept 
mapping and greatly enhanced the potential of the tool, facilitating the implementa-
tion of a concept map-centered learning environment. In this chapter, we briefl y 
present concept mapping and its theoretical foundation, and illustrate how it can 
lead to an improved learning environment when it is combined with CmapTools and 
the Internet. We present the nationwide “Proyecto Conéctate al Conocimiento” in 
Panama as an example of how concept mapping, together with technology, can be 
adopted by hundreds of schools as a means to enhance meaningful learning.  

2.1         Introduction 

 Concept mapping has been shown to be an effective tool for learning at all levels, 
from preschool to graduate school and corporate training (Novak & Gowin  1984 ). 
Its use has extended across all continents as can be inferred by the diversity of 
 participation and applications presented at the two International Conferences on 
Concept Mapping that have taken place (Cañas et al.  2004 ; Cañas & Novak  2006a ). 

 In this chapter we demonstrate how, particularly when integrated with technol-
ogy, concept mapping can be at the center of the learning process, and can function 
as an artifact through which the student demonstrates a growing understanding of a 
topic and its integration with other diverse topics, and through which collaborative 
knowledge building can take place. We then describe a nationwide effort by the 
Government of Panama to implement this concept map-based learning environment 
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in hundreds of public elementary schools throughout the country. For the reader to 
understand the ideas presented, we begin the chapter with a summary of concept 
mapping, its underlying theory, and its integration with technology that allows the 
implementation of this concept map-based learning environment.  

2.2     Concept Maps and Meaningful Learning 

 Various knowledge mapping techniques are covered throughout this book. Although 
superfi cially many of these techniques look alike, there are underlying differences 
that are key to understanding the potential uses of each. Therefore, we begin with a 
short summary of concept mapping and its underlying theory, in order to distinguish 
it from other mapping techniques. 

2.2.1     Concept Maps 

 Novak’s research group at Cornell University fi rst developed concept maps in 
1972 in a research project that sought to follow changes in children’s understanding 
of basic science concepts after audio-tutorial instruction in Grades 1 and 2, and 
continuing through Grade 12 (Novak & Musonda  1991 ; Novak & Cañas  2006b ). 
Concept maps proved to be an effective way to represent and contrast the students’ 
understanding of various concepts throughout time. Since then, the ability to repre-
sent the knowledge structure held by an individual on any topic remains one of the 
most powerful aspects of this tool, and this has served many users for a wide range 
of applications. The tool also allows for collaborative sharing and building of 
knowledge, both to archive knowledge and to foster creative insights by individuals 
and groups (Novak  1998 ). 

  Concept maps , as we use the term, refers to a knowledge representation form that 
shows individual concepts at nodes with linking words that connect two concepts 
and indicate the relationship between them, thus forming a proposition. Usually, 
concepts are arranged hierarchically, from most inclusive, most general at the top to 
least inclusive, most specifi c at the bottom. We defi ne a  concept  as a perceived regu-
larity or pattern in events or objects, or records of events or objects, designated by a 
symbol, usually a word. Linking phrases are usually verbs which, when read 
together with the two concepts they join, form a simple phrase or proposition. 
Figure  2.1  shows a concept map that portrays key features of concept maps. Observe 
that for the most part, two concepts (which are depicted within rectangles) together 
with their linking phrase can be read as individual “sentences” that “make sense;” 
for example, “Concept maps  represent Organized Knowledge,” and “Concepts 
  are Perceived Regularities or Patterns.” In some cases, the proposition includes more 
than two concepts; for example, “Concepts  are Labeled  with Symbols.” There is no 
restricted list of linking phrases – the map builder is free to use whatever phrase he/
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she prefers, as long as the concept-linking phrase-concept triad forms a sensible 
proposition. It is recommended that concepts and linking phrases be kept to as few 
words as possible. This propositional nature of the concept map, together with the 
freedom to select linking phrases, distinguishes concept maps from other types of 
graphical representations such as mind maps, argumentation maps, decision maps, 
and process maps.

2.2.2        Theory Underlying Concept Maps 

 Concept maps are also distinct from other mapping techniques in that they have a 
strong theoretical foundation. In 1963, David Ausubel published his theory of 
  cognitive learning, and this became the psychological foundation for Novak and his 
research group’s work on the concept map tool. Ausubel’s theory puts forth several 
principles that explain how cognitive structure develops and elaborates. The most 
important principle is  meaningful learning , a term that almost every researcher in 
education has used, but Ausubel (Ausubel  1963 ; Ausubel et al.  1978 ; Ausubel 
 2000 ) gives it explicit description. First, and in some ways most important, the 
 learner must choose to seek ways to relate new concepts and propositions to existing 
relevant concepts and propositions she/he already knows. Second, the learner must 
 possess relevant concepts and propositions with a suffi cient degree of clarity and 
stability to anchor new, relevant concepts and propositions. Third, the material to be 
learned must be  potentially meaningful ; that is, it must be conceptually explicit and 
relatable to other ideas in this knowledge domain. 

  Fig. 2.1    A concept map that shows the key features of concept maps, as we defi ne them       
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 Meaningful learning represents one end of a continuum, with rote learning at the 
other end. Extreme rote learning occurs when the learner makes no attempt to 
 integrate the new concepts and propositions to be learned into her/his cognitive 
structure and/or one or both of the two other conditions for meaningful learning are 
not met. Because motivation to integrate new knowledge with existing knowledge 
can vary and/or the learner may possess few or poorly organized relevant concepts 
and propositions, the same study materials may be learned by rote by one student 
and highly meaningfully by another. Several other principles of Ausubel’s theory 
deal with processes involved in meaningful learning, and a discussion of these ideas 
can be found in Ausubel’s writings or more succinctly in Novak & Gowin ( 1984 ), 
Novak ( 1998 ) and Novak & Cañas ( 2006b ). Ausubel calls his cognitive learning 
theory  assimilation theory , because new knowledge is assimilated into cognitive 
structure during meaningful learning, thereby modifying and enhancing the knowl-
edge structure.  Constructivist psychology and  constructivist teaching are very 
 popular terms in today’s educational literature, recognizing that the learner must be 
actively engaged in the learning process. However, the literature on constructivist 
teaching often fails to recognize the subtle and important aspects of meaningful 
learning spelled out in Ausubel’s psychology. 

 The theory of knowledge underlying concept mapping recognizes that knowl-
edge is a human creation. We see knowledge creation primarily as the product of 
high levels of meaningful learning. Knowledge creation takes place by individuals 
embedded in a specifi c social milieu that changes over time. Consequently, 
 knowledge evolves over time as the social milieu evolves. This  constructivist view 
of knowledge stands in contrast to the  positivist view of knowledge that dominated 
thinking during the fi rst half of the twentieth century. Constructivist epistemology 
and constructivist psychology complement one another, and concept mapping 
serves to illustrate how this complementarity takes place.  

2.2.3     Building Concept Maps 

 When learners build concept maps, meaningful learning is facilitated in several 
ways. The recommended procedure is to begin by fi rst developing a good  focus 
question that can be answered by understanding the knowledge that will be  organized 
into the concept map. Focus questions that require explaining an event or the rea-
soning behind a procedure usually lead to better concept maps (Derbentseva et al. 
 2006 ), and concomitantly, better help to organize pertinent knowledge in cognitive 
structure (Cañas & Novak  2006b ). A question such as, “How does DNA code 
genetic information?” is better than one that asks, “What is the structure of DNA?” 
The process of developing the focus question requires that the mapmaker think 
about what she/he knows about a given topic; identifying what a person already 
knows that is pertinent is essential to meaningful learning. Next, we recommend 
that the mapmaker identify 10–20 concepts that are pertinent to the focus question 
and list these in a “Parking Lot” at the side of the paper (or window when using a 
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computer). Reordering the concepts in the parking lot according to the most  general, 
most inclusive for the question under consideration is the next step, and this begins 
to move the learner toward synthesis and evaluation of what she/he knows; two 
activities that Bloom ( 1956 ) identifi ed as the highest levels of cognitive thinking. 
Moving concepts from the now hierarchical parking lot into a concept map, and 
selecting the best linking words to connect the concepts, further induces synthesis 
and evaluation of relationships between concepts and construction of good proposi-
tions. As the concept map is elaborated, it is also helpful to look for  crosslinks , or 
relationships between two concepts in different sections of the concept map. Such 
crosslinks sometimes lead to creative insights. One should plan on three or four 
revisions of a concept map before achieving a satisfying structure with clarity of 
ideas. This need for revisions is one reason the use of computer software is so 
 helpful, as it highly facilitates the revision process. Figure  2.2  shows a concept map 
made by Joan Novak, starting with the list of pertinent concepts on the left side.

2.3         CmapTools: Integrating Concept 
Mapping with Technology 

 For many years, concept maps were drawn by hand. Iterating through revisions of a 
concept map was cumbersome and time consuming. Group concept mapping 
 sessions were handled by using post-it notes. The introduction of personal comput-
ers enabled the development of software programs that facilitated the construction 

  Fig. 2.2    Illustration of the end product in the construction of a concept map beginning with 
ordered concepts in a “parking lot.” The map addresses the focus question: How does the normal 
heart function?       
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of concept maps. However, it was the marriage of the concept map and the Internet 
that launched a completely new world of applications and uses for concept map-
ping, as exemplifi ed by the CmapTools (Cañas et al.  2004 ) software.     1  Based on this 
marriage of concept maps and technology, we propose the concept map-centered 
learning environment. To support this approach, CmapTools provides, among 
 others, the following tools. 

  Network-based sharing and collaboration environment: Through a client-server 
architecture, students are given their own “space” where they can store their concept 
maps and associated resources. By providing this space long term, portfolios of 
each student’s work can be collected and analyzed. Students control permissions 
over their space and they can create areas for group collaboration, publishing, and 
sharing. Alternatively, they can easily share concept maps by saving them in public 
shared servers. CmapTools was explicitly designed to support and facilitate collabo-
ration. Students can collaborate with peers using a variety of collaboration features 
including (a) shared folders (Cañas et al.  2004 ) described above, (b) synchronous 
real-time collaboration whereby two or more students from the same or different 
schools can simultaneously modify the same concept map, with the changes dis-
playing in each student’s screen in real time, (c) annotations and discussion threads, 
which provide a rich mechanism for peer review where students (and teachers) with 
appropriate permissions can annotate, critique, question, provide feedback, and 
comment on each others’ maps, providing an environment for argumentation, and 
(d) “knowledge soups” (Cañas et al.  1995 ; Cañas et al.  2001 ) whereby students 
share propositions (not concept maps) that can be commented on and argued over 
by other students through annotations and discussion threads, leading to collabora-
tion at the “knowledge level.” Together, these tools provide a rich and versatile 
environment for team-based learning, and/or for students to collaborate at the 
“knowledge level” while each student constructs his/her own map. The variety of 
collaboration tools provides educators with the option of selecting those tools most 
appropriate for the objectives pursued. 

  Construction of knowledge models: A student can easily construct multimedia 
systems using concept maps as a means to organize all resources (e.g., drawings, 
pictures, WWW pages, videos, spreadsheets, documents, other concept maps, etc.; 
(Cañas et al.  2003 ) involved in his learning process. Teachers often complain that 
students “cut and paste” from the WWW and submit reports and projects that they 
don’t fully understand or – in the extreme case – have not even read. Because it is 
extremely diffi cult and unlikely to construct a concept map for a topic one does not 
understand, by requiring students to use a concept map as the means of organizing 
information, the student is forced to understand the topic. These knowledge models 
can be of any size and have been used to build complete WWW sites (Briggs et al. 
 2004 ). These resources can belong to other students, and can be stored in 
CmapServers in other schools or countries, or on any accessible location on the 
Internet. Figure  2.3  shows a student-constructed concept map about birds, as well as 

1   CmapTools can be downloaded from  http://cmap.ihmc.us  and is free for all to use. 
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associated resources that include images, videos, WWW pages, and a linked  concept 
map about reptiles.

    Publishing and Internet presence: Unfortunately, student-access to the Internet 
has become, in a large number of cases, an “objective” in itself. As with other 
 technologies, the Internet, – or access to the WWW, which is usually what is meant 
by Internet access – by itself does not solve any of the problems we encounter in 
education. Although access to the information on the WWW is indeed valuable, as 
discussed below, we are concerned with the notion of students becoming “informa-
tion pack rats” instead of “knowledge constructors.” The CmapTools environment, 
therefore, supports easy “publishing” of knowledge models on the WWW. By stor-
ing a knowledge model in a CmapServer, it is automatically converted into a set of 
WWW pages, with links between resources including concept maps maintained 
through this conversion. If the CmapServer is accessible from Internet (that is, it can 
be accessed by users out on the Internet), and the appropriate permissions are set, 
the student’s knowledge model is “published” out on the WWW. The CmapTools 
tools thus facilitate students (and teachers) selectively make their knowledge public 
and available to others.     2  We refer to the school as having a “presence” on the 
Internet, rather than being limited to just “access” to the Internet. For schools that 

2   Recently, other environments such as Wikis and Blogs have also made it possible to publish infor-
mation on the WWW easily. 

  Fig. 2.3    Knowledge model about Birds constructed by a student. The various resources (images, 
videos, WWW pages, and other Cmaps) are linked to the Birds map and accessed through the icons 
underneath the concept. Notice that the student has integrated reptiles with birds, showing an 
understanding of the relationship between these. When saved on a CmapServer, this knowledge 
model automatically becomes a set of WWW pages browsable by others       
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do not have a CmapServer, IHMC provides public servers where any person can 
publish his/her knowledge models. 

  Searching for information based on a Concept Map : By taking advantage of the 
topology and semantics of concept maps, CmapTools enables the user to perform 
intelligent searches on the WWW and CmapServers, for information that is relevant 
to the map he/she is constructing (Carvalho et al.  2001 ). By starting with a simple 
map – possibly the result of a pretest – the student can use the map to search the 
WWW for information related to the map. The student can then delve deeper into 
the topic, improve his/her understanding, link the studied resources to the map as a 
reference, and carry out other activities related to the topic under study. The student 
uses these resources to enhance the map periodically, demonstrating the learning 
that has taken place, possibly linking other maps he/she constructs or making links 
to previous maps, and iteratively proceeding on another search. This way the stu-
dent’s knowledge model grows, refl ecting an improved understanding of the topic. 

  Recording the process of constructing a Concept Map : CmapTools provides the 
ability to record and play back sequentially, steps in the process of constructing a 
concept map (Dutra et al.  2004 ). This feature provides support to the teacher in what 
is a key aspect of concept mapping: the process of constructing a map. We are very 
often confronted with a fi nalized map without the opportunity to examine the pro-
cess and steps by which the student constructed the map. Figure  2.4  shows, on the 
right, the controls to start, stop and step-wise move through the construction of a 
concept map. The section on the left displays graphically the changes in the map, 
including indications of who made each of the modifi cations to the map. The fre-
quent problem of trying to determine which learner contributed what to a team 
project is obviated with the use of the “record” feature of CmapTools. This feature 

  Fig. 2.4    An example of the recorder, which allows a step-by-step playback of the construction of 
a concept map       
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also provides a powerful tool for cognitive research studies seeking to understand 
how different learners construct their meanings in any discipline.

    Presentations based on a Concept Map : CmapTools provides the ability to piece- 
wise display a concept map and associated resources on a full screen. Having stu-
dents present their results orally has become a common practice at all levels of 
education. Similar kinds of reports are common in business settings. CmapTools 
includes a module by which the concept map can be displayed full screen and piece- 
wise, allowing links to other maps that have also been specifi ed with presentation 
information. This breaks with the linearity of slide presentations, because links to 
other maps can be followed at any time during the presentation. 

 The features presented, together with a number of additional tools available in 
the software suite, provide the technology infrastructure within which we can build 
the concept map-centered learning environment.  

2.4     A Concept Map-Centered Learning Environment 

 Educators have found a large variety of uses for concept mapping in terms of the 
types of use as well as the curriculum areas and age group of the learners. Coffey 
et al. ( 2003 ) reported on its use in a diversity of learning situations. Among these, 
we fi nd lesson assignments, pretesting, readings, class discussions, practice or exer-
cises, collaborative/cooperative work, comparing and contrasting views, research 
work, oral presentation, written reports, integration with other studies, post compre-
hensive test, and home/community presentations. In this chapter, we won’t go into 
describing any of these uses, as they are well documented in the literature (Coffey 
et al.  2003 ). However, even though concept mapping is an effective tool that can be 
used in all the listed activities, in most cases it is used for only one of them. As an 
example, concept mapping has been shown to be very effective for pretesting of 
students; determining how much students know before the instruction begins. This 
use is particularly consistent with the main principle of the Ausubelian learning 
theory (Ausubel  1968 , Epitaph): 

  If I had to reduce all of educational psychology to just one principle, I would say this: The 
most important single factor infl uencing learning is what the learner already knows. 
Ascertain this and teach him or her accordingly . 

 In most cases, however, the concept maps that the student constructs as a pretest 
are seldom used throughout the rest of the activities that take place on that same 
learning unit. This was understandable when concept maps were made by hand, as 
it was tedious to refi ne and reconstruct the map. We propose using the concept map 
as the artifact around which the various activities of the learning process are cen-
tered, as shown in Fig.  2.5.  Based on the features provided by CmapTools described 
in the previous section, the student can use the concept map prepared as a pretest as 
a launching point toward his/her learning experience. As the student progresses 
through the learning unit, the concept map is enhanced to show his/her increased 
understanding. If the student engages in other activities (e.g., fi eldwork, interviews, 
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readings, writings, research, etc.), resources used and resources prepared by the 
student can be linked to the modifi ed map. If the student is part of a team, concept 
maps can be built as a team or maps created by the various members can be linked 
together into a knowledge model. Unknown relationships between concepts gener-
ate questions for deliberation using annotations and discussion threads, and are a 
way to seed an issue-based IBIS discussion using Compendium, as described in 
chapters   7    ,   11     and   14     (Okada; Selvin; Sierhuis). Answers to unknown relationships 
can be researched using the search mechanism included in CmapTools, which takes 
advantage of the context provided by the concept map to generate smarter queries 
to Google and Yahoo, and to help locate other concept maps and attached resources 
that could be relevant to the concept map. Collaboration can take place among stu-
dents within the class, within the school, or at other schools through the sharing 
mechanism provided by the CmapTools suite. 

 Throughout the learning activity, the student uses the concept map to refl ect his/
her increased understanding. Key in this learning environment is the fact that the 
process of constructing the concept map has more importance than the fi nal map. 
Educators familiar with concept mapping understand that its power lies in the pro-
cess of constructing the map, of refl ecting on which concepts should be included 
and how they should be organized, and, more important, what the linking phrases 
should be. The key task is trying not only to express one’s knowledge explicitly, but 
also to do so in a way that is clearly understood by others. The negotiation and argu-
mentation that takes place between team members constructing a common map, 
whether working together on the same computer or collaborating using CmapTools, 

  Fig. 2.5    This diagram illustrates how a concept map can be at the center of the various learning 
activities at school. As the student engages in the various activities shown, a concept map can show 
the student’s increased understanding together with links to the resources involved in the activity       
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has more value than the fi nal map. Throughout the whole process, the CmapTools 
Recorder is able to capture all the steps taken during the construction of the knowl-
edge models, and provides the possibility of reproducing the complete sequence of 
steps graphically.

   As the student completes a learning unit, the knowledge model constructed, 
together with attached resources and other tangible products resulting from the 
 student’s effort, should refl ect the level of understanding and knowledge the student 
has achieved. We propose that these knowledge models be kept throughout the 
 student’s years in school, and that students be encouraged not only to link knowl-
edge models from different learning units to demonstrate how they integrate knowl-
edge that normally is fragmented, but also to go back and enhance knowledge 
models previously built. Knowledge models a student begins in elementary school 
can become highly elaborated by high school or college, providing a visible record 
of her/his intellectual growth. 

 Students are often asked to present their work to their peers, and often they do so 
through PowerPoint slides. Although we don’t have anything against using 
PowerPoint, in the great majority of cases PowerPoint slides consist of bullets that 
don’t make much sense unless somebody presents them to you. We feel that it’s a 
pity when a student has a set of concept maps that are a concise and highly  organized 
representation of his/her understanding that he/she be asked to convert them into a 
list of bullets in PowerPoint slides. As an alternative, as described earlier, 
CmapTools offers the user the capability of a full-screen presentation of concept 
maps that can be displayed piece-wise according to instructions set by the user. The 
user can make links to other concept maps with presentations and to resources of 
all types. This way, the knowledge model resulting from the student’s efforts 
becomes in itself the presentation to his/her peers. By taking advantage of the links 
between concept maps and to resources, the presentation can show what the speaker 
feels is desirable without having to follow a linear sequence as in traditional 
PowerPoint presentations. 

 To complete their efforts, students can publish their knowledge models on the 
WWW. If their work was performed on a CmapServer that can be accessed from the 
Internet, then all that needs to be done is to make sure visitors have “read” access to 
the maps and resources. The students’ work is published and accessible by others 
(e.g., family and friends) through any WWW browser, and with most CmapServers, 
is accessible through search engines such as Google after they re-index, usually 
within a few weeks.  

2.5     Adopting the Concept Map-Centered 
Learning Environment 

 The concept map-centered learning environment is a moving target that has evolved 
as schools adopt the use of concept mapping as a process and take greater advantage 
of the capabilities offered by CmapTools and other new technologies. In fact, many 
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of the features that have been added to the software (e.g., the Presentation Module, 
the List View of propositions) are the result of schools providing us feedback for 
other uses of concept mapping that could be supported by technologies (e.g.,  student 
presentations). 

 The ideas that we have described in the previous sections have been implemented 
to varying degrees by schools in different countries. For example, the picture on the 
left of Fig.  2.6  shows high school students from Costa Rica at the Institute de 
Educación Integral analyzing meteorological data that will be compared with data 
from other countries. At this high school, students use laptops in their subjects to 
construct concept maps, which are the center of their learning experience, both 
 individually and in groups (Alonso-Delgado & Silesky-Agüero  2004 ). Through the 
conceptual understanding derived from using concept mapping in their mathematics 
courses, students have been able to go beyond memorizing procedures and  operations, 
and have signifi cantly increased their grades in standardized national exams. The 
picture on the right of Fig.  2.6  shows elementary school children in Northeastern 
Italy, where a pilot project with 150 teachers is underway to improve science educa-
tion in preschool, elementary, and high school under the leadership of Prof. 
G. Valitutti ( 2007 ) from the University of Urbino. These results have been reported 
in various publications (e.g., Berionni & Baldón  2006 ; Mancinelli  2006 ). Similarly, 
there are schools in other countries that are implementing or testing particular 
aspects of the concept map-centered learning environment. We prefer to concen-
trate on describing a large scale, nationwide effort that is taking place in Panama, 
where the concept map-centered learning environment is part of a project whose 
objective is to transform the public education system.

  Fig. 2.6    On the left, high school students from the Instituto de Educatión Integral, in Costa Rica, 
are observing meteorological data on their laptop that they will compare with data from other 
countries using the WWW. Their work, including the data collected, is integrated through concept 
maps. The picture on the right shows Italian elementary school students conducting studies with 
plants to learn how plants grow and reproduce. Their school is part of a larger pilot effort that 
includes 150 teachers in Northeastern Italy       
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2.5.1       Proyecto Conéctate al Conocimiento     3  

 In 2004, under the leadership of the then recently elected President Martín Torrijos, 
Panama adopted a national strategy based on meaningful learning for the public 
elementary school system through the project “Conéctate al Conocimiento” 
(Connect to Knowledge; Tarté  2006 ). With the aid of technology, the objective of 
Conéctate is to create a computer network that interconnects the schools, creating 
a space that allows the construction, sharing, and publishing of knowledge, devel-
opment of new learning skills in individuals and groups, and preparation of the 
national capacity for the country’s development as a knowledge-based society. 
This implies aiding in the transformation of elementary public education, from 
a traditional  rote- learning system to one emphasizing knowledge construction 
and the development of skills according to the needs of the twenty-fi rst century. 
The project’s goal is to include teachers and students from 1,000 schools from 
all regions of the country over a 5-year period, with particular emphasis on 
reaching remote, rural schools. At the heart of the Conéctate project is the concept 
map-centered learning environment described earlier in this chapter. Thus, 
Conéctate provides a unique  opportunity to observe and test on a national scale 
the ideas presented earlier. 

2.5.1.1     Background Information 

 Before Conéctate, very few Panamanian public elementary schools had  computers. 
Whereas in many other countries schools have had experience with technology for 
years or decades, and teachers have at least some familiarity with the use of comput-
ers, our studies showed that approximately 47 % of the Panamanian teachers had 
never used a computer before (Miller et al.  2006 ). In those cases where the schools 
had computers, a specialty teacher, usually with some computer technology degree, 
used them for a course on “Informatics” that is part of the elementary school 
 curriculum. Miller ( Ibid ) reports that practically all teachers surveyed were familiar 
with concept maps, but that the most common practice was for teachers to construct 
a concept map in class for students to memorize. Fewer than 5 % allowed students 
to construct their own concept maps. Furthermore, there were a number of miscon-
ceptions among the teachers regarding concept mapping. 

 Even though Panama is a small country, rural villages are often very hard to 
reach, requiring many hours of travel over bad or nonexistent roads. In many cases, 
the schools that were to be included in the project did not have electricity, or the 
electricity distribution was such that installing computers in the school would leave 
the rest of the village without electricity. In many of the schools, both urban and 

3   Even though the authors, particularly Cañas, have been heavily involved with Proyecto Conéctate 
al Conocimiento, the views presented in this chapter should be interpreted as those of a third party. 
Credit for the success of the project belongs to the Facilitators, technical team and leaders 
of the project. 
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rural, a new classroom needed to be built to install the computers. As a result, there 
are schools in Conéctate with electricity from a local power plant, a satellite connec-
tion to the Internet, and computers in a new classroom. 

 Rote learning and students copying from the blackboard characterized the 
Panamanian classroom before Conéctate, as is the case in many Latin American 
countries. For the most part, the teacher does not have many resources to use in the 
classroom, and libraries are lacking or poorly stocked. However, teachers, 
 particularly in rural areas, are highly motivated and committed to their students, and 
embrace new opportunities like those offered by Conéctate.  

2.5.1.2     The Project 

    Housing the Project  

 Conéctate presents challenges both in the technological arena – given the location 
and infrastructure of many schools – as well as in the methodological aspects of 
how to transform the way learning takes place in the classroom. The main  challenge, 
however, is scalability. Building a new classroom to install computers and training 
the teachers for one, two, or a few schools is a very different proposition than doing 
so for hundreds of schools involving thousands of teachers. 

 Transformations such as those sought by Conéctate are diffi cult to implement 
within the bureaucracy of a Ministry of Education. These large government organi-
zations have so many issues to resolve just in terms of personnel (e.g. dealing with 
teachers’ salaries), that there is little room for innovation, let alone at the speed and 
scale that Conéctate required. For this reason, Conéctate was temporarily situated 
under a newly created Secretariat for Governmental Innovation, whose objective is 
to modernize the Panamanian government through technology. For the long run, a 
not-for-profi t organization is being created that will house the Project. Meanwhile, 
the agility of the newly created Secretariat enabled Conéctate to get going in a much 
shorter time period than would have been possible otherwise. Financial resources, 
however, still come from the Ministry of Education, and a very close coordination 
is maintained with education authorities.  

    The Technology  

 Given the physical infrastructure of schools and the scale of the Project, it was 
determined that it would be impossible to install computers (i.e., desktops) in each 
of the classrooms. The high temperatures throughout most of the country year round 
make it necessary to install air conditioning units wherever desktops are installed, 
which, combined with the need for electrical infrastructure in the schools, would 
make the cost of this alternative prohibitive. Therefore, computers are installed in a 
special room that is referred to as the Innovation Classroom. However, our experi-
ence has taught us that in most technology-in-education projects that have a 
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 computer lab, what takes place in the lab is usually not refl ected in what takes 
place in the classroom. That is, training teachers on how to use new technologies, 
particularly if the computers are not in the classroom, does not achieve changing the 
way learning takes place in the classroom. In other words, training teachers on how 
to construct concept maps using CmapTools would not lead to the concept 
 map- centered learning environment where the various activities that occur in the 
classroom take advantage of concept mapping. Furthermore, given the rote-learning 
environment we found in most classrooms, training teachers on the use of the tech-
nology would most likely have no effect on the way they manage their classroom. 
In each of the Innovation Classrooms there would be a computer aid (formerly the 
Informatics teacher), a specially trained teacher that would help the classroom 
teachers take advantage of the technology. However, we knew that we couldn’t rely 
on training these aids and having them train the teachers – cascade training gets 
watered-down pretty fast. Thus, it was decided that to the extent possible, all classroom 
teachers would be trained not only in new methodologies needed to implement a 
meaningful learning environment in the classroom, but also in the use of technology. 

 Conéctate was designed to be a network of schools that facilitates collaboration, 
publishing, and sharing. To achieve this goal, the whole set of participating schools 
is seen as being part of the same community, as a single organization, with all 
schools interconnected and connected to the Internet. Within each school, a 
CmapServer is installed with a public IP address, which means that the server can 
be reached from other schools and from anywhere on the Internet. This leads, of 
course, to the school having a “presence” on the Web, not only access to it. Students 
and teachers can share and collaborate, and students can access their concept maps 
and resources from home or through an Internet Cafe (CmapServers in the Conéctate 
schools can be reached through the Places View in CmapTools or through a WWW 
browser). Within the CmapServer, each student and teacher has his/her own area for 
fi les, maps, and resources. The Project is in the process of implementing Nicho, a 
piece of software designed at IHMC that facilitates assigning each student an email 
address (managed by Google, teachers already have their email address) and imple-
ments a chat service. Nicho enables the use of the same userid for email, chat, 
CmapTools, and Web browsing, and additionally provides space in the school’s fi le 
server. Through Nicho, students can use any of the computers in the school to access 
their resources and tailored environment. They are assigned a unique userid for their 
years at a school, and the “space” with its resources will migrate with her/him if she/
he switches schools. The goal is for the technology to fully support and facilitate 
the sharing and collaborating environment needed to implement the concept 
 map- centered learning environment described in this chapter.  

    Teacher Training  

 The scale of teacher training, together with the need to make personal visits to 
 follow up on the teachers after the training, required the creation of a group of full-
time Facilitators: professionals from a wide variety of disciplines that were trained 
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to take on the tasks of training teachers, visiting schools, and preparing resources 
needed (e.g., documentation, videos, etc.), and in some cases carrying on research. 
The selection of the group was exhaustive, with more than 1,000 resumes reviewed 
to come up with a group currently of just over 30 Facilitators. 

 The teacher training workshops consist of 2 weeks of full time, intensive work. 
Training is also provided to the school principal (a principal that supports and 
understands the Project is one of the key factors needed for success) and Ministry of 
Education supervisors. Conéctate has the facilities to carry on 10 of these  workshops 
concurrently, with 20 teachers in each group, for a total capacity to train 200 teach-
ers every 2 weeks. Part-time substitute teachers teach in the classroom of participat-
ing teachers for the duration of the workshops. As was indicated earlier, most 
teachers have never used a computer before attending the workshop, and many have 
never used a keyboard. The decision was made, however, to have the teachers learn 
to use the computer through CmapTools as opposed to using Windows and/or Offi ce 
as is often done. Within a few minutes, teachers are constructing their own concept 
maps, maybe with some diffi culty in manipulating the mouse, but are engaged in 
representing their understanding, an effort that they can immediately identify with 
and that they perceive will be useful with their students. Suárez & Villareal- 
Bermúdez ( 2006 ) report that after a few days into the workshop, there is no distinc-
tion in the quality of the concept maps constructed by teachers who had or had not 
used a computer previously. That is, the use of the computer has become, to a cer-
tain extent, transparent. The workshops are completely construetivist in nature. In 
addition to concept mapping and meaningful learning, the workshop covers addi-
tional topics such as project based learning and collaborative projects, emphasizing 
the use of concept maps both as a way to integrate the projects’ activities and to 
integrate diverse disciplines. Given that the teachers will not have computers in their 
classrooms, it is important that they feel comfortable with the idea of working with 
concept maps, both with and without computers. Figure  2.7  shows two examples of 
teachers using other materials to construct their concept maps. This experience car-
ries on in the classroom as can be seen in Fig.  2.8 , where the picture on the left 
shows students collaborating on the construction of a concept map with cardboard, 

  Fig. 2.7    Pictures showing teachers during workshops learning to use concept maps without 
a computer, as would take place in the classroom       
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and the display in the picture on the right shows some of the end products of a 
project, with a couple of concept maps on the wall. Overall, the objective of the 
workshop is to provide a basic understanding of constructivist environments, mean-
ingful learning, concept mapping, and proper use of the technology so that teachers 
further along can take advantage of any resource, whether it is technology based 
(software, sensors, etc.) or not, in a constructivist way.

    Among the activities that take place during the workshop, there is one in particu-
lar that demonstrates how different aspects of the Project fi t together, and how the 
work from the workshop continues when the teachers return to their schools. One of 
the fi rst concept maps that teachers construct is themed “Who Am I?” – a concept 
map about themselves. Further along during the workshop, teachers from the same 
school together with their Principal prepare a “Who Am I?” concept map for the 
school. Along the way, teachers bring in pictures (family pictures, for example) that 
they wish to scan and link to the map, or borrow a digital camera to take pictures of 
their school when they go back for the weekend between the two weeks of training. 
The resulting concept maps are quite interesting, as teachers get quite personal in 
both their concept maps and their school’s map, particularly when trying to describe 
what is to them important in their school (e.g., those from a remote rural school may 
emphasize that they have a boat with a motor, others emphasize that children receive 
free lunch, or list the names of the employees that clean the school). The teacher’s 
maps are linked to the school’s map, and when they are saved on the school’s 
CmapServer, become the “web page” for the school. The school’s map is then 
linked to a geographical map of Panama. Figure  2.9  shows a Web browser with 
three windows. The top left window is the main concept map for the Project, its 
WWW page (  www.conectate.gob.pa    ). This map has a link to a geographical map of 
Panama, shown in the lower left window. For each province, there are links to each 
of the schools’ “Who Am I?” maps, as is shown in the partial display of the schools 
of the province of Chiriquí. In the top right window is displayed the concept map for 
the school “El Limó”which describes details about this school. This school consists 
of only a computer aid and two teachers, one covering fi rst, third and fi fth grade, and 

  Fig. 2.8    The picture above shows students collaborating on the construction of concept maps in 
the classroom. On the right is a partial display of the material developed by students as part of a 
project       
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the second covering second, fourth and sixth (these are referred to as multigrade 
schools, and are very common in rural areas where the student population is low). 
There are links to the teachers “Who Am I?” map, from which there are links to the 
different grade’s “Who Am I?”map. The intention is that from each of the grade’s 
maps there will be links to each student’s “Who Am I?”map, and links to projects 
the grade is engaged in. Each student can have links from his/her map to knowledge 
models that he/she wants to publish and share with others. As the Project pro-
gresses, students will be able to navigate to the concept maps of any other  student 
in the Project, creating a sense of community. When students start collaborating 
with other students, they can easily search for their peer’s concept maps and learn 
who they are, what their interests are, and so forth. This work is still in progress, of 
course, but the schools are moving toward this goal. The web pages for the school 
also provide a sense of pride and belongingness to the Project. Remember that most 
teachers had never used a computer. They return from the workshop with their 
school’ge as well as their own personal web page, and with their school having a 
“presence” on the Internet. They now have pages that they constructed by them-
selves, and more important, that they can modify at any time without the need of any 
webmaster or technician. This is a source of pride. As Google indexes the html 
 versions of the concept maps, it is very common to see in the logs searches by 
teacher name –most likely teachers searching for themselves (or for a colleague). 
They also feel that having their maps linked to the main Project’ map provides a 
sense of belonging –their school is now  part  of conéctate

  Fig. 2.9    These three browser windows show the linkage from Conéctate’s Web page map ( top left ) 
to the geographical map of Panama ( lower left ) where there are links to each of the school’s “Who 
Am I?,” as shown in the right for the school El Limón From the school’s map, links can be followed 
to teachers’ maps, student’s maps, etc       
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       Follow-Up Visits and Support  

 Nobody expects teachers to “change” during a 2-week workshop. It is clear that for 
many of them, the workshop opens up many opportunities and provides a multitude 
of ideas, but reality sets in when they return to their classroom. That is why the 
Facilitators periodically visit each of the teachers to provide support, help, and 
advice. The visits are conceived of as a continuation of the workshop, a means by 
which the learning process can continue. These visits, together with the workshops, 
consume a large portion of the Facilitators’ time. However, it is clear that their visits 
make a huge difference in whether the teachers take the initial steps necessary to 
change the way learning takes place in their classrooms. With the Facilitators’ 
support, many teachers that were afraid to move ahead have been able to rise to the 
challenge. As a support within the schools, the Facilitators rely on the computer aid 
to provide daily help to teachers when using the technology. 

 Given the scale of the Project, as the number of schools increases it becomes 
physically impossible to continue to visit each of the teachers personally. 
Furthermore, it is also impossible to bring all the teachers back for follow-up work-
shops. To continue providing training and support to the teachers long term, 
Conéctate is currently moving quickly toward an online support and training plat-
form. Once a school has reached a certain level of performance, online support will 
help reduce the frequency of personal visits. The Project has developed a set of 
tools, including a topological taxonomy (Cañas et al.  2006 ) and a semantic rubric 
for concept maps, to determine the level of advancement of the schools.  

    Current Status  

 Conéctate now includes more than 300 schools installed with computers and Internet 
connection. By the end of 2007, 500 elementary schools will be part of the Project. 
As discussed earlier, this has meant, depending on the school’s setting, construction 
of new classrooms, electrical infrastructure, local electrical power plants, satellite 
Internet connections, and all kinds of problems that are encountered when dealing 
with a large number of schools in remote and diffi cult access areas. More impres-
sive, over 5,000 fourth-, fi fth-, and sixth-grade teachers have been trained in the 
2-week workshops, reaching approximately 100,000 students. The Project intended 
to train only the upper grade level teachers initially, but in a large number of schools, 
these teachers have already involved and trained the fi rst- and second- and third- 
grade teachers on their own initiative. 

 It is illusory to expect that all 5,000 teachers will adopt the concept map-based 
learning environment in their classrooms. We understand that it is a long-term 
 process, and that it will be years before the real effects of the Project can be deter-
mined. However, in the large number of cases where the teachers have adopted the 
proposed model, the changes are clear and measurable in terms of the environment 
in the classroom, the students’ participation, interests and questions, and in the 
 students’ grades (cf. Rodríguez & Coloma  2006 ). 
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 President Torrijos has announced Panama’s participation in the One Laptop Per 
Child (OLPC) initiative, with an initial purchase of 100,000 laptops. Thus, the 
Project may soon be moving toward a model where the students will have their own 
laptop in the classroom.  

    Some Lessons Learned  

 Lessons are learned daily in such a large Project. In this section, we try to  summarize 
some key observations. Readers will fi nd some of them to be confi rmations of 
results seen in other projects:

•    Even in a Project that is conceived of initially as a technology-in-education 
effort, it is possible to transform the way learning takes place in the classroom, 
even when technology is not involved. (There were cases where, for various 
reasons, the installation of the computers was delayed way beyond the training 
of the teachers. However, there were teachers in this situation who, even without 
the technology, transformed their classroom based on the methodologies learned 
during the workshop).  

•   The school’s Principal is a key player in the Project. If the Principal believes in 
the Project and supports it, the chance for success is much higher. Including the 
Principal in the training workshops was, therefore, an important decision, even 
though it is diffi cult to implement as most Principals fi rmly believe their school 
will collapse if they go away for 2 weeks.  

•   It is important to synchronize the arrival of technology with the teacher training; 
otherwise retraining may be needed.  

•   Teachers do not need to have previous training in the use of computers to be 
introduced to programs with a low threshold such as CmapTools.  

•   A sense of belonging and a sense of pride (e.g., the “Who Am I?” maps) can go 
a long way toward getting principals and teachers involved in the effort.  

•   Follow-up visits to the teachers, particularly shortly after they return from the 
workshop to the classroom, increase the chances of the teacher succeeding with 
the Project.  

•   Not all teachers are willing to change, thus one must accept that one may have to 
give up on trying to change many of them.  

•   In order to change the educational system permanently, the change needs to take 
place at the source: that is, the universities and institutes teachers graduate from 
need to change.        

2.6     Conclusion 

 We have presented a concept map-based learning environment, where the concept 
map becomes an artifact through which the students demonstrate changes in their 
understanding of a topic. With the use of technology such as CmapTools, the 
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concept map becomes a way to integrate various learning resources, and can be used 
as an artifact through which students can collaborate both locally and remotely. By 
organizing the knowledge models resulting from concept maps and attached 
resources, digital portfolios can be built that show the students’ changes in cognitive 
structure throughout the years. Schools throughout various countries have reported 
successes with implementing some of these ideas. The large scale, countrywide 
implementation of this environment in Panama provides the opportunity to examine 
and test these ideas. The initial results are encouraging, as Conéctate al Conocimiento 
will have grown to 500 schools by the end of 2007. The experience being generated 
in Panama will undoubtedly help other countries in their efforts to adopt the concept 
map-based learning environment.     
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    Abstract     This chapter aims to investigate new ways of foreign-language teaching/
learning via a study of how concept mapping can help develop a student’s reading, 
writing and oral skills as part of a blended methodology for language teaching 
known as LAPLI ( Laboratorio de Aprendizagem de LInguas : The Language 
Learning Lab). LAPLI is a student-centred and collaborative methodology which 
encourages students to challenge their limitations and expand their current knowledge 
whilst developing their linguistic and interpersonal skills. We explore the theories 
that underpin LAPLI and detail the 12 activities comprising its programme with 
specify reference to the use of “concept mapping”. An innovative table enabling a 
formative and summative assessment of the concept maps is formulated. Also 
presented are some of the qualitative and quantitative results achieved when this 
methodology was fi rst implemented with a group of pre-service students studying 
for a degree in English and Portuguese languages at the Catholic University of 
Parana (PUCPR) in Brazil. The contribution of concept mapping and LAPLI to an 
under standing of language learning along with a consideration of the diffi culties 
encountered in its implementation with student groups is discussed and suggestions 
made for future research.  
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3.1         Introduction: The Use of Concept Mapping in Lapli 

 Concept mapping is widely known as a tool to facilitate meaningful learning. For 
Novak ( 2003 ), if this technique is to favour meaningful learning, it needs to fulfi l 
three conditions (1) the subject matter to be learnt must be presented clearly, and 
the language and examples used must relate to the learner’s previous knowledge; 
(2) the learner must have some relevant prior knowledge; and (3) the learner must 
choose to learn meaningfully in order to incorporate new meanings rather than just 
memorize them. 

 It also constitutes a very useful tool in helping students to refl ect on their learning 
process, on the structure of knowledge and on its production; in other words, on 
meta-knowledge (Novak & Gowin,  1999 ). Telebinezhad ( 2007 ) describes these 
benefi ts in an experiment with a group of English Language Profi ciency students, 
stating that “concept mapping […] helped students attend to writing tasks, and 
control their learning more effectively. It helped students facilitate their learning 
by organizing key concepts into visual representation. They simply represented 
visually their understanding of ideas and their relationships. This created a much 
more tangible evidence of the quality of both the learning process and concept 
understanding.” 

 According to Gonzáles et al. ( 2004 ), concept maps have been extensively used to 
plan didactical units and curricular material, to aid study, to represent students’ 
knowledge structures about a wide range of issues and subjects at various levels, 
and to identify, analyze and intervene in students’ ideas (Gonzáles et al.,  2004 ; 
Morón,  2004 ; Novak,  2003 ). 

 Arbea & Campos ( 2004 ), however, noted a signifi cant difference in students’ 
concept maps when they were or were not engaged in learning meaningfully. This 
is expressed in Table  3.1 .

   The implementation of concept mapping into the foreign language classroom 
can promote a signifi cant change in the teaching methodology and students’ and 

   Table 3.1    Learning Indicators in a concept map (Arbea & Campos,  2004 )   

 More meaningful learning  More memoristic/mechanical 
learning 

 All concepts are used  Not all concepts are used 
 Concepts are organized hierarchically, and the more inclusive 

concepts are identifi ed 
 There is an incorrect 

hierarchical organization, 
with the more inclusive 
concept not being 
identifi ed 

 The most inclusive concepts have a complex progressive 
differentiation. Few linear relationships between concepts 
appear 

 Linear relationships and 
chain structures between 
concepts appear 

 Numerous cross-links indicative of integrative reconciliation  Few cross-links or wrong 
cross-links between 
concepts are established 
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teacher’s level of participation in the learning process. As noted by Telebinezhad 
( 2007 ) “Students maximize their learning by using concept mapping in their essay 
writing; hence they feel more independent and feel more responsibility for their 
own learning.” 

 By concept mapping on selected texts of personal interest and level of under-
standing of the target language, we wanted our LAPLI students to break away from 
the following activities:

    1.    Teacher-centred approaches   
   2.    The “cut and paste” philosophy of language production which has become easier 

to implement by use of computers with access to a wide range of material on the 
Internet   

   3.    Ready-made materials for language teaching which usually come with exercises 
to “tick” off the correct answer     

 We wanted to encourage them to fi rstly become more active and responsible 
for their own learning; secondly to start practising the analysis of information on 
hierarchical levels of detail and thirdly to start thinking about how concepts can be 
linked together to convey one’s own ideas; as well as fi nally to enjoy the benefi ts of 
this technique in their learning process. 

 Moreover, from a linguistic point of view, we also wanted to stimulate students 
to re-read the text in order to formulate questions and create the concept map using 
various reading techniques such as intensive reading, extensive reading, skimming, 
scanning and top-down reading, in order to:

•    Identify the keywords in the text  
•   Predict or infer the meaning of keywords and how they are related  
•   Identify the structure and sub-structure of the text and use this knowledge to help 

create their own texts  
•   Learn new “vocabulary”  
•   Prepare a synthesis of the source texts  
•   Assemble an article  
•   Seek to extend an active vocabulary, and thus raise the level of their foreign 

language acquisition by using these keywords during the process of rebuilding 
phrases to create their own articles    

 Concept mapping is an activity that takes time, mainly when working collabora-
tively (Muirhead,  2006 ), and the teacher needs to give students a lot of support and 
guidance when it is fi rst implemented. Additionally, the building of concept maps 
requires a change of attitude to learning. As Muirhead ( 2006 ) points out “Integrating 
cognitive activities into the online setting is a practical way to promote relevant 
interactivity while effectively meeting course objectives.” By adopting concept 
mapping as one of LAPLI’s activities, our aim was to challenge the students to 
develop their linguistic skills and creativity while they grew together and became 
more active and responsible for their learning.  

3 Enhancing Collaborative and Meaningful Language…
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3.2     Theories Underpining the Language Learning Lab 

3.2.1     Collaborative Learning 

 Collaborative learning (CL) represents a signifi cant shift away from the typical 
classroom, where the teacher places him/herself at the centre of the process. 
In collaborative learning, students and teachers combine their intellectual efforts 
and generally work in groups of two or more people to seek to understand, solve, 
create or determine the meaning of a product together. Activities revolve around the 
exploration or use of course material by students rather than a simple presentation 
or explanation by the teacher. Teachers who use this methodology tend to regard 
themselves not as experts in a subject and its transmission to students, but rather as 
intellectual creators of collaborative experiences in a process of emerging learning. 

 Involved in collaborative activities, students create something new by exchanging 
information and ideas with their peers. These intellectual acts of processing and con-
structing meaning or of creating something new are crucial to learning. Students, 
absorbed in challenging tasks or questions, bring many different perspectives to the 
classroom as well as different cultures, learning styles, experiences and aspirations. 

 This mutual exploration, creation of meaning and feedback result in a better 
understanding by the student and the creation of new meaning for all of us since, 
as teachers, we can no longer follow the “one-size-fi ts-all” approach. (Smith & 
MacGregor,  1992 , p. 2) 

 In collaborative work, students are inevitably faced with differences and must 
make an effort to work with these. Developing the ability to tolerate and resolve 
differences, to come to agreements that respect all members of the group and to take 
an interest in colleagues’ progress are crucial skills for community life. Development 
of these values and skills is generally relegated to the student’s life “outside” the 
school environment. Encouraging teamwork, a sense of community and leadership 
skills are legitimate, valuable aims for both inside and outside the classroom. (Smith 
& MacGregor,  1992 , p. 2) 

 For Silva ( 2001 , p. 70–71), students must interact if there is to be collaborative 
learning, as interactivity is related to communication. In one-way teaching the 
student is a passive assimilator whereas in interactive teaching he/she is a “user who 
manipulates the message as co-author and co-creator” and reinvents it. 

 The interactive classroom thus emphasizes student-student interaction, which is 
the basis of collaborative learning. Peer exchange, emphasis on the process and 
emphasis on a proactive and enquiring attitude on the part of the students make each 
student responsible for his/her learning and that of other colleagues. Each team 
member has something to contribute, be it their personal experience, information, 
perspective, insight, skills or attitude, as these make an important contribution to 
problem solving or the development of a project or case study. The aim is to help 
with everybody’s learning process. For a student to be able to make a contribution, 
the teacher must structure the classes and the learning so that all the students are 
involved in the process. They “do” something together to achieve a common goal. 
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In this relationship between the students, collaborative learning encourages the 
development of critical thinking, such as analyzing, evaluating, synthesizing and 
applying information as well as stimulating social relationship skills.  

3.2.2     Meaningful Learning 

 The concept of meaningful learning is associated with David Ausubel, Professor 
Emeritus at the University of Columbia, and his colleague Joseph D. Novak, of the 
same university. The main concept in Ausubel’s theory bases meaningful learning on 
the social-interactionist constructivist approach, which is in opposition to rote- mode 
learning. For Novak & Gowin ( 1999 , p. 23), to learn meaningfully, the individual 
needs to relate new concepts to propositions and concepts that he or she already pos-
sesses. In meaningful learning the teaching “ceases to be knowledge transmission 
(fi xed truths) but is rather a process of creating didactical and pedagogical situations 
that facilitate learning, i.e., that favour the construction of meaningful relationships 
between components of a symbolic universe” (Moreto,  2002 , p. 103). 

 Ausubel contrasts meaningful learning to rote-mode learning (Hassard,  2004 ) 
arguing that it takes place deductively, i.e., from top to bottom, with new concepts 
being related to concepts that have already been learnt. It is not enough for the 
student to learn isolated pieces of information, he/she must establish relationships 
between these and give meaning to the learning itself. 

 Ausubel is considered to be a representative of cognitivism because his theory 
focuses more on cognitive learning than on affective or psychomotor learning. 
Meaningful learning for Ausubel therefore is “the organization and integration of 
material within the cognitive structure” (Moreira,  1999 , p. 152), and this takes place 
when new information anchors itself in relevant existing concepts or propositions in 
the subject’s cognitive structure, increasing and modifying the subsuming concept. 
A subsuming concept, idea or proposition is one that already exists in the learner’s 
cognitive structure and acts as an anchorage for new information. However, for this 
to happen, he states two conditions: the student must want to learn the subject 
matter in question, and the subject matter to be learnt must be “potentially meaningful”, 
i.e., it must be capable of being related (or incorporated into) the learner’s cognitive 
structure in a non-arbitrary and non-literal fashion.” (Moreira,  1999 , p. 156). 

 According to Hassard ( 2004 ) Ausubel proposes a number of learning phases, 
which can be divided into three stages: the use of advance organizers (an explanation 
of what is to be done); presentation of learning task or material (organised explic-
itly, following a logical order, and engaging students in meaningful learning); and 
reinforcement of cognitive organization by relating new information to the advance 
organizers referred to earlier and encouraging active learning. The word “organiza-
tion” is a keyword in meaningful learning, both in terms of storing new data and 
recovering data to use it or to anchor new information; concept maps can potentially 
be used as strategies to facilitate meaningful learning and as instruments to evaluate 
this learning.   
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3.3     Lapli Methodology 

 LAPLI is a methodology for a hybrid course in a virtual learning environment aimed 
at foreign-language students who have already completed basic and intermediate- 
level courses (Marriott,  2004 ). It uses the activities linked to integrative Computer 
Assisted Language Learning (CALL), which promote a shift from rote-mode to 
meaningful-mode learning, involving concept mapping, collaborative and meaningful 
learning, Computer Mediated Communication (CMC), the Internet and a virtual learning 
environment (VLE). It was fi rst implemented with 23 pre-service teachers taking a 
fourth semester towards a degree in English and Portuguese languages at the Catholic 
University of Parana (PUCPR) in Brazil from August to December, 2003. 

 LAPLI is a carefully planned course in which the framework is provided by the 
teacher but the material is produced by the students. It is based on LOLA (The 
Online Learning Lab), a distance learning methodology proposed by Torres ( 2002 ) 
which consists of 12 activities in which the emphasis is placed primarily on reading 
and writing but also on the development of oral skills. The 12 activities in LAPLI 
come together as a process which balances individual and group work whilst at the 
same time allowing students to interact. Whenever students meet either face-to-face 
or virtually, to produce a piece of written text or to work in pairs or groups to 
brainstorm or to revise a fellow student’s concept map or article, for example, they 
must interact and exchange information either in written form (synchronously or 
asynchronously) or orally, during these face-to-face classes. 

 While they are carrying out research, selecting reading texts using LAPLI activities, 
students are activating their previous knowledge and background information. They 
are also practicing scanning, skimming, extensive and intensive reading (Brown, 
 1994 ) and developing cognitive and meta-cognitive strategies such as predicting 
and inferring the meaning of new words and structures (Nicholls,  2001 ; Bastos, 
 1998 ). Meaningful learning is stimulated when students select their topic for 
research, pair up with colleagues who have the same area of interest, when they 
construct and add details to concept maps of their choice as well as when they get 
involved in the construction of group articles and the fi nal presentation of their 
selected topic. As Brown ( 1994 , p. 340) states “much of what is required to make a 
good writer can be learnt more effectively in a community of students”. This process 
of activities is intended to arouse the interest of students and challenge them to 
overcome their limitations and make full use of their potential, while at the same 
time motivating them to work interactively and collaboratively. 

 The intellectual acts of processing and constructing meaning and of creating 
something different and new collaboratively are important to learning and to 
LAPLI. Its activities form the process that underpins this approach, and the target 
language is the instrument that the students use to develop the activities. Working 
contextually with the language, students practise fl uency and communicative 
skills in Stage 1 (Message Oriented) and accuracy in Stage 2 (Language Oriented) 
by fi rst working individually (in cycle 1) and then collaboratively (in cycle 2), 
bringing many different perspectives and sharing their experiences in the foreign 
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language classroom. All LAPLI activities are repeated in cycles determined by 
the course duration. In the experiment described in this chapter, we carried out three 
cycles of activities. 

3.3.1     Lapli Activities 

 Using LAPLI, students need to work collaboratively and meaningfully and to interact 
in the foreign language to take decisions about subjects, timescales and teams, using 
the foreign language as a tool to achieve goals while they develop fl uency (in activities 
1–8) and accuracy (activities 9, 10 and 12) (Marriott & Torres,  2006 ). They com-
municate both face-to-face and via the use of synchronous and asynchronous tools, 
such as Chat, Forum or E-mail, available in their VLE. In this paper we discuss all 
LAPLI activities, illustrating them around the theme “Raising Bilingual Children” 
as developed by one of the groups researched. However, it is the activities directly 
linked with the use of concept maps which are be described in greater detail for our 
research purposes. 

3.3.1.1     Activity 1: Inserting Links and Comments 

 The fi rst LAPLI activity is called Inserting Links and Comments. This activity 
defi nes the topics/content that will be studied, discussed and developed by the 
students throughout the 12 activities in LAPLI. Students are free to choose their 
topic of interest by doing research on the Internet on subjects relevant to their course 
work, selecting interesting material from trustworthy sites. Figure  3.1  presents the 
links students published in the VLE. In Cycle 1 (in August) students worked 
individually through the activities whereas in Cycle 2 (in September) the links had 
to be chosen in pairs or groups, working collaboratively. Figure  3.1  also illustrates 
the research interests of this particular LAPLI group.

   When assessing material for its suitability, students have to scan several texts, 
brainstorming and comparing previous knowledge against the “new information” 
on screen for content and for a level of vocabulary and grammar appropriate to their 
level of understanding (meaningful learning), making a decision in the end to either 
keep this link or discard it. They make judgments and inferences, develop reading 
techniques (Brown,  1994 ) and linguistic skills. To publish their selection in the 
VLE, they need to write a brief comment on the text selected fi rstly by indicating 
the reason for their choice and secondly by persuading colleagues to read it and join 
them in their research (Fig.  3.2 ).

   Torres ( 2007 ) emphasizes that material chosen by students for teachers and students 
is just as useful as that chosen by teachers. Teachers and students thus establish a 
true partnership which helps them play a collaborative, active and mainly refl ective 
role in the process of knowledge acquisition and production. 
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 The following three activities (Activities 2, 3 and 4) form part of a mini-sequence 
of collaborative activities in which students work on each other’s topics, texts and 
materials, sharing their point of view and stimulating their colleagues’ linguistic 
and communicative development.  

3.3.1.2     Activity 2: Questioning Existing Knowledge 

 The second activity is Questioning Existing Knowledge. By preparing questions, 
the students become active and refl ective participants in the process. Students 
review the links selected by their colleagues in the VLE and are free to choose any 
text/article to elaborate two or three questions on, provided these questions are 
made from another’s contribution. The purpose of these questions is to (a) stimulate 
colleague(s) to think more deeply about the topic being researched; (b) encourage 

  Fig. 3.1    Links selected by 
students in cycles 1 and 2       

  Fig. 3.2    Bilingual 
Children 2       
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the development of his/her/their skills as a researcher; and (c) encourage the 
development of linguistic and communicative skills in a meaningful way. They 
work either individually (Fig.  3.3 ) or in groups (Fig.  3.4 ) and publish the questions 
on the VLE Forum tool. After reading literature uploaded by the teacher on “What 
makes a good question?” and discussing this topic in the Forum, students interested 
in the topic of Bilingual Children formulated the following questions, as illustrated 
in Figs.  3.3  and  3.4 .

    The theme “Bilingual Children” attracted the attention of other students, who 
chose this topic to elaborate their questions (links that are not interesting or inviting 
may not attract any questions). Question 2 (Fig.  3.3 ) and question 3 (Fig.  3.4 ) are more 
factual questions, whereas Questions 1 and 3 (Fig.  3.3 ) and 1 and 2 (Fig.  3.4 ) are 
more conceptual and encourage students to interpret, compare issues, analyse, syn-
thesise and evaluate. The answers to these questions require students to elaborate 
their own thoughts, challenging them to go beyond their linguistic and communicative 
limitations, encouraging them to express themselves.  

3.3.1.3     Activity 3: Construction of the Concept Map 

 The construction of a Concept Map is the third LAPLI activity. This is where the 
students work with a text proposed by a colleague in the inserting-links activity. 
In the face-to-face lesson previously, students received some introduction to the 
benefi ts of using concept maps (CM) for language acquisition. It would help them 
(a) to develop their reading strategies; (b) to practise an analysis of the big picture 
as well as the supporting level of details in a text; (c) to incorporate new language 
and link new concepts expressing their understanding/thoughts of how those con-
cepts relate to each other; (d) to improve oral skills when working collaboratively 
and linguistic skills in the exercise of selecting verbs/prepositions/linking words to 

  Fig. 3.3    The questioning activity — Cycle 1       

  Fig. 3.4    The questioning activity — Cycle 2       

 

 

3 Enhancing Collaborative and Meaningful Language…



56

connect the selected concepts; and (e) to use the CMs as a guide for the development 
of their own articles later on. To learn more about concept mapping, students were 
encouraged to explore links made available to them in the Links section and to do 
some more research on the topic. A PowerPoint presentation explaining the benefi ts 
of concept maps and how they can be created was also prepared and made available 
to them for consultation. The maps produced by the students for their colleagues 
were published by the students who produced them in the VLE. One of the maps 
produced in Cycle 1 is presented below. 

 This is the fi rst time this group of students had experienced making concept 
maps and most of them faced some diffi culties. In the example in Fig.  3.5  (Text 
from: The Internet TESL Journal, Vol. II, No. 6, June 1996, available at   http://iteslj.
org/Articles/Rosenberg-Bilingual.html    ), although the main concepts were used and 
were organised hierarchically, showing that to some extent meaningful learning had 
taken place (Arbea & Campos,  2004 ), the student was unable to link the concepts.

   Although s/he could identify some key words in the text and incorporate them 
into the map, a relationship is not made clear because of a lack of linking words. 
Therefore the reader can not quite understand how the concepts are related, nor can 
s/he be sure if this student has quite understood what s/he has read. These aspects 
were re-addressed and discussed with him/her during the feedback with the 
Summative and Formative Assessment Table (SFAT — presented in Sect.  3.6 ) and 
s/he was encouraged to implement the necessary changes to the map. As a matter of 
fact, students were encouraged to edit their maps and resubmit them for assessment 
until they were happy with them, but were reminded that they needed to publish 

Bilingual Children 2

Monolingualism Bilingualism

Simultaneous
Bilingualism

X
Sequential

Bilingualism

Steps to follow

Careful
planning
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definition of
Bilingualism

Learning about
bilingual language 

development

Semilingualism

  Fig. 3.5    Map produced individually by student 8 on the link selected and published by student 11 
(Fig.  3.2  — Bilingual Children 2)       
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their most recent version onto the VLE for future use (a revised version of this map 
is presented in Activity 6). Students were also advised to make use of a proper tool 
to build concept maps (such as CmapTools) which automatically prompts for the 
use of a linking word to join concepts. 

 With more practice and as a result of feedback given with the SFAT and making 
use of a proper tool, the quality of the students’ maps improved, as can be seen in 
the map shown in Fig.  3.6 , which was produced collaboratively by another group of 
students (3, 8 and 17). Nevertheless, before discussing this map an explanation is 
necessary on how students formed groups according to similar interests.

   Until Activity 9 in cycle 1, students worked individually exchanging ideas and 
communicating but with no real need to defend opinions, negotiate meaning or 
justify choices. However, to engage in the tasks in Activity 10, Production of 
Group Article, they needed to decide on who they would be working with to form 
groups of similar interests. To do so, they could either use the Chat, Forum or e-mail 
facilities in their VLE. This class of students decided that making this decision 
synchronously via Chat would be the best option. The following Table  3.2  repre-
sents the conversation developed by students 5, 9 and 11 in the theme under study 
“Raising Bilingual Children”. The sentences in yellow denote private exchanges 
between two students.

   The choices considered by the three students was to work with either “bilingual 
children” or “home education” (although “children literature” was also considered 
by student 9 (21:31)). However, to make up their minds they decided to revisit the 
Links section (21:20 and 21:31) to check on the new links made available. After 
debating on the topic in a very democratic way (21:12, 21:23, 21:2821:29), student 
11 decides on “bilingual children” (21:29) and student 5 agrees to this, saying that 
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  Fig. 3.6    First version of map built collaboratively (in cycle 2) by students 3, 8 and 17       
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it will be possible to incorporate “home education” under the same umbrella (21:32). 
Having formed groups at this stage, students worked together whenever possible in 
cycle 2. 

 The activity of building a concept map in cycle 2 is more challenging than in 
cycle 1. Students have to work together, face-to-face or at a distance, synchronously 
or asynchronously to meet the deadline. However, the practice and formative 
feedback in the previous cycle has provided them with some knowledge and experience 
to face the challenges of building a map collaboratively. Figure  3.6  illustrates the map 
produced by students 3, 8 and 17 as part of the mini-cycle of collaborative activities 
in cycle 2. 

 The map produced above, on a new link published in cycle 2, is the students’ fi rst 
version. However, it is already possible to notice an improvement (as compared to 
the maps in cycle 1) in the map’s whole structure, with some proper links, concepts 
in boxes, and propositions. 

 At this stage, the biggest diffi culty experienced by the students was to work 
collaboratively. When working individually (map in Fig.  3.5 ), students are free to 
choose what to include and how to link the concepts, there is no need to negotiate, 
justify or defend a point of view. On the other hand, when working in groups, 
students need to negotiate and come to a consensus on every single concept/
linking word used. Thus, they practise not only their linguistic skills but also their 

   Table 3.2    Chat to select research topic and group colleagues   

  21:11   Student 09 speaks to all :  Student 05 and Student 11 : what are you going to write about? I 
liked the topics: bilingual children and home education but now there are so many new 
topics that I’ll have to take a look at them 

  21:12   Student 09 speaks to all :  Student 11 and Student 05 : What are your interests? 
  21:13   Student 09 speaks to all : My link was about bilingual children but I chose Student 10’s 

link about home education to do the questions, concept map and lexical list 
  21:15   Student 05 speaks to all : I also like the topic home education, it’s so interesting 
  21:16   Student 11 speaks to Student 09 : Hi, Student 09. Ok We can talk about your link, home 

education, or …. 
  21:20   Student 11 speaks to Student 09 : I’ll go to the Links section and take a look, ok? 
  21:23   Student 05 speaks to Student 09 : What is your topic? I want to read and so to decide what 

we can write 
  21:28   Student 09 speaks to all : Student 05 and Student 11, What do we choose? Home education 

or bilingual children? 
  21:29   Student 09 speak to Student 05 : Student 05 and Student 11: as far as I understood you liked 

the links I mentioned, are they ok? So, which one do we choose? 
  21:29   Student 11 speaks to Student 09 : bilingual children 
  21:30   Student 09 speaks to Student 05 : So Student 05, do you agree about bilingual children? 
  21:31   Student 09 speaks to Student 11 : Student 11, let’s wait to hear from Student 05 
  21:31   Student 09 speaks to Student 11 : I like this topic very much. But I also wanted to study 

about children literature 
  21:32   Student 05 speaks to Student 09 : Yes, for me is ok because I can speak about my link too. 

My link is about home education and home education includes bilingual children 
  21:32   Student 09 speaks to Student 05 : So my group is Student 05 and Student 11, so we form 3 
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argumentative and persuasive skills. They need to come to a consensus on what to 
include and on how to express their thoughts in the map. 

 Although their maps show successful propositions (“Raising Bilingual Children”/ 
“can bring”/“some concerns”/“such as”/“falling behind at school”) to come to this 
result was “not easy”. They reported that, when editing the map asynchronously, 
some of their contributions had been changed or disappeared and that they had 
diffi culty making themselves understood. Moreover, some students complained that 
they needed more time to work on the map. By overcoming their fears when trying 
something new and unfamiliar to them (Muirhead,  2006 ) they develop their 
communicative, social, problem solving and critical thinking skills as well as their 
self- trust and autonomy. 

 Nevertheless, in spite of all the diffi culties faced, the feedback to us about the 
usefulness of working with concept maps was that “It’s a clear way to visualize 
all the pieces of information that you need but working with others is sometimes 
frustrating” (student 19), “Concept maps help us organise ideas and working online 
was a very interesting experience” (student 12), “It is very important nowadays to 
work with visual things and working with the proper tool really helped” (student 8) 
and “Concept maps help us see the subject better, and then we can learn and under-
stand faster and more easily” (student 23). Moreover, when asked if they considered 
concept mapping a meaningful activity in LAPLI, 60% of students said Yes (with 
26.67% of them saying “very useful”) (Marriott,  2004 , p. 256). 

 It should be pointed out that the students faced three challenges in this activity: 
1) learning to make the maps; 2) understanding how to build them in hybrid classes; 
and 3) making them as part of a collaborative activity, i.e., helping fellow students 
understand the text/link and write their own article. 

 The students’ contributions refl ected both the effort made by some of them to 
summarise the information extracted from the articles and the evolution of the 
maps during the cycles. At the beginning, some of the students only used keywords 
and phrases and no linking words (as in the map by Student 8 illustrated earlier) 
whereas others made use of very long sentences connected in a non-systematic way. 
However, after revising their maps, they started using verbs, prepositions and 
conjunctions to link concepts and the concepts themselves had no more than 5 
words (a challenging skill to master for some students). Nevertheless, participation 
in this activity, taking into account individual and team contributions, was 88.67%. 
(Marriott,  2004 , p. 166). 

 Creating a concept map requires time, concentration and an understanding of the 
material being studied so that the student can identify and relate the concepts being 
worked upon. Students who are used to ticking off answers and doing exercises that 
do not challenge them usually fi nd this technique diffi cult, as it requires them to 
adopt a different approach. Once again, the student must take responsibility for 
his/her learning and behave proactively. As far as learning a foreign language is 
concerned, the exercise involving placing nouns in boxes and connecting them 
logically and coherently with verbs, prepositions and linking words makes the 
student work with the language, changing verbs into nouns, adjectives and adverbs 
to establish relevant connections.  
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3.3.1.4    Activity 4: Construction of Lexical List 

 The activity of constructing a Lexical List consists of preparing a list of vocabulary 
related to the subject that appears in the text. It is the student’s responsibility to 
identify the vocabulary related to the subject, prepare a list and look for the meaning 
of the vocabulary (if s/he/they feel it necessary). In the following cycle, this list is 
retrieved and expanded with the new terms/nouns and verbs that appear in the text 
of the newly inserted links made available in that cycle. Table  3.3  illustrates some 
of the terms in this groups’ Lexical List compiled in cycle 2.

   This progressive compilation into a single list during the work cycles provides 
information for the students to write individual and group texts, and the relation-
ships between the terms can (sometimes) be visualized on the corresponding 
 concept map.  

3.3.1.5    Activity 5: Answering Questions 

 In this activity, students answer questions drawn up by their colleagues from the 
second activity. In this answering activity, students must choose, either individually 
(cycle 1) or in groups (cycle 2), the questions in the VLE Forum tool they want to 
answer in this task (not necessarily the questions asked on their link). To help pre-
pare answers, the students can make use of all the texts and concept maps that they, 
their fellow students or teacher have published in the virtual environment. They can 
also make use of other sources, which must be made available to their peers. Some 
answers to the questions formulated in Activity 2 are provided in Table  3.3.  

 The freedom to choose which questions to answer poses some diffi culties 
(Table  3.4 ). Should students choose an easy to answer question or a more diffi cult 
one? According to Torres ( 2002 ), students select the questions based on two criteria 
(1) interest or usefulness; or (2) ease or diffi culty. Choosing to answer question 2 
just gets the job done, but compromises their learning. On the other hand, questions 
1 and 3 forces the student to elaborate an answer and to practise the new vocabulary 
in a meaningful and communicative way. Question 4 could have been simply 
answered “From birth”, but this student understands that giving a short answer 
will not help practise or develop his linguistic skills and instead develops quite a 
nice answer bringing in new vocabulary such as “bedtime stories” and “make this 
with pleasure”.

    Table 3.3    Lexical list in cycle 2   

 Teacher, this our Lexical List: 

 Bilingualism — Monolingual —  More likely to — To raise — To keep 
 Semilingualism — Simultaneous  both languages — To employ — To mix 
 Bilingualism — Sequential Bilingualism —  two languages — To recognise — To give 
 Borrowing — Reading abilities —  into temptation 
 Literacy — Bilingual schools — 
 Bilingual environment — literature 
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   Giving students choices empower them, makes them more critical and responsible 
for their learning as well as encouraging them to develop linguistic and communicative 
skills in a meaningful way.  

3.3.1.6    Activity 6: Adding Details to Concept Maps (CM+) 

 In this activity, students revisit their original links/texts and identify all the work that 
has been done on it by fellow colleagues (concept map, questions and answers). 
They then familiarise themselves with all this material and update their maps, thus 
creating  CM+ . (In the event that no concept map has been created on his/her link/
text, the student creates his/her own.) In addition to completing the map itself, the 
aim of this activity is to develop the student’s analytical and critical abilities by 
stimulating a comparison of the map with the text. According to Reynolds ( 2004 ), 
editor of  Prentice Hall Writing Center , activities involving revision by fellow 
students encourage students to develop their own skills rather than depend on the 
teacher’s trained eye. Nonetheless, this process of concentrating helps internalise 
grammatical structures and more advanced vocabulary, thereby enabling the student’s 
foreign-language learning to advance to another level, both in terms of content (ideas) 
and form (language). 

 To illustrate this activity, we present CM+ below, created by students 7 and 14, 
which was constructed based on a revised version submitted by student 8 (the fi rst 
version being introduced in Activity 3, Fig.  3.5 ). 

 It is possible to see that to construct CM+ (additions in green) presented above, 
students had to revisit the original text to read it more intensely. They identifi ed 
more key supporting ideas to defi ne “simultaneous bilingualism” and to defi ne what 
a “bilingual” has the ability to do, linking one or two concepts in the box by a 
preposition or a verb with a preposition, making the map clearer and easier to 
follow. (The changes implemented by student 8 onto her/his revised version are 
discussed in section 4, Formative and Summative Assessment of Concept Maps.)  

   Table 3.4    The answering activity   

 1. What called your attention to this site? 
This site called our attention because it can answer very interesting question, like: “What is 
Bilingualism” or “How can we teach a child to be Bilingual” and etc 

 2. Where can we fi nd more information about bilingual children? 
You can look for specifi c books that will bring you good information about this topic 

 3. How do you defi ne “bilingualism”? 
It is diffi cult to defi ne bilingualism, because there is not only one closed defi nition, for some 
people it is the ability to understand two languages but speak in only one and for others to 
understand and speak in both languages. As we are discussing about children, parents or 
teachers have lots of expectations about them, so there is a chain that considers bilingualism as 
knowing also the literature in both languages 

 4. What is the proper age to start developing bilingualism? 
Actually, we think that any age is good to learn, but a good bilingual person could be created 
since he/she starts to speak. We can work fi rst with single words in the middle of the 
sentences, and then start reading them bedtime stories… But the main thing is, we have to 
make this with pleasure, to show the kids that it is good learn other things 
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3.3.1.7    Activity 7: Elaborating a List of Linking Words 

 Elaborating a list of linking words involves identifying and listing conjunctions/
linking words that the author has used to express a point of view, give an opposite 
opinion, explain, list, or, in short, ensure that the text is cohesive from the beginning 
to the end so that the students could use it later to write their own articles. 

 Some Linking words identifi ed by this group of students were:
And / As / But / While / Yet / In general / At any rate / Another  

3.3.1.8    Activity 8: Commented Reading 

 Commented reading offers students an opportunity for the development of oral 
skills. It involves having a group discussion (face-to-face or via videoconference) of 
the texts selected by the teacher. In this activity, each team is responsible for reading 
a text, which must then be discussed. After the discussion, the team must write a 
commentary on the text they read. This must be published and may be the subject of 
new commentaries by other teams. During this collective process of critical analysis 
of the contents of the text, the students manage heterogeneity. The texts read 
and discussed by this group of students were related to “Learning English on the 
Internet” and “How to write an article” as preparation for Activities 9 and 10.  

3.3.1.9    Activity 9: Research on Grammar Topics 

 In the Internet-based research into Grammar Topics, preparation of material and 
presentation to fellow students, students consider their own experienced limitations 
when expressing themselves in the foreign language. These limitations were previ-
ously identifi ed during the negotiations and opportunities created to develop fl uency 
with fellow students. They then look for theoretical and grammatical explanations 
for ways of expressing themselves unambiguously. In order to help colleagues with 
learning in relation to this grammar point, they then prepare a short explanation and 
interactive exercise (using the VLE and PowerPoint resources), which they present 
to the other students. Once again, students are given the opportunity in this activity 
to practise their oral skills and to act as “researcher-creator of the current history” 
(Torres & Bochniak,  2003 ).  

3.3.1.10    Activity 10: Production of Group Article 

 In this activity, Production of Group Article, the objective is for students to produce 
an article on a topic that is relevant to the overall subject. Just before this activity 
starts, the students need to form groups and defi ne the topic for the article that is to 
be produced. This choice is the result of a dialogue between all the members of the 
group. A process of negotiation is thus started between members of the team who 
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must exchange ideas, overcoming confl icts, resistance and communication problems 
to produce knowledge collectively. 

 The Production of Group Article is divided into 3 stages. The fi rst (Ind_R) and 
second (Ind_RGR) stages of this activity are carried out individually. Students are 
encouraged to refer back to all material produced, (concept maps and CM+, lists of 
linking words, lexical lists, questions and answers) and write an article on the topic/ 
link from a personal point of view, from a personal perspective. Table  3.5  illustrates 
this stage with Ind_R1 from one of the students from our focus group.

   After receiving feedback from the teacher, implementing the necessary changes 
and uploading the revised version in the VLE, students are ready to prepare their 
second piece of text, which is a refl ection on the groups’ articles, Ind_RGR (Table  3.6 ). 
They do this by putting together all the individual articles produced by members of 
their group, combining all different perspectives and data into one article.

   Finally, the third and fi nal piece of writing (Group_Art) is in fact one of the 
pieces of text written in stage two which is selected by the group as the best example, i.e., 
the one that presents the information more clearly, is better structured, and has more 

   Table 3.5    Ind_R1 by Student 11       

   Table 3.6    Ind_RGR1 by Student 9       
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examples and quotes. This piece of text is then expanded to include more information, 
the Group_Art from previous cycles and the groups’ opinion on the subject, making 
it a truly collective piece of work. Table  3.7  (part 1 and 2) illustrates the students 
Group_Art2 (from cycle 2).

    From the texts illustrated above, it is possible to see how the process of LAPLI 
activities have contributed to their creation. The words highlighted in different 
colours demonstrate the activities from which these parts of the text originate. The 
bits of text highlighted in yellow illustrate concepts and linking words found in the 
concept maps in Activities 3 and 6. The words in pink are from the students’ Lexical 
List in Activity 4. The words in blue relate to one of the answers given in Activity 5. 
Finally, the words in green are Linking Words, from Activity 7. 

 The pieces of text presented above were also evaluated in a formative and summative 
way by the teacher, and these are the revised versions. The major diffi culty with this 
activity is the revision process (submitting, revising, resubmitting, re- revising, resub-
mitting) and the publishing of the latest revised version within the deadline for it to 
be used by colleagues in subsequent stages. As mentioned in the introduction, this 
group worked though the specifi c activities three times (three cycles) and their fi nal 
Group_Art3 production was 4 pages long, including front cover and references. 

 In this section we have examined examples of text produced by a group of students 
working around the theme “Raising Bilingual Children”. Topics developed by the 
other groups in this class were: “The Education of Young Children with Downs 
Syndrome”, “CALL — Computer Assisted Language Learning”, “Different Ways to 
Learn English”, “Deafness, Education and Family” and “Learning English on the Web”.  

3.3.1.11    Activity 11: Evaluation 

 The Evaluation activity is a moment of self-refl ection. It is carried out within the 
large group at the end of every cycle. It is an informal session that can be carried out 
orally (via videoconferencing or face-to-face) or in a written format (by means of a 
questionnaire) in the Forum. In these evaluation sessions, students are encouraged 
to think about the process, and not the product, of learning a foreign language using 
this methodology. The teacher talks to all the students as a group about their 
progress in the exercises, their experience of working collaboratively and at a 
distance, the obstacles they have faced and how they have coped with and overcome 
these diffi culties, as well as the successes achieved in terms of why they think they 
have achieved these and what they did to achieve them.  

3.3.1.12    Activity 12: Production of a PowerPoint Presentation 

 In the fi nal activity, which is carried out only in the last cycle, students are asked to 
produce a PowerPoint Presentation on their fi ndings. Their job now is to summarise 
their work into about 10 slides. The objective of this last exercise is to create a formal 
opportunity for the students to practise their new vocabulary and structures orally, 
concentrating both on fl uency and on accuracy.    
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   Table 3.7    Group_Art2 — by Students 5, 9 and 11 (Part 1/2)       

  Table 3.7    Group_Art2 — by Students 5, 9 and 11 (Part 2/2)       
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3.4     Concept Map Activity: Formative 
and Summative Assessment 

 As the building of a concept map can potentially be an activity that challenges not 
only a student’s linguistic and creative skills but also taps into their world knowledge, 
the criterion for correcting these maps should not just be simply whether or not they 
are  right  or  wrong . A map refl ects the knowledge of what has been understood and 
the point of view of the student who created it, so that it is a unique form of expression. 
Therefore, when evaluating these maps, we must take into account how the student 
expresses these relationships. For example, whether s/he builds propositions (two 
nouns linked by a verb(s), linking word(s) or preposition) that are scientifi cally 
correct, if these propositions refl ect the student’s understanding of the subject 
matter being studied at that particular moment and if they associate it with the student’s 
previous knowledge, as it is essential that the map provide “evidence that the 
student is learning the material meaningfully” (Moreira,  1999 , p. 7). 

 In order to assess our students’ concept maps, we sat down with them and revised 
what the characteristics of a good map were and how they had used these principles 
to build their map. A good map is one that has a hierarchical structure, with correct 
and concise links between concepts and cross-links relating concepts that are 
further apart (Novak ( 2003 ). Furthermore, in terms of language use, we also recapped 
on how to link two concepts (by a verb(s), preposition or linking word(s)). Finally, 
we talked about the importance of creativity when making the map and how 
students felt about their fi nished map. 

 Table  3.8  constitutes our assessment table and details on the assessment of the 
fi rst version of the map produced by student 8 (presented in Activity 3, Fig.  3.5 ).

    Table 3.8    Formative and Summative Assessment Table (FSAT)       
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   In Table  3.8  (based on the a prepared by the Department of Continuing 
Education, Faculty of Nursing, South Dakota State University,   http://learn.
sdstate.edu/nursing/ConceptMap.html    ), our aim is to combine and satisfy the 
need for two types of assessment, namely, formative and summative assessment. 
With constructive comments and suggestion of alternatives, the teacher attempts 
to get students to think about their map in terms of content, form and creativity. 
During this self- assessment, the student must try to refl ect on the map-building 
process, taking into account the teacher’s comments, and thus developing his/her 
metacognition. 

 Taking into consideration this assessment, students then refl ected on their maps 
and re-submitted them. Therefore, comparing the fi rst map in Fig.  3.5  (by student 8) 
with the concepts in yellow as presented in Fig.  3.7 , it is possible to see how this 
map has evolved. In the fi nal version presented by student 8, one can notice that:

•     Concepts are now liked meaningfully by a verb, preposition or linking word  
•   The item “Simultaneous Bilingualism X Sequential Bilingualism” was broken 

down into two separate concepts “Simultaneous Bilingualism” and “Sequential 
Bilingualism”  

•   The concept “adolescence” was added to join “Simultaneous Bilingualism” and 
“Sequential Bilingualism” to “Bilingual”, forming the propositions “Bilingual”/ 
“before”/“adolescence”, “adolescence”/“can be”/“Simultaneous Bilingualism” 
and “adolescence”/“can be”/“Sequential Bilingualism”  

•   A cross-link was established between the legs “Bilingual” and “monolingual”, 
producing the proposition “Bilingual”/“has more advantages than”/“monolingual”    
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  Fig. 3.7    CM+ created collaboratively by students 7 and 14 in cycle 2, built upon revised version 
of map presented in Fig.  3.5        
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 This exercise of reducing phrases into concepts and of linking them appropriately 
make students think more on the linguistic level of the maps and the reusability of 
concepts, which in turn assists them when trying to establish cross-links. The 
changes made not only contributed to the text’s overall fl ow and presentation but 
also, importantly, made the student work on the vocabulary level while also thinking 
of the content of the propositions and on the overall message of the map. His/her 
revised version was also assessed using the same criteria and this time his/her 
score was higher and also importantly, this student reported feeling “very proud” of 
the revised map and now “having a much better idea of how to construct them”. 
Comparing this student’s production in both versions, it is possible to draw the 
conclusion that the assessment carried out has contributed to develop of his/her 
linguistic skills and meta-cognition. 

 This assessment table is shown to future students before they build their fi rst 
concept map so that they can become familiar with the evaluation system and know 
not only what is expected of them but also how the teacher will assist them in the 
process. This sharing of responsibility in the learning process helps to shift the focus 
from teacher-centred teaching (transmissive pedagogy) to student-centred teaching 
(constructivist pedagogy) and greatly helps to develop autonomy and self-confi dence. 

 The process of building a concept map is more important than the product (Novak 
& Canas,  2004 ). It is by refl ecting on content and form in the search for a more 
concise way of expressing old and newly acquired knowledge that students develop 
their linguistic, critical and creative skills.  

3.5     Results and Discussion 

 Learning a foreign language with the LAPLI methodology can be a challenging 
journey for students. In the group of students investigated, concept mapping, 
collaborative learning, a mixture of face-to-face with distance learning lessons, the 
use of a VLE and research on the Internet (as a fundamental part in the process) 
were all innovations in their syllabus. 

 Of all these innovations, the ones that took students the most out of their comfort 
zone were concept mapping and collaborative learning. The activity of concept 
mapping did this because at fi rst they did not have access to the right tool (fi rewall 
at the university). Once this was not an issue, it was possible to concentrate on 
mastering how to build a concept map. However, this required an understanding of 
the text which in turn had to be read as many times as necessary. Once the message 
was understood, reducing phrases into key words proved diffi cult for some of the 
group. For others, linking the concepts meaningfully was more challenging and 
establishing cross-links involved “seeing the map from the top”. In spite of these 
diffi culties, when responding to our end-of-term questionnaire, 93% of those taking 
part recognised the contribution of concept maps to the development of their read-
ing comprehension and writing skills (Marriott,  2004 , p. 253–254). 
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 As regards collaborative learning, 60% found this diffi cult (14% found it very 
diffi cult). (Marriott,  2004 , p. 251). What caused the most problems was having to 
wait for colleagues to produce own work and upload the most updated version onto 
the VLE so that they could then proceed, as there were deadlines to be met. Other 
points mentioned were “I had diffi culty getting my opinion across - I didn’t have 
much space for that”; “It’s diffi cult to accept and be accepted by others”; “It’s diffi cult 
to accept our mistakes” and fi nally a student very honestly wrote “I need to learn to 
accept different opinions”. Other general diffi culties faced were regarding access to 
the Internet and missing the presence of the teacher in all the lessons. 

 One very important aspect of working collaboratively with students in a VLE and 
with multiple tasks and fi les is the management and naming of all the fi les. The 
teacher must give clear guidelines for the naming of work as in Fig.  3.8 .

   Moreover, clearly named folders must be provided for work to be uploaded and 
found for future reference as in Fig.  3.9 .

   Therefore, “Peter’s” Concept Map in cycle 2 should be named  “CM_Bilingual- 
Children2_Peter”, and should be uploaded onto the File “Day 20_2Q_&_CM”. The 
teacher’s feedback would be marked “CM_BilingualChildren2_Peter_OKRs” 
meaning “marked but needs resubmission” and “CM_BilingualChildren2_Peter_
OKPb” meaning “marked and can be published”. A revised version of his work 
would be named “CM_BilingualChildren2_Peter_OKRs_2” and the teacher’s 
evaluation would then be “CM_BilingualChildren2_Peter_OKRs_2_OKPb”. This 
explicit organisation and following of a logical order encourages students to learn 
meaningfully (Hassard,  2004 ). 

  Fig. 3.8    Guidelines to 
students for naming fi les       

  Fig. 3.9    File management 
in VLE       
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 It is therefore possible to conclude, from an analysis of the students work in 
Activity 10, that the aims of the 12 activities in LAPLI have been met and that a 
gradual linguistic development can be seen in the texts produced. Students worked 
meaningfully around a topic of their own choice; they interacted and worked 
collaboratively with colleagues; they developed their linguistic and communicative 
competence in informal situations (activities 1 to 8 — to develop fl uency) and 
worked in more formal situations (activities 9, 10 and 12) to develop their reading, 
writing and oral skills. When working synchronously or asynchronously in the 
various activities 100% of students felt their vocabulary had increased, 20% felt it 
had increased signifi cantly, and that they had developed their critical, analytical and 
evaluative skills when searching for texts and working collaboratively in a fellow’s 
text or map. Additionally, they felt they had developed responsibility, autonomy and 
timekeeping skills by exercising their freedom of choice and meeting deadlines, as 
per Marriott ( 2004 , p. 255).  

3.6      Closing, but Not Final, Comments 

 Having aroused an interest in the collaborative approach to research and the aim of 
meaningful learning in language acquisition through the use of concept maps and 
continuous evaluation of the learning process, we offer by way of conclusion, and 
particularly for refl ection, a few comments, which can never be conclusive; hence, 
the above title “Closing, but not fi nal, comments”. 

 Teachers and educators have long sought teaching/learning techniques that could 
not only help students understand the meaning of a text more easily and summarise 
and represent the information more quickly, but would also allow them to refl ect on 
their experiences, build complete new meanings and develop strategies for creative 
and intelligent thinking. 

 Concept mapping is a way of achieving this goal. By concept mapping, students 
use their background knowledge and work on content and form while they are 
invited to use their creative and metalinguistic skills. However, this activity can 
prove a challenge to students used to more traditional teaching methods as it demands 
concentration and perseverance in fi nding the correct way (in terms of form and 
content) to convey their ideas. It is very suited to the foreign language classroom as 
it encourages students to work with the target language in a responsible and critical 
way, primarily if used collaboratively with a means of formative assessment such as 
we have proposed in the LAPLI methodology presented here. 

 As educators, we must sow the seeds of responsibility and critical analysis, 
encouraging research and knowledge production using computers and the Internet, 
as well as promoting interaction and collaboration among students to improve the 
quality of education. However, we must also face the challenge brought about by 
technology, for example the implementation of concept mapping and CALL 
methodologies such as LAPLI in virtual reality worlds such as Second Life and 
Web 2.0 technology (O’Reilly,  2005 ). Portable, wireless and pocket-size handheld 
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devices such as mobile phones, palmtops, tablets and iPods and media fi les i.e. 
podcasts and mobilecasts are also challenges. According to Chinnery ( 2006 ) 
MALL - Mobile Assisted Language Learning is an emerging trend together with 
concepts of m-learning (mobile learning) or m-Education (Bull,  2006 , p. 33), and 
research must continue on how to better implement these new technologies into the 
foreign language classroom.     
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    Abstract     There have been a range of different types of visual tools used in schools 
over the past 50 years such as “graphic organizers,” mind mapping, and concept 
mapping. These tools are grounded in the mapping metaphor, refl ecting our capacities 
to network information and create cognitive maps of content knowledge and concepts. 
This writing investigates a language of eight cognitive maps called Thinking Maps® 
and Thinking Maps® Software, used from early grades through college courses to 
foster cognitive development and content learning across disciplines by all students 
across entire schools.  

4.1         The Mapping Metaphor 

  Mapping  is the overarching metaphor for teaching, learning, and the representation 
of knowledge in the twenty-fi rst century. This rich conceptual metaphor has a role 
in helping us understand how visual tools and technologies support learners in 
their capacity to transform information into knowledge in the “fl at world” of 
communication technologies working 24/7. The common vocabulary of our time – 
 networking, connectivity, world wide web, interdependence, systems, integrated , 
and  internet  – are expressions of the mapping metaphor. Mapping is both a metaphor 
for connecting and overlapping knowledge structures and also the name for practical 
visual tools for mental fl uency. Mapping is a rich synthesis of thinking processes, 
mental strategies, techniques and technologies, and knowledge that enables humans 
to investigate unknowns, show patterns of information, and then use the map to 
express, build, and assess new knowledge. 

    Chapter 4   
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 The mapping metaphor is understandable and intriguing in a technological sense, 
yet ultimately this is about power sharing in the creation of knowledge. The gulf 
between our students’ relatively high technological expertise and underdeveloped 
mental fl uency is one of the key barriers we must move beyond in order to enact posi-
tive change through knowledge sharing in schools, the workplace, and in global com-
munication. So the mapping metaphor also opens up a central dilemma: our students 
may be networked to information webs, yet few have developed congruent thinking 
tools that enable them to consciously pattern information into meaningful, integrated, 
networked knowledge. At this time in classrooms and workplaces, in lesson plans 
and meetings, memos and voice/text messages, our communication is often domi-
nated by the one dimensional thread of linear language, a narrow representation that 
keeps our ideas hidden away in rich but unknown mental spaces, a  terra incognita .  

4.2     Cartography and Cognition 

 Historically, the unique representations derived from map making are best expressed 
through the history of cartographic links to cognition and communication, which 
reveals that this invention was a turning point for human understanding. 

 The act of mapping was as profound as the invention of a number system. The combination 
of the reduction of reality and the construction of an analogical space is an attainment in 
abstract thinking of a very high order indeed, for it enables one to discover structures that 
would remain unknown if not mapped (Robinson,  1982 , p. 1). 

 This quotation is drawn from James H. Wandersee’s ( 1990 ) insightful analysis of 
the connection between cartography and cognition. He argued persuasively that 
cartography links perception, interpretation, cognitive transformations, and creativity 
serving four basic purposes: to challenge one’s assumptions, to recognize new 
patterns, to make new connections, and to visualize the unknown. 

 Cartography has always been a central form of storing vital information about 
our surroundings and distant shores, from the ancient mappings of the earth and sky. 
Humankind has always sought ways to discover and map new frontiers and fi nd our 
way home by land and sea and, most recently, by air. Cartography has been both a 
science and a gateway to new learning, but until the last few decades the term “mapping” 
has stayed within the intellectual domains of astronomers and geographers. Actually, 
from Africa to the Mayan astronomers, maps have been the documents of discoverers 
and ownership, and then, often, of domination. If a “discoverer” could map a region, 
then ownership was established. Planting a fl ag was a symbolic gesture, but mapping 
the region was the act of establishing physical boundaries and territories. 

 The attempt to discover longitude in the eighteenth century was foremost in the 
minds of seafarers, traders, and governments, as latitude and longitude lines crossed 
and established the relationships between time and space that could guide adventurers 
and conquerors alike to unknown lands. The Lewis and Clarke expedition across the 
western region of North America, like any other journeys into new landscapes, was 
an attempt to map territories unknown to a new republic so that commerce and land 
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holdings could expand. The “map” that Lewis brought back to President Thomas 
Jefferson was technical in the geographic sense, commercial in the description of 
resources, and ethnographic in depicting cultures new to the adventurers. 

 Lewis studied maps in Jefferson’s collection. He also conferred with Albert Gallatin, a serious 
map collector; the problem was that west of the Mandans nearly to the coast was terra  incognita . 
And the best scientists in the world could not begin to fi ll in that map until someone had 
walked across the land (Ambrose,  1996 , p. 80). 

 Now we send captainless ships to distant planets to map and in some cases “own” 
new territories off the curvature of the earth. The “four corners” of our globe are 
known, and our technical expertise is often hopscotching over our immediate needs. 
We have access to electronically mapped terrain through GPS, or global positioning 
systems. We may be in our car with a map on a screen, guiding us around the corner 
or into another state. Likewise, and using similar technology for networking infor-
mation, some of our children, are now interactively using computer screen portals 
from wireless connections, accessing linked data from points around the world, thus 
from different points of view. Those views may range from electronic explorers of 
knowledge on “the net” to mass marketers of goods to exploiters of graphic violence 
and other morally repugnant materials. They have few fi lters for all of this informa-
tion packaged as knowledge. 

 Our technologies offer exponentially increasing quantities of downloadable 
information, but few ways of fi ltering information into practical knowledge. There 
are few unknown territories in the physical world: the new territories are of human 
imagination, interaction, communication. We are mapping the human genome 
system as well as all the systems of the body and mind. The brain is based on pattern 
seeking and mapping and thus we use cartographic means to discover how we think: 
we use fMRI’s to map that organ of our body that is continuously and unconsciously 
remapping reality for us every moment. 

 Educators are now seeing in practice and in the research that visual tools such as 
MindMapping® (Buzan,  1979 ), Concept Mapping™ (Novak & Gowin,  1984 ) and 
Thinking Maps® (Hyerle,  2004 ) are supporting students to transform information into 
useful knowledge. These tools are also facilitating diverse learners from across a range 
of multiple intelligences (Gardner,  1983 ) and dispositions of thinking, or Habits of 
Mind (Costa,  2001 ) Students are transforming information into knowledge using these 
applied “mapping” languages in seeming congruence with the unconscious, associa-
tive networking of the brain. Pat Wolfe, a leader in the translation of evolving brain 
research for practitioners offers this connection: “Neuroscientists tell us that the brain 
organizes information in networks and maps.” (Wolfe, Forward in Hyerle,  2004 ).  

4.3     The Cognitive Dissonance of Linear Representations 

 High-quality visual tools are used for surfacing dynamic schemas, graphic representa-
tions that externalize in dynamic blueprint form the conceptual information struc-
tures, within the architecture of the brain. This is why visual tools are a breakthrough 
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in education and not just another tool on the sagging toolbelt of endless and 
uncoordinated “best practices” for teachers. It is now clear that the traditional linear 
strings of words students see in textbooks and hear from teachers in dominantly 
“auditory” classrooms do not even come close to approximating the complex visual-
verbal- spatial patterning of what is going on in their heads. 

 Our minds consciously create patterns, our emotions are driven by layers of 
interconnected patterns of experience, our media thrives on the communication of 
patterns, and nature – that which we are a part of and surrounds us – is a complex 
weave of patterns. Some of these patterns are linear and procedural, but the foundation 
of knowledge from the basic factual knowledge record to decision making borne 
of evaluative processes are nonlinear patterns. Are thoughts linear? Emotions? An 
ecosystem? Our values? 

 Put in the most stark terms, our educational  system  and educational leaders can 
no longer lag behind the children who sit before handheld computers and access, 
download and create a complex interweaving of information as we stand before 
them and speak and write and numerate in linear strings of words and numbers. 
There is  cognitive  dissonance between the highly constrained linear presentation of 
information in classrooms as text blocks and the multidimensional, mapping of 
mental models that the brain-mind naturally  performs  when processing and crafting 
information into knowledge. I believe that this dissonance is  the  fundamental barrier 
to improving students’ thinking and teachers’ capacities to convey and facilitate 
basic and complex content and conceptual learning for all students. 

 The double meaning in the term “cognitive” dissonance is clear:  cognitively  we 
process beyond the linear mindset but we asked students to show their thinking 
primarily in linear terms. This is disorienting at a most fundamental level. Visual 
tools  do not  offer a replacement of traditional forms of literacy but an additional 
way of “showing what you know” that is shifting our perception of knowledge on 
the most basic level. Why? Because visual tools of every kind, from brainstorming 
webs and graphic organizers to thinking process mapping are all based on the 
metaphor of the visual-spatial-verbal  mapping of knowledge . Like any breakthrough 
technology, this transformational technology of the mind – the hand drawn and 
technology based mapping of mental models – includes that which came before. 
The visual mapping of information into knowledge is what the brain does already 
and emerges in an historical sense of mapping physical space. 

 From the point of view of how knowledge is represented, there is a fundamental 
disconnect between how students and educators SEE and understand knowledge. 
The primary reason for this is that most educators, as most educational researchers, 
are primarily text drive and auditory: we live not only by the idea of text books and 
the spoken word, but also that information is valid only when substantiated in linear 
text  blocks and strings of sentences . To fi nd out something we have traditionally 
read text out of books. To fi nd out what students know we have them write text 
blocks to us or speak to us in strings of words. This has been our guiding defi nition 
of literacy for longer than we can remember. One of the main reasons that learners 
young and old often have writer’s “block” or their thinking is “blocked” is that a 
guiding metaphor for information could be called the “wall of text.” The linear wall 
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of text does not explicitly show the rich networks and patterns of thinking that 
the author is attempting to present through the only form available: linear representa-
tions. When visual tools are presented along side text or used by learners to fi nd the 
patterns embedded in the wall of text, then what is unveiled is the rich foundational 
structures of knowledge. 

 Recently I was working with teacher and administrator leaders from a school 
system in New York State and, after presenting an overview of visual tools within 
the context of some of the conclusive research and practice, the literacy coordinator 
for the district broke through the paradigm for defi ning “literacy” in classrooms and 
dramatically offered this epiphany: “For all of these years, I thought it was all about 
my students speaking and writing, but now I understand that what I really wanted to 
know was how my students were thinking.“ The breakthroughs in how we represent 
information, ideas, and concepts have been occurring over the past 20–30 years 
from the fi rst uses of brainstorming webs for prewriting processes to concept 
mapping and systems to diagramming, to an additional, synthesis language of visual 
tools called Thinking Maps®.  

4.4     A Summary Defi nition of Visual Tools 

 Visual tools are used by learners, teachers, and leaders for graphically linking mental 
and emotional associations to create and communicate rich patterns of thinking. 
These visual-spatial-verbal displays of understanding support learners in  transforming 
static information into active knowledge , thus offering additional representational 
systems for integrating texts of different kinds into visual displays. These visual 
forms also support the processes of information in linear ways (such as traditional 
fl ow charts) and in nonlinear forms such as systems feedback loops and hierarchical 
category structures. These additional forms for generating, organizing, and refl ecting 
on information offer metacognitive tools for self-assessment in each content area 
and for interdisciplinary learning that may unite linguistic, numerical, and scientifi c 
languages together on the same page. 

 As shown in Fig.  4.1 , I have identifi ed three informal, sometimes overlapping catego-
ries of visual tools, each with specifi c purposes and congruent visual confi gurations:

    Brainstorming webs  for fostering creativity and open mindedness;  
   Graphic organizers  for fostering analytical content and process-specifi c learning;  
   Conceptual mapping  for fostering cognitive development and critical thinking.   

   A fourth category is a unique synthesis  language  of visual tools that has been 
used extensively across schools called Thinking Maps®; since 1990 (Hyerle,  1993 , 
 1996 ; Hyerle & Yeager,  2007 ). This common visual language of visual tools inte-
grates the creative dynamism of webs, the analytical structures of content-specifi c 
learning, and the continuous cognitive development and refl ections fostered through 
conceptual mapping. Over time, new visual languages may develop that integrate 
different visual tools and thus enabling a greater range of thinking, communication 
and refl ection. 
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 Visual tools are used for personal, collaborative, and social communication, 
negotiation of meaning, and networking of ideas. These graphics are constructed by 
individual or collaborative learners across media networks and mediums such as 
paper, white boards, and computer screens. Because of the visual accessibility and 
natural processes of “drawing out” ideas, many of these graphics are used from 
early childhood through adulthood, and across every dimension of learning, teach-
ing, assessing, and leadership processes. Visual tools are also used across cultures 
and languages and may become keys to new levels of more democratic participation 
and communication in human systems. Across traditional cultures and new 
“virtual” cultures, visual languages ultimately may be used for uniting diverse and 
distant learning communities as people in schools, communities, businesses and in 
different countries  seek to understand  each other through  seeing  each others’ 
 thinking and perceptions through multiple frames of reference. 

 In reviews of practical applications of visual tools (Hyerle,  1996 ,  2000 ) it is clear 
that there are signifi cant differences between student developed maps and what 
are common known as “graphic organizers.” There are many published resource 
materials that include preformed, highly structured graphics for students to fi ll in, 
much like checklists and simple worksheets. Some of these resources are helpful as 
they guide students through particular processes in an orderly way. The downside 
becomes evident over time as students may never gain the capacity to map out their 
own thinking independently from these sturdy, but limiting scaffolds. In contrast, 
visual tools, that are generated from a blank paper or electronic page  by students  enable 

Tree Map:
TYPES

OF 
VISUAL TOOLS

BRAINSTORMING
WEBS

Mindmapping® content
specific

clustering

webbing

Inpiration
Software®

process
specific

hierarchical
reasoning

reading:
Ex: story
organizer

writing

mathematics

science

social
studies

arts

computer:
Ex: flow
charting

theme
organizer
problem-
solution
fishbone

cause-effect

Concept
Mapping®

ReasonAble®

Connection
Circles

Systems
Modelling:
STELLA

Software®

research
template

Unit Visual
Frameworks

metacognitive
frame

cognitive-
learning

styke
multiple

intelligences
frame
prior

knowledge
background
influences

cultural
frames

language
frames
belief

systems

emotional
frame

Venn
diagram

Inductive
Tower

metaphorical
mindscaping

frame of
reference:

Frame
around each
Thinking Map

Language of
eight

interdependent
Thinking Maps

defining in 
context

(brainstroming):
Circle Map
attributes:

Bubble Map
comparing-
contrasting:

Double
Bubble Map
classifying
(deductive-
Inductive):
Tree Map
whole-part

spatial reasoning:
Brace Map
sequencing:
Flow Map

cause-effect
systems:

Multi-Flow
Map

analogies-
metaphor:

Bridge Map

systems
thinking

and feedback
flows

multi-visual
Integration

GRAPHIC
ORGANIZERS

CONCEPTUAL
MAPPING

THINKING
MAPS®

and
TM Software

  Fig. 4.1    Tree map of types of visual tools       

 

D. Hyerle



79

them to become the center of learning in order to create conceptually rich models of 
 their  meaning. While the processes of training students to become independent 
visual tools users takes time, once students gain basic mastery over the tools from 
they are able to transform concrete information and concepts bound by linear texts 
into maps that show patterns that add depth to their understanding of content knowl-
edge. Visual tools offer a third way through the great false dichotomy which we as 
educators have endlessly debated since the time of John Dewey:  Should we focus 
more on content area facts or thinking process instruction?  I believe that dynamic 
visual tools offer a third way that triangulates this dichotomy, as visual tools are 
used for integrating content information and cognitive processes into  forms of 
knowledge . Visual tools offer teachers and learners mental maps for trans form ing 
in form ation into knowledge using fundamental thinking patterns as the foundation.  

4.5     Thinking Maps®: A Synthesis Language of Visual Tools 

 As shown in Fig.  4.1 , a full range of visual tools has been developed and successfully 
used as pattern-tools for thinking creatively, organizationally, and conceptually. 
Some tools may focus more on one aspect of thinking and learning, or one form of 
representation, such as holistic, conceptual hierarchies or intricate feedback loops 
for representing dynamic systems over time. We can see through the use of these 
tools and extensive research how students are making sense of their own stored 
knowledge in displayed “visual schemata” and how they accommodate and assimilate 
new information and concepts through these richly developed visual tools: brain-
storming webs foster creativity, graphic organizers explicitly model more analytical 
content processes, and conceptual mapping tools for explicitly focusing on concep-
tual understanding. The book detailing the theory, practice, and research on concept 
mapping, “Learning How to Learn” (Novak & Gowin,  1984 ) was an infl uential text 
as I began to see how a coherent language grounded in visual tools could be used to 
mediate learning and as new tools for assessment. 

 So it was reasonable – and practical as a classroom teacher – to consider and 
question how this wide range of tools could be synthesized, coordinated, and offered 
to students in a practical and meaningful way so that they could ultimately take 
control of their own patterns of thinking. Here are a few of the questions I asked 
myself as I was investigating and teaching with a range of visual tools in the mid- 1980’s 
when I was teaching middle school:

   How could student centered visual tools be coordinated in way that they are generative 
like webs, analytic like organizers, and focused on conceptual learning? Could 
all learning be held in hierarchies or systems diagrams?  

  What would theoretically ground an organization of visual tools? How would we 
organize and link these visual tools?  

  How would this work in practical ways for students, teachers, and school leaders?    
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 These questions were surfaced for me when I had an opportunity to use a 
program based on the explicit defi nition of fundamental cognitive skills – some 
displayed graphically – as the point of synthesis. The nexus of patterns of cognition 
and nonlinguistic representations became the theoretical and practical foundation 
of Thinking Maps as a language of eight nonlinguistic representations defi ned by 
fundamental cognitive skills. 

 Thinking Maps is a language for learning that has now been implemented 
through professional development training and systematic follow-up coaching in 
nearly 5,000 schools across the United States and internationally since 1990. 
Teachers, students, and administrators across entire elementary, middle, and high 
schools are introduced to this language in the fi rst year of implementation through 
a professional development process that includes workshop training, follow-up 
coaching, and the development of deep applications in reading, writing, mathematics 
and technology. The primary outcome of the interactive professional development 
is that teachers work together over multiple years to  explicitly  teach all of their 
students across whole schools how to become fl uent independent and collaborative 
users of this language for in depth content learning and transfer of the same language 
of thinking across all content areas and grades levels. This enables the continuous 
cognitive development for  all  students as a foundation for lifelong learning. 

 The effectiveness of Thinking Maps has been established through scientifi cally 
based research on nonlinguistic representations and graphic organizers, and extensively 
documented through test scores and qualitative evidence in academic publications 
since 1990. Most recently, over a dozen authors from the United States, New Zealand, 
and Singapore – from high to low achieving schools and from inner city to rural 
schools – presented the documented results and research on Thinking Maps imple-
mentation in the book “Student Successes with Thinking Maps: School based 
Research, Results and Models for Achievement Using Visual Tools” (Hyerle,  2004 ). 
At this time, the most common focus of use of the model, and the documented 
successes, come in the areas of reading comprehension and writing process. Ongoing 
research and development on Thinking Maps and other approaches to creating 
“Thinking Schools” is supported by the nonprofi t organization,  Thinking Foundation 
 (  www.thinkingfoundation.org    ) in order to document how these tools work across 
grade levels and content areas for a range of students with unique needs.  

4.6     Thinking Maps as a Language 

 The language of Thinking Maps is fi rst and foremost based on eight fundamental 
cognitive skills. These eight cognitive skills, as shown in the center two circles of 
Fig.  4.2  are based on a synthesis of cognitive science research, models of thinking 
developed for psychological testing and educational programs, and a transformation 
of Dr. Albert Upton’s early work in book “Design for Thinking” (Upton,  1960 ). 
This model is neither linear nor hierarchical. The eight cognitive skills are: defi ning 
in context, describing attributes, comparing and contrasting, classifi cation, part- whole 
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spatial reasoning, sequencing, cause and effect reasoning, and reasoning by analogy. 
This “language” for thinking is not a comprehensive view of thinking: it identifi es 
coherence and interdependency of eight  fundamental  cognitive skills that ground 
thinking and learning. Upton drew from his close study of the connection between 
thought and language and attempted to explain how underlying thinking patterns are 
intertwined with language. The fi rst modern translation of the Upton Model as 
the foundation for Thinking Maps came when I systematically analyzed different 
thinking skills models, tests of cognitive skills, and the fi eld of cognitive psychology. If 
you look within the outside rectangular frame, the extensions of the maps to more 
complex iterations are found. The essence of this model is that each tool (and the 
tools together) may be used at the most complex levels of the human mind.

   This model is somewhat analogous to the primitives of any language, such as the 
eight parts of speech of the English language. The eight parts of speech, consisting 
of nouns, verbs, adjectives, etc. are used in an integrative, limitless way to produce 
phrases, sentences, and paragraphs. Of course, there is no hierarchy or procedural 
linearity in the use of the eight parts of speech. It is a language of eight graphic 
primitives, much like using the “legend” inset in most maps for reading the different 
graphic displays. While it is dangerous to proclaim universals – as possibly disre-
spectful to different cultures, language, and cognitive styles represented around the 
world – the eight cognitive primitives that ground Thinking Maps have found reso-
nance and relevance as we have introduced the tools in places like Singapore, Japan, 
Mexico, and of course, in cities in the United States where large urban districts such as 
New York City work with at least 150 different student languages and dialects. 
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 The claim offered here is that around the world, like universal human emotional 
patterns such as love, joy, and sadness, there are also basic universal cognitive pro-
cesses: every child born into this world, for example, comes to learn how to  sequence  
the day,  categorize  ideas and objects around them, break down objects  whole to parts  
and parts to whole, survive by  causal  reasoning, and reason by  analogy . For example, 
there is no doubt that every human being has a visceral if not always conscious under-
standing of the causes and effects of actions: we would not survive physically, socially, 
or emotionally in the world if we did not refl exively and refl ectively use cause and 
effect reasoning. The challenging question for long term research is this: how are 
these cognitive processes mentally “mapped” within vastly different cultures? 

 Key to the understanding of the eight cognitive processes is the essential interde-
pendence between and among each process, or pattern. The awareness by teachers 
and students of the  interdependency  of thinking skills is, I believe, a missing link in 
classrooms today. Educators at every level, and psychologists and researchers, simplify 
these processes by teaching and testing thinking skills in isolation from each other, 
implying the use of thinking skills rather than explicitly teaching the interdependency 
of the processes to students. Thus “thinking” is reduced to isolated skill development 
rather than as a complex of cognitive processes that must work together to enable 
students to think at the highest levels of creative and analytical thinking. 

 A central dimension of the Thinking Maps model is drawn from the fi eld of frame 
semantics which describes how individuals and groups create personal, interpersonal, 
and social structures, or patterns, that drive perceptions, language, and behavior. 
In the context of the map, this means that everyone may understand and utilize the 
cognitive process of categorization, but the categories carry a different language, 
content, processes for development, and forms within and across cultures. After 
playing with and testing the eight maps in isolation and as a language of interdepen-
dent tools, I realized what was missing: a way for learners to name and visually 
represent what was infl uencing, or  framing  (Lakoff & Johnson,  1980 ) the thinking 
patterns they had developed using each Thinking Map. I realized that inherent in the 
metaphor of “frame” was the visual needed for facilitating refl ection. I developed a 
simple rectangular frame that learners could draw, like a window frame, around any 
of the maps and thus ask many different refl ective questions such as:

•    What is infl uencing how I am seeing this information?  
•   What prior knowledge is helping or getting in the way of my understanding of 

this new content knowledge?  
•   Why did I chose this Thinking Map?  
•   Is there another or several other Thinking Maps I should use to understand this idea?    

 In retrospect, and from what we now know about the effectiveness of Thinking 
Maps from over 15 years of implementations in whole schools, the eight cognitive 
processes grounding the visual representations are most powerful when the learner 
adds this metacognitive frame of reference around the map being created. Once a 
students maps out their own thinking, we want the students to “frame” the map 
by asking themselves what may be infl uencing how they are mapping information. 
The frame offers a concrete visual for them to become self-assessing and 
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metacognitive. When all learners in the classroom or school use the maps and 
frame, they see each others different ideas in different confi gurations and this has 
led to teachers and students having a deeper understanding and empathy for another 
person’s point of view.  

4.7     Five Qualities of Thinking Maps as a Language 

 While there are only eight maps – and the “metacognitive” frame that surfaces the 
culture, belief systems, and perspective of the maker of the maps – there is an 
infi nite number of confi gurations of each map, much like the English language, 
which has only eight parts of speech but a vast number of combinations that create 
infi nitely simple to complex variations. Five essential qualities of Thinking Maps 
are key to seeing how these tools are infi nitely expandable and used simultaneously, 
as a carpenter would use multiple tools for constructing buildings. For example, 
using the Flow Map as an example, the map is

•    Graphically consistent as the Flow is created with boxes and arrows only and can 
show substages;  

•   Flexible so as the graphic primitive expands, the fl ow can be linear and cyclical, 
or have multiple parallel fl ows connected;  

•   Developmental as it can be used at any age level and responsive to simple to 
complex applications;  

•   Integrative as it is used across disciplines and for interdisciplinary problem 
solving;  

•   Refl ective as it is used by the learner to assess how they are thinking and share 
and compare the visual representations with one another and teachers.    

 These qualities of each tool and the tools used as a language lead to more complex 
orders of thinking, such as evaluating, thinking systemically, and thinking meta-
phorically. When students are given common graphic starting points,   every  learner  
is able to detect, construct, and communicate different types of patterns of thinking 
about content concepts. 

 Let’s look at some examples of student work in order to highlight these key 
qualities of Thinking Maps. Some years ago I received a forty page document 
from a high school biology teacher outside of Chicago, IL, USA who, along with 
her colleagues, had systematically trained all of the students in the school to use 
Thinking Maps and software at a highly adaptable level. This document was a 
student’s work that had been generated using Thinking Maps Software (Thinking 
Maps, Inc.,  1997 ,  2007 ) developed over a year’s course from a biology text. With 
most chapters she decided which maps best refl ected the key information in the 
text, and with accuracy and great clarity displayed, for example, types of cells using 
a tree map and the properties of each, the cycle of cell, and dozens of intricate inter-
related parts of a muscle using a brace map.
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   She was also able to show in several maps that she could map out the feedback 
loops of different body systems, comparison of different processes, and properties 
of unique parts of the body. At the end of the year, with her notes contained in maps 
which refl ected the conceptual content of the chapters, she was able to spread her 
documents out for review for exams. But her teacher was also able to assess how 
this student drew the information in the chapters together conceptually. 

 This student example also reveals aspects of the fi ve qualities of the Thinking 
Maps language. The graphic consistency and fl exibility of each tool enable this 
student to start with three different graphic primitives, expand each map, while 
holding onto the basic forms. Because of the common graphic unique to each think-
ing process, the student’s teacher and peers could easily read and assess the map for 

  Fig. 4.3    Types of cells, cycle of cell, muscle parts.         
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factual content information, conceptual clarity, and interpretation. This student was 
also showing the advanced developmental progression from learning the basic ele-
ments of each map to complex applications, in this case using Thinking Maps 
Software. We see this developmental aspect of the maps as fi rst grade students, col-
lege students, and school administrators alike are able to use each map in novel 
applications as they grow from novice to expert users of the tools. Given a full view 
of the forty pages of Thinking Maps developed by this student over the course of the 
year, we also witness both the integrative and refl ective dimensions of the language. 
She was able to integrate multiple maps together (for example, information on types 
of cells and the cycle of a cell) and evolve a deeper understanding of how this infor-
mation works together. This student also, along with her teacher, could use the maps 
as what Arthur Costa has called, “displayed metacognition.” Teachers and students 
alike may use the maps for “bifocal” refl ection by assessing the development of 
content/conceptual knowledge while also focusing on the cognitive development of 
the individual student. Most often in classrooms students’ content knowledge is 
assessed through various means of assessment – including linear written responses 
and multiple choice items – but rarely are teachers and learners looking closely and 
over time at the development of thinking processes. 

 What is also interesting in the forty page document is that beyond the rich 
 mapping of content knowledge, this student was able to work across different types 
of maps representing different knowledge structures. More specifi cally, she could 
map information hierarchically when needed, much like the dynamic form of 
Concept Mapping® developed by Novak and Gowin or the top-down design of soft-
ware such as ReasonAble®. She was also able to surface and model feedbacks in 
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systems much like the rich mapping of systems dynamics generated from using 
STELLA®; software and other systems approaches. This reveals a unique characteristic 
of Thinking Maps as a language. Each visual tool comes with its own theoretical 
framework for  defi ning  how knowledge is constructed: concept mapping is based on 
holistic hierarchical logic and systems diagramming on interdependent feedback 
fl ows. This opens conversations in classrooms about how we  see  knowledge that 
does not surface often in the linear form of texts. Each visual tool thus offers 
students and teachers a theory of knowledge that is surfaced visually. 

 Thinking Maps, as a synthesis of different types of visual structures works 
together as a language based on eight different ways of seeing information, how 
knowledge is structured, and how these different forms may work together. The 
diffi culties faced with the implementation of Thinking Maps in schools for faculty 
and students is the same as with many innovations. One of the most problematic 
issues is the concern teachers, administrators, and educational leaders have for staying 
focused on discipline specifi c learning and “content skills” such as, for example, 
reading comprehension, math, and science skills. Though there is a great degree of 
overlap, the idea of a generalized thinking and problem-solving model for students 
to use independently across disciplines is still antithetical to the existing struc-
ture of schools and common assessment factors. In this time of high-stakes testing 
in the United States, the pressure to focus on content specifi c skills overrides cogni-
tive skills development and the facilitation of problem solving across disciplines. 
But the theoretical assumption that there is a common visual language for transferring 
“thinking skills” across disciplines also may be challenged by researchers and 
practitioners as a search for “fools gold.” Thus, much of the professional develop-
ment work that is conducted in order to sustain Thinking Maps across an entire 
faculty over multiple years is often driven by the need, as articulated by teachers and 
administrators, to continually fi nd ways to refi ne the use of the maps to meet the 
specifi c assessments for passing a test or course. Where schools have sustained the 
use of Thinking Maps over multiple years to the point of students and teachers gain-
ing fl uency with the tools, the results show positive changes in student performance 
and teacher effectiveness. Where the tools are implemented with minimal follow-up 
support and without purposeful use as student centered tools, the work becomes 
merely an isolated set of graphics for isolated uses.  

4.8     Whole System Change 

 The discussion of the range of different types of visual tools and the language of 
Thinking Maps presented in this chapter provides a new metaphor, and theory- 
embedded tools, for communication for students, teachers, administrators and the 
whole community of learners in a school. Through this we see that students develop 
essential Habits of Mind (Costa & Kallick, 2007): to be creative and fl exible, to 
persevere and to be systematic, and to be refl ective and self-aware of cognitive 
patterns to the degree that they can independently  and  interdependently apply these 
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patterns to challenging performance. At any time learners can access this thinking 
language – using it on paper or through software – to construct and communicate 
networks of mental models of linear and nonlinear concepts. As students across 
whole schools become fl uent with Thinking Maps, this array of eight visual tools 
becomes a common visual language in the classroom for communication, coopera-
tive learning, and for facilitating a deep empathy for how others think as well as for 
the  continuous cognitive development  of every child over a lifespan of learning. 

 Yet, we also now know that our students must continue to grow and adapt over 
their lifespan. When we look forward into the decades of the twenty-fi rst century 
with technology growing exponentially, we realize that explicitly supporting students 
in their capacities to think and problem solve independently and collaboratively 
across content areas, languages, and cultures may be one of the linchpins in an evolution 
in how we as human beings transform information into meaningful knowledge.     

   References 

    Ambrose, S.E. (1996).  Undaunted Courage . New York: Simon & Schuster.  
    Buzan, T. (1979).  Use Both Sides of Your Brain . London: Dutton.  
    Costa, A. and Kallick, B. (2001).  Discovering and Exploring Habits of Mind . Alexandria, VA: 

Association for Supervision and Curriculum Development.  
    Gardner, H. (1983).  Frames of Mind: The theory of Multiple Intelligences . New York: Basic Books.  
   Hyerle, D. (1993). “Thinking Maps as Tools for Multiple Modes of Understanding.” Unpublished 

doctoral dissertation, University of California, Berkeley.  
     Hyerle, D. (1996).  Visual Tools for Constructing Knowledge . Alexandria, VA: Association for 

Supervision and Curriculum Development.  
    Hyerle, D. (2000).  A Field Guide to Using Visual Tools . Alexandria, VA: Association for Supervision 

and Curriculum Development.  
      Hyerle, D. (ed.) (2004).  Student Successes with Thinking Maps® . Thousand Oaks, CA: Corwin 

Press.  
   Hyerle, D. (2008, in press).  Visual Tools for Transforming Information into Knowledge . Thousand 

Oaks, CA: Corwin Press.  
   Hyerle, D. and Yeager, C. (2007).  Thinking Maps® :  A Language for Learning Training Resource 

Manual . Cary, NC: Thinking Maps, Inc.  
    Lakoff, G. and Johnson, M. (1980).  Metaphors We Live By . Chicago: University of Chicago Press.  
     Novak, J. and Gowin, R. (1984).  Learning How to Learn . Cambridge, MA: Cambridge University 

Press.  
    Robinson, A.H. (1982).  Early Thematic Mapping in the History of Cartography . Chicago:University 

of Chicago Press.  
    Thinking Maps®: Technology for learning [Software]. (1997, 2007). Cary, NC: Thinking Maps, Inc.  
    Upton, A. (1960).  Design for Thinking . Palo Alto, CA: Pacifi c Books.  
    Wandersee, J.H. (1990). Concept mapping and the cartography of cognition.  Journal of Research 

in Science Teaching, 27 (10), 923–936.  
   Wolfe, P. In Hyerle, D. (ed.) (2004). Forward.  Student Successes with Thinking Maps® . Thousand 

Oaks, CA: Corwin Press.    

4 Thinking Maps®: A Visual Language for Learning



89A. Okada et al. (eds.), Knowledge Cartography: Software Tools 
and Mapping Techniques, Advanced Information and Knowledge Processing,
DOI 10.1007/978-1-4471-6470-8_5, © Springer-Verlag London 2014

    Abstract     This paper presents the Nestor Web Cartographer software, its features, 
its user interface, the constructivist approach to mapping Internet information that 
guided its design and the experience gained after 10 years of use in academic contexts. 
We focus on fi ve selected features such as the hybrid representation system, some 
original visual widgets, the groupware section, and we discuss their role within a 
constructivist approach. We argue that they favour the collaborative and incremental 
construction of formalized knowledge. A case study in Lyon School of Management 
(EM LYON) is discussed with more details.  

5.1         Introduction 

5.1.1     A Presentation of Nestor 

 NESTOR is a Web browser that draws interactive web-maps of the visited Web 
space during navigation: the objects that show on Nestor maps are the visited web 
documents and the links that have been used to reach them. The web-maps are 
hybrid in the sense that users can add objects of their own – concepts, links, per-
sonal documents, organizers – and progressively evolve the maps into concept- 
maps. The maps are interactive in the sense that they provide direct navigation back 
to the represented objects, and allow for a full set of drag-and-drop operations aimed 
at structuring the information extracted from the Web: Nestor combines graphical 
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Web navigation and mind-mapping features. Nestor is also a collaborative software 
that enables small groups of people to share their navigation experience. To 
summarize we could say that Nestor promotes a constructionist approach to Web 
information mapping: “NESTOR’s approach is to provide an interactive, stimulating 
environment where the learner’s expertise is deployed, rather than drawing on 
knowledge held in some expert model as in a knowledge-based system” (Eklund 
et al.  1999 ).  

5.1.2     A Brief History 

 Nestor was developed at CNRS-GATE laboratory. Its design started in 1996 and 
stretched over a period of 10 years with constant interaction with users mainly in 
academic settings: it was guided by Participatory Design and was developed accord-
ing to Agile principles. In the late 1990s it was re-designed by a French company 
which sold it under the commercial name of “e-savoir”, but this was no success. The 
French CNRS protected it and sold a few licenses until it declared it a freeware in 
2004. Today it has been used by at least 42,000 people across 53 countries, mainly 
in academic settings. More than 1,000 maps are available on the Web.  

5.1.3     Technical Information 

 Nestor is a 100,000 lines freeware. The client software runs on top of Microsoft Internet 
Explorer on Microsoft Windows platforms. It is written in Borland Delphi (2006). The 
server software which is used for collaborative work runs on Microsoft IIS Web Server 
as an ISAPI extension. The collaborative features use HTTP, FTP, SMTP and IRC 
Internet protocols. The peer-to-peer features use the TCP/IP protocol. Nestor download 
is available from the GATE-CNRS Web site at:   http://www.gate.cnrs.fr/~zeiliger/
nestor/nestor.htm    . Nestor map fi les have a proprietary format, however Nestor can 
export the map in XML or HTML format. About 120 “html- maps” are available on the 
Web in HTML format which means they read with any browser.   

5.2     Constructivism 

 Back in the 1996 when the design of Nestor started, the World Wide Web had just 
come out as an unlimited hypertext with amazing possibilities. From a usability 
perspective the growth of the WWW had revived the debate on the diffi culties of 
navigating in hyperspace: the problem of disorientation coined by Conklin ( 1987 ) 
as “lost in hyperspace”. It had revived also the debate about the “didacticizing” of 
hypertext (Hammond & Allinson  1989 ): whether learning get plagued by the 
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diffi culty of making navigation decisions in an unknown domain or on the contrary 
is favoured by serendipity. The design of Nestor as a map enhanced browser was 
initially guided by the aim of easing navigation in hypermedia pedagogical con-
tents: in the late 1990s the browser was becoming the standard interface for access-
ing pedagogical content, so it was meaningful to think of “dressing it up” with a 
graphical software layer that would enable learners to take more control over their 
navigation path. 

 One of the starting ideas that guided Nestor’s design was to give users the means 
to solve their own navigation problems instead of “drawing on knowledge held in 
some expert model as in knowledge-based systems” (Eklund et al.  1999 ). This 
would be achieved in allowing users to visualize, refl ect on, capitalize and share 
their navigation experience. This idea matches the idea that taking control of one’s 
learning is a key issue for a successful learning. It is primarily a psychological 
issue, one that relate to activity, motives and consciousness. But nowadays, in the 
information age, in those times of distance education, of Web based learning and 
training, with “the expansion of the opportunities for learning after school” (Brown & 
Cole  2000 ) and with the pervasive resorting to searching Web information, it is also 
a social and technological issue: a matter of which computerised tools we use, their 
usability, and the perspective and approach to information and knowledge that they 
convey. We want to stress here that software tools do not merely facilitate a few 
operations, they mediate activities, change practices and shape human thinking 
(Vygotsky  1994 ). According to the tool mediation principle proposed by Vygotsky, 
tools change the range of the activities performed by their users; they “congeal” 
human experience in their properties; they eventually re-shape the mental activity 
and the social practices of their users. Thus the psychological, social and technical 
dimensions of tools are intertwined. In domains such as learning where the philo-
sophical positions on information and knowledge are crucial, the computerised 
tools should be designed to be consistent with existing theories. In the late 1990s 
an important turn was made by the technology scholars who “look to social and 
organizational issues implicated in technology design and development” (Jackson 
et al.  2001 ). So the cognitive constructivism in learning and the social construc-
tionism in technology at work with the growth of the Web – greatly infl uenced the 
design of Nestor. The real challenge was then to imagine the computer features that 
would support user’s constructive activity. 

  Theories . There are many theories and principles which relate to constructivism 
and that infl uenced Nestor’s design. Activity theory is the most important. “Activity 
theory (AT) is a commonly accepted name for a line of theorizing and research initi-
ated by the founders of the cultural-historical school of Russian psychology, 
Vygotsky, Leont’ev, Luria, in the 1920s and 1930s” (Engestrom et al.  1999 ). Over 
the 15 past years the Activity Theory ideas had an increased impact on such fi elds 
as learning, human – computer interaction, distributed cognition and theories of 
practice. The basic principles that are constitutive of the Activity Theory conceptual 
system and that are relevant to the issues discussed here are: the principle of unity 
of consciousness and activity, the principle of object oriented-ness of activity, the 
duality of internalization and externalization processes, the principle of tool mediation, 
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and the hierarchical structure of activity. We shall not recall those principles with 
more details here: a summary may be found in Kaptelinin et al. ( 1995 ). In the 
domain of technology for learning Activity Theory has been acknowledged as a 
framework that may help design constructivist learning environments (Jonassen & 
Rohrer-Murphy  1999 ): these authors present a six steps analysis of the activity 
system in which a software tool is going to be embedded, an approach that helps 
defi ning the tool components. The navigation activity which is mediated by Nestor 
was considered according to this perspective. 

 We cannot present in this paper the debate and nuances that generally come 
along with the idea of constructivism in learning – an idea very often stated as an 
“umbrella” concept. The basic principle is that there exist not such thing as an 
objectively correct mental model; on the contrary each person has to construct her 
own knowledge building on her individual experience. Let us recall that Jean Piaget 
articulated the mechanisms (assimilation and accommodation) by which knowledge 
is internalized by learners. And Vygotsky contributed the complementary idea of 
“Zone of Proximal Development” (ZPD) referring to a situation made of challenging 
tasks where a novice learner can be expected to develop her own knowledge under 
the guidance of a knowledgeable tutor. Social constructivism – also referred as con-
structionism – emphasizes that individuals make meanings through the interactions 
with each other and with the environment they live in. Nestor collaborative features 
centred on maps were designed to support the construction of socially shared repre-
sentations of navigation paths. 

 We make use in this paper of the term “enactional” in the sense of « driven by the 
course of interaction ». The term « enactive knowledge » was initially coined by 
Bruner to refer to a kind of non-symbolic knowledge which is gained through natural 
and intuitive interactions performed in some environments that support a close 
coupling of perception and action (Bruner  1968 ; Varela et al.  1991 ). The concept of 
enaction has been used in the domain of Human – Computer Interaction to build 
“enactive interfaces”: interfaces that engage the users in “sensory-motor interactions” 
with symbolic representations that have been specially designed to give a kind of 
physical object status to the screen elements. The manipulation of Nestor maps has 
been designed accordingly. 

  Design Decisions . Let us come back now to the challenge of designing Nestor as 
an “authentic constructivist tool”. In our view there are two basic properties that 
characterise such tools: i) an appeal for action and activity – like in games, ii) a sup-
port for construction. A constructivist tool should be an “activity enabler” (Jonassen 
& Rohrer-Murphy  1999 ): it should be able to engage novice users into effortless 
operations implementing transformative actions that fi t into meaningful activities 
(operation, action and activity in the sense of AT). For example it should be easy, 
quick and constraint-free for any user to build a fi rst “draft webmap” intended to 
focus a discussion with a remote peer. This simple activity should be as appealing as 
a game. Then, in further steps, when it comes to constructing more elaborated repre-
sentations (for example conceptual or argumentative maps), “some of the cognitive 
responsibility (should be) off-loaded to the machine” i.e. the  software tool should be 
able to “supplant some or all operations” in the constructive task so that the user 
“more intensely focus consciousness on actions and activities”. 
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 Both properties entail the design of a visual tool supporting the direct manipulation 
of symbols. We followed an Agile consistent principle: because tools mediate 
practice, it seemed a good idea to quickly implement mock-up features and let users 
play with it: appealing features would eventually emerge when confronted to users 
practices. Finally, we made a design decision that deeply shaped Nestor: no artifi cial 
intelligence. This statement should not be interpreted as rejecting the effi ciency of 
IA based tools; but in the late 1990s, with the development of human–computer 
interaction (HCI) as a computer sciences research fi eld, it was challenging to bring 
the demonstration that computers amazing capabilities could rely on something else 
than “computations”. A promising alternative was clearly to try to use computers’ 
visualization and manipulation techniques to give users the feeling that they were 
“immerged in a world of symbols”, and that this immersion was the occasion for a 
full set of constructive activities.  

5.3     Applied Constructivism at Work with Nestor 

 We will not describe here the detailed functionalities of Nestor; this has been done in 
previous papers (Zeiliger et al.  1999 ). We present a set of selected features that  –  in 
our view  –  exemplify the promoting of a constructive work with Internet informa-
tion. We now discuss fi ve examples of selected Nestor features and outline in which 
manner we think they contribute to a constructivist mapping of Internet information. 

5.3.1     The Mapping Layout, a Mix of Machine 
and Human Contribution 

 The user interface of Nestor has two main components: a browser window and a 
map window. For every navigation operation (open, back, forward, query, home) 
done with the browser, a visual feedback is provided into the map window. The 
overall result of a navigation session is a web-map which is automatically drawn by 
Nestor. This computer-drawn web-map has a default layout. The objects on the map 
show with standard icons, computed size and default labels. 

 The default layout for example is drawn according to a model of “travel through 
hyperspace” which is consistent with the very metaphor of travel that founded the 
use of the word “navigation” to refer to traversing links in an hypertext. The 
default layout consists of nodes and arrows which appear as straight lines as long 
as the user follows links: a straight line represents a “travel”. With the use of back-
ward  navigation followed by a sequence of link navigations, a new straight branch 
is drawn so that the default layout soon displays a tree (Fig.  5.1 ). The default 
layout is designed to convey a fi rst visualization of the experience of navigation. 
It is a sort of “scaffolding”. This representation of experience would not be com-
plete (and it has not been designed with such goal) before an active re-organising 
of the layout by the user is done. The user is expected to manipulate this default 
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representation – through direct manipulation and drag-and-drop operations – so 
that she constructs her own layout i.e. a layout that (i) congeals a thinking process 
supported by enaction (ii) has acquired a meaning (Fig.  5.2 ). A meaningful layout 
is what makes the web-map useful for a particular user in further re-use. Though 
the user is entirely free to fully re-arrange the layout, the fi nal layout refl ects a 
joint process of contribution between man and computer. The computer role is to 
propose a scaffolding and allow for easy re-constructing, the man just know what 
is meaningful for himself. We propose this joint process may be generalized and 
serve as a principle for guiding the design of some other constructive features.

    There are numerous features available in Nestor to further customize the Web- maps 
so that the produced maps display an amazing variety of styles; this seems to reveal 
the idiosyncrasy for what concerns the representing of experience in the mind of 
heterogeneous users. Samples may be found by querying Google-Images with the 
keyword “nestor-converted” (here is the Google query to be used:   http://images. 
google.fr/images?hl=fr&q=nestor-converted    ). The consequences of the heterogeneity 
in those unconstrained representations will be discussed below in the example 
dedicated to the collaborative features. 

 To fi nish with this example we would like to add a remark: the default labels of 
Nestor’s map Web sites are taken from the referrer link rather than from the Web site 
title. Of course the referrer labels are many, while the Web document title is unique. 
This choice was guided by a user centred view: we think a user expects that the 
document she reaches would have the label of the link she has followed to reach it. 
In other words the default labelling of the documents is an historical scaffolding. In 
that case as in the layout one, the user is free to change the full label.  
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5.3.2     Creating Intertwined Networks of Information 

 The idea that guided the design of this feature is inspired by considerations about 
the relation between reading and writing, transposed to the Web. As stated by 
Spivey: “Building meaning through reading entails organizing, selecting, and con-
necting. Readers use previously acquired knowledge to operate on textual cues, 
organizing mental representations that include material they select from the text and 
connect with material they generate. This constructivist characterization of the read-
ing process extends also to literate acts in which people are writers as well as readers, 
those acts in which they compose texts by drawing from textual sources. To meet 
their discourse goals, writers perform textual transformations associated with the 
operations of organizing, selecting, and connecting as they appropriate source mate-
rial for uses in different communicative contexts. They dismantle source texts and 
reconfi gure content they select from these sources, and they interweave the source 
material with content they generate from stored knowledge” (Spivey  1990 ). 

 The transposition of this constructivist approach to reading to the domain of 
mapping Internet information is achieved in Nestor by a radical change in the func-
tion of maps: at fi rst maps were intended to represent an existing information space 
i.e. mapping the relevant documents found on the Web and the navigation links that 
relate them. In a further stage maps become a work space i.e. a new information 
space where users may create documents as well as links of their own, and where 
they may intertwine their personal documents with the public ones. They graphi-
cally construct a personal extension to the Web; this extension is consistent in its 
form and content with the Web structure: it is composed of html documents and of 
new navigation links. Even if it is not yet a “real” contribution to the public Web 
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(the user creations are stored on their hard disk), it is ready for publishing as we will 
see in the example N°5 below. 

 In that way Web readers become Web writers; they are encouraged in generating 
their own material and may organize, select and connect it to existing information. 
According to the work of Spivey they may even eventually improve their reading of 
Web documents. The activity which is supported by such features favours the inter-
nalisation/externalization loop process described by Vygotsky ( 1994 ). We think that 
those read/write and private/public dichotomies (dichotomies in the sense that they 
shape each other) are key components of a constructivist approach. Figure  5.3  
illustrates this process: it shows the previous map augmented with user generated 
enhancements: documents that show with a “book” icon and that are related by 
dotted-arrows which fi gure new hypertext links.

5.3.3        Multi-Page Widgets 

 Our third example focuses on a widget that exemplify what we would call the 
“appeal for action” conveyed by an interactive software. The scenario of use 
which is supported by this widget is as follows: the user browse through 
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documents and selects relevant information  – text or image  – that she pastes into 
the map window. We did not mention it yet, but the map window – now considered 
as a work space  – may incorporate at the initiative of the user, a full set of new 
objects and relations: textual notes, images, concepts, conceptual-areas, grids. 
Those are the standard objects that usually appear in mind-mapping software. 
Some of these objects have been designed to play an information structuring role: 
this is the case for lists, grids and the so-called “multi-pages” objects we want to 
detail here. The structure which is imposed by the multi-page object resembles the 
structure of a book i.e. a sequence of pages. Each page may contain a text-memo, 
an image, and a set of checkboxes. Pages are arranged in a sequence and each 
page has a tab and a label (Fig.  5.4 ).

   The page sequence may be easily re-ordered. The user is supposed to fi ll the 
pages through dragging the texts and the images to the different pages (Fig.  5.5 ). 
The result is a sort of book that structures the information extracted from the Web. 
A few remarks: each piece of information remain attached to the source document 
it comes from  – a simple click navigates back to the source document; the pages 
may also embed some information generated by the user; the aim of the checkboxes 
will be discussed in the next example.
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   We reckon that this widget supports constructive activities in two ways: (i) it 
provides means of literally constructing meaningful information, in the sense that it 
allows to assemble pieces of information into a commonly used structure (the book 
structure) (ii) it allows to do so through the direct manipulation of symbols i.e. 
through an external activity that has a strong enactional dimension.  

5.3.4     The Hybrid Representation System 

 Nestor provides what we call an hybrid representation system: it mixes all the ele-
ments that are necessary to visualize surf-maps, mind-maps and concept-maps. 
Surf-maps represent the user navigation experience and are targeted at facilitating 
navigation; mind-maps can represent ideas and their associative relations; the aim 
of mind-maps is to support thought processes; concept-maps are a more abstract 
“system view” composed of concepts and typed relations destined to communicate 
complex ideas and arguments. Going from surf-map to concept-map is going 
through a refl ective process which is rooted in experience and evolve toward 
abstraction. This process unfolds through de-constructing Internet information and 
reconstructing it for a given purpose linked to a particular context. The context may 
be for example a learning assignment on a specifi c theme. A certain degree of 
abstraction is required when one wants to communicate and negotiate ideas with 
others  –  the representation of raw experience is too idiosyncratic to be understood 
and valued by other users. 

 The inherent structure of the maps matches the de-construction/re-construction 
process: surf-maps have a quite strong structure which is determined by the record-
ing of the history of a single user’s navigations; mind-maps have a loose structure 
which supports the de-construction stage; the concept-maps structure fi ts a certain 
level of re-organising that is considered as characterizing a successful refl ective 
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process (Nestor hybrid maps have a structure compatible with the assimilation and 
accommodation mental processes); concept-maps – in Nestor – have a low formal-
ized structure: for example the links may be typed or un-typed and there is no 
notion of concept hierarchy. Three classes of relations match the three kinds of 
maps: navigation link for the surf-maps, association links for the mind-maps; con-
ceptual links for the concept-maps. This representing system is fl exible: rather than 
imposing a clear distinction between the three classes of maps, Nestor design 
choice is to allow a smooth evolution – with possible backward and forward steps 
as well as loops – from raw experience to formalized abstraction. It intends to bring 
the practicalities of mind-mapping and conceptual-mapping to the domain of 
Internet information search. It aims at attracting Web “foragers” into a more reasoned 
information quest. 

 However this incremental formalization process is supported by a full set of visu-
alisation techniques: (i) Nestor provides two classes of objects that have almost the 
same properties except that they differentiate through being system-created or user- 
created (ii) users may hide or show each class of object separately; this is targeted at 
allowing an easy switching back and forth from the hybrid representation to a plain-
surf or plain-conceptual one; this is part of the smooth evolution scheme (iii) each 
map has two independent possible layouts (of the same objects) so that users can start 
building a new meaningful layout without loosing the previous one whose meaning 
is preserved (iv) maps may incorporate sub-maps; sub-maps do not differentiate from 
fi rst-level maps i.e. every map may appear as a fi rst-level map or as a sub-map or 
both; this is supposed to allow a smooth hierarchical structuring. Other visualization 
techniques such as hyperbolic view or variable level-of-detail view are provided by 
Nestor but not described here. 

 Figure  5.6  illustrates this process of smooth evolution of the maps toward for-
malization; it is borrowed from a student at EM LYON. The work theme is “Virtual 
teams in organizations”. Each student  –  during a training period within an organi-
zation – has to investigate the relevance of the given theme within her organization. 
The map in Fig.  5.6  corresponds to an early stage on the way to conceptual formal-
ization: on the left we can see cues of a surf-map which has then been enhanced 
with three web-outsourced text memos that seem to correspond to three main ideas 
(coloured pies in the middle screen). On the right the student is sketching out a fi rst 
conceptual schema. Currently the surf-map, the mind-map and the concept- map still 
cohabit. The layout from left to right even suggest that the evolving toward formal-
ization is a process than unfolds overtime.

5.3.5        Constructive Collaborative Features 

 A set of constructivist features would not be complete without their counterpart in the 
domain of collaborative work. Further more we stress that every feature destined to 
support individual work should be designed to suit also a form of shared work that 
may eventually facilitate the process of negotiation of meaning that characterize group 
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work. Lets recall what Wenger says about the process of reifi cation in communities of 
practice: reifi cation is “giving form to our experience by producing objects that congeal 
this experience into thingness”, and reifi cation is useful “for its capacity to create 
points of focus around which the negotiation of meaning becomes organized” 
(Wenger  1998 ). This is exactly the idea that guided the design of Nestor reifi cation 
functions. We now come back to the four examples which have been detailed above 
with a perspective on individual work, and we now show how they afford complemen-
tary features with respect to collaborative work. 

  Constructing a Shared Map Layout . Collaboratively negotiating meaning is 
mainly achieved through group members interaction; just like other CSCW tools, 
Nestor provides a palette of synchronous and asynchronous communication chan-
nels, but we will not detail them here. The originality of some of Nestor collabora-
tive features follows directly from its map centred approach: maps are 2D-graphical 
objects i.e. spatial representations that provide a spatial approach to negotiating the 
different perspectives brought by group members. Using maps “learners can estab-
lish meanings as resulting from a constant updating at multiple levels” (Okada & 
Zeiliger  2003 ). Let suppose for example that two members want to confront their 
individual work. In a fi rst stage, each one would bring her own map as “a point of 
focus” in the negotiation process. The maps of the individuals should not be considered 
as information objects that would permit a computerized automatic comparison 
and melting or  –  in short  –  map to not convey meaning in themselves. The maps’ 
goal is to allow focussing (or scaffolding) a discussion through offering a concrete 
start based in a fi rst phase on concrete graphical elements: two people would bring 
of course two different maps and start talking about it. 2D-maps are more fl exible 
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than texts for supporting this process: (i) a fi rst-step raw merging would consist in 
placing the two maps side by side on the same window, thus allowing for global 
comparison – to the contrary of text, maps may be read both at the local and global 
level; (ii) a second step could be the re-organizing of the juxtaposed maps along 
with the advancement of the discussion – it is much easier to manipulate a graphi-
cal layout on-the-fl y while discussing than to re-writing a piece of text; (iii) the 
following steps would probably consist in collaboratively merging the two maps – 
once again this is much easier to do in a graphical space than in a text, because the 
elements of a schema may be re-organised progressively without breaking the con-
sistency of the whole sketch. One could argue than a negotiated text is a more 
formal achievement that a loosely structured text. It is true indeed, but the collab-
orative construction of a shared map with Nestor is not a goal in it self; it is a 
means; it is a pretext, the occasion for a focussed joint activity in the course of 
which the process of negotiation of meaning may unfold. In further stages of more 
sophisticated collaborative work, the construction of a commonly agreed concep-
tual map may become an important achievement, an artefact that truly convey 
some meaning. 

 Constructivism “embodies the notion of constructive engagement understood as 
engagement in activities that facilitate learning” (Armitage & Wilson  2004 ). 
Collaboratively managing “screen real estate” may be viewed as a constructive 
engagement. 

  Intertwined Networks of Information . We have already mentioned above the 
appeal of Nestor hybrid maps for mixing private and public information (docu-
ments as well as relations). This very argument applies also to collaborative work; 
in the process of merging maps users tackle the negotiation of three classes of 
documents: private (contribution of member x), public (extracted from the Web), 
and agreed (congealing an agreement between participants). Changing the status of 
the documents involved in a map is likely to feed a discussion and a joint activity 
which focuses around what should stay a private contribution, what should become 
an agreed contribution, and what is destined to be published on the Web with the 
same status in the end that the documents that were originally extracted from it. 
Indeed, publishing a Nestor map not only make it publicly available as a stand 
alone interactive image (just as any Web document), but it also publishes its com-
ponent documents and links i.e. while the documents that were already public keep 
their status, the documents and links constructed by the users are uploaded to a Web 
server and become part of the public Web. They can be accessed either separately – as 
any Web document they will be indexed by search engines  –  or through the map 
which then provides a context to the document. 

 Multi-page widget: the properties checkboxes. As mentioned above Nestor 
multi-page widget incorporates a simple device for beginning characterizing the 
content of the pages. Users may defi ne a list of properties that apply to the con-
tent they have clustered in the widget pages. It shows on each page as a list of 
checkboxes labelled with the selected properties (Fig.  5.7 ). The properties are 
the same for every page, but their value (checked or unchecked) is attributed by 
the users depending on the content of each page. We can argue that this is a fi rst 
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step toward encouraging users to explicitly defi ne the arguments they take into 
account for clustering information. With respect to individual work we could also 
say that this was designed to prepare an explicit formal object scheme applying to 
information objects. It may well serve this purpose, but the idea behind this 
device is better understood as triggering a collaborative process of negotiation of 
categories: in the case two (or more) users would want to merge their multi-page 
widgets, they have to agree on the list of properties. Again this is viewed as an 
occasion for joint activity.

    Toward Incremental Formalization: Maps as Information Assets . The multi-
page widget is not implemented in Nestor with the aim to let users prepare a sort of 
slide show, a poor substitute to Microsoft Power Point. It is destined to be used in 
collaborative work as a “boundary object”. This is a term coined by sociologist Leigh 
Star to refer to objects “to-think-with” that “serve to coordinate the perspectives of 
various consistencies for some purpose” (Wenger  1998 ). So it plays a provisional 
role in Nestor shared maps during the collaborative process through which two or 
more users “inscribe” their agreement (“alignment of their interests” in the wording 
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of Actor Network Theory) into a more abstract representation. The ultimate stage in 
this process would lead to constructing a plain conceptual-map. “Plain conceptual” 
should be understood here as no longer bearing explicit signs of the user navigation 
experience (in short: bearing no navigation arrows). Which doesn’t mean that 
objects referring to a Web site should not be used; they just have to appear as linked 
to some concept (see the blue dot arrows into Fig.  5.8  or  5.11 ).

    An Overview of Nestor Collaborative Features . Going beyond the examples 
detailed above, we now give an overview of some other collaborative features in 
Nestor. They have been designed to support small groups of up to about twenty 
people. To enable the collaborative features a specifi c software – the Nestor ISAPI 
extension  –  has to be installed on a Web server. The Nestor client should also be 
confi gured to work with the selected Web server. 

 Each Nestor work group is provided with a private Web site. Every member of 
the group as the rights to edit any page of her group site (Nestor incorporates a 
simple html editor). The user rights management is limited to a very simple 
scheme; two roles corresponding to two levels of rights only are available: simple-
participant and empowered-participant. This is part of an intended “minimalist” 
design. User participation in a Nestor work group get organized around three 
main Web pages: (i) the home page of the group, (ii) the resources page, and 
(iii) the activities page. The so-called “activities” page is assigned a central role 
in building up the group awareness (Fig.  5.9 ). It shows as a table where each 
group member has ownership over her own line in the table. The activities page 
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is supposed to be fed by every group members so that at any time it refl ects the 
advancement of the work of the group. It incorporates a minimalist task agenda as 
well as a simple argumentation system. It provides a single computer interface to 
be used in asynchronous as well as synchronous mode. Most joint activities sup-
ported by Nestor consist in sharing, exchanging and re-organising maps. A set of 
peer-to-peer features are also available, such as synchronous map-editing, joint 
navigation, and joint resource management. They are targeted at supporting the 
work of two people (only) in synchronous mode.

5.4         Lessons Learned from Nestor Use 

 From 1998 to 2007 Nestor has been used by numerous anonymous users (an 
estimated 42,000 individuals) who downloaded it from the Web. They probably 
used it exclusively for personal work although the peer-to-peer features were freely 

  Fig. 5.9    A full screen shot of Nestor illustrating a collaborative work situation: the two maps to be 
merged appear on left; they have been downloaded from the group resources; the browser window 
( on the right ) splits in two independent panels: the group resources Web page on top, and the group 
activities page below. The “activities” page currently shows three online members involved in the 
current task       
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available; for ethical reasons we have almost no feedback on their activity. During 
the same period a lot of registered users also used it in organisations, mostly in 
academic settings. We are particularly grateful to some of them who participated 
actively in the participatory design approach that shaped today’s release of the 
software. We want to thank them here, particularly the Service de Technologie de 
l’Education at ULG (Liege, Belgique), the Pontifi ca Universidade Catolica of Sao 
Paulo (Brasil) and EM LYON, France (for a more exhaustive list see   http://koala. 
gate.cnrs.fr/groupware/community.htm    ). Most of the issues we discuss here stem 
from discussions with the teachers and the tutors in these Universities, and from the 
observation of the maps built by their students. They used Nestor work groups with 
small groups of students. Around 20 work groups are still publicly accessible on the 
Web (only the group members may upload maps, but the maps may be seen by 
everybody whatever the browser). One standard group – such as those running at 
EM LYON – holds 100–150 maps, so our observations were carried on more than 
1,000 maps. Most maps are publicly accessible through the links to the Nestor work 
groups that appear in the “community page” mentioned above. We now give a more 
detailed presentation of the EM Lyon use case because (i) it is a typical example of 
Nestor use in academic context and (ii) most of our remarks stem from our 8-years 
experience there. 

  The EM LYON Use Case . The course, titled “the Net Company”, gathers about 
30 students (graduate level) each year. The main topic is Network Organisations 
and how to work in such organisations. The principle of the course is to learn by 
experiencing situations related to the topic of the course, articulating the “theory” 
and a fi eld experience, and refl ecting upon the learning process. All participants 
are in internship in different companies, thus the course is a blended one. The 
initial session, in classroom, is devoted to the presentation of the course and the 
pedagogical format, and the initiation to manipulating Nestor. The last session, also 
in classroom, enables the students to present the web pages they have developed and 
the maps connected to it. In between, there are two synchronous “rendez-vous”, 
where students are supposed to be connected at the same time during 2–3 h. These 
synchronous meetings (called “synchronous on-line sessions”), are mainly 
devoted to answering questions, clarifying the work to do and the requirements, 
and experiencing the differences between asynchronous and synchronous work. 
Students work individually and by teams (56 students per team), with tutoring of 
two people (the professor in charge of the course regarding the course content and 
pedagogical scenario, and Nestor author regarding the ergonomic, communica-
tion and technical aspects). Individually they have to realise three maps (called 
fi eld maps) about the situation in their company regarding three themes (this year, 
for example, the tree themes are: “Network Organisations”, “Managing virtual 
teams”, and “Communities”). Collectively they have to build one map on each 
theme (called “theoretical maps”) presenting the results if their readings, in the 
“web literature” and through documents tat are given by the tutors. At the end, 
each group develops and presents, through Nestor, a web page which is their view 
of the course matter, and in which they articulate the different maps, individuals 
and collectives. The main communication is done through Nestor’s synchronous 

5 The Constructivist Mapping of Internet Information at Work with Nestor

http://koala. gate.cnrs.fr/groupware/community.htm
http://koala. gate.cnrs.fr/groupware/community.htm


106

and asynchronous communication facilities. Within groups, students may use 
whatever communication means they want (mostly instant messaging, mobile 
phones, and, starting this year, tools like Skype). 

 The main challenges for them is to cope with the software, not really on the 
technical side, but because it requires them to change their habits on how to pro-
duce what is required. They are very good at producing Word fi les and PowerPoint 
presentations, but they are not used to work “graphically” as it is required in Nestor. 
They are not used to mix the “navigation” part which is new (though it can be seen 
that they get more and more easily familiar with this) and the “traditional writing” 
(they should also write their own pages within the maps). Most of the time they 
spend their efforts on the map (re)presentation – the innovative part – and neglect 
the document writing. 

 They are not used to have to produce the main part of the course content by them-
selves, though they have documents posted and also have access to the previous 
years’ web site. 

  About the Maps Graphics . The students’ maps show a great variety of graphic 
styles. Of course the styles depend also on the graphical possibilities build in Nestor 
and are related to the lack of imposed formalism; but we observe that some users 
develop a style of their own, a style that pertains to all their maps: for example a 
square-based or round-based style. We fi nd also a great variety in the layouts: 
 tree- like, networklike, stack-like… Most layouts tend to occupy the full “map real 
estate” available. We interpret this observation as indicating that the maps exert an 
appeal for playing with the spatial distribution. A commonly found structure is 
based on triplets, just as if – whatever the matter – it could be decomposed into three 
main aspects. On the contrary, one particular user relies on sets of four items what-
ever her map. Map aesthetic seems important: it could be noticed for example in the 
choice of colours, or in the use of bended arrows (Fig.  5.10 ). We assume that a 
“beautiful” map is recognised and valued by other users; and because the subjective 
appreciation of the “beauty” of a map depends on the culture of the users, we can 
observe what we would call “cultural styles of information mapping”.

    About the constructive work . The theoretical evolving of the maps from surf- 
maps to concept-maps that we mentioned above as a central feature of Nestor is not 
clearly observable in the work of students. We can observe along the time that the 
students maps tend to become more sophisticated and more abstract. There is of 
course an initial learning effect, and there are also some usability problems. Then 
we do observe a clear evolution of the map composition over a period of work of 9 
weeks as it is the case at EM LYON. We think we can notice an effort of the 
students to escape from an initial visualizing of their Web surfi ng experience, 
toward a more abstract form of representation that is valued in collaborative work: 
for example no student would propose a surf-map for collaborative editing after a 
period of 3 weeks. However the claimed specifi city of Nestor – mixing a Web 
browser, a mind- mapping tool and a concept-mapping tool – is not well understood 
by the students; and not exploited. Most students build maps which are a mix of 
organisations fl owchart and scattered concepts with related Web sites. In short, 
maps remain hybrids and fall steps behind a consistent formalism. 
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 However for what concerns the use-case at EM LYON we should note that: 
(i) a fi nal concept-map formalism was not required from the students, (ii) the 
maps themselves as well as some of their embedded widgets are destined to be 
used as “boundary objects”, not as fi nal products, (iii) the fi nal product required 
from the students is a Web site presenting their work. We notice that these fi nal 
Web sites are of high-quality; that the best maps are usually linked to the Web 
site; and we observe that the Web sites really stem from the maps in a bottom-up 
approach. A sample Web site may be found at:   http://koala.gate.cnrs.fr/groupware/g_
em-lyon-2004/groupe2.htm    . 

  About the Collaborative Work . The collaborative process at work during the 
construction of shared maps is seldom visible in the maps themselves. The reason is 
that the negotiation process takes place mainly on communication channels (IRC 
chat, Skype conversations or MSN) and the maps are used as “boundary objects” 
i.e. objects that focus the negotiation but do not necessarily keep tracks of it. In 
addition, for the EM LYON use-case the real product of the collaboration is the Web 
site. There are some exceptions such as the one described in a previous paper 
(Esnault et al.  2004 ) where the elements of a fi nal map could be tracked back to the 
individual contributors. In that specifi c case we observed a refi nement of the con-
ceptual categories along the collaborative process, leading to an agreed highly- 
structured fi nal map (Fig.  5.11 ).

   Here are a few additional raw remarks we draw from the EM LYON use case:

•    The students are not prepared to the practicalities of a Nestor-oriented collabora-
tive work; they cannot anticipate early enough what kind of map will be valued 

  Fig. 5.10    Map samples – 
EM LYON use case       
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in the collaborative stage. In other words, they tend to build stand alone maps 
that do not remain open to the negotiation process. We also observe that the 
building of a synthetic map if often delegated to one of the group members.  

•   The teachers reckon that they usually give high scores to students that: either 
constructed smart individual maps, or participated actively in the collaborative 
process. They very seldom fi nd that the students are the same ones.  

•   Nestor maps are appreciated by the tutors: the maps seem to provide a space 
where the tutors can easily incorporate their remarks, examples or expectations.    

  Do the Maps Convey Some Knowledge ? This is a highly controversial matter, 
specially when one claim a constructivist approach. However we do not want to 
escape the discussion on the knowledge management aspects, and we feel we can 
draw on our experience to enrich the controversy with arguments which are specifi c 
to the Nestor practice. We made it clear from the start that at EM LYON Nestor 
maps are not destined to hold some sort of knowledge: the group Web site is the 
document where students are supposed to summarize the knowledge they have 
acquired; the maps are used as (i) scaffoldings in the individual and joint activities 
(ii) point of focus in the negotiation process, (iii) monitoring instruments for the 
tutors. In short Nestor maps support activities that engage students in a refl exive 
process in the course of which they construct – with the help of tutors – their own 
knowledge representations. 

 Nestor hybrid maps do not seem an appropriate media for knowledge manage-
ment. However we shall bring some nuance to this assertion with a few remarks. 
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  Fig. 5.11    KM fi nal map by Group, DESS-IE University Lyon 2 Available at:   http://koala.gate. 
cnrs.fr/groupware/g_DESS-IE-2004/ARBRE2.htm           
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 The teachers at EM LYON feel they are able to evaluate their students learning 
achievements from seeing the maps they have produced. The maps seem to refl ect 
in some way their degree of deepening in the understanding of the domain, their 
capacity to articulate the domain elements and the span of their refl exive process. 

 The maps built by the students often contain information structures of some kind: 
sequences, categories, hierarchy, which do not directly exploit the corresponding 
widgets i.e. students use the spatial layout to structure information according to their 
mental model. In such cases we are sure that the information structure is not driven 
by the availability of some Nestor widget; it stems directly from the user intent. 

 In rare cases a Nestor map may convey some structure other people would fi nd 
helpful for their own refl exive process. That is: such map do not directly embeds 
domain knowledge but nevertheless embeds some representation that is inspiring 
for acquiring that domain knowledge. 

 We cannot consider the Nestor maps produced at EM LYON as formalized 
concept- maps, nor as semantic Web documents. However when considering the 
Web pages the students fi nally produce after 9 weeks of work, we can acknowledge 
they bear a semantic dimension as the discourse they contain is explicitly referred 
to the maps from which it is drawn. 

 We are aware that these remarks need further investigation and do not bring a satis-
factory contribution to the debate. A thorough analysis of the maps produced by the 
students at EM LYON has still to be done. Figure  5.10  shows a few map samples.  

5.5     Conclusions 

 We have presented a summary of our design decisions and experience in imple-
menting a concrete constructivist approach to Internet information mapping guided 
by theoretical principles. We have discussed the challenges that students as well as 
software designers have to face on their way toward the collaborative and incremen-
tal construction of formalized knowledge. We have proposed that computers may 
promote such an approach without resorting to artifi cial intelligence techniques: 
through the use of visualisation and symbol manipulation tools, the use of boundary 
objects, the engagement in joint activities. 

 The main lesson we draw from our case study is that over a period of 10 years, 
our students always met the assignments we gave them (their production is available 
at   http://koala.gate.cnrs.fr/groupware/community.htm    ). They were smart students: 
they were not used to constructivist learning, they achieved their goal at the price 
of a substantial effort and they often criticized our approach; however we can tes-
tify that – given their limited learning time constraint – they reached through the 
practice of computer supported collaborative work a satisfactory understanding of 
the issues related to making sense of Internet information. This does not mean that 
Nestor is another smart software mapping tool, it just does  not  invalidate its design 
decisions: supporting user activity by tuned HCI techniques is a promising track of 
research for   mapping software and AI techniques are not mandatory. Constructivist 
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learning may be implemented when an “authentic” practice takes place within a 
group of students, and knowledge –  although partly tacit  –  is produced in such 
context. The software tool plays an important role as a practice enabler, a quality 
that is reached eventually after a long process of refi nement anchored in artful and 
participatory design. 

 We are aware that what we called knowledge in this paper may seem an elusive 
idea. Reconciling the contradictory visions of knowledge brought by constructivism 
and computing is not easy. However we trust we kept in line with the prophetic 
visions of early pioneers. Let us recall what Vannevar Bush stated years ago about 
the Memex in his famous paper “as we may think”: “he (the user) builds a trail of 
interest through the maze of materials available to him” (Bush  1945 ). And we feel 
we did not betray the constructivism central principle: “Knowledge is a conscious 
reading and re-writing of the world by the subjects themselves” (Freire  1991 ).     
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    Abstract     Experimental evidence shows that in dedicated Critical Thinking courses 
“Lots of Argument Mapping Practice” (LAMP) using a software tool like  Rationale  
considerably improves students’ critical thinking skills. We believe that teaching 
with LAMP has additional cognitive and pedagogical benefi ts, even outside dedi-
cated Critical Thinking subjects. Students learn to better understand and critique 
arguments, improve in their reading and writing, become clearer in their thinking 
and, perhaps, even gain meta-cognitive skills that ultimately make them better 
learners. We discuss some of the evidence for these claims, explain how, as we 
believe, LAMP confers these benefi ts, and call for proper experimental and educa-
tional research.  

6.1         The Promise of LAMP (Lots of Argument 
Mapping Practice) 

 LAMP is a teaching method where students practise Argument Mapping often 
and rigorously, and receive timely feedback on their efforts. Evidence suggests 
that copious argument mapping practice confers substantial cognitive and 
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pedagogical benefi ts. It clarifi es thinking, deepens reading comprehension, 
improves critical thinking, and improves written argumentation. It can promote an 
enquiring classroom. 

 Students reaped these benefi ts from practising a particular kind of Argument 
Mapping, which we will outline here. If what our initial explorations suggest is 
 correct, we are potentially looking at one of the most important innovations in learn-
ing, because LAMP can be used in many types of classroom, such as advanced 
secondary, gifted and talented education and standard university. We need rigorous, 
sustained research if we are to realize these possibilities.  

6.2     The AM in LAMP 

 The Argument Mapping involved in LAMP – the kind of mapping we do with a 
software tool like  Rationale  – is driven by a single question: Given a claim, what 
reasons (justifi cation, evidence) do I have for and against it? In this way, an 
Argument Map seeks to represent the best interpretation of the rational consider-
ations brought out by the overall debate. In a sense, it aims to extract the logical 
essence of the arguments, leaving out the purely discursive elements and uninterest-
ing past, failed moves, and inserting the hidden premises (unstated assumptions) 
necessary to make the inferences more explicit. Constructing a good argument map 
requires considerable thought about the claims and evidence and understanding the 
basic issues, and is far from a mechanical process following an infl exible set of 
rules. How a student (or anyone) goes from that understanding to assessing the 
argument itself is rarely taught at any educational level, even though it is crucial. 

 Although it has evolved to help people (whether academic, in business or other) 
think through complex issues and decisions,  Rationale  was originally designed to 
teach Critical Thinking. Its theoretical, cognitive and pedagogical principles spring 
from a formal understanding of argument, with its roots in Aristotelian syllogism, 
rather than from tracking the history of a debate. That said,  Rationale  is intended as 
a tool for representing real, every day, “messy”, informal arguments; but with a far 
greater rigour than they normally have. 

 One aspect of this greater rigour is the articulation of unstated premises. Consider 
the following brief argument from a letter to the editor: “The public should be con-
cerned about the rising rat population, because it is a public health risk.” Even as 
simple an argument as this has literally hidden complexity. 

 Figure  6.1  is a  Rationale  diagram of the argument. 1  It shows a single reason, made 
up of three premises, supporting a conclusion. (In  Rationale , reasons are coloured 
green, objections are red and rebuttals – objections to objections – are orange. See 
the picture of a more complex map at the end of this article.) The letter explicitly 

1   For more details about  Rationale   TM , including its conventions and more examples, see  http://
rationale.austhink.com/ 
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stated only one of its premises, namely, that a rising rat population is a public health 
risk; but the Argument Map shows all the premises required to make the inference 
clear, whether stated or not. Unstated premises are put into square brackets, to 
indicate that these are the mapper’s additions to what is explicitly stated in the text. 
Articulating the implicit, but crucial, unstated premises is an essential skill for 
reasoning carefully, particularly for responding to someone else’s reasoning.

   Especially in political contexts, the explicit argument is often a string of unprob-
lematic truisms, while the argumentative work (such as it is) is being done by things 
left unstated. Unless these are identifi ed, it is near impossible to assess the argu-
ment – or even fi gure out what it is. 

 With Argument Mapping, most students do learn to recognize many of the 
unstated premises, challenging though learning that lesson is. Several heuristics 
help students learn how to locate missing premises. 

  Holding Hands     The Holding Hands heuristic prompts the mapper to look for key 
concepts that just “dangle” – that is, are found in only one box. In a fully detailed 
map of a reason or objection, every key term appearing in a premise or in the con-
clusion must also appear (“hold hands with”) either in another premise or in the 
conclusion. In Fig.  6.1 , the key terms “rising rat population”, “public”, “should be 
concerned” and “public health risk” hold hands.  

 The most powerful application of Holding Hands is the “Rabbit Rule” – to pull a 
rabbit out of a hat, there must be a rabbit in the hat to begin with. “You can’t con-
clude something about rabbits if you haven’t been talking about rabbits.” More gen-
erally, “Every important term in the conclusion must appear at least once (i.e. in at 
least one premise) in each reason bearing on that conclusion.” 2  The Rabbit Rule 
proves to be remarkably helpful for students. It helps them notice the missing 
(unstated) premises that so often do so much of the argumentative work. 

2   Footnote for logicians: Some arguments containing logical operators such as universal quantifi ers 
(e.g. categorical syllogisms) legitimately contain such operators as danglers. For example, in ‘All 
men are mortal; Socrates is a man; therefore Socrates is mortal’ the key term ‘All’ is legitimately a 
dangler. 

  Fig. 6.1    Argument map of short letter to editor       
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 In very simple cases, students can easily provide the hidden premise(s). E.g., 
given “Socrates is a man, therefore Socrates is mortal” they happily add “All men 
(or all people) are mortal.” The Rabbit Rule takes this basic ability and helps the 
student to apply it to far more complex and subtle cases. The Rabbit Rule illus-
trates how a heuristic can help an argument map depict the logical structure of the 
prose original. Like the others below, the Rabbit Rule teaches how to read and 
write maps and how to distinguish a good map from a poor one – and, by exten-
sion, a good argument. 

 Still, observing Holding Hands exhaustively can be laborious and tedious, and in 
many cases the suppressed (unstated) premises uncovered are commonsensical and 
unproblematic. When mapping a complex argument, an experienced mapper need 
not represent every hidden premise. In fact, most of the time many (perhaps most) of 
the hidden premises should not be made explicit, otherwise one can’t see the forest 
for the trees. And with reasonably complex arguments, too many trivial premises can 
result in a most intimidating map, of little use to anyone. Bram van Heuveln ( 2004 ) 
has proposed a “Forest Formula”: one should only make explicit those claims with 
which the inference is suffi ciently transparent. He continues, “However, it is not 
always clear what ‘suffi ciently transparent’ is.” Suffi cient transparency is almost 
 certainly audience-relative and this whole area needs much careful investigation. 

 So, students should learn both how to apply Holding Hands and when (and when 
not) to actually follow it in their maps. Thus, the best way to render an argument is 
often far from obvious (Fig.  6.2 ).   

  Fig. 6.2    Sample argument map showing some of the colour conventions       
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   In addition to not stating entire premises, people often also leave key 
 qualifi cations even out of their explicit claims. This brings us to our second 
heuristic. 

  How Many? How Much?     Most of the time, people’s explicit statements leave out 
key qualifi cations and, even worse, speakers don’t refl ect on the qualifi cations 
they leave out. Consider someone saying, “Harriet is bad tempered, since she is 
redheaded”. 3  What is being assumed? That all redheaded people are bad tem-
pered? That all redheaded women are bad tempered? That most redheaded people 
are bad tempered so, on balance, any redhead is more likely to be bad tempered 
than not? That most redheaded women ….? That all redheaded people in my 
social circle, ….?? Etc., etc.  

 It is clear that students benefi t from discovering how often they – and almost 
everyone else – drop these crucial quantifi ers, making rational discussion that much 
harder. Training students to semi-automatically ask, “How many? How much?” 
helps with this discovery. 

  Going in Circles Doesn’t Get You Anywhere     is another useful heuristic .  Overt, sim-
ple textbook-type examples of circular arguments are rare; people rarely say “Bill is 
at the store because Bill is at the store.” But, by argument mapping, one soon dis-
covers that subtler circular arguments are remarkably common. Reconstructing 
arguments one often fi nds the only plausible way to put the argument into the map 
is to make it circular. One naturally tends to fi ght this temptation – “Surely all of 
those words couldn’t just be going around in a circle!” But often enough it is. 
Hidden circular arguments illustrate once again Richard Whatley’s ( 1836 ) insight: 
“A very long discussion is one of the most effective veils of Fallacy; a Fallacy which 
when stated barely would not deceive a child, may deceive half the world if diluted 
in a quarto volume”.  

  The Principle of Charity     is a crucial heuristic for counteracting the strong tendency 
to caricature the reasoning of those who disagree with us. While philosophers have 
several versions, we are happy with our simple one: Would the author agree that you 
have presented her claims fairly? The Principle of Charity requires that students try 
to identify the fairest interpretation possible.  

 These heuristics and principles do not automatically guarantee a good argument; 
a non-circular argument may have no danglers, have its quantifi ers all in place and 
yet still be blatantly fallacious (e.g., “All balls are round; All oranges are round; 
therefore All balls are oranges”). Such heuristics simply help a student recognize 
what needs to be added to the explicit prose to produce a well-formed argument 
map. But, it is also true that students who master them will be far ahead of the gen-
eral public in thinking clearly.  

3   Based on an example from Scriven ( 1977 ). 
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6.3     The L..P in LAMP 

 Naturally, Argument Mapping by itself will not automatically confer such Critical 
Thinking gains, any more than running for the bus every day will make one an 
Olympic sprinter. That’s where “Lots of … Practice” comes into LAMP. These 
results were premised on the hypothesis that Critical Thinking is a very complex 
skill, and that maximum improvement, therefore, requires the same kind of training 
regime that improvement in any complex skill requires – be it fi ne-furniture making, 
Olympic swimming, or mathematical prowess. Based on the research by Ericsson 
et al. 4  the students’ training regime involved extensive, deliberate practice with feed-
back in mapping and evaluating arguments. 

 In the dedicated Critical Thinking subjects, the students in the experimental 
groups did a range of exercises, but primarily mapped and evaluated other people’s 
arguments. Most of these arguments were contained in short texts (around a para-
graph long) drawn from the printed media. They were therefore real, messy texts, 
not texts that were contrived or specifi cally written to express arguments clearly, so 
mapping them required interpretation and comprehension. In all, each student tack-
led around 20–30 arguments in a semester for assessment with feedback. Around 
the same number of arguments again was available for non-assessable practice exer-
cises, with model answers; but we do not know what proportion of students availed 
themselves of those. 

 Once they mapped each argument, students had to evaluate it by assessing the 
plausibility of the claims and the strength of inferences and record their judgments 
on their maps. ( Rationale  has an evaluation function that enabled them to do this. 
Figure  6.3  shows what an evaluated map looks like, using colour variation to repre-
sent the strength of each inference.) Students then wrote a short (half page) critique 
of the argument.

   In addition to these critiques, students also mapped their own arguments, such as 
arguments from their essays in other subjects. 

 In classes where we integrated LAMP into standard courses, students primar-
ily mapped their own arguments for their essays and weekly mini-papers. These 
were argumentative responses to their weekly academic readings, so students 
read longer articles, drew their own conclusions and mapped their own case for 
those conclusions. Although they were encouraged to begin by mapping the 
arguments contained in the readings, they were not required to do so and those 
maps were not assessed. Academic authors’ arguments were, however, mapped in 
class, with students either working in small groups or working as a whole group 
being led by the tutor. 

 An ideal dedicated LAMP subject would last for an entire semester of, say, 15 
weeks, or would be an intensive of 2 or 3 weeks. It would have short lectures 
 primarily focused on the days’ lesson, and most class time would be spent in 

4   For a comprehensive view of acquiring expertise, see Ericsson et al. (eds.) ( 2006 ). The basic 
results can be found in Ericsson and Lehmann ( 1996 ). 
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making maps and in students discussing each other’s maps. Students would have 
many assignments and would get immediate feedback as far as possible. That is, 
they would be able to turn in at least part of their assignments and get useful 
feedback within, say, 10 min. Computerized assessment of some aspects of the 
maps would make this easier by providing rapid accurate feedback for students 
while relieving the teacher of a considerable amount of the grading and com-
menting on student work. 

 As most educators will appreciate, we are not yet able to give students rapid 
feedback on their maps – although Ericsson’s and other research on expertise 
emphasizes the considerable advantages of immediate feedback. The computerized 
feedback is not yet available, but it is, we hope, just a matter of time before it 
becomes available. 

 Given how far the initial experiments were from an ideal LAMP situation, the 
massive improvement found in them is all the more impressive. Alvarez’s meta- 
analysis found that such critical thinking courses produced gains of around 0.70 SD 
in one semester, about twice as much as standard critical-thinking courses (Alvarez 
 2007 , pp. 69–70  et seq. ) and about six times as much as a semester of a standard 
undergraduate course. The tests used in the reviewed studies were standard critical- 
thinking tests. In taking these tests, the students did not make argument maps, 
did not have access to argument-mapping software, and were under considerable 
time–pressure. 

 Since those initial experiments, and since the original version of this chapter 
was published, we have collaborated with other educators in an IARPA-funded 
research project to improve the textbook and other materials and test the peda-
gogical  effi cacy of LAMP. The team conducted further experiments, with a total 
of around 140 adult students in 7 different groups. These experiments combined 

  Fig. 6.3    Sample evaluated argument map showing some evaluation conventions       
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LAMP with Mastery Learning and Peer Instruction principles. They were con-
ducted with a variety of subjects in a variety of settings, ranging from midship-
men at the US Naval Academy through Canadian Border Services Agency (CBSA) 
analysts and NATO analysts at RAF Molesworth to bright undergraduates in an 
American and an Australian university; so not all teaching formats conformed to 
traditional university teaching. In each experiment, the students were pre- and 
post-tested using two of the following critical thinking measures: the California 
Critical Thinking Skills Test (CCTST), the Halpern Critical Thinking Assessment 
(HCTA) and the Logical Reasoning subsection of the Law School Aptitude Test 
(LSAT). As with the previous experiments, during the pre and post testing, stu-
dents did not have access to argument mapping software. Thus, the tests measured 
the transfer from argument mapping-based learning to critical thinking questions 
without argument mapping. 

 There were two experimental conditions. In accord with previous critical think-
ing research, subjects in Experiments 1 through 6 (Normal Scrutiny) were taught to 
scrutinize co-premises for  prima facie  plausibility. In Experiment 7 (Extraordinary 
Scrutiny), they learned how to scrutinize such co-premises in far more detail and to 
unpack many of them into background causal and conceptual presuppositions, 
which in turn were to be scrutinized. Although time-consuming to teach and to 
apply, such extraordinary scrutiny is often crucial in important espionage, legal, and 
scientifi c investigations. Still, subjects in this experiment did much worse on the 
time-limited standardized tests than subjects in the other six experiments. 

 As Table  6.1  shows, the Normal Scrutiny results reinforce the existing evidence 
for the effectiveness of argument mapping courses in improving the critical thinking 
skills that standard tests do measure.

   The improvements on the fi rst two tests that are explicitly designed to measure 
critical thinking are considerably greater than improvements on the LSAT, with its 
high literacy loading. The LSAT was designed to predict fi rst year law school 
grades. While the LSAT is, beyond question, an excellent instrument for measuring 
critical thinking  ability , we are not sure of its usefulness in measuring  improvement  

   Table 6.1    Two experimental conditions   

 Normal scrutiny 
(experiments 1 to 6) 

 Extraordinary 
scrutiny (experiment 7)  All expts 

 Standardized 
ES  95 % CI 

 Standardized 
ES  95 % CI 

 Standardised 
ES  95 % CI 

 CCTST 
(5 exp’ts) 

 0.847  [0.57, 1.12]  –  –  0.847  [0.57, 1.12] 

 HCTA 
(2 exp’ts) 

 0.721  [0.46, 0.98]   0.008  [−0.45, 0.47]  0.539  [0.32, 0.76] 

 LSAT 
(All exp’ts) 

 0.370  [0.24, 0.50]  −0.054  [−0.38, 0.27]  0.307  [0.18, 0.43] 

 All  0.505  [0.40, 0.61]  −0.033  [−0.29, 0.22]  0.424  [0.32, 0.52] 
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in that ability – except perhaps in certain very specifi c contexts. 5  This is because 
doing well in the LSAT depends on so much more than critical thinking ability: 
reading speed, general literacy, and working memory capacity, all of which strongly 
infl uence LSAT performance; yet we never expected LAMP to substantially improve 
any of these. 

 The results of the Extraordinary Scrutiny experiment refl ect that standard critical 
thinking tests do not measure the intensive scrutiny skills the experiment was 
intended to teach. Extraordinary scrutiny of test items takes considerable working 
memory and slows down performance scores in timed tests. Yet, in some circum-
stances, extraordinary scrutiny is crucial to thinking clearly on important issues. 
Thus, there is a danger that, when present critical thinking tests are used, excellent 
courses that emphasize Extraordinary Scrutiny may wrongly be seen as 
ineffective. 

 To briefl y summarize the IARPA results: using standard critical thinking tests 
and standard LAMP techniques, one can expect about 2/3 of a SD improvement in 
critical thinking ability – twice what one gets from other techniques and about six 
times the average student’s improvement in an average semester.  

6.4     Experimental Evidence for LAMP’s Cognitive 
and Pedagogical Benefi ts in Dedicated Critical 
Thinking Courses 

 With regard to Critical Thinking courses, the combined university and IARPA 
evidence for LAMP is straightforward: university students doing a semester’s 
subject with reasonably intensive practice in analysing and evaluating short argu-
ments  improved in their ability to think critically twice as much as students in 
traditionally- taught Critical Thinking courses, and three to four times as much as 
students taught in standard undergraduate courses.  6  These dramatic results were 
obtained from several hundred students and professional analysts at half-a-dozen 
institutions of very different types, and were consistent over several years and 
with different teachers.  

5   We have reason to believe (from personal communication) that the LSAT has been successfully 
used to measure improvements in critical thinking in an as-yet-unpublished experiment involving 
argument mapping at Princeton University. Note, however, that Princeton undergraduates are a 
highly select bunch who, unlike the average subject of our experiments, already possess the high 
level of literacy needed to get a substantial improvement on LSAT critical thinking. 
6   For reviews of the earlier experimental evidence , see Twardy  2004 ; van Gelder  et al.   2004  and 
Alvarez ( 2007 ). 
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6.5     Evidence About LAMP in Standard (i.e., Non-CT) 
Classrooms 

 What does this mean for the teacher in the regular university or secondary classroom 
where, except in the rarest of circumstances, intensive Critical Thinking training 
 per se  is not an option? Unlike the strong evidence for dedicated Critical Thinking 
subjects, here the evidence is anecdotal. Although further research with extensive 
trials is very much needed, our own experiences are encouraging. 7  

 All the data below come from a fi rst year philosophy subject, two second/third 
year subjects and two honours (fourth year) subjects. In total, about 500 students 
were taught over 3 years. In some subjects, argument maps were integrated into the 
lectures. In all subjects, students’ homework required argument maps of the 
readings. 8  

 From our experience of integrating LAMP into standard university classes, it is 
clear that it can be done without sacrifi cing content, at least when the teacher and 
teaching assistants are sophisticated mappers. 9  We do believe that it confers broader 
cognitive and pedagogical benefi ts, though the evidence is much more informal than 
in the case of dedicated Critical Thinking classes. In the case of all of the following 
improvements, we strongly believe students using Argument Mapping progressed 
much further and much faster than in ordinary classes. Yet we must stress that the 
evidence here is anecdotal. In putting forward these claims, we aim at persuading 
readers not so much of their truth, as of the importance of subjecting them to proper 
experimental scrutiny. If there is substance to our observations, LAMP deserves 
much greater attention from educational researchers than it has hitherto received. 

 We perhaps should say something about doing careful scientifi c research in 
this area. It is diffi cult, expensive and time-consuming. It is not easy to get an 
adequate sample size of students in intervention and control groups. It is harder to 
get an appropriate control group of classes, ones taught by equally committed 
teachers using traditional methods. While there are several reasonably good stan-
dardized tests for Critical Thinking, they are really only useful for pre- and post-
testing for a critical thinking subject. We know of no well-validated standardized 
subject related tests, such as a test of critical reasoning in history, or philosophy, 
or political science. 

7   In one subject we gathered feedback half-way through the semester. The results of that feedback 
are given here whenever relevant. 
8   Since the fi rst edition of this chapter was published, other instructors have used versions of LAMP 
in standard undergraduate courses. One as-yet-unpublished experiment was conducted at Princeton 
University and compared LAMP results with a control, with encouraging results (personal com-
munication). As far as we are aware, this is the only controlled, pre-post-tested study of an argu-
ment mapping intervention in a standard classroom. We hope there will be more. 
9   We have mostly used Argument Mapping in university subjects, though we have had some experi-
ence with senior secondary and with gifted primary school students, as well as with professional 
adults in the IARPA project. 
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 In the absence of such tools, the researcher must rely on inter-subjective expert 
ratings of student papers. While valuable, such ratings can face several diffi culties. 
First, the questions have to be such that the rater cannot distinguish pre-intervention 
from post-intervention material, except perhaps by the change in question. But, 
often after a LAMP subject, students use many more connective words such as 
“thus” and “because”. Such words can inform the rater of which group the subject 
was in, thereby breaking the blind. Second, it is unfortunately not obvious that all 
experts in such disciplines really are experts in assessing the logical structure of the 
argument presented. I.e., not all well-established academic “experts”, regardless of 
their other qualifi cations, really have mastered argumentation in their discipline. 
This can become a tricky, socially awkward issue. Finally, it is not easy getting 
grants required to get robust data. 

 Still, these diffi culties can be overcome and we intend, in the fullness of time, to 
overcome them. All offers of help gratefully received. 

 Let us now turn to specifi c ways students appear to have improved. 

6.5.1     Students Became Better at Questioning Arguments 

 The written assignments and tutorial discussions increasingly showed that students 
understood objections and how to raise them. For example, they became far better 
at targeting their own criticisms to specifi c parts of a given argument, and began to 
see how to substantiate and justify their criticisms beyond simply stating their 
disagreement. 

 Students also became better at distinguishing objections to a conclusion from 
objections to one of the reasons for that conclusion. We believe that Argument 
Mapping greatly helped learning this key distinction and applying it in practice. But 
we only have informal evidence for this, striking though the effect appeared to us.  

6.5.2     Students Became Better at Reading 

 The quality of weekly tutorial discussions and of weekly written assignments, 
where students were required to read and comment on a small set of readings, 
improved as the semester progressed. 10  Discussions and assignments exhibited a 
greater understanding of the material and of its signifi cance in the broader context 
of the weekly topics. Students read less for “general feel” and more for conclusions 
and arguments. They became much better at such crucial basic tasks as distinguish-
ing premises from conclusions. 

10   Their maps, also, refl ected this shift, though it is diffi cult to separate their mapping skill from 
their understanding. 
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 The difference can be dramatic. For example, before a semester of argument 
mapping in an introductory Philosophy of Science class, we asked students to 
 identify the main conclusion in the fi rst few pages of Popper’s warhorse article, 
“Science: Conjectures and Refutations” ( 1952 ). Many pointed to something that 
was salient or interesting for them, such as “astrology is a pseudoscience”. They did 
not seem aware of the role this claim played in Popper’s argument. After a semester 
of argument mapping, they were much more likely to approximate the main 
 contention – in Popper’s case, along the lines that true science makes bold conjec-
tures and then tries to falsify them.  

6.5.3     Students Became Clearer in Their Own Thinking 

 Again, our impressions were formed primarily from the students’ written work and 
from the tutorial discussions. What’s more, students themselves seemed to think 
that Argument Mapping helped them think more clearly. In the mid-semester feed-
back, 63 % agreed with the statement “Argument Mapping helps me think more 
clearly”; 15 % disagreed. In addition, 85 % of students agreed with the statement, 
“Argument mapping makes me think harder about what I am arguing” (7 % dis-
agreed and the rest were uncertain). What we’ve gleaned is that LAMP clarifi es 
students’ thinking in regard to specifi c issues. 

 We also suspect that LAMP improves students’ metacognitive skills because it 
would be surprising if the acquisition of the concepts of conclusion, reason, objec-
tion, etc., did not give students categories for understanding and refl ecting on their 
own thinking; it would be odd if the process of identifying hidden premises both in 
others’ arguments and in their own did not make them aware in general that their 
thoughts depend on unarticulated, often problematic, assumptions.  

6.5.4     Students Became Better at Argumentative Writing 

 We saw considerable improvement in students’ weekly mini-essays in two ways. 
First, there was a gradual shift from what we term “argument by association” to real 
arguments; i.e. a shift from “Here’s everything I can think of to say about such-and- 
such” to “Here are the arguments for and against the claim that such-and-such”. As 
one student wrote, Argument Mapping made writing papers “more diffi cult, because 
it seemed that all of my ideas had to somehow connect with each other”! 

 Second, students’ later attempts were better structured, both in the order of pre-
sentation and in the use of indicators – expressions that clarify the evidential or 
inferential relationships between ideas. In one informal poll, about 60 % of the stu-
dents said Argument Mapping interfered with their ability to write BS rapidly, 
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which we took as a good sign. 11  Ironically, 46 % also thought that it interfered with 
their ability to express themselves clearly. It is unclear what the second, rather high, 
fi gure means. Are students simply complaining that their writings must be more 
logically coherent? In that case, we can happily live with the objection. Or is there 
some deeper concern being expressed? More research is needed. 

 Our listing these benefi ts of integrating LAMP into a standard subject is not to 
say that dedicated Critical Thinking classes using LAMP are not preferable. They 
almost certainly are. It is, however, to say that we believe that substantial improve-
ments in critical thinking can happen in regular classrooms, if they regularly use 
argument maps both in lectures and class discussion groups. This should be tested 
in several ways, over a range of subjects from history to English, student levels, and 
teacher understanding of argument maps. Integrating argument maps into lectures 
as well as discussion groups is another dimension that needs much more explora-
tion. We do not expect a simple picture to emerge from such research, but do expect 
considerable improvements in subjects where students are expected to learn how to 
reason on their own about the material. We also expect that our techniques would be 
considerably improved if not abandoned altogether for better ones.   

6.6     How LAMP Confers These Benefi ts 

 Fundamentally, we believe that LAMP, whether taught in dedicated critical thinking 
subjects or in standard content subjects, works because of two interrelated factors. 
First, Argument Mapping clarifi es students’ inchoate concept of argument. Second, 
lots of quality practice ensures that students truly grasp the concepts in a practical 
and applied (as opposed to vague and theoretical) way. 

 We strongly suspect that these factors, in combination, produce much better 
results than either would produce in isolation. In other words, we suspect that stu-
dents would not get the same substantial benefi ts either from occasional Argument 
Mapping alone or from lots of quality practice using a more discursive argumenta-
tive method. 

 It is unclear why LAMP is so effective. Perhaps it is because Argument Mapping 
makes highly abstract (inferential/evidential) relationships explicit by representing 
them as spatial relationships; perhaps also because the kind of practice it affords is 
very precise and constrained; perhaps also because in mapping one lays aside most 
words so one can better see the logical structure. 

 These are big questions for the psychologists and educationalists, and we can 
only gesture towards them here. Instead, in this section we will address some of the 
practical skill elements we think responsible for the benefi ts we have observed. 

 A key element in all of what follows is the ability Argument Maps confer on the 
instructor to give targeted and timely feedback. It goes without saying that students 
simply putting sentences in boxes does not automatically lead to any of the benefi ts 

11   ‘BS’ was code for bovine excrement. 
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above. Some students, when asked to accompany a written response with an 
Argument Map, write their response and then just cut-and-paste their vacuous prose 
into boxes – a practice with no value whatsoever. For the teacher, however, a lousy 
map immediately exposes the student’s fuzzy thinking. It is less tempting to try 
reading sense into a map, perhaps simply because of the discrete nature of dia-
grams: we are not seduced by the apparent continuity of prose. If we fail to under-
stand a paragraph, we may put it down to our own lack of concentration. Failure to 
understand a map, however, is a clear indication that mapping conventions have 
been sloppily applied and the failure to communicate clearly lies squarely with the 
student. 

 A map helps the teacher give very quick feedback on structure and clarity of 
thought. For example, a teacher’s putting a question mark on an inference arrow, or 
identifying a term as a “Rabbit”, immediately tells the student that that inference 
doesn’t follow. If the task is to analyze someone else’s argument the teacher can 
provide a model map to which students can compare their own. Disagreements in 
interpretation can focus subsequent debate. Educational research has shown that 
prompt feedback is much more effective than detailed comments received long after 
a student completes a task. The minimal and transparent nature of maps makes this 
feasible. An in-class mapping exercise allows the tutor – or indeed other students – 
to comment on maps as the students are engaged in constructing them and while the 
thoughts are fresh in their minds. 12  By contrast, imagine trying to give feedback 
while students are writing prose! 

 We should note that marking is fastest and most useful once a student has learnt 
to map reasonably well, otherwise it can be diffi cult to distinguish problems with 
grasping mapping conventions and problems with thoughts. By the same token, the 
basic principles of mapping (with the possible exception of identifying hidden 
premises) are generally not diffi cult to understand; so if poor mapping persists 
beyond an initial introductory period it is not unreasonable to conclude that the dif-
fi culty is with the thinking rather than with mapping per se. 

 Maps make “moves” in argumentation highly visible. Both student and teacher 
can instantly see the strategies employed by the student in tackling an issue, just by 
looking at the confi guration of red and green boxes on the map. Students can quickly 
learn that arguments containing objections (and rebuttals to those objections) are 
likely to be less vulnerable than arguments made up of mountains of green boxes. 
Because of the mapping conventions, a map will also quickly alert a student to an 
unrebutted objection, and hence to a weakness in their case. Again, see the sample 
map at the end of this article. 

12   For a glimpse at some of the benefi ts of fast feedback and collaborative learning see Mazur 
( 1997 ). 
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6.6.1     Improved Reading Comprehension 

 Reading and mapping an argumentative piece of prose is very complex. When they 
attempt to map someone else’s argument, students must ask, “What is this person 
actually saying?” “What are the reasons given?” Students must determine what is 
part of an argument and what is irrelevant. They must distinguish an argument from 
additional, background information, rhetorical fl ourishes, repetitions, paraphrases, 
elaborations and illustrations. Beginners often try to fi t onto the map every sentence 
of a text or every interesting point, whether or not it is germane to ascertaining the 
truth of the conclusion. 

 Students must also distinguish the main argument(s) from subsidiary or minor 
arguments. Then they must identify the different parts of an argument – the main 
conclusion (not always articulated by the author), reasons for and against, evidence, 
rebuttals and so on – and make explicit the roles different claims play in relation to 
one another. They must distinguish an author’s rebutting an objection from an 
author’s self-contradiction. They must be able to paraphrase the author’s claims, 
refi ning them by simplifying, clarifying, making them easier to understand and 
more precise, eliminating vagueness and ambiguity where possible (e.g. by using 
quantifi ers), and they must do all this without misrepresenting the author’s intent. In 
addition, they must be able to fi ll in the blanks of all that is implicit in the prose 
presentation of an argument. They may need to extrapolate, abstract, and identify 
hidden premises sensibly and fairly. Students understand an argument more clearly 
to the extent that they manage to articulate its assumptions successfully. Attempting 
to articulate someone else’s assumptions requires that mappers actively and con-
sciously interpret texts in a way they are otherwise unlikely to pursue. 

 When all this is done in the context of the overall class topic, students can better 
see the connections between the arguments of different authors. It is easier for them 
to see the bigger picture when they have clarifi ed its parts. Of course, seeing the 
bigger picture further enables them to grasp the signifi cance of the detail, and this 
dynamic interplay between part and whole signifi cantly enhances their understand-
ing both of any particular author’s perspective and of the overall issue or debate. 13  

 How does LAMP help a student master all those “musts”? We think it is primar-
ily that, by mapping an argument’s logical structure, the student becomes aware of 
each of these tasks. The mapping process itself makes each requirement more 
salient, in no small part by eliminating those parts of the prose that do not contribute 
to answering the questions: What is the author saying? Is it true? Once the goal is 
clear, students begin to look for ways to achieve it; and perhaps the more they prac-
tise trying to meet these requirements, the better they become at meeting them.  

13   The failure to truly understand what we’re reading extends far beyond students. In one workshop, 
hardened bureaucrats were scandalised when they realised they were unable to articulate the argu-
ment in a memo. ‘And yet,’ they said, ‘this is so utterly familiar! I read things like this all the time!’ 
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6.6.2     Improved Questioning of Arguments 

 Once students understand that an Argument Map is driven by the question, “Why 
should I believe that?”, they begin to better grasp the key notion that an argument is 
based on justifi cation and evidence. This fundamental understanding enables them 
to query claims that lack support, and begin to spot inferential leaps. 

 Careful analysis makes an argument much easier to interrogate. Having iden-
tifi ed the premises, including hidden ones, a student can question their reliabil-
ity and raise objections. Having made the inferential relationships explicit, a 
student can evaluate their strength: “How well does this support that conclu-
sion?” “Does this really follow?” Finally, having articulated all the arguments 
presented by an author, the student can ask, “Are there any important consider-
ations missing?” 

 More generally, maps make thorough evaluation possible. Around four decades 
of psychological research has shown that there is a range of cognitive biases affecting 
judgment. 14  

 One widespread bias is our tendency to forget or downplay evidence against our 
beliefs. Making all the arguments explicit prompts people to consider a greater 
number of relevant considerations, not just the most salient or favourable ones. 

 How would this work? Why would argument mapping get people to explicitly 
state otherwise unstated material? After all, crucial objections and awkward facts 
are not likely to be implicated by holding hands. The answer may lie in students’ 
different psychological attitudes towards prose and maps. 

 We have observed that, when writing prose, students strongly tend to just present 
the case for their position with, at most, a bit of a caricature of the opposition. They 
seem to have little appreciation for J. S. Mill’s lovely insight in  On Liberty : “He who 
knows only his own side of the case knows little of that”. 

 Argument Mapping, on the other hand, when the map has not become too com-
plex, seems to bring out students’ recognition that often different people have differ-
ing positions, that those alternatives do not necessarily show that the other person is 
an idiot, and so they should be presented with at least some attempt at accuracy and 
fairness. 

 We suspect that there is a couple of reasons for the different attitudes toward 
argument maps and prose presentations. First, for reasons which remain obscure, 
putting arguments into an argument map tends to make students see the propositions 
more as a logician would, rather than as an advocate would. Perhaps it is because 
the argument maps stress the logical structure and considerably downplay rhetorical 
manoeuvers. Second, with the pro-argument there in its logical clarity, somehow 
objections seem psychologically more accessible. But we really don’t yet under-
stand why this should be. 

14   There is a huge literature on these topics. For an accessible, well-written introduction, see 
Kahneman ( 2013 ). The classical anthology is Kahneman et al. (eds.) ( 1982 ). A more recent excel-
lent anthology is Schneider and Shanteau (eds.) ( 2003 ). 
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 Students can learn to evaluate a map systematically. In the courses that achieved 
substantial gains in Critical Thinking skills, students were required to assess each 
claim for truth, reliability or credibility, as well as explicitly assessing the strength 
of each inference and, where appropriate, the extent to which the case presented was 
complete (i.e. to look for major considerations that might be missing). When these 
judgments are recorded on a map, weaknesses such as unreliable sources, dubious 
premises, questionable assumptions and fallacious reasoning are made highly visi-
ble, as is the way they infect a whole chain of argument. Only when they have 
 carefully assessed every sub-argument and questioned the case’s completeness can 
students assess the main contention and draw a reliable conclusion. Not only are 
such cumulative judgments more rigorous than any we perform by relying strictly 
on our memory; they also give a student a much deeper understanding of what it 
takes to be justifi ed in holding a belief.  

6.6.3     Greater Clarity of Thought 

 Good mapping requires students to put clear, concise statements in each box, 
which encourages them to “distil” the key ideas in an argument and express 
them through a precise sentence. This, combined with the fact that they may not 
insert extraneous information into a map, discourages waffl e (a consequence 
many resent). When mapping their own arguments, students must keep answer-
ing the question, “What am I really trying to say?” They are constrained to be 
much more explicit about what they think. In order to map their own opinion, 
they must articulate it much more precisely and argue for it much more cogently 
than they are likely to do in prose, which has a much higher “fudge factor”. 
Mapping also prompts students to support contentious claims and to anticipate 
and rebut objections. Further, articulating their own assumptions clarifi es their 
own thinking, 

 When constructing maps collaboratively, students discover where they disagree 
with one another; and through their discussion they more deeply understand their 
own and their fellow students’ positions.  

6.6.4     Improved Writing 

 The box and arrow diagrams emphasize in students’ minds how claims are eviden-
tially related – what counts as evidence for or against what – since that is what the 
lines in argument mapping mean. Mapping prompts students to move away from the 
usual tendency to respond to questions in a vague and thematic way (what might be 
called the “keyword” or “essay-by-free-association” approach: here’s everything 
I know/can think of saying about X) and try to construct an argument instead. We 
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are convinced that even our bright university students’ intuitive grasp of arguments 
is extremely poor. 15  Few can initially tell the difference between a conclusion arrived 
at by chains of inference and something simply paraphrased and repeated in the 
spirit of “What I say three times is true”. For all too many students, “therefore” 
means “and here’s another thing I’ve thought of”. 

 A students’ prose can easily obscure an argument’s logical poverty, not least of 
all from a sympathetic teacher, since the teacher can intuitively construct connec-
tions between ideas that may not, in fact, be present in the student’s head. By overly 
liberally interpreting what students write, we may be robbing students of the oppor-
tunity to learn both how to think clearly and how to articulate those thoughts clearly. 16  
Argument mapping puts the onus back on the student to construct and communicate 
a cogent argument. 

 Even as they come to far better grasp the notion of an argument, still all too often 
students think as they write. Consequently, their prose is little more than the diary 
of their amorphous journey through a brainstorm of ideas. When students construct 
their map, reach their conclusion and so clarify their thoughts before starting to 
write, they can convey their reasoning more clearly and in a more structured way. 
This is not simply because they know what they think and what they want to say 
before they start writing – a signifi cant benefi t in itself. It is also because the map’s 
structure suggests good ways of structuring the paper. 17  

 Since mapping encourages a more careful reading of other people’s texts, 
students are likely to treat other authors’ opinions more fairly and with more 
insight. They can better detect vagueness both in their own and in others’ ideas, 
and accordingly present tighter arguments. Rhetorical questions, caricatures 
and melodramatic overstatements may at best be cognitively vacuous and at 
worst actively limit or constrain subsequent thinking. They are more plausible 
in prose than in maps. For instance, if someone says “Textbooks are rubbish” 
they don’t really mean it universally and categorically – it’s clearly an exaggera-
tion – but they may nevertheless feel subsequently constrained (by some psy-
chological need to remain consistent) to dismiss all textbooks and so not do the 
hard work of engaging with such serious issues as whether or not, for example, 
the way textbooks often simplify topics is a good or bad thing educationally. 
Beginning with a map, the student can avoid heading in melodramatically over-
stated directions.   

15   This is not surprising. As Deanna Kuhn ( 1991 ) showed, people’s grasp of argument is poor in 
general. Kuhn’s own studies were conducted in the US; but there is no need to assume the situation 
is better elsewhere. 
16   See Thomason ( 1990 ). 
17   There are ways for a teacher to focus on and scaffold this process of producing written prose 
from a map. We have constructed both a step-by-step guide for doing so and exercises to hone 
the skill. 
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6.7     The Enquiring Classroom 

 Generally, we believe that employing LAMP in classes creates an atmosphere of 
enquiry. Because mapping is structured, students better understand the task before 
them and so can benefi t more by discussions with their fellows. 18  Further, maps 
often help some students who are reluctant to speak in class. Pointing to a map and 
saying, “Can you think of any evidence that this is or is not true?” or “Do you think 
this is a good reason to believe that?” can clarify the task for such students. 

 The bane of most classroom discussions is that they often meander all over the 
place, go off on tangents and miss the point. Maps help keep discussion on track. 
The teacher simply has to literally point to a contentious statement on the map and 
re-focus attention on it by asking such questions as: “How do you see that as bear-
ing on this point?” “Do you mean that this statement is not true because…?” 
“Remember we’re trying to decide whether or not to accept this statement (or 
whether or not this is a strong reason/objection). How does this discussion help us 
do that?” “How can we put your point onto the map?” The visual representation 
of an argument makes it much easier to return the discussion back to where the 
meander started from. 19  

 In our experience, mapping an argument helps depersonalize the argumentative 
process in a liberating way, increasing candour on sensitive issues and defusing ten-
sions by making disagreements more impersonal. Jeff Conklin has reported a simi-
lar phenomenon in organizations, using his form of dialogue mapping. Mapping 
seems to make it easier to disassociate a point made from the person who made it. 
Objections are not inadvertently treated as  ad hominem.  Criticisms are seen as 
directed at statements or inferences on the map, not at their source. Students’ views 
are given a certain validation or legitimacy by being added to the map; and once 
added, statements or judgments are part of the (abstract) argument and need not be 
seen as representing a particular person’s point of view. The teacher can encourage 
this attitude further by saying things like, “What do you imagine someone who 
disagrees with this might say?” or “Can you think of something someone might say 
to support this point?”, thereby prompting students to think of arguments as abstract 
links between ideas rather than as expressions of one’s dearly held beliefs. 20  Still, 
more research is needed.  

18   On the benefi ts of peer instruction, see Mazur ( 1997 ) and Thomason ( 1990 ). 
19   Thirteen out of twenty-eight students (46 %) agreed that argument maps helped keep tutorial 
discussions on topic, seven (25 %) disagreed, while eight respondents were undecided. 
20   We have seen this not only in classroom situations but in the corporate world as well. When 
facilitating a meeting on a politically sensitive issue where no one was prepared to be seen to be 
breaking with the ‘party line’, we found that genuine, valuable discussion got going only once 
someone said, ‘I don’t actually think this, but someone might say…’, whereupon others joined in 
and voiced much underlying anxiety in this way. 
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6.8     Other Teachers’ Experiences with LAMP 

 Since the fi rst publication of this volume, other teachers have embraced LAMP. One 
very reluctant convert was a participant in the IARPA-funded experiments, who had 
this to say afterwards:

  I was a sceptic when I agreed to be part of the project. After teaching the class, I now think 
that argument mapping is considerably more effective than I’d previously thought. I now 
think that a mapping-heavy approach to teaching reasoning is promising, and worth pursu-
ing. I’ve integrated more mapping into my standard CT course, and I now require students 
to purchase and use  Rationale . 

   Another teacher, who had also originally been sceptical, incorporated argument 
maps into his small university seminars on Kant in a different way:

  We spent the semester working through the fi rst Part (Critique of Aesthetic Judgment) of the 
 Critique of Judgment . Each week students had to bring in maps of whichever sections we 
read that week. In most classes I spent a signifi cant amount of time going over my own map 
of the relevant section(s). For their fi rst graded assignment, they turned in a short paper, a 
map of the paper, and maps of the relevant sections of Kant. […] I spent very little time 
explicitly teaching the maps in class, other than talking about co-premises, the Rabbit Rule, 
and adding implicit premises. Discussion of their maps in class was usually brisk; I didn’t 
do it every class. Nevertheless, the students’ maps have improved markedly over the course 
of the semester. 

   Despite spending little class time explicitly teaching Argument Mapping, his 
experience was that students understood the text much better than when using tradi-
tional methods, and that they produced argument maps that were “markedly better” 
than their papers – clearer and more understandable than the written or verbal dis-
cussions they presented.

  Many students seem to think that they need to sound ‘educated’ or ‘literary’ or something 
like that. The papers are often badly written, wordy, hard to follow, while the maps of those 
very papers are clear and to the point. 

   Although his class was too small to permit sweeping generalisations about argu-
ment mapping, written student comments are heartening.

    Question:  Did your mapping of Kant’s CJ help you to understand it? Please explain.  
   Student : “Yes! I would read a passage and think I understood what he was saying, 

but the maps actually made me focus on his specifi c words and what they meant. 
The maps also helped me see and pick out his arguments.”  

   Question:  How would you compare (a) the process of reading Kant while trying to 
map his arguments with (b) the process of reading Kant without trying to map the 
arguments?  

   Student:  “I would not have understood it [Kant’s text]. Or, I would have read it and 
come to a conclusion completely different than the one he intended. This class 
without maps would have been impossible for me.”     
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6.9     Conclusion 

 LAMP is Lots of Argument Mapping Practice, where the students analyze and com-
ment on the strength or weakness of arguments, receiving timely feedback from 
instructors. They map their own arguments, as well as arguments contained in real 
texts of varying lengths. 21  Students engaging in LAMP derive substantial cognitive 
and pedagogical benefi ts. 

 There is good evidence that LAMP, rigorously applied in a semester of a dedi-
cated Critical Thinking subject or in intensive many-day workshops, confers spec-
tacular gains in critical thinking skills compared to standard courses. However, solid 
research on its benefi ts and costs when used in a standard classroom is not yet avail-
able. What we have offered here is a preliminary judgment based mostly on our 
experiences as instructors and partly on students’ self-reports. Admittedly the 
evidence is thin. We need proper experimental and educational research. Are our 
judgments really justifi ed? If we are right about LAMP and it can benefi t younger 
students, how can it best be incorporated into classrooms? Is there an optimal age at 
which Argument Mapping should be introduced? Does LAMP work with all kinds 
of students? What are its effects on students less sophisticated than ours? Do other 
kinds of mapping confer similar benefi ts? What sorts of benefi ts might be derived 
from a simpler type of argument mapping, where students map reasoning but aren’t 
required to identify hidden premises? How much practice makes a difference? How 
much training do instructors need in order to employ LAMP successfully? How and 
why does it really work? Far too many questions remain. Until they are answered 
our own conviction is the best we have.     

  Acknowledgments   We would like to thank Mark Daley, Steve Crowley, Olaf Ciolek, Tim van 
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    Abstract     This chapter reports a research work investigating the potential of Evidence- 
based Dialogue Mapping to scaffold young teenagers’ scientifi c argumentation. Our 
research objective is to better understand students’ usage of dialogue maps created 
in Compendium to write scientifi c explanations in inquiry based learning projects. 
The participants were 20 students, 12–13 years old, in a summer science course for 
“gifted and talented” children in the UK. Through qualitative analysis of three case 
studies, we investigate the value of dialogue mapping as a mediating tool in the 
scientifi c reasoning process during a set of inquiry-based learning activities. These 
activities were published in an online learning environment to foster collaborative 
learning. Students mapped their discussions in pairs, shared maps via the online 
forum and in plenary discussions, and wrote essays based on their dialogue maps. 
This study draws on these multiple data sources: students’ maps in Compendium, 
writings in science and refl ective comments about the uses of mapping for writing. 
Our analysis highlights the diversity of ways, both successful and unsuccessful, in 
which dialogue mapping was used by these young teenagers. It also presents future 
work on knowledge maps for social personal and open environments by including 
examples from the OpenLearn, weSPOT and ENGAGE projects.  

7.1         Why Is It So Hard to Argue Scientifi cally? 

 Within the school science education research community, there is increasing 
concern about the weakness of students’ scientifi c thinking skills, particularly about 
the quality of argumentation. Teaching how to argue with evidence is essential for 
students to understand how scientifi c knowledge is constructed and validated. In 
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many countries like the United Kingdom, the emphasis of the science curricula is 
shifting towards ‘scientifi c literacy’. Teachers are now required to develop students’ 
capabilities to engage with science-based technology and the socio-scientifi c issues 
they will encounter outside school, rather than just on grounding in knowledge or a 
preparation for a scientifi c career. This requires adopting an inquiry-based meth-
odology, which provides students opportunity for self-expression and for coming to 
informed decisions. Inquiry-based learning aims to develop the skills of scientifi c 
thinking, so that learners can interpret evidence, weigh up technologies, make 
informed judgements, and argue their views. As scientifi c issues continue to domi-
nate public policy that impacts our lives (e.g., food safety, environment, genetic 
engineering) citizens need to have the skills to assess the reliability of information, 
the soundness of arguments, and the ethical implications. In order to be “scientifi -
cally literate” students need to know how to put together arguments coherently 
(Hodson  2003 ). Teachers need to equip young teenagers with the ability to evaluate 
claims about science in the media. 

 Learning “scientifi c argumentation”, which is defi ned by Suppe ( 1998 ) as the 
coordination of evidence and theory in order to support or refute an explanatory 
conclusion, model or prediction, is not an easy task for students. They fi nd it diffi -
cult to apply their knowledge to construct scientifi c explanations. Recent studies 
show that many students are very poor at connecting data and theory in order to vali-
date arguments (Kuhn  1991 ; Means and Voss  1996 ; Hogan and Maglienti  2001 ). 
Schwarz and Glassner ( 2003 :232) observed that students do not know how to con-
nect, to check or challenge arguments and apply them in further activities. “ In sci-
ence, children ‘see’ arguments; however they are ‘paralytic’ concerning the 
argumentative activities of which these scientifi c arguments may be the subject ”. 

 Scientifi c argumentation skills do not come naturally. Kuhn’s studies ( 1991 ) 
motivate the view that presenting controversial socio-scientifi c issues for debate in 
the classroom is not suffi cient on its own to foster good argumentation skills (Kuhn 
 1991 ; Newton et al.  1999 ; Rider and Thomason, Chap   .   6    ). Teachers need to assist 
students in making their thinking explicit, helping them to clarify and shape their 
reasoning around the norms and criteria which underpin scientifi c discourse (Hogan 
and Maglienti  2001 :683). Simon et al. ( 2002 ) emphasise scientifi c reasoning is a 
special form of discourse that needs to be developed and appropriated by students 
through suitable tasks, and through “structuring and modelling”. In order to help 
students scaffold scientifi c argumentation teachers need to show how to set out 
strong components and establish good connections. 

 A good scientifi c argument is constituted by both domain knowledge and argu-
mentative knowledge. Simon et al. ( 2002 :2) point out “ scientifi c rationality requires 
a knowledge of scientifi c theories, a familiarity with their supporting evidence and 
the opportunity to construct and/or evaluate their inter-relationship. ” Means and 
Voss ( 1996 ) also highlight that subject knowledge and personal experience to elabo-
rate arguments are two important components for argumentation. In order to argue, 
students need to use both scientifi c concepts and their own arguing skills to ground 
their reasoning. The more knowledge is integrated in their arguments, the richer is 
their argumentation (Schwarz and Glassner  2003 :230). 
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 This study is the fi rst in a long term research programme to investigate how 
approaches like dialogue mapping can augment students’ scientifi c reasoning, and 
critical thinking more broadly. This exploratory work analyses the potential of using 
dialogue mapping to scaffold young students’ scientifi c argumentation. In this 
 context, by scaffolding we mean constructing scientifi c argumentation graphically 
through a step-by-step process. We are currently framing this inquiry in terms of the 
following general questions, each of which has many possible sub-issues:

•     Scientifi c knowledge and mapping.  As noted, the current interest in deliberation and 
argumentation that we see amongst researchers and practitioners is driven by the 
recognition that beyond a good understanding of the domain, students also need the 
skills of being able to communicate and critique in an appropriate way their own 
reasoning, and that of peers. This question focuses on the interplay between domain 
and argumentation knowledge: how can each one sharpen the other?  

•    Scientifi c writing and mapping . What are the effects of translating between the 
non-linear graphical languages of maps, and linear presentations in speech or 
prose? Does translating their own or a peer’s speech or writing into a map lead to 
new insights? What is the effect of creating a dialogue map on derivative written 
and spoken presentations?  

•    Cartographic literacy . We know a lot from previous research about the cognitive 
skills of crafting good concept, dialogue and argument maps: it is hard work, but 
at its best is satisfying and fosters intellectual rigour. Which of these processes 
do students fi nd easy or hard to attain, and can they be communicated in more 
age- appropriate, multimodal/media ways?  

•    The teacher’s role . While highly motivated students may learn concept and dia-
logue mapping from a brief, solitary exposure, we are interested in its develop-
ment as an intellectual discipline with wide application in the curriculum. How 
should dialogue mapping be introduced to different ages? What are the key roles 
for staff/peer interventions? What kinds of activities provide orientations that 
lead to better or worse deliberations?  

•    Software design . While brief, small scale mapping can be done with pen and 
paper, software clearly adds new possibilities, e.g. in terms of the unlimited canvas, 
iterative revision, reusable structures, customisable language, embedded multi-
media, storage and retrieval, and working over the internet. What do trials with 
students and staff tell us about the digital tools we are offering them?    

 We will see these themes emerging as we analyse the case studies, and will 
revisit them in turn in our discussion. In Sect.  7.2 , we introduce the idea of using 
diagrammatic representations to support the acquisition of scientifi c reasoning skills 
in secondary schools. Section  7.3  motivates the use of Dialogue Mapping as an 
approach, based on the hypothesis that its success in non-educational contexts may 
be transferable to gifted teenage students in the science classroom. In order to 
ensure quality of scientifi c argumentation, we introduce an “evidenced based dia-
logue mapping” approach, which integrates dialogue mapping with Toulmin’s 
model of a scientifi c argument. In Sect.  7.4 , we present the methodology applied to this 
research, which comprises a set of inquiry-based learning activities for applying 
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dialogue mapping to arguing and writing in science, data collected and criteria for 
analysing extracts. Through three case studies, we describe students’ achievements and 
diffi culties in constructing scientifi c arguments. Section  7.5  presents our fi ndings 
and our future work.  

7.2      Could Argumentative Maps Be Useful 
for Secondary School? 

 Clearly, no simplistic statements can be made about the merits of different media, 
ontologies and notations, since they each exert their own infl uence, and interact 
strongly with factors such as the learner’s domain expertise, fl uency with the tools, 
familiarity with each other, and the way in which their activity is designed (Veerman 
 2003 ). However, based on some chapters in this volume, appropriately designed and 
deployed mapping tools can aid learning: to make sense of internet information 
(Zeiliger), clarify reasoning (Rider & Thomason), develop conceptual understanding 
(Novak & Canas; Mariott & Torres), foster critical thinking (Reed & Rowe), collab-
orative inquiry and affordances of different representations for learning (Suthers). 

 As a practitioner working on science education for gifted school students, 
O’Brien ( 2003 :70) concludes that argument maps offer:

•    a permanent record of thinking on a topic that contributes to a debate;  
•   clarity and rigour in thinking by improving the sharing of knowledge in a group 

leading to a deeper understanding of issues;  
•   effi cient ways to present overviews indicating boundaries of current knowledge 

or debating in complex argumentation to another student;  
•   better decision making by ensuring that a higher proportion of relevant consider-

ations are taken into account.    

 Specifi cally, in science education, there are studies using graphic representations 
to help students argue in science in high school and higher education. For instance, 
Schwarz and Glassner ( 2003 ) analysed argumentation as a central form of literacy 
with high school students in physics. Suthers (   Chap.   1    ) investigated scientifi c argu-
mentation for collaborative inquiry with undergraduate students in physics. In the 
literature, several researchers have developed argumentation with younger students, 
but without computer support (i.e. Driver et al.  2000 ; Hogan and Maglienti  2001 ; 
Jaubert and Rebiere  2005 ; Manson and Boscolo  2000 ; Means and Voss  1996 ; 
Ratcliffe  1997 ). 

 This is the fi rst work to explore the potential of using a particular approach called 
Dialogue Mapping for young secondary school students to construct their scientifi c 
arguments. Children and teenagers frequently argue in home and at school, ask-
ing questions, giving answers and reasons for and against. They also have to 
give counterarguments to refute other’s opinions. The components of their argumenta-
tive conversation – questions, answers, pros, cons, comments and conclusions – are 
similar to those used to represent dialogue maps, as described next.  
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7.3      Adapting Dialogue Mapping for Scientifi c Arguing 

 Dialogue mapping is a knowledge mapping technique developed by Conklin ( 2006 ) 
to build shared understanding during discussions. Dialogue mapping extends the 
Issue-based Information System (IBIS) created by Rittel in the 1970s to solve 
ill- structured problems – denominated “wicked problems”. IBIS is a rhetorical 
grammar with three core elements, issues, positions and arguments, which can be 
rendered as textual outlines and as “graphical IBIS” (gIBIS) networks that grow 
with the conversation (Conklin and Begeman  1988 ). Extended by Compendium 
visual hypermedia tool, this technique has been applied in organisations and companies 
by researchers, training facilitators, consultants and team leaders in support of 
collaborative sensemaking (Selvin, Chap.   11    ). Given the success of Compendium in 
these sectors, and the growing need to begin instilling argumentation literacy at an 
early age (with a specifi c interest in science), the question arises: Could dialogue 
mapping be equally useful in the classroom, to help students argue scientifi cally? 

 In order to show how dialogue mapping can be used to represent the process of 
arguing, we selected this example below, which collates responses posted online at the 
summer school where students were asked: “what makes a good scientifi c 
argument?”.

    

Teacher: What do you think makes a good scientific argument?
Kim:  It must include questions, answers and explanations of the reason why.
Sara:  Statistics are very useful and gives readers an idea of amount or what you are talking about
Beth:  Evidence and strong pros and cons and a good topic to base the argument on
John:  A good scientific argument consists of a good question, a good strong fact with an even  
better argument! 
Peter: An argument showing both sides fairly with evidence for them and some biased comments 

for the side that you support but be careful youdon't contradict yourself
Alex: A logical, well thought out statement that works in putting your thought across in a few 
concise sentences
Tina:  Keep arguing and go over all evidence and always confirm it. 

However, nether be biased and expect to be surprised, not all discoveries are predictable.
Lucy: The more facts the better   

   Extract 00  Responses from Totally Wild Science Course in Moodle  

    In these maps, the Compendium icons were used to represent questions (question 
node), answers (answer node), arguments (pro node), counterarguments (con node) 
and data (note node). As we can see, this map could have different representations, 
depending on the interpretation of the group and mapper. If the discussion in Extract 
 00  was Dialogue Mapped by a beginner, they might capture contributions more or 
less as they were uttered, and linked to refl ect the temporal sequence. However, 
Dialogue Mapping at its best helps to clarify the key Issues, thus illuminating how 
the other contributions relate to these in the form of Ideas responding to those Issues, 
and the relative Pros and Cons of each Idea in that context (Fig.  7.1 ). The emphasis 
thus shifts from chronological structure to logical structure. The challenge is how 
teacher intervention, software tools and practice can effect this shift in students, 
from naturalistic reasoning/discourse to conceptual reconstruction.
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   While IBIS provides a relatively intuitive language, as we discuss next, it is missing 
a key element central to scientifi c argumentation: evidence. 

7.3.1     Evidenced-Based Dialogue Maps 

 In scientifi c reasoning, it is important that the students can ground their claims in 
scientifi c concepts instead of personal convictions. The quality of their arguments is 
also better if they can connect not only supporting arguments, but also counterargu-
ments (thus resisting confi rmation bias), and data as backing for claims. 

 In order to represent the components of a scientifi c argument for teachers, Simon 
et al. ( 2002 ) adopt the well known Toulmin ( 1958 ) model (shown in Fig.  7.2 ; also 
discussed in Chap.   8     by Rowe and Reed; and Carr  2003 ). In their research, the 
Toulmin approach was applied for teachers to guide students in structuring their 
argumentation scientifi cally and assessing the quality of their argumentation.

  Fig. 7.1    Dialogue map in Compendium (tool described in Chap.   17     by Sierhuis and Buckingham 
Shum)       

  Fig. 7.2    Toulmin argumentation scheme       
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   Toulmin’s model can be re-expressed in dialogue mapping’s IBIS language as 
shown in Fig.  7.3  (Carr  2003 ). Following dialogue mapping’s conversational paradigm, 
the link arrows go from right to left since they  respond to  or otherwise build on prior 
contributions, as shown by the various link types ( supports ,  challenges , etc.).

   In Toulmin form, there are six basic components of an argumentative move:

    1.     Claim : is the position on the issue and the essence of the argument. This represents 
the arguer’s conclusion.   

   2.     Data : i.e. initial grounds for the argument and evidence that can be accepted as 
factually true. This can be based on facts, events, examples and statistics.   

   3.     Warrant : evidence used to support the connection between the data and the claim. 
It can be “authoritative” based on a reference by an expert; “motivational” based 
on convictions or “substantive” based on example, classifi cation, generalization 
or cause and consequence. In science, the quality of the warrant is based on 
scientifi c concepts (substantive) rather than own convictions (motivational).   

   4.     Rebuttal : This states the exceptions to the claim and is an exception to the truth-
fulness of the argument. It illustrates instances where the argument may not be true.   

   5.     Qualifi er : This states the “strength” of the claim. It represents the validity of an 
argument and indicates the context or circumstances where the argument is “true”.   

   6.     Backing : A source of authority for the warrant.     

 However, in this study we selected only four components of Toulmin’s model – 
claim, warrant, rebuttal and data. These were considered by the science teacher to 
be the most relevant elements for students to incorporate into a scientifi c argument 
and a simple approach to scaffold their arguing skills. 

 Figure  7.3  shows the scientifi c argument structure created in Compendium which 
we call as “evidenced-based dialogue map”. The connections between these compo-
nents are not exactly as Toulmin’s model. It is a simple structure for scientifi c 
 explanations, whose a claim should be connected to one or more warrants, rebuttals 
and data in order to demonstrated the evidence for the claim. Considering the 
vocabulary of these 12–13 years old students, these four components refer to 
answers, pros, cons and data (shown in Extract  00 ). 

 In this context, we examine whether Compendium helps students write scientifi c 
arguments. Our hypothesis is that it does so by scaffolding the task, breaking down 
the process into a series of more manageable and visualisable steps for students:

    1.    Represent initial reasoning in the form of a map, using Compendium’s icons to 
show the parts of the argument visually.   

  Fig. 7.3    Evidenced-based dialogue map       
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   2.    Use these visualised components to elicit further existing knowledge, and add 
this to the map.   

   3.    Assess the strengths and weaknesses of the reasoning, by seeing if the claims are 
backed up with enough evidence.   

   4.    Once the reasoning is strengthened, to transform the map into a linear text-based 
argument.    

These four steps were used to plan the inquiry-based learning activities described in 
the following section.   

7.4      Methodology: Constructing Scientifi c Arguments 
in Compendium 

7.4.1     Context: A Science Summer School 

 In this research, we observed 20 “gifted and talented” students who volunteered to 
attend a summer course “Totally Wild Science” during their school holiday in 2006. 
“Gifted and talented” is a term used in the United Kingdom for students who are in 
the top 10 % of the national average based on their performance in formative assess-
ment and test scores. The educational science consultant who organised this course 
with the educational committee of Canterbury Christ Church University selected 
12–13 year-old teenagers, from different schools in the United Kingdom, based on 
an essay that described why they wanted to take this course and why they were very 
good at learning science. 

 “Totally Wild Science” was a science course organised around three topical themes: 
Forensic Science, Space, and Environment, with the aim of engaging students to 
develop their science learning skills. The main approach of this course was to use a 
great variety of learning projects in the science and computer laboratory, virtual learn-
ing environments and events such as trips and workshops with scientists. The main 
aspect of this course was to help them apply their own knowledge in projects in order 
to develop their scientifi c skills, rather than teaching new science concepts. 

 This research focused on the Environment project: “Global Warming – what do 
you think will happen in the future?” We developed a set of activities using dialogue 
maps about global warming with the science teacher. The tasks were published in 
the Moodle virtual learning environment, which was used to support collaborative 
learning. Students recorded their discussion and dialogue maps in a Moodle Forum 
(threaded discussion tool). They also posted their essays based on their dialogue 
maps. During this process, they described their progress and refl ected on their 
diffi culties and improvement. Compendium was introduced by the author, who 
demonstrated how the discussion between the science teacher and students could be 
recorded by dragging and dropping Compendium icons: questions, answers, pro, 
cons and notes. Some examples (similar to Fig.  7.1 ) were presented to illustrate a 
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dialogue mapping structure. The science teacher explained the importance of organ-
ising scientifi c arguments through these icons. Each answer should be connected to 
pros, cons and data. He showed some examples of maps based on Fig.  7.3 . 

 Although students were using Moodle and Compendium for the fi rst time, they 
did not encounter diffi culties in manipulating these tools. Dragging and dropping 
information from the web and Moodle into Compendium (illustrated by Fig.  7.8 ) 
was straightforward. This level of digital literacy enabled us to start the project with 
new tools with a brief introduction (Fig.  7.4 )   .

7.4.2        Inquiry Based Learning Activities 

 In this  Global Warming  project we organised seven activities (Table  7.1 ) related to 
confi rmation/verifi cation inquiry (see Table  7.2 ).

    Five inquiry skills areas are described by the US National Research Council ( 2000 ):

•    engaging by scientifi cally oriented questions  
•   giving priority to evidence in responding to questions  
•   formulating explanations from evidence  
•   connecting explanations to scientifi c knowledge  
•   communicating and justifying scientifi c explanations to others    

 Tafoya et al. ( 1980 ) suggested four kinds of inquiry-based learning based on 
different levels of student autonomy (Table  7.1 ). The fi rst level is the  confi rmation/
verifi cation inquiry  in which students are provided with questions, procedures 
(method) and results in order to practice the inquiry based learning approach. The 
second level is  structured inquiry , in which students are provided with questions 

  Fig. 7.4    This picture illustrates a student working with Compendium ( left ), dragging into her map 
the results of web image searches ( right )       
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and procedure; they, however, generate an explanation supported by the evidence 
they have collected. The third level is the  guided inquiry , where the question is 
still provided by the teacher and students design the procedure (method) to test their 
question and the resulting explanations with guidance or mentoring support. 
The fourth and highest level of inquiry is  open inquiry , where students have the 
opportunity to act like scientists, deriving questions, designing and carrying out 
investigations as well as communicating their results. This level requires experienced 
scientifi c reasoning and domain competences from students. 

 The inquiry skills described in Table  7.2  show a detailed version of the fi ve skill 
areas related to the each of four levels of inquiry. These twenty skills were adapted 
from the table inquiry grid for teaching towards student skills presented by Bodzin 
and Beerer ( 2003 ). 

 The inquiry based learning activities of the Global Warming project, which focus 
on confi rmation/verifi cation level, aim to introduce students to the experience of 
conducting investigations with teacher’s guided support for:

•    Refl ecting on the questions provided by teacher, materials, or other source  
•   Analyzing given data to select evidence with directed support  
•   Applying provided evidence to formulate explanation with directed support  
•   Selecting possible connections to clarify explanations with directed support  
•   Applying given steps and procedures for scientifi c communication     

    Table 7.1    Inquiry based Learning activities – using dialogue mapping for arguing and writing 
about global warming   

 Inquiry-based learning activity  Tools 

 “ Refl ecting on Writing in Science ”: 1. How much do you like writing 
in science? (1 = not at all, 3 = OK, 5 = I really like it) Give a reason. 
2. What do you think makes a good scientifi c argument? 

 Moodle – Forum I 

 “ Writing about Global Warming ”: Elaborate a composition in pairs 
about “What will be the impact of Global Warming (crops, 
diseases, ecosystem, water or weather)?”. Share it in the forum 
discussion 

 Moodle – Forum II 

 “ Mapping Scientifi c Arguments ”: Use Compendium for arguing about 
“What you think will happen in the future in the UK?” Represent 
your answers, arguments, “facts and evidence” 

 Compendium, 
Moodle – Forum III 

 “ Mapping data from the web ”: Enrich the map with signifi cant 
information from the internet and prepare a better argumentation 
structure 

 Compendium, Internet, 
Moodle – Forum IV 

 “ Editing and improving map ”: Improve scientifi c arguments in the map 
by using teacher’s feedback and focussing on the strongest idea 

 Compendium 

 “ Writing from your map ”. Export your map as an image or a list. Bring it 
into Word. Write your composition from this map and share your map 
and text 

 Compendium, Word, 
Moodle – Forum V 

 “ Refl ecting on writing from maps ”: Share your opinion about 
your learning, the use of Compendium and dialogue mapping 
applied to writing 

 Moodle – Forum VI 
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7.4.3     Data Focus for This Study 

 The method of this qualitative research was case studies involving qualitative analysis. 
We collected discussions, maps, writing and notes posted by students and the teacher 
in Moodle, which served not only as a collaborative learning environment but also 
as a data archive for subsequent analysis. We also collected the teacher’s private anno-
tations during the project. The analysis consisted of three stages: (1) preliminary 
consideration of all recorded data (40 maps, 40 messages and 20 writings); (2) detailed 
examination of each pair of students who worked together analysing what they have 
produced (3 maps, 4 messages and 2 writings), (3) deep study of three cases which 
were selected because they were distinctive, as defi ned by Tables  7.3  and  7.4 .

7.4.4         Criteria for Analysing the Extracts 

 Based on the Toulmin argument scheme, we described four levels of argumentation and 
writing. These two tables were used as a reference to guide the case studies analysis. 

 We present data from three pairs of students for range of sources, since they repre-
sented different outcomes. Like the rest of the class, these six teenagers did not enjoy 
writing in science. None of them had problems in using Compendium, although 
they encountered diffi culties in dialogue mapping which we will describe. 

  Case A  analysed data from students who had diffi culties in writing and arguing. 
Their writing in science was considered “weak” by the science teacher; because 
they did not apply enough science concepts and their arguments were based on 
personal convictions. The level of argumentation dropped in their fi rst map (from 
level 2 to level 1), then it gradually improved (from level 1 to level 3). Their fi nal 

    Table 7.3    Criteria for analysing level of arguing   

 Level of argumentation  Description 

 (1) no argument  Only claims 
 (2) weak  Claims and (weak) warrant (based on convictions) 
 (3) simple  Claims, (weak) warrants and rebuttals or data 
 (4) strong  Good Claims, good warrants, rebuttals/ data 

    Table 7.4    Criteria for analysing level of writing   

 Level of writing  Description 

 Very weak  Few words, no sentences, weak argumentation 
 Weak  Few sentences with weak or simple argumentation 
 OK  Connected sentences with simple argumentation 
 Good  Well connected sentences with strong argumentation 
 Very good  Good paragraphs with strong argumentation and domain knowledge 
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essay showed that mapping did not help them construct signifi cant arguments. 
Although it contributed to making their writing clearer – level “ok”, their argumentation 
were not strong because they did not present enough data nor counterarguments. 
Here, we focus on analysing their diffi culties. 

  Case B  analysed data from students with poor skills for writing and arguing. 
Their fi rst writing before mapping was classifi ed as “very weak” with no arguments. 
In their maps, the level of argumentation gradually increased (from level 2 to level 
4). At the end, their composition from maps was signifi cantly improved -“good”. 
They included data and counterarguments, but they were not able to include science 
concepts to ground every claim. Here, we focus on analysing their achievements. 

  Case C  analysed students who were good at arguing and writing, but presented 
initial diffi culties in mapping. At the beginning of their project mapping was neither 
easy nor useful for them. Their level of argumentation dropped from 4 (in their 
writing) to 2 (in their fi rst map). During the mapping activities, their scientifi c arguments 
were gradually improved (from level 2 to level 4). At the end, they were also able to 
present signifi cant improvements in their writing, which was considered “very 
good”. Here we focus on mapping skills for constructing scientifi c arguments. 

 Table  7.5  summarises the level of argumentation and writing based on Tables  7.3  
and  7.4  during their inquiry-based learning activities. In forum 2, they recorded 
their initial writing. In forum 3, they created their fi rst map. In forum 4, they 
improved their map by bringing data from the web. In forum 5, they prepared the 
fi nal version of their map, exported to web outline and from a sequential list of 
components they elaborated their writing.

7.4.5        Case A 

 In Extract  A.1 , two students who worked together explain why they don’t like writ-
ing in science. For Alan, writing is “ painful ” and for Alex, “ it helps for revision but 
is boring ”. Both were able to provide a reasonable answer to “ what makes a good 
scientifi c argument ”. They also constructed an argument about the future of the UK 
in the event of global warming.

   Table 7.5    Level of argumentation and writing of three pairs of students   

 Case  Student 

 Forum 2  Forum 2  Forum 3  Forum 4  Forum 2  Forum 5  Would you 
use maps?  1st writing  Arguing  1st Map  2nd Map  3rd Map  Final writing 

 A  Alan  Weak  (2)  (1)  (2)  (3)  Ok  No 

 Alex  Maybe  

 B  Beth  Very weak  (1)  (2)  (3)  (4)  Good  Probably not 

 Ben  Yes 

 C  Chris  Good  (4)  (2)  (3)  (4)  Very good  Yes 

 Carl  Yes 
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Teacher:  How much do you like writing in science? (1= not at all, 3=OK, 5=I really like it). 
Alan:  Not at all. Because I get cramp in my wrist easily, so it is actually painful to write large 
amounts by hand.
Alex:  OK. It helps for revision but getsa bit boring. It is more fact than fiction. It is more 
remembering than imagining.
Teacher: What do you think makes a good scientific argument?
Alan:  A good scientific argument consists of a good question with a good strong fact with an 
even better argument! 
Alex: A theory and logical, well thought out statement that works in putting your thought 
across in a few concise sentences.   

   Extract A.1  from the Forum I – Refl ecting on writing in science  

    Extract  A.2  shows these students’ writing. Their answer was based on a long 
sentence, which presented their ideas, argument and a short science explanation.

   Extract A.2  from the Forum II – Writing about global warming  
    

Teacher:  Write down for your topic:  What you think will happen in the future in the UK? 
Re: Writing about Global Warming -Group Water by Alan and Alex.
If the ice caps do melt and the product of the melting (the water) goes into the sea (which it will) it will 
make the water levels rise dramatically and flood villages, towns, cities and maybe even small countries! 
Shocking(!) The reasons for these ideas are really just logic.
Teacher: Why will water levels rise dramatically if the ice caps melt?

  

    In order to analyse the level of argumentation of these students’ writing, the 
author created the map below (Fig.  7.5 ) in Compendium. By interpreting their 
answers graphically based on Toulmins’ model, we can see that they included a 
claim, a  warrant and one piece of data. The level of this argumentation is 2. They 
were able to connect warrant and a concept to support their claim, but they were not 
able to apply knowledge scientifi cally. They presented strong conviction “( which it 
will )” to support their answer, but they did not provide enough justifi cation. The 
argument is sound in structure. However, they were not able to explain how ice caps 
melt would make the water levels rise “ dramatically ”. They did not include data 
showing the risk of fl ooding in the UK nor any rebuttals.

  Fig. 7.5    Map created in Compendium based on Toulmin’s models       
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   Extract  A3  shows the fi rst dialogue map this pair created in Compendium. They 
generated eight questions and six short answers. Although their questions were very 
relevant and imaginative, their answers were very short (“ yes ”, “ no ”, “ probably 
not ”) and there were no arguments.  

    
   Extract A.3  from the Forum III – Mapping scientifi c arguments  

    For these students, writing an argument in the discussion forum was quick, but 
representing an argument graphically was very hard. They spent a long time, and 
they were not able to structure clearly their reasoning. Reading the content of this 
mapping is a little distracting, and it is easy to be lost. In this intricate structure, 
connecting pros, cons and data for each answer is more diffi cult because the infor-
mation is not well organised spatially. The level of their argumentation in this map 
is 1 – weak claims (e.g. “ yes ”, “ in our lifetime ”, “ between 30–40 years ”,…) and no 
arguments (neither pros nor cons). Comparing the argumentation in their writing 
(Extract  A.2 ) to their fi rst map, the quality dropped from level 2 to level 1. Looking 
at their short answers, it is hard to identify “ well thought out statements ”, because 
they are incomplete sentences. These few words only make sense if we read the 
questions, but each answer addressed several questions. 

 In this case, Compendium functioned as a brainstorming medium which helped 
them to generate several interesting questions about implications for policy and 
action. They were able to go through a rich process of questioning. As Alex 
mentioned “ a good scientifi c argument consists of a good question ”. However they 
were not able to connect warrants, rebuttals and data in their map. In this case, the 
challenge for teachers is to help students fi nd ways to reorganise their map. Students 
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who are not good visual thinkers and not familiar with mapping techniques will 
need more support for establishing good connections between components. 

 Extract  A.4  shows their map after teachers support. The students improved the 
structure and they were able to construct scientifi c claims through full sentences. 
This new structure suggests a sign of substantial cognitive change. This process is 
not quick; they spent a long time restructuring their map. In this activity, ‘Mapping 
data from the web’, they did not access the internet because they were focussed on 
disentangling their ‘intricate web’ and clarifying their thinking. They deleted many 
nodes; some of them were excluded accidentally (as described in Extract  A.6 ).

      

   Extract A.4  from the Forum IV – Mapping data from the web  

    As we can see in the Extract  A.4 , although the structure of their map is better, the 
level of argumentation was not signifi cantly improved. They made some progress 
on the content of their claims, but the quality of their arguments in this new map is 
similar to their initial writing. Their warrants are not based on accurate knowledge. 
They did not give any evidence to support their arguments. Their argument is based 
on common sense knowledge (melting ice increases the volume of water) but if the 
ice is fl oating on the sea, the level of water will not rise. If they are talking about 
ice from land, then it will rise. From the science perspective it would be important 
to ask what science concepts ground their ideas, for instance, why would “ the whole 
continent shift ”? They tried to create arguments, but based on ‘logic’ and supposi-
tions. They did not support their claims with warrants based on science concepts, 
rebuttals or data. 
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 Extract  A.5  presents their fi nal map and composition. In the map, we can notice 
their diffi culties again in organising the structure of nodes, in choosing icons and 
making connections. The arrows, again, were represented in different directions.

      
   Extract A.5  from the Forum V – Writing from your map  

    In their second paragraph, they came up with a series of plausible claims, but 
rarely included relevant data, and did not establish a relationship between the claim 
(e.g. “ If a whole continent shifted, the weather changes could be immense ”) and the 
evidence (e.g. “ The percentage of Earth’s land area stricken by serious drought 
more than doubled from the 1970s to the early 2000s ”). In their third paragraph, the 
argument is good, but the science knowledge (suggesting that climate change might 
alter the structure of the Earth’s tectonic plates) does not make sense. Their argu-
mentation did not improve signifi cantly comparing the initial writing (level 2) with 
their fi nal composition (level 3). There are more sentences organised in better 
sequences, they could visualise their strongest ideas, but they did not develop the 
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quality of arguments, they were not able to identify where they should connect more 
evidence. They did not add strong warrants, rebuttals and enough data. There were 
no strong connections based on science concepts between their claims. 

 Extract  A.6  shows students confi rming that mapping was not signifi cant to construct 
arguments. “ The map doesn’t make things any easier ”. “ A written explanation can be 
clearer ” than a graphical representation of argumentation. For these students, “ it is 
easier to just think through an argument than make one on compendium ”. About 
mapping for writing, Alan states “ The map doesn’t make things any easier ”. For Alex 
mapping “ makes writing quick and effi cient, but some good detail can be lost .”

    

Teacher: How useful do you think maps are for constructing scientific arguments? Give reasons.              
Alan:  Little use. For me it is easier to just think through an argument than make one on Compendium.
Alex:  Good, but a written explanation can be clearer
Teacher: Did you find any problems during the process of mapping?
Alan:  It was a little bit fiddly, and I accidentally deleted things a few times. 
Alex: Not really
Teacher: Would you use a map in future? If so, say why? 
Alan: No.  Alex: Maybe, it depends on what it would be used for
Teacher: Overall, does the map make the process of writing any easier? Why?
Alan: The map doesn’t make things any easier.
Alex: It briefs things. that makes it quick and efficient but some good  detail can be lost   

   Extract A.6  from the Forum VI – Refl ecting on writing from maps  

    In summary, the students turned dialogue mapping into a ‘brainstorm of questions’. 
Constructively, the students generated several new interesting issues, but their argu-
mentation remained poor. A good question is often a good starting point for creating 
a scientifi c argument: incisive issues can presumably only help scientifi c inquiry. 
However, in the process of brainstorming in the ‘blank canvas’ of Compendium – one 
of students’ diffi culties was to organise icons and arrows on the screen. A strong 
visual template could probably help them develop their scientifi c arguments. 

 Selvin (Chap.   11    ) points out that practitioners (Compendium users) need important 
skills for constructing good dialogue maps. Rider and Thomason (Chap.   6    ) show the 
importance of developing lots of argument maps to create good argumentation. 
Students need to learn how to structure all issues properly in the map to avoid a 
confusing layout. If students create an intricate web of ideas, than teachers need to 
help them disentangle it, because the more complex is the format of their map, the 
more diffi cult will be editing and improving it. It is important to teach how to estab-
lish good sequences and connections between components. At the same time it is 
good to have initially the fl exibility to allow students shape their reasoning by creat-
ing nodes and connections without feeling attached to a particularly structure.  

7.4.6     Case B 

 Case B shows quite structured mapping, which helped students generate evidence- 
based claims. Their maps provided visual guidance for them to identify for which 
claims they could develop arguments using their existing knowledge, and which 
they could not. 
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 Extract  B.1  presents this pair of students who dislike writing in science as well. 
Beth “ hardly ever does it and always gets stuck for an answer ”. For Ben “ doing it 
fully and properly is V. Tedious and Tiresome ”. They were able to describe what 
makes a good scientifi c argument. However, they had serious diffi culty in writing an 
argument.

    

Teacher: How much do you like writing in science? (1= not at all, 3=OK, 5=I really like it). 
Beth:  2. Because I hardly ever do it and I always get stuck for an answer
Ben:  3. Writing is ok for me. I don't mind writing and sometimes it can be good,  but doing it fully and 
properly is V. Tedious and Tiresome
Teacher: What you think makes a good scientific argument?
Beth:  Evidence and strong pros and cons and a good topic to base the argument on. 
Ben:  I think that good sturdy evidence is obviously the basis to a strong conclusion and also to try and 
disprove any other theories by any means possible   

   Extract B.1  from the Forum I –“Refl ecting on writing in science”  

    In Extract  B.2 , we can see their text posted in the forum. Their writing was based 
on short answers of a few words, with no sentences, and critically, no arguments. 
They did not give reasons for their answer and they were not able to justify their 
ideas using “ evidence ” or “ pros and cons ”.  

  

Teacher:  Write down for your topic:  What you think will happen in the future in the UK? 
Re: Writing about Global Warming-Group Ecosystem by Beth and Ben
Impacts on nature. Disappearance of many wetlands and extinction of some species.   

   Extract B.2  from the Forum II – Writing about global warming  

    Figure  7.6  shows a map created by the author to represent the level of argumentation 
of these students’ writing. Based on Toulmin’s model, we can see that all compo-
nents are claims. They did not present any warrant, data or rebuttals. Their level of 
arguing and writing is very weak (level 1).

   Extract  B.3  shows their fi rst dialogue map in Compendium. They generated a 
question, two answers, a pro and a con. Interestingly, for each answer, they repre-
sented a clear intention of supporting and challenging it by bringing pros and cons. 
For the second idea, they were able to bring an argument and a counterargument. 
However, they were not able to explain their claims properly or connect data to 
them. Looking at their map, it was possible for the teacher to see immediately 
from the ‘placeholder’ Pro and Con nodes with question marks where they lacked 
information, and what role they saw this playing in their analysis (that is, how infor-
mation fragments could become contextualised knowledge). By looking at the text 
of each node, the science teacher could also identify problematic assumptions in 
their argumentation (e.g. if it gets colder there will be no sun) and pose follow-on 
questions (Extract  B.3 ).  
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  Fig. 7.6    Map created in Compendium based on Toulmin’s models       

   Extract B.3  from the Forum III – Mapping scientifi c arguments  

    In order to analyse the level of argumentation embedded in their dialogue 
map, we examined each component directly from their Compendium map. They 
represented two claims using proper sentences but they were not able to establish 
good connections. Their level of argumentation in their fi rst map (2) is better in the 
map than in their writing (1) because they included warrant and rebuttals, but it was 
not signifi cantly improved. Looking at their second claim they applied successfully 
the concept of photosynthesis in order to justify that “ plants will die ” since “ there is 
no sunlight ”. However, this warrant was not substantive. They did not explain the 
connections between “ climate change ”, “ it might be colder ” and “ there will be 
no sun ”. This association was based on their own convictions. Their map suggests 
that they do not have clear understanding about the relationship between Global 
Warming and the Gulf Stream. 

 In this case, we would argue that while the visual IBIS language in dialogue 
mapping prompted them to bring warrant and rebuttals to ground each of their ideas, 
the nature of the argumentation did not show improvement, particularly due to the 
lack of science concepts presented in their map. They were not able to apply enough 
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science concepts to support their main claims. The macrostructure of their reasoning 
was good (i.e. at the level of good IBIS form), but the microstructure was weak. 

 Extract  B.4  shows their maps extended with data from two websites during the 
activity to map data from the web. Students brought two notes from the internet. 
Mapping the web was neither easy nor fast. For them, bringing data into the map did 
not mean simply dragging and dropping sentences into Compendium. They had to 
think about what to select and where to connect it. It is easy to visualise in the map 
where “ they got stuck for an answer ”. Although they could not answer the teacher’s 
questions (Extract  B.3 ) to improve their two initial ideas, they selected two new 
pieces of information that helped them elaborate three arguments around a new 
answer. 

 Considering their new claim “ climate change can eventually destroy the ecosystem ”, 
their argumentation improved (from level 2 to level 3). They presented substantive 
warrants based on data (“ plants and animals … are in real danger ”, “ global warming 
is devastating …”). However, their argumentation falls short of the ideal through 
the lack of any rebuttals.  

    
   Extract B.4  from the Forum IV – Mapping data from the web  
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    Extract  B.5  shows their map edited after comments from teacher. From this map 
they elaborated their writing. Comparing this map with their previous one, their 
main change was focussing on their strongest answer by bringing more arguments, 
counterarguments and notes. The part of the map that they “ got stuck for an answer ” 
they decided to delete. 

 As we can see, there was a signifi cant improvement of the level of argumentation 
in their map (level 1 at the beginning and level 4 at the end) and in their writing 
(from “very weak” to “good”). They were able to bring more science concepts and 
also include other perspectives such as social and ethical issues. The science teacher 
considered the fi rst paragraph good, but the second one could be better if they had 
added more science concepts rather than personal opinion.  

    
   Extract B.5  from the Forum V – Writing from your map  
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    Figure  7.7  shows how Compendium was useful for students to structure their 
writing from their map. They exported it using the Web Outline View option which 
linearises the map into an indented list of nodes. They then edited the outline into 
more fl owing prose.

   Extract  B.6  shows how the students viewed this process. They had different 
opinions about how useful these maps were for constructing scientifi c argu-
ment. Ben found them “ very useful ” and “ would use this type of map again ”. 
Beth considered “ useful ” but “ probably wouldn’t (use it again) because it took 
a bit too much time ”. 

 Both of them described how maps helped them in several ways: “ prove up their 
point ”, “ think of many ideas ”, “ construct a good fair balanced scientifi c argument ” 
and “ link arguments together with words for their composition ”. 

 They did not have diffi culties using Compendium, they considered “ fairly easy ”, 
“ it was fi ne ”. The “ few problems ” was “ along the way like whether the nodes were 
right ”. The tool was easy, but the mapping was hard!  

  Fig. 7.7    List of topics generated by Compendium as a “web outline”       
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Teacher: How useful do you think maps are for constructing scientific arguments?  
Beth:  OK. They help prove up your point in an scientific argument. However, it takes a LONG time.
Ben:  They are very good because they help you to think of many ideas connect them and not miss anything 
out then you can construct a good fair BALANCED scientific argument (s.p) by using all of the nodes you 
have created and linking them all together with words.
Teacher: Did you find any problems during the process of mapping?
Beth: I encountered a few problems like whether the nodes were right, but other than that it was fine.
Ben: No it was fairly easy
Teacher: Would you use a map in future? If so, say why? 
Beth: I probably wouldn't because it took a bit too much time.
Ben: I think i would because it is an easy way to sum up ideas for a report.
Teacher: Overall, does the mapmake theprocess of writing any easier? Why?
Beth: It does. Everything is there easy to read, not in your head where it may slip away.
Ben: I think it does because it has all the information you need in the shortest formation possible.  It is kind 
of like a sophisticated mind map. I AM DEAD.   

   Extract B.6  from the Forum VI – Refl ecting on writing from maps  

    In summary, for these students, the process of thinking about the nodes is not 
trivial, nor quick. It takes a “ LONG time ” and one student declares at the end “ I am 
dead ”. As Conklin ( 2006 ) states there is lots of interpretation involved in dialogue 
mapping. In Compendium, for each node that they dragged and dropped into the 
screen, they had to tackle several implicit questions, such as “Is this icon right?, “Is 
this text right?”, “Is this connection right?”. If the students can be engaged in this 
process of thinking, and of course supported by their colleagues and particularly by 
the teacher, then this analysis illustrates how dialogue mapping can serve as a 
new kind of scaffold for improving scientifi c argumentation. Debating their map 
with colleagues and teachers requires them to address other relevant questions such 
as “Is this a strong idea?”, “Is this idea supported by robust evidence?” “Is this idea 
connected to pros, cons and data?”, “Are these arguments and counterarguments 
based on science concepts or on personal convictions?”, “What is the source of 
this data?”, Is this a reliable source?” If students can be engaged in all these kinds 
of questions, then thinking about “the nodes”, means thinking about the components 
of a scientifi c argumentation. Questioning “whether the nodes are right”, means 
questioning if their scientifi c reasoning is right. 

 Dialogue mapping, from the perspective of these students, functions as a “ sophisti-
cated ” strategy for argumentation. By visualising “ all the information they need in 
the shortest form possible”  they were able to use the most signifi cant components 
to construct “ a good fair BALANCED scientifi c argument ”. Dialogue mapping can 
also be an “ easy way to sum up ideas for a report .”  

7.4.7     Case C 

 Case C presents another role for dialogue maps, “self assessment”. Once students 
are able to visualise their arguments through the right icons, they can recognise eas-
ily what part should be clarifi ed, deleted or extended. The good use of icons helps 
them “make their points clearer and easier to understand” and also make it “easier 
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for teacher to mark their ideas”. This kind of “formative assessment” – feeding back 
information to the learner about their understanding – is widely recognised as a 
major factor in enhancing achievement. 

 In Extract  C.1 , this pair of students explained that writing is neither as fun as 
practical nor as easy as presentations. For Chris “It is boring”. For Carl “writing is 
ok”, but “presentations to people you know are easier” They wrote fl uently, addressing 
the topic set by the teacher’s question, and giving good explanations of what makes 
a good scientifi c argument.  

  

Teacher:   How much do you like writing in science? (1= not at all, 3=OK, 5=I really like it). Give a reason
Chris:  3. Because you can get want you want to say across quite easily, but presentations to people you 
know are easier
Carl:  2. It is boring, I have more funin practical.
Teacher:  What you think makes a good scientific argument?
Chris: EVIDENCE!! you need evidence to back up your ideas and arguments otherwise you dont have a 
very good case.  Finally you need to be able to argueboth sides of a case
Carl:  A good scientific argument puts across what you mean simply and clearly, keeps attention and is not 
to complicated, but does not leave out important logic steps (it shows your thinking well).   

   Extract C.1  from the Forum I –Refl ecting on writing in science  

    Extract  C.2  shows their writing with a good science argument. Their text was 
based on two short paragraphs, in few well-connected sentences. This text not only 
presents a good claim grounded in pros, cons and data, but also they were able to 
bring some science concepts to ground their answer.  

  

Teacher:  Write down for your topic:  (1) What you think will happen in the future in the UK? (2) give 
reasons for your idea 
Re: Writing about Global Warming -Group Diseases by Chris and Carl
Global warming will either make Britain (focusing here for now) a lot warmer, or shut down the gulf 
stream and make it a lot cooler. Either way, we will face a rise in disease as cold weakens the immune 
system and heat causes dehydration, heatstroke and other health problems. 
Of course, if you take into account the cause of global warming, pollution, you have even more problems. 
Pollution causes eye and lung diseases.   

   Extract C.2  from the Forum II – Writing about global warming  

    Figure  7.8  shows a map created by the author to represent the level of argumentation 
embedded in the students’ writing. Based on Toulmin’s model, we can see that they 
included the main components to ground their claim: claim, rebuttal, pros and “evidence 
to back up their ideas”. The level of their argumentation and writing are very good.

   Extract  C.3  shows their fi rst dialogue map in Compendium. They generated 
more questions and more claims. They extracted the different issues from their ini-
tial statements, and opened up discussion about them. They also described some 
science concepts giving more details. However, their arguments in the map were not 
as clear as in their writing (where they considered pros and cons and data for their 
main claim.) If they had included all these components of science argument, then 
the maps would be better. As they had diffi culty in choosing the icons, they can not 
visualise what part could be improved. They represented all of them as answers in 
three linear sequences as if they were writing, which suggests that, in fact, they 
could have written these arguments without creating the map. 
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 Extract C.3 shows students were able to present warrants based on their science 
knowledge. However, the science teacher noticed they did not show a clear under-
standing about why the UK might cool down. Moreover, they did not include any 
counterargument. They had also diffi culties in representing data through proper 
icons. The level of argumentation dropped from level 4 to level 2.  

    

  Fig. 7.8    Map created in Compendium based on Toulmin’s model       

   Extract C.3  from the Forum III – Mapping scientifi c arguments  

    Extract  C.4  represents their map with information from the web. They added 
more data, questions and arguments. They also represented the components 
through different icons and established more connections between them. 
However they still were not able to explain clearly the effect of Global Warming 
and the Gulf Stream. They were also not sure about the difference between 
answers and pros.
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   Extract C.4  from the Forum IV – Mapping data from the web  

    The level of argumentation in their mapping improved. However, it is not possible 
to conclude that mapping helped them to construct better arguments. They estab-
lished good connections, not as linear as the previous map. However, their argu-
ments in this map were not as well integrated as in their writing (Fig.  7.10 ) where 
we could see all of their arguments connected to data. In the writing Extract  C.2 , 
as they mentioned, they were “focussed” on the main idea (“Britain, a lot warmer”) 
and they brought more components to ground that claim (Fig.  7.7 ). In the map 
in Extract  C.4 , they raised more questions and open more statements, but they 
weren’t able to put their arguments together in order to construct a good 
argumentation. 

 Extract  C.5  presents their fi nal map and writing. After the teacher’s feedback and 
explanation about the Compendium icons, students were able to improve their map 
signifi cantly. With better understanding to visualise the components of their map, 
they were able to assess their strengths and limitations; and construct better 
arguments.  
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   Extract C.5  from the Forum V – Writing from your map  

    They used the icons more systematically to express the roles played by each node:

•    “Note” to represent facts, concepts and data. These are their evidence, which 
means statements that can be considered acceptable as truth based on science. 
Normally they are presented with present tense verbs.  

•   “Answer” to indicate their main claims which address their questions. As their 
questions refer to the future, these sentences are in the simple future tense.  

•   “Pro” to show their arguments. This can also be in the future, but their function 
is to support or explain their main answer.  

•   “Con” to introduce exceptions, opposite ideas, statements against.   

Once they were able to use the icons properly, they really improved their map with 
better and more consistent explanation of the Gulf Stream. They also had a clearer 
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visualisation about what their main viewpoint was, in order to support and challenge 
it. At the beginning they said that their focus was on “it will be warmer”, then after 
better explanation, they changed to “it might be colder”. 

 As they were able to construct strong argumentation on their map, and clear 
structure, it was easier for them to edit all the nodes from the map into a good 
composition. As they could clarify their understanding about the Gulf Stream, they 
could present better explanation in the composition which made it better than the 
previous writing. They were also able to visualise better what was their main proposition 
and describe it clearer on the text. 

 Extract  C.6  shows how these students refl ected as mapping for writing. Both of 
them considered it useful. They presented several reasons: “helped me to sort out 
my ideas and arguments”, “make my points clearer and easier to understand”, “It also 
helps you to think through the facts and how they affect your arguments.” 

 Although they considered it diffi cult to export and import maps in Moodle, they 
really showed interest in using mapping again. They also presented interesting reasons: 
“Writing from mapping “is more fun”, “Argument is more logical and ordered”, “It 
makes the whole thing a lot quicker”. They could also identify signifi cant benefi ts 
such as “it would also be easier for a teacher to mark my ideas”.

    

Teacher: How useful do you think maps are for constructing scientific arguments?
Chris: 4 It's reasonably good because it helped me to sort out my ideas and arguments and make my points 
clearer and easier to understand. I presume it would also be easier for a teacher to mark my ideas.
Carl:  5. It was a really good tool to sort out your ideas with and was very effective. It also helps you to 
think through the facts and how they affect your arguments.
Teacher: Did you find any problems during the process of mapping?
Chris: The only problem I found was that the process of saving the maps, opening, exporting etc. was very 
complicated and I would not be able to do it by memory, I would need the whole process written down for 
me to do it by
Carl:  Importing and exporting were quite tricky and it would be easier if you could just save and copy and 
paste the text.
Teacher: Would you use a map in future? If so, say why? 
Chris: I might use the map in the future because it makes writing easier for me to do personally and for 
other people to understand. Overall it makes life a lot easier for everyone and it is definitely a very useful
Carl: Of course, but I wish saving the work was easier.
Teacher: Overall, does the map make the process of writing any easier? Why?
Chris: You can get down the basic ideas and link them together, making connections and then edit the same 
text, which makes the whole thing a lot quicker because you can actually use the notes you make.
Carl: yes its more fun. I find when it comes to writing up an essay that my argument is more logical and 
ordered.   

   Extract C.6  from the Forum VI – Refl ecting on writing from maps  

    In summary, we observed in case C that when students present good knowledge 
and arguments in their initial writing, maps can acts as a tool for seeing whether 
they were able to apply their knowledge and formatively assessing their understanding. 
As students need to support their position in the map through connections, maps can 
reveal possible misunderstandings that their writing can not. Once students, through 
teachers’ feedback, are able to clarify their connections, then they can enrich their 
argumentation and improve signifi cantly their writing. Then, maps work as a tool 
for “sorting out their ideas and arguments”. Their “arguments are more logical and 
ordered” and their “points are clearer and easier to understand”.   
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7.5      Discussion: Returning to Our Research Questions 

 Encouraged by the success of Compendium-enabled dialogue mapping in non- 
educational contexts, we have presented the fi rst step in our efforts to investigate its 
potential as a cognitive discipline, within a structured digital medium, to foster 
school students’ scientifi c argumentation. We now discuss the preliminary answers 
that we can give to our opening research questions, based on the analyses of student 
pairs A-C. 

7.5.1     Scientifi c Knowledge and Mapping 

 In our case study pairs, we saw examples of superfi cially well-structured maps with 
poor argumentation, and of poorly structured maps with good argumentation 
embedded in the labels of nodes. We saw how the visual language of IBIS can 
provide a template, for instance, cueing students that at least one Pro and Con are 
expected to be linked to each Position, even if they are not yet sure what these 
should be. We saw that the maps added depth to searching the Web: students 
may be seeking a specifi c kind of data to complete a map, or when unexpectedly 
encountering a potentially relevant page, they must now refl ect on how to link it in 
coherently to their narrative. 

 Reviewing this work, O’Brien (personal communication) stated “mapping has its 
strength in that the students can determine for themselves the links that make the 
knowledge intelligible, through conceptual bridges they can make in their own 
minds, and in this way their inquiry-based learning skills are greatly enhanced. For 
these students, this allows them to develop strong strategies for learning like chunk-
ing, and skills to develop thinking in depth” (Okada and Buckingham Shum  2008 ).  

7.5.2     Scientifi c Writing and Mapping 

 The students we worked with clearly did not see writing as particularly enjoyable or 
central to science. It is likely that this naïve separation between what might be 
paraphrased as “doing the real science” versus “merely communicating it” is widely 
shared in the general public, but is directly challenged by the work we briefl y 
reviewed at the start, in which science is constituted by its different discourses, 
which in turn actively shape the work that is undertaken. Sociological theories aside, 
we have the intensely practical task of raising a generation who want, and have the 
skills, to engage in public debate about science-related dilemmas. Pragmatics 
confronts us with the task of teaching students how to argue and reason critically, 
and convincing them that how and why scientists argue is deeply interwoven with 
what experiments they do and what can be concluded from them. 
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 Since we are all schooled in writing prose from an early age, it is no surprise that 
writing essays or posting comments to a discussion forum came more easily to the 
students than mapping. This will always be the ‘path of least resistance’ – but as all 
teachers and researchers know to their cost, fl uency with the language and the 
fl uidity of the digital medium can simply serve as a channel for unfocused verbiage. 
As historians of orality, literacy and digital media note, greater resistance in an 
information environment can foster greater refl ection before ideas are committed 
(Ong  2002 ; Heim  1987 ). 

 We have described some of the translations that we observed from maps to prose, 
with some indicative results that a good IBIS tree structure in a map assisted the 
subsequent linearisation task by generating a coherent document outline. Sometimes 
students wrote maps in anticipation of conversion to prose, using connectives in 
node labels, while others added them after, in order to translate the nodes and links 
into more fl owing prose. A closer analysis is needed to investigate specifi c questions 
about how graphical connections in a mapping language relate to appropriate use of 
connectives in prose (Okada  2009 ). 

 Moving in the other direction, we translated students’ prose into maps for analyti-
cal purposes, but there were no activities that specifi cally scaffolded this, e.g. 
through teaching the systematic annotation of texts, as is supported more directly by 
tools such as Araucaria (Chap.   8    ). Again, it is an open question as to whether 
young teenagers can be taught this, in the way that Reed et al. have worked with 
university undergraduates.  

7.5.3     Cartographic Literacy 

 Prior work has documented the intellectual work involved in constructing dialogue 
and argument maps. The cognitive tasks include parsing the fl ow of ideas at an 
appropriate granularity, assigning a node type (icon), labelling them succinctly, 
and connecting them with meaningful links to an appropriate node. Doing this in 
real time to capture a discussion in the graphical IBIS language is a specifi c skill 
that Conklin ( 2006 ) terms Dialogue Mapping, which includes a collection of heu-
ristics for recognising different kinds of conversations and creating coherent, bal-
anced maps. Selvin (Chap.   11    ) takes this even further, examining expert performance 
when formal modelling and multimedia assets are added to the mix. In sum, like any 
advanced intellectual or artistic discipline (as cartography surely is), one starts sim-
ple, but there is great scope for mastery and beauty. 

 To a practised dialogue mapper’s eye, the students’ maps leave much to be 
desired in terms of form and content, but these are equivalent to the fi rst stammering 
phrases in a new language. The question is to what extent dialogue mapping can add 
value even at this stage, in order to maintain student (and staff) motivation to use 
this new way of reading and writing ideas. Our case studies provide qualitative 
indicators that we take to be promising, although the story is clearly not 
straightforward. 
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 The tasks of parsing one’s thoughts into discrete nodes, and classifying with 
appropriate icons are possibly the most demanding, and examination of the stu-
dents’ maps (or, indeed, any dialogue map) highlights that there are no hard rules. 
Whether a node is considered objectively reported Data or a personal Idea varies; 
whether an idea is a Pro/Con or an Idea depends on how the root Question is framed. 
Whether a complex idea is left as one node or decomposed into constituents is again 
context dependent. The point is that concepts such as Problem, Answer, Data, 
Evidence are merely roles that elements play in discourse. At one moment, an idea 
is an unproblematic assumption, folded into a Question. That same idea may become 
an explicit Idea node somewhere else, or a Pro/Con. Pedagogically, this is of course 
an extremely complex point to teach any teenager, but this abstract concept is made 
tangible in dialogue mapping through the icons: the message is implicit in the visual 
language, if taught correctly. This brings us to the teacher’s role.  

7.5.4     The Teacher’s Role 

 In any context, teachers must provide appropriately constrained activities in which 
students can accomplish meaningful work. Knowledge cartography’s process- 
orientation can provide a ‘window’ into the workings of students’ minds by showing 
the intellectual moves they are making more clearly than when it is embedded in 
prose. As one student commented, mapping makes it easier for the teacher to mark 
the work, and we saw a key role for teachers to provoke thinking by asking specifi c 
questions about maps. The science teacher working on the summer school commented, 
“Dialogue mapping can function as a teaching aid if this mapping technique is 
applied in a context of a project with a set of activities, where students can rethink 
their mapping, get feedback and improve it.” 

 In terms of dialogue mapping, this translated in a number of ways, including 
drawing attention to a specifi c part of the map that lacks clarity (“what are your key 
ideas?) or needs elaboration (“where are the counter-arguments?”); focusing stu-
dents on substantiating reasoning with evidence from the Web; as well as domain 
knowledge checks (“why will melted ice raise water levels?”). We see huge scope 
for developing a ‘battery’ of checks that both teachers and students could use to 
assess the quality of dialogue maps, adapting the work of Conklin and Selvin on 
the practitioner skillset to capture the heuristics in engaging, memorable ways.  

7.5.5     Software Design 

 We have discussed at some length the nature of the resistance that a diagrammatic 
language like graphical IBIS presents to the expression of ideas. In contrast, the 
mechanics of driving Compendium were unproblematic, with students comfortable 
with a familiar direct manipulation user interface for dragging, dropping and linking 
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nodes and websites. Greatest problems were encountered in exporting maps to 
outlines, and sharing maps via the Moodle web environment, a process that has 
been streamlined since this summer school: Compendium now has a custom Moodle 
export that integrates HTML Maps, Outlines and XML data versions, which can be 
uploaded as one fi le for processing by Moodle. 

 Of most interest to us is the match between how students give form to their think-
ing, and how this can be gradually structured, moving from an inchoate collection 
of thoughts equivalent to a sheet of sticky-notes, into a deliberation map that can be 
judged rigorous by scientifi c and argumentation standards. Central to Compendium’s 
design has been a focus on avoiding “premature commitment” to inappropriate 
structure, and other key cognitive dimensions that determine the fl uidity of tools for 
thought (Green  1989 ; Cognitive Dimensions  2007 ). We saw in the case studies the 
value of permitting freeform layouts of nodes, but also the danger that this low 
constraint condition can provide ‘enough rope to hang yourself’ with spaghetti link 
structures. We are concluding that predefi ned visual patterns in the form of reusable 
templates could have an important role to play in seeding maps with useful struc-
tures, establishing a visual language that makes tangible important intellectual 
lenses that we want to instill. 

 To summarise, we might pull together the above threads in a vision as follows. 
We want to reach the point where students and teachers feel as confi dent with 
knowledge cartography as they do with other digital tools, and where the visual 
schemes provide an intuitive way to build and critique reasoning using the carto-
graphic language of colour and space, e.g. Where’s the purple? (=there’s no data); 
Where’s the red? (=there are no counter-arguments); Why do these nodes all say the 
same thing? (=there may be a clearer structure to this map which groups these nodes 
together more elegantly); Where’s the root node? (=what’s the core issue at stake?); 
Why are these nodes out here on the edge? (=are they irrelevant to the rest of the 
argument, or are you missing an important question that will bring them in?).   

7.6     Future Work and Conclusion 

 Dialogue Mapping is a relatively mature knowledge cartography approach, with an 
established user community, technical base and codifi ed training, with demonstrable 
value outside education. This chapter has discussed the results of a pilot investigation 
introducing it into a secondary school context, specifi cally in response to growing 
concern over students’ poor scientifi c reasoning skills. 

 We have explained the relationship of scientifi c argumentation and Dialogue 
Mapping, and presented qualitative analysis of three case studies from a UK 
summer school for teenagers aged 12–13 years. We aim to continue investigating 
the research questions introduced above with respect to how Dialogue Mapping 
and Argument Mapping can be used to improve students’ critical thinking and 
argumentation skills in contemporary socio-scientifi c debates and Inquiry-Based 
Learning Projects. 
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 Our objective in terms of professional development is to foster a community of 
practice (in the OpenLearn project – Fig.  7.9 , weSPOT project – Fig.  7.10  and 
ENGAGE project – Fig.  7.11 ) amongst educators and researchers (and perhaps 
even students), with its own focused workshops, online discussions and the sharing 
of curriculum ideas (Okada  2013 ; Okada et al.  2014 ).

     OpenLearn project, a large scale online environment that makes a selection of 
higher education learning resources freely available via the internet. OpenLearn, 
which is supported by William and Flora Hewlett Foundation, in the 2 year period 
of its existence has released over 5,400 learning hours of the OU’s distance learning 

  Fig. 7.9    OpenLearn project was developed based on Moodle, which integrates Compendium 
knowledge maps (  http://openlearn.open.ac.uk    )       
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resources for free access and modifi cation by learners and educators under the 
Creative Commons license. It also offers the knowledge mapping tool: Compendium 
for visual thinking, used to connect ideas, concepts, arguments, websites and docu-
ments. Co-learners can create, upload and download maps (Fig.  7.9 ). 

 The weSPOT project (Working Environment with Social, Personal and Open 
Technologies) focuses on propagating scientifi c inquiry as the approach for devel-
oping scientifi c literacy through different scenarios related to formal, non-formal 
and informal contexts. Its aim is to provide learners with the ability to build their 
own inquiry-based learning space, enriched with social and collaborative features. 
Smart support tools can be used for orchestrating inquiry workfl ows, argumentative 
mapping, mobile apps, learning analytics and social collaboration on scientifi c 
inquiry. Learners can interact with their peers and discuss their inquiry projects, 
receive and provide feedback, mentor each other, thus develop meaningful social 

  Fig. 7.10    weSPOT project was developed based on ELGG, which integrates Mobile Data 
Collection, Learning Analytics and Refl ection Environment as well as Mindmeister knowledge 
maps (  http://inquiry.wespot.net    )       
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networks that will help and motivate them in their collaborative inquiry projects. 
Co-learners can create collective maps together and develop scientifi c reasoning 
collaboratively (Fig  7.10 ). 

 Further studies will also integrate the European project ENGAGE (Equipping the 
Next Generation for Active Engagement in Science) whose aim is to help educators 
develop the beliefs, knowledge and practice for RRI (Responsible Research and 
Innovation). This project also focuses on adopting inquiry based methodology to pro-
vide learners opportunity for coming to informed decisions through scientifi c argu-
mentation and awareness of important Socio-ethical issues. Co-learners can also share 
their individual or collective maps as well as their scientifi c explanations (Fig.  7.11 ). 

 We welcome contact from all who would like to participate in such a network 
(  Colearn.open.ac.uk/maps    ).     

  Acknowledgments   I am grateful to  Pat O’Brien  from the P&S Consultancy, whose work has 
been used by the National Academy for Gifted and Talented students in science and the National 
Learning Science Centre, for his very helpful feedback. I am grateful to  Tony Sherborne  from the 
Sheffi eld Hallam University, the author and coordinator of the Totally Wild Science Summer 
Course, for the opportunity to start this research. I am grateful to colleagues at the Open University: 
 Karen Littleton  from the Centre for Research in Education and Educational Technology for her 
signifi cant comments,  Simon Buckingham Shum  and  Michelle Bachler  (both from the Knowledge 
Media Institute) for technical support. 

 weSPOT project is funded by European Community’s Seventh Framework Programme 
(FP7/2007-2013) under grant agreement N° 31849. 

 ENGAGE project is funded by European Community’s Seventh Framework Programme 
(FP7/2007-2013) under grant agreement N° 612269.  

      References 

     Bodzin, A. & Beerer, K. (2003): Promoting inquiry-based science instruction (STIR). Journal of 
elementary science, 15(2), 39–49.  

     Carr, C. (2003).Using Computer Supported Argument Visualization to Teach Legal Argumentation 
In. Kirschner, P. Buckingham Shum, S. and Carr, C. (Eds.) Visualizing Argumentation: 
Software Tools for Collaborative and Educational Sense-Making. Springer-Verlag: London  

   Cognitive Dimensions (2007)   http://www.cl.cam.ac.uk/~afb21/CognitiveDimensions      
     Conklin, J. (2006) Dialogue Mapping: Building Shared Understanding of Wicked Problems. John 

Wiley, UK.  

  Fig. 7.11    ENGAGE project is a new platform in development, which will integrate OER, MOOC, 
and Learning Analytics Partnership broker system through a knowledge hub.  Its aims are to  embed 
RRI in the curriculum through IBL and to provide: 
  Scientifi c argumentation tools  for teachers trainers 
  Open learning materials  in RRI in different languages 
  Video Library  of RRI pedagogies 
  MOOC’s  online courses 
  Brokering System  for school-scientist partnerships 
  Learning Analytics Tools  to collect student opinions remotely       

 

7 Scaffolding School Students’ Scientifi c Argumentation in IBL with Evidence Maps

Colearn.open.ac.uk/maps
http://www.cl.cam.ac.uk/~afb21/CognitiveDimensions


172

   Conklin, J.; Begeman, M. L. (1988). gIBIS: A Hypertext Tool for Exploratory Policy Discussion. 
ACM Transactions on Offi ce Information Systems, 6(4), p. 303–331.  

    Driver, R., Newton, P., & Osborne, J. (2000). Establishing the norms of scientifi c argumentation in 
classrooms. Science Education, 84(3), 287–312.  

   Green, T. (1989). Cognitive Dimensions of Notations. In  People and Computers V: Proc. HCI’91 
Conference.  (Eds.) A. Sutcliffe and L. Macaulay, pp. 443–460. Cambridge University Press: Cambridge  

    Heim, M. (1987). Electric Language: A Philosophical Study of Word Processing. Yale University 
Press: New Haven & London  

    Hodson, D (2003). Science education for an alternative future. International Journal of Science 
Education (2003), 25(6), 645–670  

      Hogan, K., & Maglienti, M. (2001). Comparing the Epistemological Underpinnings of Pupils’ and 
Scientists’ Reasoning about Conclusions. Journal of Research in Science Teaching, 38(6), 663–687.  

   Jaubert, M. and Rebiere M. (2005). Learning sciences by writing. In Camps A. and Milian M. 
(coord.), L1 Educational Studies in Language and Literature, Amsterdam, Kluwer Ed.  

      Kuhn, D. (1991). The Skills of Argument. Cambridge: Cambridge University Press.  
    Manson, L. and Boscolo, P. (2000). Writing and conceptual change. What change? Instructional 

Science, 28, 199–226  
      Means, M. L. & Voss, J. F. (1996). Who reason well? Two studies of informal reasoning among children 

of different grade, ability and knowledge levels. Cognition and Instruction, 14(2), 139–179.  
    National Research Council (2000) Inquiry and the National Science Education Standards. 

Washington, DC: National Academy Press.  
    Newton, P., Driver, R., & Osborne, J. (1999). The Place of Argumentation in the Pedagogy of 

School Science. International Journal of Science Education, 21(5), 553–576.  
    NRC (2012). A framework for K12 Science Education: Practices, Crosscutting Concepts and Core 

ideas. Washington, DC: The National Academy Press.  
   O’Brien, P(2003) Using Science to Develop Thinking Skills at Key Stage 3. NACE/Fulton Publication  
   Okada, A. (2009) Eliciting thinking skills with inquiry maps in CLE, in eds. Patricia Lupion 

Torres,Rita de Cássia Veiga Marriott, Handbook of Research on Collaborative Learning Using 
Concept Mapping, pp. 52–80, IGI Global  

   Okada, A. (2013) Scientifi c Literacy in the digital age: tools, environments and resources for co-
inquiry, European Scientifi c Journal, 4, ISSN: 1857–7881, United Nations, url:   http://eujour-
nal.org/index.php/esj/article/view/2479      

   Okada, A. and Buckingham Shum, S. (2008) Evidence-Based Dialogue Maps as a research tool to 
evaluate the quality of school pupils’ scientifi c argumentation, International Journal of Research 
and Method in Education, 31, 3, pp. 291–315, Routledge, London  

   Okada, A., Pinto, S. and Ferreira, S. (2014) Scientifi c Literacy through co-Inquiry based on non-
formal and informal learning, PCST2014 – 13th International Public Communication of 
Science and Technology Conference, Salvador-Brazil  

    Ong, W.J. (2002). Orality and Literacy, London: Routledge.  
   Ratcliffe, M. (1997). Pupil decision-making about socio-scientifi c issues within the science 

curriculum. International Journal of Science Education, 19(2).  
     Schwarz, B and Glassner, A. (2003) The Blind and the paralytic: supporting argumentation in 

everyday and scientifi c issues In: Andriessen, Baker and Suthers(Eds.) Arguing to Learn 
Confronting Cognitions in Computer-Supported Collaborative Learning Environments.  

     Simon, S. Erduran S. and Osborne J. (2002) Enhancing the quality of argumentation in school sci-
ence Annual Meeting of the National Association for Research in Science Teaching, April 
7–10, New Orleans, USA.  

    Suppe, F. (1998). The structure of a scientifi c paper. Philosophy of Science, 65(3), 381–405.  
    Tafoya, E., Sunal, D., Knecht, P. (1980). Assessing Inquiry Potential: A Tool for Curriculum 

Decision Makers. School Science and Mathematics,  80 (1), 43–48.  
    Toulmin, S. (1958). The Uses of Argument. Cambridge: Cambridge University Press.  
   Veerman, A. (2003). Constructive discussions through electronic dialog. In: Andriessen, Baker and 

Suthers(Eds.) Arguing to Learn Confronting Cognitions in Computer-Supported Collaborative 
Learning Environments.    

A. Okada

http://eujournal.org/index.php/esj/article/view/2479
http://eujournal.org/index.php/esj/article/view/2479


173A. Okada et al. (eds.), Knowledge Cartography: Software Tools  
and Mapping Techniques, Advanced Information and Knowledge Processing,
DOI 10.1007/978-1-4471-6470-8_8, © Springer-Verlag London 2014

Abstract Formal arguments, such as those used in science, medicine and law to 
establish a conclusion by providing supporting evidence, are frequently represented 
by diagrams such as trees and graphs. We describe the software package Araucaria 
which allows textual arguments to be marked up and represented as standard, 
Toulmin or Wigmore diagrams. Since each of these diagramming techniques was 
devised for a particular domain or argumentation, we discuss some of the issues 
involved in translating between diagrams. The exercise of translating between dif-
ferent diagramming types illustrates that any one diagramming system often cannot 
capture all of the nuances inherent in an argument. Finally, we describe some areas, 
such as critical thinking courses in colleges and universities and the analysis of 
evidence in court cases, where Araucaria has been put to practical use.

8.1  Introduction

The technique of argument diagramming is widely used in informal logic (Hurley 
2003), and in the teaching of philosophy and critical thinking (Harrell 2005). It also 
has a long history going back at least as far as the start of the nineteenth century 
(Walton 2006). It has recently been attracting attention in both decision support and 
computational linguistics, and there are a wide range of software tools available 
targetted at different markets [see Kirschner et al. (2003) for a good review]. Perhaps 
surprisingly, most of these tools adopt a similar style of diagramming.

Araucaria (Reed & Rowe 2004) is a freely available, open source software 
 package developed over the last few years at the University of Dundee. (See http://
araucaria.computing.dundee.ac.uk/ for downloading instructions.) Araucaria allows 
the text of an argument to be loaded from a file, and provides numerous tools for 
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marking up this text and producing three types of diagram (standard, Toulmin and 
Wigmore; see below) illustrating the structure of the argument contained in the text. 
It also provides support for defining and marking up argumentation schemes 
(Walton 1996).

Araucaria allows the user to select a block of text with the mouse and create a 
node corresponding to this text which can be inserted into a diagram in the main 
display area. These nodes can be edited and adorned in various ways to add proper-
ties such as a label stating the owner of a given proposition in the argument, symbols 
on the edges connecting the nodes stating the strength of the inference from support 
to conclusion, and so on.

Araucaria allows the saving and export of a marked up argument in the form of 
a text file using Argument Markup Language, or AML. AML is a form of XML 
which provides a standard by which argument can be stored and transmitted between 
software packages. Araucaria also provides an interface with the argument research 
corpus maintained at the University of Dundee (Katzav et al. 2004), allowing new 
arguments to be stored in the corpus and providing a search facility for retrieving 
arguments from the database.

Araucaria is amongst a small number of diagramming tools that actively support 
and encourage the use of widely different styles of analysis. The next three sections 
briefly review three popular and influential styles (each of which reflects a theoreti-
cal architecture for argument understanding).

8.2  Diagramming the Standard Account

The most common diagramming technique does not have an official name, so we 
will refer to it simply as a standard diagram. A standard diagram is a tree with the 
conclusion of the argument as the root node. Some authors draw the root node at the 
top of the tree, while others invert the tree so that the root node is at the bottom of 
the diagram. We will use the former convention, although Araucaria allows either 
type of diagram.

Each node in the diagram can be supported by one or more additional nodes, 
each of which represents a premise in the argument. Premises can be of two main 
types: convergent or linked. A convergent premise stands on its own as support for 
another node, while a linked premise must link with one or more other premises to 
form support. As an example, the argument “a cat makes a good pet because it is 
friendly and it can look after itself” consists of a conclusion (a cat makes a good 
pet) supported by two convergent premises (“it is friendly” and “it can look after 
itself”). Either premise provides support for the conclusion without the other, 
although the two together form a stronger argument than either on its own. A con-
vergent premise is drawn as a node with a single arrow leading to the conclusion it 
supports. See Fig. 8.1.

An example of a linked argument would be the following. “Jon understands 
Newton’s laws of motion because Jon got 90 % in the first year physics course and 
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the first year physics course covers Newton’s laws of motion.” Here the conclusion 
is that “Jon understands Newton’s laws of motion” and this is supported by the 
premises “Jon got 90 % in the first year physics course” and “the first year physics 
course covers Newton’s laws of motion.” These two premises are linked because 
neither on its own is sufficient evidence from which to draw the conclusion that Jon 
understands Newton’s laws of motion. Linked premises are shown as connected by 
a horizontal line which in turn gives rise to a single arrow connecting all linked 
premises in that group to the conclusion they support. See Fig. 8.2.

Standard diagrams support the notion of a refutation, which is an argument that 
refutes or argues against another node in the diagram. In propositional logic, the 
notion of refutation is that for a given statement P, there is a statement not-P which 
is the logical opposite of P. Since each statement can have only one logical opposite, 
the standard diagram allows only a single refutation for any given node. Of course, 
in a “real” argument, there could be a number of arguments against a given proposi-
tion. In the standard diagram, such a situation is represented by creating the single 
refutation node for the proposition which is to be refuted, and then to draw in the 
various arguments against the proposition as supports for the refutation. In the 
example above, the refutation to the conclusion “Jon understands Newton’s laws of 
motion” is “Jon does not understand Newton’s laws of motion.” This refutation 
could be supported by the proposition “the first year physics course got a bad review 
from external assessors” as shown in Fig. 8.3.

In Araucaria, a refutation is drawn as a node to the left of the proposition it is 
refuting, and is connected to the proposition by line with arrows on both ends.

It is friendly

a cat makes a good pet

it can look after itself

Fig. 8.1 A simple convergent argument in Araucaria

Jon got 90 % in the first year
physics course

the first year physics course
covers Newton’s laws of
motion

Jon understands Newton’s
laws of motion

Fig. 8.2 A simple linked argument in Araucaria
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In addition to the basic structure of the tree in a standard diagram, Araucaria 
 supports several other features. An argumentation scheme (Walton 1996) is a pat-
tern based on the types of premises used to support the conclusion. For example, the 
argument “global warming is real and is caused by human activity because a recent 
UN conference came to this conclusion” is an argument from expert opinion because 
the evidence supporting the conclusion is that a panel of experts says that the 
 conclusion is true. Each argumentation scheme is usually associated with a set of 
critical questions which should be answered in order to verify the validity of the 
argument. In the case of argument from expert opinion, for example, critical ques-
tions could include: “does the presumed expert have experience in an area related to 
the conclusion?”, “is the expert free of bias?” and so on. Numerous other schemes 
can be defined for arguments of other types.

In Araucaria, a scheme can be drawn by selecting several supports or nodes and 
then selecting the scheme to which they belong. This is shown in the diagram by a 
colored outline of the selected supports and nodes. Full information on the particu-
lar scheme can be obtained by bringing up a dialog box which displays the role of 
each premise in the scheme and which critical questions have been answered. In 
addition, Araucaria allows the editing and creation of sets of schemes, so the user 
can customize existing schemesets or create new ones. The software currently sup-
ports approaches to schemes advocated by Walton (1996), Grennan (1997), 
Perelman & Olbrechts-Tyteca (1969), Katzav & Reed (2004) and Pollock (1995).

In the example above, the refutation and its support could be an example of the 
scheme “argument from expert opinion,” in which a conclusion is stated to be true 
because experts in the field say it is true. Figure 8.4 shows the scheme added to the 
diagram shown in Fig. 8.3.

In a natural argument, some propositions will have greater validity or force than 
others. In a standard diagram, a force can be represented as an evaluation of the 
support line connecting a proposition with its conclusion. Typically an evaluation is 
just a number such as a percentage value which indicates how strong the inference 
is between the two nodes. Araucaria allows evaluations to be defined for any  support 
arrow, and evaluations can be any text (not just numbers).

Jon does not understand
Newton’s laws of motion.

The first year physics course
got a bad review from external
assessors

Jon understands Newton’s
laws of motion

Jon got 90 % in the first year
physics course

the first year physics course
covers Newton’s laws of
motion

Fig. 8.3 An argument with a refutation
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When analyzing text, different propositions can be derived from different 
sources. For example, in the “cats make good pets” argument above, the various 
convergent arguments may have been obtained by a primary school teacher asking 
the class for reasons that cats make good pets, and each convergent argument may 
come from a different child. In such a case, a proposition can have an owner, which 
is someone who proposed that argument. Araucaria allows a given proposition to 
have one or more owners, which can be defined as text strings.

8.3  Diagramming the Toulmin Account

The Toulmin diagram (Toulmin 1958) in its original form is based on the datum-
warrant- claim (DWC) complex. The claim is the conclusion of the argument, which 
is supported by the datum. The warrant provides justification for the statement that 
the datum supports the claim. Thus the DWC seems closest to the notion of a linked 
argument in a standard diagram. We might say that Jon understands Newton’s laws 
of motion (the claim) because he got 90 % in the first year physics course (the 
datum). On its own, however, this could leave the reader wondering if the physics 
course’s coverage of Newton’s laws was sufficient to provide even a very good stu-
dent with an understanding of them. Thus we provide the warrant which states that 
the first year course does indeed provide a through grounding in Newton’s laws. In 
Araucaria, a warrant is drawn as a green node with a link into the line connecting 
the datum and the claim.

A simple Toulmin diagram containing only a single DWC complex is shown in 
Fig. 8.5. The datum is on the left and connects to the claim on the right by a hori-
zontal line. The warrant links into the line from below as shown. The diagram thus 
illustrates the idea that the warrant supports the inference from datum to claim, 
rather than the claim directly. This diagram is produced by Araucaria as a direct 

Argument from Expert
Opinion
Jon does not understand
Newton’s laws of motion.

The first year physics course
got a bad review from external
assessors

Jon understands Newton’s
laws  of motion

Jon got 90 % in the first year
physics course

the first year physics course
covers Newton’s laws of
motion

Fig. 8.4 The refutation and its support form an example of the scheme “argument from expert 
opinion”
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translation of the standard diagram shown in Fig. 8.2. See below for a discussion of 
the translation of diagrams.

A Toulmin diagram provides the rebuttal as the mechanism for rebutting an argu-
ment. A rebuttal appears as another node that links into the DWC by a vertical line 
from below. The fact that the rebuttal also impacts on the link between datum and 
claim shows that it attacks the inference from datum to claim, rather than being a 
strict negation of the claim as is the case with the refutation node in the standard 
model. In the example above, we might add a rebuttal to the argument by saying 
“the first year physics course got a bad review from external assessors” which casts 
doubt on the value of getting a high mark in the course, thus undermining the impli-
cation that getting 90 % in it would imply a sound knowledge of the material  covered 
by the course. The correspondence between the Toulmin rebuttal and the standard 
refutation is discussed in more detail below in the section on translating Toulmin 
diagrams. In Araucaria, the Toulmin rebuttal is drawn as a red node connecting to 
the datumclaim link, as shown in Fig. 8.6.

The final feature in a Toulmin diagram is the qualifier. A qualifier plays roughly 
the same role as an evaluation in standard: it provides a measure of the confidence 
in the DWC complex. Qualifiers are also attached to the link between datum and 
claim, and are indicated in Araucaria as yellow triangular nodes.

8.4  Diagramming the Wigmore Account

A diagramming model was produced by Wigmore in the early twentieth century 
(Wigmore 1913) to allow diagrams of legal arguments. The structure is superfi-
cially similar to the standard diagram in that the argument is drawn as a tree with the 
root node at the top, but there are some important differences. Usually, there are two 
main trees for a single court case: one for the argument from the prosecution and the 

Jon got 90 % in the first year
physics course

Jon understands Newton’s
laws of motion

Warrant
the first year physics course
covers Newton’s laws of
motion

Fig. 8.5 A Toulmin diagram showing the basic datum-warrant-claim complex

Jon got 90 % in the first year
physics course

Jon understand Newton’s
laws of motion

warrant
the first year physics course
covers Newton’s laws of
motion

rebuttal
The first year physics course
got a bad review from external
assessors

Fig. 8.6 A Toulmin diagram with a rebuttal
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other for the defense. Within each tree, the top level node is typically the central 
charge in the case which is either to be proved, in the case of the prosecution, or 
refuted, in the case of the defense. We will consider the prosecution’s argument in 
what follows.

The root node can have three groups of nodes connected to it (see Fig. 8.7). The 
main evidence supporting the central charge is presented as a block of testimonial 
or circumstantial nodes. Testimonial evidence is evidence introduced as testimony 
by witnesses, so could consist of accounts of what the witnesses saw, or other 
 evidence supposedly known as facts by the witnesses. Circumstantial evidence is 
evidence that is inferred from other facts, such as “the defendant was seen in the 
house at the time of the murder and his fingerprints were on the gun, so it can be 
inferred that he shot the deceased.” This group of nodes thus corresponds to the 
basic facts (or statements that can be presumed to be facts since they were given 
under oath) pertaining to the charge. Nodes 2 and 3 in Fig. 8.7 represent these argu-
ments (we will consider node 7 below).

The second group of nodes contains corroborative evidence. This is evidence 
introduced to support the central charge or testimonial/circumstantial evidence. 
Thus corroborative evidence is introduced on the side of the party attempting to 
establish the claim in the root node and would be seen as supportive evidence in the 
context of the argument. In the argument above, the claim that “the defendant was 
known to dislike the deceased” could be introduced as corroborative evidence since 
it establishes motive. The distinction between corroborative and testimonial evi-
dence is not precise and is in many cases subjective. Node 4 in Fig. 8.7 shows the 
corroborative argument.

The third group of nodes contains explanatory evidence. This is evidence intro-
duced by the opposite side in the case, and it attempts to lessen the credibility or 
deny outright the claim being made. In the above example, the defense may intro-
duce the explanatory evidence that “there was a third party present who struggled 
with the defendant and wrestled the gun from him, and who then shot the deceased. 

there was a third party
present who struggled with
the defendant and wrestled
the gun from him, and who
then shot the deceased.

The defendant murdered the
deceased.

the defendant was known to
dislike the deceased.

This third party was wearing
gloves, hence the absence of
his fingerprints

5 1

6

the defendant was seen in the
house at the time of the murder

his fingerprints were on the
gun

I heard the defendant arguing
with another man whose voice
I didn’t recognize (i.e. it was
neither the voice of the
defendant or the deceased)

2 3 7

4

Fig. 8.7 A Wigmore diagram
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This third party was wearing gloves, hence the absence of his fingerprints.” Nodes 
5 and 6 in Fig. 8.7 show the above evidence as two explanatory arguments.

In a Wigmore diagram, these three sets of nodes are placed in specific locations 
relative to the node they support (or deny, in the case of explanatory evidence). The 
testimonial/circumstantial nodes are placed below the central node, the explanatory 
nodes are on the left and the corroborative nodes are on the right. All nodes within 
each group are drawn as linked into a single support arrow, which in turn impinges 
on the central node.

The nodes and edges in a Wigmore diagram have a variety of symbols that are 
used to adorn them. We will not give a complete catalogue here, but an outline of 
the main categories of these symbols will be useful.

Each node itself can be evidence introduced either by the prosecution or 
defense, thus the symbols for the various nodes occur in pairs. The main symbol 
for each type of node is defined for the prosecution, and the corresponding sym-
bol for the defense adds an extra horizontal bar within the symbol. Thus the 
symbol for testimonial evidence introduced by the prosecution is a square, and 
for similar evidence introduced by the defense, it is a square with a horizontal 
line drawn inside it. In Fig. 8.7, the symbols are shown to the left of the identify-
ing number in the top line of each text box. The original Wigmore diagram 
showed only the symbol and associated number, and the analyst had to make 
reference to a separate text to provide the link between the diagram and the case 
notes. Araucaria allows both the full-text version of the Wigmore diagram (shown 
in Fig. 8.7) and the traditional version to be drawn.

The connections between nodes can have a variety of symbols added to them. 
An unadorned line indicates some “average” degree of support. Extra force in the 
support is indicated by adding various arrowhead or cross symbols (depending on 
the particular link), while a lessening of support, as might occur in with an explana-
tory node which argues against the claim, is indicated by a backwards pointing 
arrowhead. In Fig. 8.7, for example, the double arrowhead leading from node 3 
indicates strong support for the conclusion. The backwards arrow on the link from 
node 5 indicates that node 5 detracts from the conclusion. The X on the line from 
node 4 indicates that corroborative node 4 reinforces the conclusion. There are a 
number of other symbols that can be used to indicate varying degrees of support 
between nodes.

Wigmore distinguishes between the support provided by individual nodes and 
the aggregate support provided by all the nodes in a particular group. For example, 
in the set of testimonial nodes, each node in the set can have its own influence on the 
claim by being assigned its own degree of force. Some nodes may have average 
force, some strong and others very strong force. Taken together, the net effect of all 
the nodes in the group may be judged by the analyst to have “strong” (as opposed to 
“average” or “very strong”) force, so the single link leading from the line that groups 
all the nodes together can be assigned a symbol indicating what Wigmore calls the 
“net probative force” of all the testimonial nodes taken together. The line joining the 
set of nodes 2, 3 and 7 to the main conclusion is shown with a single arrow on it, 
which indicates that the net probative force of these three nodes is “provisional.”
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We have seen that the explanatory nodes provide a type of refutation or rebuttal 
mechanism in that they represent evidence provided by the opponent of the main 
claim. However, individual or aggregate links in a Wigmore diagram can be labeled 
as negatory nodes by placing a small circle on the line in the diagram. Wigmore is 
not entirely clear what this negatory symbol means, but it seems from the few exam-
ples he provides that it is intended to indicate that the evidence does not support the 
claim. Thus a testimonial node in the example given above might state “I heard the 
defendant arguing with another man whose voice I didn’t recognize (i.e. it was nei-
ther the voice of the defendant or the deceased).” If this evidence was given by a 
prosecution witness, it would be included in the diagram as a testimonial node but 
given negatory force since it doesn’t support the prosecution’s claim that the defen-
dant and deceased were alone in the room at the time of the shooting. This node is 
shown as node 7 in Fig. 8.7.

A hallmark of Wigmore diagrams is that many of the assignments of force or 
even the group into which a given bit of evidence is inserted can be quite subjective. 
The degree of force assigned to a particular node, or whether a node is testimonial 
or corroborative could vary from one analyst to another. The Araucaria representa-
tion of Wigmore diagrams is flexible enough to allow editing of the diagram to suit 
any taste.

8.5  Translation Between Diagram Types

8.5.1  Motivation and Desiderata

Argumentation theory enjoys a rich scholarly debate (see, e.g., Freeman (1991), 
Johnson (2000), Gilbert (1997) and van Eemeren (2004) for a representative sample 
of the range of this debate) about how best to conceive of, and then analyze real 
argumentation. There is no general consensus because different authors tend to 
focus on different aspects. The standard diagram is the style most commonly found 
in introductory texts on critical thinking and logic. It is probably the most intuitive, 
as it shows a single conclusion which is supported by a number of premises, with 
each premise in turn being supported by further premises. This is the sort of argu-
mentation often used in daily conversation. Bob may state “Genetically modified 
food is perfectly safe.” Anne will then ask him to defend his position, and he will 
provide points to support his original statement. Anne may decide to state her own 
position contrary to Bob’s, which results in a refutation of Bob’s position. Anne 
may then introduce her own premises to support her own position, and so on.

The Toulmin diagram introduces extra components to explain the structure of 
arguments in more detail. Toulmin’s idea is that the proponent of a claim will 
 produce a fact, called a datum, to support this claim. In order for the argument to 
make sense, a reason as to why this datum supports the claim may be needed; this is 
the Toulmin warrant. A warrant may thus be seen as extra information or  justification 

8 Argument Diagramming: The Araucaria Project



182

that is not immediately obvious from the datum-claim link. The Toulmin rebuttal is 
seen not as a direct attack on the claim itself, but rather on the link between the 
datum and claim.

As we have seen above, the Wigmore diagram was designed exclusively for use 
in analyzing legal cases, so its language and structure are specific to that setting. 
Branches of the diagram are reserved for principle evidence presented by one side 
(usually the prosecution) of the case, explanatory evidence presented by the other 
side (usually the defense), and corroborative evidence from the first side. Wigmore 
diagrams put great emphasis on adding weights to the support lines between nodes.

As can be seen, these three diagramming styles emphasize different aspects of an 
argument. Translating between them is not straightforward and, just as with many 
natural human languages, frequently an exact translation from one style to another 
is not possible.

The approach taken by the Araucaria project has been to try to support this diversity 
whilst maintaining a core coherence, and to do so by engineering pragmatic solutions 
for translating between the different styles of theoretical and practical analysis.

Our experience working with these multiple theoretical approaches to argument 
analysis has yielded a wish list for the process:

 (i) Translation should be deterministic, always providing the same output for any 
given input;

 (ii) Translation should be “symmetrical,” i.e. translation from A to B should be 
one-to-one, in the sense that any argument in A should have only one equivalent 
argument in B, and onto, in the sense that every argument in B has an equivalent 
argument in A. Backtranslation from B to A should possess the same properties, 
so that backtranslation from translation is always equivalent to identity;

 (iii) Translation should make maximal use of a common interlingua where 
possible;

 (iv) Where (iii) cannot be met, theory-specific analysis should be included by 
extending the interlingua.

The role of the interlingua here is taken on by the Argument Markup Language 
(AML). AML is a standard XML-based language which may be used to represent 
arguments, though in principle a more flexible system such as the AIF (Willmott 
et al. 2006) could be used. AML is designed around the concepts required to build 
standard diagrams, so tags for such things as convergent and linked premises are 
defined as part of the basic language. Specialized features of some nodes that are 
required in other diagram types such as Toulmin and Wigmore are introduced 
through a general “role” tag which allows one node to take on different roles in dif-
ferent diagrams. Thus an “added negation” role in a Toulmin diagram (see below) 
would be specified in AML as a role tag with a diagram type of “Toulmin” and a 
role description of “added_negation.”

Here we explore the translation of Toulmin and Wigmore diagram types into 
standard notation, and back again. We have analyzed the translation of Toulmin 
diagrams (Reed & Rowe 2006) and Wigmore diagrams (Rowe & Reed 2006) in 
detail elsewhere, so we will present a summary of the main points here.
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8.6  Translating Toulmin Analyses

In translating from a Toulmin diagram to a standard diagram, we need to consider 
the various components of a Toulmin diagram and how they correspond to features 
in a standard diagram. The elements of a Toulmin diagram we will consider are 
atoms, warrants, backings, qualifiers and rebuttals.

8.6.1  Atoms

Although the notion of what constitutes an argument or an atomic component of an 
argument (Katzav & Reed 2004; Parsons 1996; Wreen 1998) is highly conten-
tious, we will adopt the view that there is little difference between atomic state-
ments in any of the models of argument. A standard premise can serve as a Toulmin 
datum or warrant, for example.

8.6.2  Warrants, Backings and Qualifiers

The simplest construct in a Toulmin diagram is the datum-warrant-claim (DWC) 
complex. The warrant can be interpreted (Freeman 1991) as a reason for the datum 
being relevant to the claim. As such, it is reasonable to interpret the datum and war-
rant in a DWC as a pair of linked premises in the standard model. Figure 8 (Hansard 
2004) shows a typical translation.

It is important not to read too much in to Fig. 8.8. We are not claiming that the 
diagram captures the full meaning of the particular argument structure; rather we 
are proposing a reasonable interpretation of one diagramming system in terms of 
the other, using those features of each system that are available. Some authors cer-
tainly do not regard a warrant as equivalent to a standard premise (Hitchcock 2003) 
but since the standard system has no exact equivalent to the Toulmin warrant, the 
premise seems the best we can do. Figure 8.8 merely attempts to depict the argu-
ment so that it would make sense to workers using either system.

In the standard treatment, a linked argument can have any number of premises, 
while a Toulmin DWC complex typically contains only one datum and one warrant. 
Assuming we wish to preserve all the premises in the standard diagram when trans-
lating to Toulmin, we need to broaden the Toulmin diagram to allow either several 
data or several warrants, or both. Though taking liberties with the Toulmin picture, 
we allow several warrants to support a single datum-claim link. This meets objec-
tives (iii) and (iv) from the introduction, and most importantly, means that as 
described in objective (iv), analysts working in either tradition needn’t worry about 
the foibles of the other (just because Toulmin diagrams can be constructed in which 
more than one warrant supports the move from datum to claim does not mean that 
such analyses will be at all common for those working in the Toulmin framework).
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In a similar way, we expand Toulmin’s original concept by allowing diagrams of 
arbitrary depth, in the sense that each datum or warrant can, in turn, act as a claim 
for a nested DWC complex. In addition, a given claim can have more than one 
datum-warrant branch supporting it.

As mentioned above, the Toulmin qualifier is taken to be equivalent to the evalu-
ation in the standard diagram, so we formally adopt this in translating from one to 
the other.

Finally, the Toulmin backing was defined originally as the only way a warrant 
could be supported. In our expanded view, a warrant may also be supported by a 
datum, so the distinction between the datum and backing is blurred somewhat. The 
distinction between the two is subtle and is discussed more fully in Reed & Rowe 
(2006). For the purposes of translation, both the backing and datum are interpreted 
as a normal premise in a standard diagram.

8.6.3  Rebuttals

The Toulmin rebuttal appears, from examples in Toulmin’s original work (Toulmin 
1958), to provide a way of capturing exceptions to the statement that the datum sup-
ports the claim. The rebuttal is often denoted as an “unless” clause: “datum implies 
claim unless rebuttal.” Translation from Toulmin to standard requires introducing a 
refutation into the standard diagram in a way which represents as accurately as pos-
sible the meaning of the rebuttal.

Argument from
Verbal
Classification
The war in Iraq
was legal

authority to use
force against Iraq
derived from the 
combined effect of
UN resolutions
678, 687 and
1441, all of which
were adopted
under chapter VII
of the UN charter,
which allows the
use of force for 
the express
purpose of
restoring
international
peace and security

If the case falls
under the UN
resolutions, it is
legal

authority to use
force against Iraq
derived from the
combined effect of
UN resolutions
678, 687 and
1441, all of which
were adopted
under chapter VII
of the UN charter,
which allows the 
use of force for
the express
purpose of
restoring
International
peace and security

warrant
If the case falls
under the UN
resolutions, it is
legal

The war in Iraq
was legal

Fig. 8.8 A linked argument as a single DWC complex
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In Reed & Rowe (2006) we considered four possibilities in some depth. These are:

 1. The rebuttal refutes the claim directly.
 2. The rebuttal refutes the warrant directly.
 3. The rebuttal supports a premise that refutes the claim.
 4. The rebuttal refutes a premise that supports the claim.

Of these four possibilities, we argue in Reed & Rowe (2006) that the fourth 
comes closest to capturing Toulmin’s intent. If the argument that the datum in a 
DWC supports the claim has an exception in a rebuttal R, then the opposite of R 
(not-R) should support the DWC argument. To use a popular example: an object that 
looks red (datum) may be assumed to be intrinsically red (claim) unless it is illumi-
nated by red light (rebuttal). In this case, the premise not-R being refuted by the 
rebuttal is “the object is not illuminated by red light” which, in the context of the 
original datum and claim, clearly supports the claim. Since the not-R premise is 
usually not present in the original Toulmin diagram, Araucaria introduces it as an 
added negation when translating from Toulmin to standard. This node is normally 
not shown in the Toulmin diagram (although can be displayed if desired) but is 
 displayed in the corresponding standard diagram.

8.7  Translating Wigmore Diagrams

We have considered the translation between Wigmore and standard diagrams in 
some depth in Rowe & Reed (2006). We will summarize here the main points to be 
considered in such translations.

A testimonial or circumstantial evidence node in a Wigmore diagram may have 
up to three supporting groups of nodes: other testimonial or circumstantial evidence, 
explanatory evidence and corroborative evidence. Each of these three groups of 
nodes is represented in the diagram by a set of nodes that has support edges 
 converging on a single edge which then supports the parent node.

There is a superficial diagrammatic resemblance between the Wigmore notation 
for a group of supporting nodes and the linked argument structure in the standard 
diagram. It is tempting, therefore, to infer an equivalence between these two struc-
tures. However, we believe this correspondence is illusory. The linked argument in 
a standard diagram implies that all the premises making up the linked group of 
nodes are required for the connection between these nodes and the node they sup-
port. Common examples of linked arguments are found in argumentation schemes: 
the argument from expert opinion, for example, requires both that the expert have 
appropriate domain knowledge, and that the proposition they are advocating lies 
within that domain. In a Wigmore diagram, however, all nodes of a given type that 
support another node are grouped together, regardless of whether some of these 
nodes form linked arguments and others stand alone as support for the parent node.

A Wigmore diagram also strongly reinforces pictographically the tripartite 
grouping of all evidence. One possible way of representing a Wigmore analysis is 
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therefore to introduce virtual “aggregation” nodes in the argument that aggregate all 
the corroborative evidence supporting a node, all the explanatory evidence support-
ing a node, and all the other (i.e. testimonial or circumstantial) evidence supporting 
a node. These intermediate nodes might then be further supported in their turn by 
convergent arguments from the various premises. The Wigmore diagram on the left 
of Fig. 8.9, for example, might be rendered at a deep level by the representation 
shown on the right of the same figure, with C1, Ev1 and Ex1 aggregating the 
 corroborative, testimonial and explanatory evidence for claim 1, respectively. In this 
way, the ontological status of nodes in the Wigmore analysis (i.e. whether they are 
corroborative, explanatory or testimonial/circumstantial) is captured by structural 
features in the AML representation. Unfortunately, this misrepresents the argu-
ments in an important way. The role of “corroborating” evidence is, as the terminol-
ogy suggests, one of working with elements of testimonial and circumstantial 
evidence to support a claim. In this respect, it is most similar to traditional linked 
argumentation – but the linkage crosses the groupings in Fig. 8.9 – so, for example, 
it might be that 2 and 4 form a linked argument, and 3 and 5 form a linked argument. 
The analysis in Fig. 8.9 not only makes such relationships opaque, it absolutely 
proscribes the representation of such relationships.

The problem is compounded in that an analysis performed in the Wigmore style 
provides no mechanism for determining which premises of a claim are linked and 
which are not. Thus we have no choice but to represent all the nodes supporting 
another node in a Wigmore diagram as single, unlinked nodes in a standard dia-
gram. Similarly, there is no distinction in a standard diagram between the concepts 
of explanatory, corroborative, testimonial or circumstantial evidence, so all nodes 
from all these groups must be treated equally when drawn in a standard diagram.

We can use similar considerations to translate in the reverse direction: from stan-
dard to Wigmore. A standard diagram does not contain any information on the type 
of evidence represented by a node, so we really have no choice but to represent all 
standard nodes, linked or convergent, as one node type in Wigmore. For conve-
nience, Araucaria interprets all standard nodes as testimonial affirmatory nodes 
(represented by a plain square) in Wigmore.

The reader may be wondering how these rules conform to our desire to use the 
AML structure to represent all arguments as standard and then translate to other 

4

3

2

7

1 6

5

C1 Ev1 Ex1

2 3 4 5

1

6 7

Fig. 8.9 A simple Wigmore diagram (left) and a possible deep structure representation (right)
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diagram types. If Wigmore diagrams contain properties not representable in 
 standard, how do we store these properties in AML, thereby ensuring that our 
 second desideratum is met? The answer is that no interchange format will be able, 
a priori, to cater for all possible representational and operational schemes that 
involve argument (Willmott et al. 2006). Instead, AML is designed to support 
extensibility through a simple “role” mechanism that allows new ontological cat-
egories to be catered for in the representation, without the representation having to 
revise existing analyses. Specifically, individual propositions within an analysis 
can be marked as taking on a particular role in a particular class. So, for example, 
in the Toulmin class, a proposition might be marked as a “warrant” – a concept that 
only makes sense in the context of Toulmin analyses. Of course, if these extensions 
are not only numerous but also individually significant, then the benefits of an inter-
change language such as AML are eroded. The exponentially expensive problem of 
translation between the different classes returns. AML takes a pragmatic solution, 
providing as much generic capability as possible, and supporting extensions that are 
intended to be small scale. If particular software systems aim to make use of these 
extensions in translation then they are not prohibited from doing so.

In the Wigmore case, the four basic types each represent different roles: corrobo-
rative, explanatory, testimonial and circumstantial.

The symbols in a Wigmore diagram also define the author of each premise 
(defense or prosecution). This can be translated directly into standard by using the 
owner property of a node. Clearly, a translation of ownership from standard to Wig- 
more only makes sense if the owner is specified as one of defense or prosecution.

Wigmore’s concept of negatory evidence is rather unclear, as he never provides 
a definition of the term, and uses it only rarely in his own writings. The simplest 
assumption seems to be that negatory evidence argues against its parent in the 
diagram, and thus should be regarded as some form of refutation in a standard 
diagram. The problem with doing this is that a standard diagram allows only a 
single refutation for any one premise (based on the idea that a proposition p can 
have only a single opposite not-p), whereas in a Wigmore diagram, any number of 
negatory nodes can impinge on a single parent node. We can solve the problem of 
translation in a way similar to that employed with Toulmin rebuttals. We create an 
added negation as an extra node which contains a premise which is the opposite of 
that stated in the negatory node. The negatory node then has the added negation as 
its parent, and the added negation, in turn, supports the original parent of the nega-
tory node.

The forces on the support edges in a Wigmore diagram have an obvious transla-
tion as evaluations in a standard diagram. However, Wigmore introduces one com-
plication that is not present in a standard diagram: the set of testimonial  evidence can 
also itself have a group evaluation that is distinct from those of each separate piece 
of testimony. Since this group evaluation pertains to the node supported by the 
collective testimony, it should be attached to that node rather than to any of the tes-
timonial nodes (or, indeed, to some virtual node introduced for the purpose). We can, 
therefore, define a new role tag in AML to represent this group evaluation.
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8.8  Applications

To underscore the importance of tying formal models of argumentation theory to 
applications with end users, we briefly review some of the application domains in 
which Araucaria has been deployed. As freely downloadable software, it is diffi-
cult to estimate the size of the current user group accurately; web server logs 
indicate between 1,000 and 2,000 downloads to unique IP addresses each year 
since 2001, and a further 1,000 or so package CDs have been distributed. The 
software has wide geographical appeal (a new version is under development 
which will support all Unicode languages) with known users in over 40 countries, 
but more surprising is the range of domains, including not just the academic and 
pedagogic domains that might be expected but requests have also been received 
demonstrating use of the software by engineers building safety cases, barristers 
preparing cases, doctors conducting complex diagnoses, statisticians representing 
test designs and more. Here we focus on a couple of the more significant user 
groups.

8.8.1  Applications in Education

The majority of Araucaria’s users are probably instructors and their students. The 
development team has had close contact with three undergraduate courses, one in 
philosophy at Winnipeg, one in legal theory at Groningen, and one in argument and 
computation at Dundee. Student users – particularly those outside the computa-
tional sciences – make for demanding requirements on software, and it is through 
many hundreds of students’ feedback that the software has been updated on a roll-
ing basis. The ability to do simple graph matching automatically has been a great 
boon for instructors with large class sizes (which are characteristic of North 
American critical thinking courses in particular). For although complex arguments 
have too many potentially “right” analyses for completely automated marking to be 
feasible, smaller exercises with less variability and interpretability are well within 
the scope of Araucaria’s automatic marking, and provide instructors with much 
more flexibility than is afforded by traditional multiple choice alternatives. Full 
classroom evaluations of critical thinking software is fraught with difficulties, but 
following the trailblazing of Reason!Able’s assessments (Twardy 2004), and the 
requirements for the process laid out in van den Braak et al. (2006), Araucaria will 
be undergoing controlled assessment as part of its longer term development. An 
experiment using Araucaria in the teaching of critical thinking at the University of 
Winnipeg (Rowe et al. 2006) shows that most (typically around 80 %) students rate 
Araucaria as “high” or “medium” on eight usability criteria. However, the experi-
ment also pointed out a few areas where Araucaria’s usability could be improved, 
such as streamlining the installation process and providing facility for entering text 
directly rather than reading arguments in from files.
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8.8.2  Applications in Legal Practice

In 2004, Araucaria was trialed by a number of magistrates in the Ontario Court of 
Justice. The remit of magistrates in Ontario is interesting because it covers a wide 
range of cases from the mundane to the headline-hitting. Specifically, at one end of 
the scale, magistrates are faced with processing traffic violations, and this repre-
sents and hugh majority of the caseload, with 60–70 cases requiring attention per 
day. Each case is small and follows a stereotypical pattern in which the number of 
alternative arguments and decisions is relatively small. On the other hand, there are 
much rarer, but much larger environmental law cases involving, from time to time, 
large, multi-national corporations. These cases can be protracted, lasting weeks or 
months, and can involve huge amounts of testimony and argument. Informal trials 
were set up by the magistrates themselves to explore the potential role of software 
in the process of preparing summing up arguments. The trials demonstrated that 
software tools, and Araucaria in particular, was found to be useful in the large com-
plex cases – and that is exactly where a computer scientist’s intuition would expect 
a tool to play a significant role. Much more interesting therefore, was the feedback 
that Araucaria was also being used extensively in processing the smaller cases, and 
specifically, that by setting up a small number of argumentation schemes, magis-
trates were able to very rapidly go through the associated critical questions as a kind 
of check list (and a number of minor modifications of the Araucaria interface were 
tailored to this process to streamline interaction). As a result, a program of roll-out 
has been initiated for all new appointments, which will eventually cover the entire 
magistracy in the province – over 400 individuals. Larger scale trials and feedback 
mechanisms are planned.

8.8.3  Applications in Autonomous Communications

There is a rich area of research in multi-agent systems exploring the uses to which 
argumentation can be put in structuring communication between agents (Rahwan 
et al. 2005). Sophisticated models of such interchange are starting to be developed, 
taking into account a wide range of argumentation-theoretic concepts (Norman 
et al. 2003). These models have, to date, been rarely implemented [though there are 
exceptions (Wells & Reed 2005; Tolchinsky et al. 2006), for example]. One of the 
reasons for this relative scarcity is not only that it is time consuming to implement 
the protocols (which is the point made in Wells & Reed (2005)) but also that it is 
difficult to construct the knowledge that agents will use as the basis for their inter- 
agent arguments. For this, Araucaria and tools like it can be a great practical help 
(given that their output can be converted down into an appropriate framework style). 
Early evidence for this utility comes from initial assessments of argumentation 
scheme usage in agent communications in which patterns of data were constructed 
manually in Araucaria and then transformed automatically to produce many 
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thousands of variants, with which to populate agent knowledge bases and thereby 
frame evaluation tests (Reed & Walton 2005). With an increase in the number and 
flexibility of tools for argument creation, and the ability for those tools to produce 
framework-style output, this trend is set to continue.

8.9  Conclusion

We have introduced three popular styles (standard, Toulmin and Wigmore) for 
 diagramming arguments and described the software package Araucaria which 
allows existing text to be marked up and converted into diagrams in these styles. We 
have explored some of the issues arising in the translation between these three dia-
gramming methods. The translation exercise demonstrates that there are many sub-
tle nuances involved in an argument, and that any single diagramming method 
captures only some of these. Araucaria introduces the Argument Markup Language 
or AML, which is an attempt to encapsulate these features in an interlingua and to 
allow automated translation between diagramming methods. Araucaria has become 
a popular system both for teaching and analyzing arguments in a variety of settings 
such as courses on critical thinking, legal analysis and communications.
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    Abstract     Every program of instruction taking place in schools, from French to 
physics, is the result of a complex process called “curriculum development.” 
It begins with the setting of high level goals and then proceeds through successive 
stages of elaboration of the concepts, scoping and sequencing content. The design 
must then be communicated and adopted by the teachers who will implement it. 
Historically, curriculum reform efforts have not been consistently effective in 
 delivering the desired improvements in student understanding. This chapter 
 discusses how the use of concept mapping could help curriculum developers and 
teachers at various stages of the process. The ability of maps to focus on key ideas 
and their connections may help curriculum designs to survive better the translation 
into classroom experience, and promote collaborative  working methods.  

9.1         The Challenge of Developing Curricula 

 Change is a constant in education. In countries like the UK, the government responds 
to a rapidly changing society by conducting regular reviews of school provision. So 
the curriculum is like a motorway; you can always fi nd one section being taken 
apart and rebuilt. 

 However, the path to successful curriculum change is a rocky road, littered with 
the “road kill” of new courses that have failed to make their intended impact in 
terms of pedagogic practice e.g. Stenhouse ( 1975 ) and Cornbleth ( 1990 ). Centrally 
initiated curricula have had particularly limited success (Skilbeck  1984 ). A central 
aim of almost every modern school curricula must be to develop and deepen 
 students’ understanding. Yet, according to many critics, this remains an elusive 
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goal, despite decades of curriculum development. Instead, critics characterize the 
knowledge most students emerge with as “isolated” (without a grasp of the 
 underlying principles), “naÏve” (where misconceptions remain after teaching), and 
“inert” – (not transferred to contexts beyond those being taught and examined), 
Perkins ( 1992 ). 

 There are of course main reasons why curriculum development may fail. We can 
group these problems into three broad areas:

•    Curriculum design: the substance of the new curriculum design may be lacking 
in focus or clarity, or be too wide in scope or complex, or be insuffi ciently 
 desirable or feasible.  

•   Curriculum communication: the design may not be effectively communicated, or 
attracts little commitment of those who will implement it – schools and 
teachers.  

•   Curriculum implementation: the original intentions become subverted or diluted 
as the design is transformed into a classroom experience.    

 This chapter will consider each of these areas in turn, and argue that concept 
maps possess features that could reduce the impact of these problems on curriculum 
development. Before this, we will make explicit certain assumptions about the 
 curriculum and the process of development. 

 Although there is agreement that a curriculum broadly means “all the learning 
which is planned and guided by the school” (Kerr, quoted in Kelly  1983 ) there are 
different viewpoints about the nature of curriculum. 

9.1.1     Curriculum Philosophies 

 The traditional view is of “curriculum as a body of knowledge” to be transmitted: 
“organized, communicated, acted upon and in some sense reproduced by students” 
(Skilbeck  1984 ). Here the syllabus is pre-eminent, a list of facts to be covered and 
examined. Although widely criticized by the educational philosopher John Dewey 
and the progressive movement, this theory has stayed alive, partly because of the 
professional values and skills of teachers, and partly because it is reinforced by 
institutional structures like examinations. 

 In terms of curriculum development, the dominant model in use today takes the 
philosophy of “scientifi c management” from business and applies it to education. 
Based on the work of Ralph Tyler ( 1949 ), what is most important is to defi ne the 
educational objectives as clearly as possible at the outset. The curriculum is then the 
instrument by which pupils attain these learning objectives, taking the form of a 
program of activities (Grundy  1987 , Chap.   11    ). This philosophy is therefore often 
known as “ curriculum as technology .”  
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9.1.2     Concept Mapping 

 There are several kinds of mapping techniques that could be commandeered for the 
purpose of curriculum development. This chapter focuses on concept mapping, 
which has been the most thoroughly investigated. Almost as soon as concept map-
ping was developed for use by students, researchers began to recognize its potential 
for curriculum development (Stewart et al.  1979 ; Novak & Gowin  1984 ). Just as 
concept maps can evolve from being static representations of knowledge into tools 
for more effective learning (see the chapter by Joseph Novak), it was suggested that 
curriculum maps can go beyond visualizing key objectives and become a tool for 
curriculum developers to achieve better quality designs (McDaniel et al.  2005 ). The 
rest of the chapter explores the use of concept mapping at each stage of the curricu-
lum development process. The stages were formulated by Taba ( 1962 ) and for 
 convenience have been grouped within the phases set out earlier: curriculum design, 
curriculum communication and curriculum implementation.   

9.2     Mapping for Curriculum Design 

 According to the “curriculum as technology” model, the process begins by defi ning 
the main elements of the curriculum. This is a complex undertaking because so 
many elements have to be blended simultaneously (Harden  2001 ): learning 
 outcomes, course content, students’ needs, interests and learning styles, teaching 
and learning strategies, assessment and evaluation. There are three stages involved 
(Taba  1962 ; Ornstein & Hunkins  1998 ):

•    Conceptualization and legitimation  
•   Diagnosis of students needs  
•   Formulation of objectives    

9.2.1     Conceptualization and Legitimation 

 First, curriculum designers need to answer the question “what educational purposes 
should the school seek to attain?” (Tyler  1949 ). In other words, to become clear 
why a new curriculum is needed, and what its essential design features are. As with 
any design process, it is also important to identify what the constraints are – what 
Skilbeck ( 1984 ) calls “situational analysis.” 

 This is in large part a creative, problem-solving process. It would often involve a 
group who brainstorm and organizing ideas, and so lends itself to a visualization 
technique like mapping. In this instance mind maps, rather than concept maps, have 
been studied by researchers. Paykoc et al. ( 2004 ) found mind maps increased both 
the quality and quantity of the issues and needs identifi ed by the group. However, 
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what appealed most to the participants was how “drawing a big picture” created a 
shared, meaningful experience for them. The benefi t of mapping at this stage seems 
to be its “utility in building understanding and consensus within groups” (Brightman 
 2003 ). Vilela et al. ( 2004 ) argues that visualizing the problem together secures more 
“active involvement” of a group of curriculum reformers than a standard textual 
presentation. 

 Curriculum designs that are interdisciplinary rather than single-subject based 
might benefi t even more. Not only is it a greater challenge to gain involvement and 
consensus in a diverse group of planners, but by their very nature, concept maps 
help reveal connections between different topics. Edmondson ( 1995 ) found that 
using concept maps to design a course for veterinary students using  interdisciplinary 
“problem-based learning” course allowed faculty planners to “trace common themes 
and concepts.”  

9.2.2     Diagnosis of Students’ Needs 

 Any enlightened curriculum will be based on a consideration of students’ needs. 
This is a question of building up a picture of the experiences and knowledge  students 
possess before the course, along with any misconceptions they may hold. Concept 
maps can act as a diagnostic tool with which to probe students’ existing knowledge, 
since they provide a visual mirror of one’s mental structure (McAleese  1998 ). 
Walker et al. ( 2002 ) compared the concept maps of novice biomedical engineering 
students with those of experts in the fi eld. Each group was asked to visualize the 
10–20 most important concepts in the subject and how they related together. They 
found the resulting maps provided a reliable indicator of differences in understand-
ing between the novices and the experts. As Fig.  9.1  illustrates, there is a quantita-
tive difference in “link density,” with the students’ maps showing less connectedness 
between the concepts. These objective measures of understanding were backed up 
by qualitative judgments: novices tended to emphasize the detailed domain content, 
whereas experts displayed deeper understanding by highlighting the underlying 
principles and their applications. Indeed several scholars (Aidman & Egan  1998 ; 
Diekhoff  1983 ) have suggested that the degree of similarity between the students’ 
concept maps and those of expert concept maps is in fact a good predictor of 
 examination performance.

   Differences between the concept maps of expert maps and student maps can be used 
as a “game plan for teaching” (Jonassen  1987 ). A teaching plan based on the philosophy 
that curriculum is about transferring knowledge, would aim to make the mental equiva-
lent of students’ concept maps resemble that of the experts as closely as possible. 

 However, more constructivist views of the learning process would aim less for 
convergence to an ideal state than to developing greater richness in each student’s 
map, whilst still demonstrating features of sophisticated understanding. Students’ 
concept maps could also provide starting points for individualized instruction. 

T. Sherborne



197

 Concept maps can help curriculum developers by opening a window into students’ 
minds. However, they do only represent a snapshot of students’ knowledge (Jonassen 
 1996 ). In practice, understanding is heavily context dependent, so maps should not be 
used dogmatically as a measure of students’ capabilities.  
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  Fig. 9.1    The difference in link density of “novice” and “expert” concept maps (  http://www.vanth.
org/presentations/walker-asee02-1.pdf     slide 11 and 12)       
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9.2.3     Formulation of Objectives 

 Most curricula are defi ned by lists of key objectives: what the students should know, 
understand, be able to do, etc. In choosing these objectives, an important consider-
ations is the age or cognitive development level of the students, as this infl uences 
what kinds of understanding and skills are appropriate. For instance, one obviously 
cannot expect 11 year olds to think like researchers. The challenge for curriculum 
designers is to create an appropriate progression of objectives from one year to the 
next. Here concept mapping could be a valuable tool. 

 Table  9.1  shows in text form some of the key learning objectives for “Space” 
in the 11–14 English National Curriculum for science (Department for Education 
and Skills  2002 ). The continuity, how objectives in later years build on those in 
earlier years, is not obvious. The objectives seem to be just different collections 
of ideas.

   Compare Table  9.1  to the map in Fig.  9.2.  Here similar learning objectives have 
been organized into a hierarchical concept map. We can see the continuity clearly, 
in the connections between each concept and those underneath on which it depends 
on for its comprehension. The map gives a clear message about the  desirable 
sequencing of concepts in the curriculum, which is diffi cult without using a 
 two-dimensional layout. According to Prideaux ( 2003 ), a map is a better “structure 
for the systematic organization of the curriculum.” Starr & Krajcik ( 1990 ) found 
that concept maps helped science teachers develop science curricula which were 
more hierarchically arranged, and thus highlighted and prioritized the more impor-
tant objectives over the detail.

   Another important consideration is the scope of the course. Typically, school 
curricula aim for breadth at the expense of depth of understanding. Because maps 

    Table 9.1    National Curriculum learning objectives for Space, adapted by the author from the 
Qualifi cation Curriculum Authority’s schemes of work (QCA  2000 )   http://www.standards. dfes.
gov.uk/schemes2/secondary_science/       

 Year 7 learning objectives relating to Space  Year 9 learning objectives relating to Space 

 • To explain phenomena such as day and night, 
and the apparent movement of the Sun 

 • That gravity is an attractive force which 
acts on the Earth towards the centre of the 
planet 

 • That the Sun is a light source, but the Moon 
and Earth are seen by refl ected light 

 • That gravity is an attractive force between 
objects with mass 

 • To relate ideas about the Sun, Earth and Moon 
to familiar phenomena 

 • That where the gravitational force is lower 
than on the Earth, the mass of an object 
remains the same, but its weight is less 

 • That our solar system includes the Sun, its 
planets and asteroids and the natural satellites 
of the planets 

 • That gravitational attraction between 
bodies decreases as the distance between 
them increases 

 • That the planets orbit the Sun in similar ways 
to the Earth 

 • That the Moon is a natural satellite of the 
Earth, whose orbit is maintained by the 
Earth’s gravitational pull 
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are visual and necessarily concise, they can help remind educators “of the areas of 
major emphasis” (Edmondson  1995 ) and be more “conceptually driven” (Starr and 
Krajcik  1990 ). One would also expect concept maps to help designers meet a 
 further criterion of good design: “integration” (Tyler  1949 ), which denotes the 
 connectedness of the knowledge.   

9.3     Mapping for Curriculum Communication 

 After a curriculum is designed, it has to be communicated to the teachers who will 
plan and implement it. Teachers need to understand and become committed to a new 
design (Sparkes  1991 ) if it is to be effectively implemented in the classroom. Both 
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  Fig. 9.2    Progression map for Space learning objectives, by the author, using Compendium       
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of these requirements are problematic. Curriculum documents are often so full of 
objectives and assessment criteria that the “design concept” appears opaque to 
teachers. “Schools cannot interpret what they do not value, appreciate and know” 
(Skilbeck  1984 ). Therefore curriculum development agencies often fail to commu-
nicate the main features of a new design to teachers. It is a case of not seeing the 
wood for the trees, which take the form of pages of curriculum detail. 

 Maps may be a powerful way to communicating the essence of the curriculum to 
the important stakeholders, rather than overwhelm them. McDaniel et al. ( 2005 ) 
emphasize how the show important themes and conceptual relationships 
(Edmondson  1995 ). It may be in recognition of this problem that the Qualifi cations 
and Curriculum Authority in England in 2006 chose a map-based model to com-
municate their “big picture” vision of the curriculum to stakeholders rather than a 
traditional text-based document. 

 The diffi culty of getting teachers to feel committed to towards a curriculum 
change may be one of the biggest factors in why curriculum change so rarely suc-
ceeds. Teachers need to believe they have a role to play in the innovation (Brazee & 
Capelluti  1995 , p. 118). 

 Edmondson ( 1995 ) has suggested that the structure of maps seems to offer teach-
ers more room to maneuver and shape their curriculum. So a curriculum presented 
as a maps may consequently engender less resistance from teachers than traditional 
text documents. Martin ( 1994 ) proposes that the adoption of curriculum concept 
maps by teachers can actually act as a catalyst for pedagogic change. He found that 
signifi cant numbers of student teachers who had been through a curriculum devel-
opment program, became committed to using the maps for concept-based planning 
and teaching afterwards. Edmondson ( 1995 ) also argues that extensive use of 
 concept mapping by teachers gives them a more constructivist mindset, asking 
“what do I want students to learn?” more than “what do I want to teach?”  

9.4     Mapping for Curriculum Implementation 

 Curriculum planning is the teacher’s job: to translate an existing curriculum design 
into a teaching plan. Even with the help of curriculum documents, it takes consider-
able skill to ensure that the original intentions of the design survive this interpreta-
tion into detailed content and a sequence of learning experiences. Wiggins & 
McTighe ( 2003 ) describe two common pitfalls of curriculum planning they see in 
many classrooms, both of which might be addressed with mapping techniques. 
“Coverage” happens when teachers pressurized by testing obligations on a large 
body of knowledge, transform the design into a “march through the textbook 
 irrespective of priorities, desired results, learner needs and interests.” The other 
 pitfall is an “activity-led” curriculum, that is, one organized around the hands-on 
experiences of the students. The danger here is the lack of focus on the key knowl-
edge and skill objectives, which students are therefore less likely to achieve. 
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 To consider the potential of mapping, we will divide implementation into its 
stages (Taba  1962 ; Ornstein & Hunkins  1998 ):

•    Specifi cation and organization of content  
•   Selection and organization of learning experiences  
•   Evaluation of the resulting curriculum    

9.4.1     Specifi cation and Organizing of Content 

 Hassard ( 2004 , p. 268) recommends that all teachers construct a concept map in 
order to help them refl ect on key question about the content, such as “are there too 
many abstract concepts?”, “Should there be more concrete ones added?” 

 “What content do we teach?” and “in what order?” are the next decisions. Many 
school curricula suffer from the problem of “concept overload,” leading to calls for 
reducing the amount of content. Clark & James ( 2004 ) found concept maps helped 
to keep the detail in check, by focusing on the key ideas and skills. In particular, 
creating maps-within-maps allows the developer to concentrate on fi rst the  overview, 
and then see how the content translates into successive levels of detail (Martin  1994 ). 
A series of maps can also provide different “windows” (Harden  2001 ) from which 
the developer can view the emerging curriculum, for example, showing how each 
part is to be assessed. Sharing the maps with students can have further benefi ts, in 
explaining “why a particular concept is worth knowing” (Allen et al.  1993 ) and 
showing relationships between important ideas, that can result in improved achieve-
ment (Willerman & Harg  1991 ). 

 The problem of “isolated knowledge” referred to earlier, arises when content is 
taught as “one vertical hierarchy” after another (Martin  1994 ). Topic maps, like that in 
Fig.  9.3  (Edmondson  1995 ), might instead encourage teachers who can see the inter-
connections to teach in a more integrated fashion. According to Martin, creating hori-
zontal relationships between the ideas give the learner greater  meaningfulness, and 
therefore a coherent (not isolated) understanding.

   There is a danger though that we forget that not all knowledge is alike. While 
most topics can be well represented in the hierarchical form of a concept map, there 
are others which demand to be understood as the interacting parts of a system 
(Hyerle  1996 ). In these cases, a different kinds of map is required. In science, for 
instance, examples of such systems are food webs describing the relationships 
between predators and prey, and the hugely complex system of the Earth’s climate. 
These knowledge areas are better represented with a map like the one in Fig.  9.4.  
Its design clearly shows the causal relationships in terms of fl ows of numbers and 
feedbacks, that are needed to understand the dynamic nature of the system.

   After specifying content, the curriculum needs to be organized into a logical  teaching 
order. This is called sequencing (Tyler  1949 ), and in a well-developed  curriculum, 
each experience builds upon the preceding one, moving towards broader and deeper 

9 Using Maps for Curriculum Development



202

understanding. Such logical sequencing can determine whether students perform well 
or otherwise (Okey & Gagne  1970 ). However, the order of topics in many textbook-
driven courses is often not based on learning requirements, but  simply on tradition. 

 Concept mapping may be useful here to sequence a curriculum more from the 
 students’ perspective. Clark & James ( 2004 ) describe how making concept maps of 

  Fig. 9.4    Predation map – a system dynamics map of a predator prey relationship created in the 
software tool Stella       
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their university geology course map led them to reject the conventional “series of 
unconnected vertical hierarchies” order of the textbook. The maps like that in Fig.  9.5 , 
helped them see that the traditional order presented too many abstract ideas before pupils 
enough prior knowledge with which to connect them. So they resequenced the course, 
presenting concrete ideas at the bottom of the concept map fi rst, and then moving 
onwards and upwards towards more general abstract concepts. The maps also allowed 
them to make the conceptual connections between different  lectures more explicit to 
students. Figure  9.5  shows the connections between two lectures on joints and faults.

   Martin ( 1994 ) similarly describes the maps as helping to prevent “errors in  sequencing” 
content. Although, as Novak & Gowin ( 1984 ) point out, concept maps are non-linear in 
form and cannot specify a linear teaching order, without some interpretation.  

9.4.2     Selection and Organizing of Learning Experiences 

 A characteristic of the best teaching is that it customizes or “differentiates” a 
 curriculum, addressing the range of abilities and needs of different students. One 
simple approach to differentiation is to distinguish between “foundation” concepts 
(for everyone) and “higher” concepts (only for those who make more progress). 
A concept map, or a fl ow chart for that matter, could be an effective format to help 
teachers plan and navigate differentiated routes through a curriculum. 
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  Fig. 9.5    Using concept maps to make connections between parts of a course. (Clark & James 
 2004    http://www.nagt.org/fi les/nagt/jge/abstracts/Clark_v52n3p224.pdf    )       
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 Another relevant feature of exemplary teaching is “responsiveness,” where 
 teachers continually adapt lessons based on regular assessment of how the students 
are learning. The concept map of Fig.  9.6 , showing a “route map” with several  possible 
paths, was constructed by a teacher implementing a curriculum from the author. The 
idea was to choose the path in real time, depending on the students’ responses.

9.4.3        Evaluation of the Resulting Curriculum 

 Once a new course has been running for a while, it is often evaluated in terms of 
whether it is achieving its design objectives. Concept maps can play two roles here. 
First, the map can be used to assess how much the course has developed students’ 
understanding. Analysis of the map in Fig.  9.7  revealed to the course instructors that 
certain misconceptions still persisted among veterinary students even after the 
course (Edmondson  1995 ).

  Fig. 9.6    A map showing a responsive learning plan for a “Space” topic (this map was developed 
by the author, using Cmap tools)       
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   A related use of the maps is to identify the causes of an under-achieving 
 curriculum. This can be done by overlaying the course objectives and students’ 
understanding maps, to highlight the outcomes which do not match up (McDaniel 
et al.  2005 ). Vilela et al. ( 2004 ) argue that curriculum mapping makes a curriculum 
more “transparent” to the planners, and helps identify faults such as “missing 
 linkages,  inconsistencies, false assumptions.” If the curriculum has to be revised, 
instead of starting over from scratch, a good map structure can “anchor” an evolving 
sequence of iterative revisions (Edmondson  1995 ).   

9.5     Summing Up 

 There is evidence for the benefi t of concept mapping at each stage of the curriculum 
development process. So far, maps have been used in small scale course  development 
rather than large scale reform. Is it possible that consistent use of concept maps 
could help avoid the large number of curriculum failures noted at the beginning? 

 There are four main reasons for advocating the wider use of concept maps to 
design, communicated and implement curricula. The fi rst is big picture thinking. 
If we are talking about curricula that aim at teaching for understanding, the focus 
needs to be on the big ideas rather than the detailed knowledge. Concept maps seem 
naturally suited to this style of thinking, by representing only most important con-
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  Fig. 9.7    Using concept maps to reveal misconceptions, for course evaluation (from Edmondson 
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cepts and their interrelationships. By contrast, long syllabus documents make it all 
too easy to lose focus on the key objectives. 

 Second, concept maps are “theory-embedded tools” (McTighe & Lyman  1998 ). 
They embody the philosophy of constructivism, in which understanding is viewed 
as a network of interconnected ideas rather than isolated information. Presumably 
there is more likelihood that a learning philosophy will survive the transformation 
into classroom experience, if developers use a tool that embeds the paradigm. 

 Third is the power of shared visualization, allowing the design to benefi t from 
many minds working together. An obstacle to collaborative planning is that every-
body has a slightly different interpretation of what is being discussed. The visual 
representation of a concept map can reduce this ambiguity, by embodying the key 
features of a plan and their connections. It provides a reference point for discussion, 
and thus helps to draw the group closer together. 

 Finally concept maps may reduce the “cognitive load” inherent in the complex 
process of curriculum design. They relieve the mind of the task of organizing the 
most important factors. All in all, maps make “excellent heuristic devices” for more 
effective curriculum development (Wandersee  1990 ). 

 However, there are signifi cant obstacles to the widespread use of mapping by 
developers and teachers. Most educators are more used to communicating through 
text. It is fairly easy to become competence with the technique, or the computer 
software. But to gain the educational benefi ts requires a change of thinking, which 
takes much more time and persistence. 

 Perhaps a bigger problem is that many classrooms are instructivist rather than 
constructivist. Teachers who treat learning more as information transfer than as stu-
dents constructing their own meaning are unlikely to make much use of concept 
maps in their planning. 

 We have also assumed that teachers take an active role in re-constructing the 
received curriculum design for their own needs. However, a consequences of  having 
centrally determined curricula, with detailed specifi cation of standards to be met, 
methods, is that many teachers instead see themselves as “deliverers,” rather than 
as planners of their own curriculum. In this case, again they are unlikely to value 
the technique of concept mapping. Maps may have more potential where the model 
for developing curricula is less top-down and objective driven, and instead more 
“curriculum as process.” This alternative model rejects the tight specifi cation of 
objectives and methods. Instead teachers take a greater hand, “translating any edu-
cational idea into a hypothesis testable in practice” (Stenhouse  1975 , p. 142). 
Although this curriculum model is not in widespread use, mapping would be a 
powerful technique. The maps would allow individual teachers to plan and share 
their curricula with others, improving their joint practice through the medium of 
visual communication. 

 It is unlikely that a curriculum could be created entirely using maps. While some 
of the work rests on the big ideas, there also the need to elaboration more detailed 
descriptions of knowledge. Because a single map is limited in how much it can com-
municate clearly, this greater specifi city could only be achieved through a series of 
maps at different levels of detail. It is doubtful in this case whether the maps would 
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be any more effective than the traditional text documents. In other words, maps do not 
scale well. They are best when they confi ne themselves to showing the big picture. 

 Curriculum development is anyway much too complex an enterprise for one tool 
to guarantee success. However, some of the problems, such as teaching fragmented 
knowledge by following a syllabus, or mis-understanding the vision of a curriculum 
document, may be largely the result of choosing the wrong medium for communica-
tion. In such cases, the potential of a visual, economic form of communication, 
philosophically aligned to the intentions of the curriculum designers, surely deserves 
futher investigation.     
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    Abstract     This chapter describes how a mind mapping tool, Compendium, is 
being used to help designers and teachers create and share learning activities. 
Initial evaluation of the use of the tool for learning design has been positive; users 
report that it is easy to use and helps them organize and articulate their learning 
designs. Importantly the tool also enables them to share and discuss their design 
strategies. The chapter will ground this work within the wider literature on  learning 
design, focusing in particular on how learning activities can be represented and 
mechanisms for supporting decision making in creating new learning activities.  

10.1         Introduction 

 Technologies are now beginning to be used in a rich range of ways to support 
 learning; beyond the simple didactic instructional approaches which dominated the 
early use of technologies in education. In particular social networking tools offer 
exciting possibilities in terms of supporting more distributed and collaborative 
learning activities (Alexander  2006 ; Downes  2006 ). Recent research on students’ 
experience of using technologies shows that many are comfortable in this 
technology- enriched environment (Conole et al.  2006 ; Conole et al.  2008 ; Creanor 
et al.  2006 ). “Google,” “Wikipedia,” “Email,” and “chat” emerge as core tools to 
support students’ learning. They are sophisticated users who appropriate the 
 technologies to their own needs. Coupled with this, current thinking in terms of 
effective learning, promotes active, engaging learning, where students construct 
knowledge, building on prior experience, often through collaboration with peers 
(Dyke et al.  2007 ). However despite these exciting possibilities examples of truly 
innovative forms of learning maximizing the potential affordances new technologies 
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seem to offer, are still rare. Indeed recent research with practitioners on the creation 
of learning activities revealed that the most common design strategy was to mirror 
existing practice rather than exploit the opportunities and affordances of new 
 technologies (Falconer & Conole  2006 ; Falconer et al.  2007 ). 

 We have argued that there is a gap between the  potential  of technologies to 
 support learning and the reality of how they are  actually  used and that this is due to 
a lack of understanding about how technologies can be used to afford specifi c learn-
ing advantages and to a lack of appropriate guidance at the design stage (Conole 
et al.  2007a ). Its cause is due to a range of inter-connected issues: technological 
(immature tools, lack of interoperability etc.), organizational (barriers and enablers 
to uptake, cultural barriers) as well as pedagogical issues. 

 This chapter describes a project which is exploring the design for learning issues 
within a distance learning institutional context, the UK Open University. The initial 
focus of the work is reported elsewhere (Conole et al.  2007b ), this chapter focuses 
on how we are using Compendium as a tool for aiding the design process. It will 
describe the rationale behind the work and initial fi ndings from the evaluation of 
eight faculty-based workshops run using the software. 

 Our goal is to build on recent research on learning design to develop a tool that 
provides support in the course design process with an emphasis on the use of 
technology- enhanced learning. Users of the system might include individual teach-
ers or course teams, as well as others involved in the design process such as learning 
technologists or those in our Learning and Teaching Solutions department tasked 
with helping course teams translate their ideas into technical solutions. The learning 
design tool will act as a bridge between good pedagogic practice and effective use 
of new technologies.  

10.2     Learning Design 

 Design is a core part of any teaching or training role; i.e. how concepts can be 
 presented to students to enable them to achieve a set of required learning outcomes. 
Educational text books might give the impression that there is a simple linear basis 
to the design process; starting with a set of learning outcomes, based on a particular 
pedagogical approach, appropriate resources, tools and activities are identifi ed and 
linked together, assessment acting as the ultimate arbitrator in terms of success or 
failure. However in reality the design process is rarely so simple. In our previous 
research we observed a series of Geographers over a semester, noting their 
approaches to design and including any critical decision making points (Fill et al. 
 2008 ). More recently we have collated forty-four case studies through interviews 
with teachers across different subject disciplines within the Open University (Wilson 
et al.  2007 ). We focused on how they were using technologies in their courses and 
interrogated them on how they designed the courses and what support mechanisms 
(if any) they used. Both the Geography studies and the OU studies revealed that the 
design process is messy. Designers juggle a range of questions, focusing on different 
aspects of the design process at different points in time: “What do I want the  students 

G. Conole



211

to be able to do having completed this learning activity (a focus on learning 
 outcomes)?” “What tools and resources do I want to incorporate?” “What are the 
particular characteristics of this group of learners?” “How am I going to assess the 
activities?” “What specifi c discipline issues or problem does this address?” “How 
can I design the activity to promote: refl ection, collaboration, application of theory 
to practice?” Therefore any form of support or tool for the design process needs to 
be cognisant of this messy, multifaceted and iterative approach. 

 “Learning design” is a methodology that has emerged in recent years as a 
 semi- formal process for support the curriculum design process. The term “learning 
design” came into common usage with the development of the IMS Learning Design 
specifi cation, which sought to provide a means of formally representing (and thus 
reusing) learning sequences. Since then the term has gained a broader usage, and is 
often synonymous with “course design.” Learning design has seen increased  activity 
in the past few years, as researchers and developers have moved beyond a focus on 
creation and presentation of content (and hence associated concern with the man-
agement of “learning objects”) to consideration of learning activities. Beetham & 
Sharpe ( 2007 ) provide a valuable overview of current work in learning design and 
provide a “critical discussion of the issues surrounding the design, sharing and reuse 
of learning activities, and tools that practitioners can apply to their own concerns 
and contexts.” Learning design provides a formal methodology for describing learn-
ing activities and for formally representing (and hence potentially reusing) learning 
activities. Crucially it is seen as providing a way of representing learning activities 
so that they can be shared between tutors and designers and a scaffold to the process 
of creating new learning activities. 

 We have identifi ed six main reasons why adopting a learning design approach is 
benefi cial (Conole et al.  2007b ):

•    It can act as a means of eliciting designs from academics in a format that can be 
tested and reviewed with developers, i.e. a common vocabulary and  understanding 
of learning activities.  

•   It provides a means by which designs can be reused, as opposed to just sharing 
content.  

•   It can guide individuals through the process of creating new learning activities.  
•   It creates an audit trail of academic design decisions.  
•   It can highlight policy implications for staff development, resource allocation, 

quality, etc.  
•   It aids learners in complex activities by guiding them through the activity sequence.    

 There are essentially two approaches to the design process: starting from existing 
practice or through a process of scaffolding the design process through a series of 
prompts and issues to be considered. Therefore the key research issues are:

•    How can we gather and represent practice (and in particular innovative practice) 
( capture and represent practice )?  

•   How can we provide “scaffolds” or support for staff in creating learning  activities 
which draw on good practice, making effective use of tools and pedagogies 
 ( support learning design )?     
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10.3     Capturing and Representing Practice 

 The Mod4L project 1  identifi ed a range of representations that practitioners use to 
present practice. These included taxonomies and matrices, visual presentations 
(fl ow diagrams, mind maps), case studies, patterns and lesson plans. The project 
used these with practitioners in a series of workshops to identify their usage and 
perceived value. They concluded that use is complex and contextualized and that no 
one presentation is adequate (Falconer et al.  2007 ). 

 One of the most popular approaches to abstracting existing practice is in the 
form of a narrative-based case study. The Joint Information System Committee 
(JISC) in the UK gathered a range of effective and innovative practice case 
 studies. Each case study was described in terms of the learning outcomes and 
problem being addressed and was aligned to a particular pedagogical approach 
(associative, cognitive or  situative). In addition to the narrative description case 
studies included, where appropriate, additional resources such as video clips. 
The case studies are available as downloadable pdfs. 2  A similar exercise was car-
ried out in Australia through the AUTC Learning Design project. 3  In addition to 
the case study narrative, the project developed a specifi c approach to presenting 
the core essence of the learning activities being described. In their approach 
learning activities are broken down into a series of tasks which students under-
take, alongside these associated resources and support are illustrated. The proj-
ect was a large-scale initiative which captured a wide range of learning activities 
and associated information. In addition to the visual “temporal sequences” for 
each learning activity there is a rich range of  additional information about the 
design process. 

 An alternative to the descriptive case study approach is the application of the 
concepts of patterns derived from Alexander’s work in Architecture (see for  example 
Goodyear  2005 ). This provides a more structured approach which starts with an 
intended pedagogical problem being addressed and moves on to provide a potential 
solution. The patterns approach is built on an underlying philosophy that there are a 
set of inherent “patterns” which, if identifi ed, can be reused in a multitude of differ-
ent ways. In addition these patterns combine to form a pattern language (see the 
Pedagogical Patterns project 4  and the EU-funded TELL pattern book (TELL  2005 ) 
for examples).  

1   http://www.academy.gcal.ac.uk/mod4l/ 
2   Effective practice with e-learning –  http://www.elearning.ac.uk/effprac/  and case studies 
of innovation –  http://www.elearning.ac.uk/innoprac/ 
3   http://www.learningdesigns.uow.edu.au/ 
4   http://www.pedagogicalpatterns.org/ 
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10.4     Scaffolding the Learning Design 

 The alternative to presenting case studies or patterns is to provide some form of 
guided support or scaffold to the learning design process. A number of toolkits 
and pedagogical planners have been developed in recent years which adopt 
 different approaches to aiding the design process. The DialogPlus toolkit 5  guides 
users through the process of developing pedagogically informed learning activi-
ties (Conole & Fill  2005 ). It is underpinned by a pedagogical taxonomy for learn-
ing activities (Conole  2007 ). This includes a description of the types of tasks 
students might do as part of the learning activity;  assimilative  (attending and 
understanding content),  information handling  (gathering and classifying 
resources or manipulating data),  adaptive  (use of modeling or simulation 
 software),  communicative  (dialogic activities, e.g. pair dialogues or group-based 
discussions),  productive  (construction of an artifact such as a written essay, new 
chemical compound or a sculpture) and  experiential  (practicing skills in a 
 particular context or undertaking an investigation). Other examples of support for 
learning design include the pedagogic planner project 6  and the Phoebe project. 7  
Phoebe adopts a similar approach to DialogPlus by attempting to provide a com-
prehensive online resource of tips and hints to support decision making. However 
it doesn’t provide any directed guidance, acting more as a set of resources which 
users can work through. The pedagogic planner instead adopts more of a model-
ing perspective through mapping tasks to resources and attempting to align the 
design with specifi c pedagogical approaches. It is attempting to adopt a user-
orientated approach and plans to integrate the tool with LAMS 8  a tool for manag-
ing and delivering learning activities. 

 Both from the experience of the Mod4l project and our own work with teachers 
and designers, it is evident that no one approach meets all needs. Case studies can 
provide useful ideas, but do not specifi cally guide users through the decision mak-
ing process of their own design. Toolkits and planners on the other hand do provide 
this guidance but can be prescriptive in the approach adopted. With this in mind we 
decided to adopt a multi-faceted approach; by gathering case studies of good prac-
tice and using these as a basis for populating a learning design tool. Our approach 
was to enable users to be able to use the online tool in as fl exible a means as possi-
ble, enabling multiple entry points and forms of guidance and support, trying as best 
as possible to mirror the real, messy process of design we identifi ed by working 
with practitioners. The next section describes this work and progress to date.  

5   http://www.nettle.soton.ac.uk/toolkit/ 
6   http://www.wle.org.uk/d4l/ 
7     http://phoebe-project.conted.ox.ac.uk/cgi-bin/trac.cgi 
8   http://www.lamsfoundation.org/ 
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10.5     The Role of Mediating Artifacts in Creating 
Learning Activities 

 Conole ( 2007 ,  2008 ) argues that practitioners use a wide range of processes and tools 
(mediating artifacts) to support and guide decision-making in creating learning activi-
ties (Fig.  10.1 ). These are needed to guide various aspects of learning design: the con-
text of a learning activity, the choice of pedagogy, the creation of associated learner 
tasks or any combination of these. They range from contextually rich illustrative exam-
ples of good practice (case studies, guidelines, narratives, etc.) to more abstract forms 
of representation that distil out the “essences” of good practice (such as vocabularies 
or educational models). Each mediating artifact abstracts different aspects of the exist-
ing learning activity. Individual mediating artifacts can then be grouped in a variety of 
different ways for example as a repository of case studies or a set of overarching tips 
and hints or they can be used as the basis for a more systematic tool such as a toolkit 
or planner which can then be used to guide the user through the design process.

10.5.1       The OU Learning Design Project 

 The OU is currently undertaking a cross-institutional Learning Design project. 
We are adopting an iterative methodology focusing on two areas of activity in 
parallel: a) capturing and representing practice – through user consultation and 
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  Fig. 10.1    The range of mediating artifacts which can be used to create learning activities       
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case studies and b) supporting learning design – through the development of an 
online tool and associated workshops.  

10.5.2     Initial User Requirements Gathering 

 The initial phase was carried out as part of a broader program of work to introduce 
a MOODLE-based VLE environment. 9  During 2006, a series of user consultation 
exercises were undertaken to gather requirements for a learning design tool specifi -
cation. These also highlighted a range of perceived barriers and enablers to adopting 
a learning design approach and to more effective use of technologies to support 
learning. From this a series of overarching factors emerged; designers and teachers 
wanted:

•    Discipline specifi c case studies illustrating how others use technologies.  
•   Information about the tools available within the new VLE and how they could be 

used, along with ideas on innovative learning activities students could undertake 
using these tools.  

•   Step-by-step guidance through the process of creating learning activities.  
•   Pointers to further resources and named contacts within the institution.    

 A number of possible scenarios for use of a Learning Design tool emerged: by an 
individual to fi nd examples of how different tools or pedagogical approaches can be 
used to undertake different tasks, to give them ideas, by a course team as part of the 
team design process, in discussions between an individual teacher and developer or 
as the basis for staff development workshops on effective use of the VLE. Following 
on from the user consultation exercise it was decided that it would be useful to 
explore some of the emergent issues in more detail and also to gather existing disci-
pline specifi c examples of how the tools were being used. The focus was on exam-
ples which include some form of innovative use of technologies either to support a 
single learning activity within a course or to provide a scaffold or support across the 
course in relation to the development of a particular skill or towards a specifi ed set 
of learning outcomes. The intention was to develop a tool that would act both as a 
repository of existing learning activities (such as the case studies) and as a design 
support tool for creating new learning activities.   

10.6     Institutional Case Studies 

 Forty-four case studies were captured through in-depth interviews with course 
 leaders (Table  10.1 ). The focus was on the pedagogies used to achieve specifi c 
learning outcomes and the use of tools (blogs, wikis, e-assessment, etc.) to support 

9   http://conclave.open.ac.uk/ouvlefaq/index.php?sid=1769&lang=en&action=artikel&cat=1&id=
15&artlang=en 
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learning activities. Interviews were semi-structured around a number of core 
themes: contextual data (level, subject, etc.), details about the learning activity 
being described and the sub-tasks involved, pedagogical approaches adopted, and 
barriers and enablers to the creation of the activity (both technical and organiza-
tional). Each interview lasted ca. 1 hour and was recorded, transcribed, and content 
checked for accuracy with the interviewee.

   The case studies are already highlighting a number of overarching themes 
(Wilson  2007 ). Disciplinary differences are evident – the reasons  why  and  how  tools 
are being used is often aligned with specifi c discipline needs. For example one case 
study focuses on the use of an e-Portfolio for a vocational practice-based course 
where it is a professional requirement to provide evidence of skills development. 
Some courses are using tools to mimic current practices which are known to be 
 successful, for example a post-graduate course which has created a virtual “summer 
school.” Comparative studies are also proving useful in terms of highlighting the 
way particular tools are used in different contexts. For example a number of courses 
are exploring the collaborative potential of wikis but the ways in which they are 
doing this are tied into the pedagogical needs and context of the course. In the Open 
University traditionally the main resource load is focused on the production aspects 
of course development, rather than during presentation (i.e. when courses are being 
delivered). However the case studies have revealed that this appears to be shifting, 
as new technologies enable teams to adapt and change course content and activities 
on a much shorter time frame. Use of technologies is also impacting on assessment 
methods and the forms of support and communication which are provided. 

 Type  Number 

 Multimedia simulation/modeling/case study  9 
 Wiki group project  3 
 Wiki based dialogue  1 
 Online icebreaker  2 
 Online residential  2 
 Online tutorials (for global presentation)  1 
 Interactive assessment  4 
 Asynchronous discussion based collaborative 

learning 
 7 

 ePortfolio (Journal)  3 
 Group project  3 
 Resource based learning  4 
 Problem based learning  1 
 Synchronous audio based collaborative learning  1 
 “near – synchronous” collaborative group project  1 
 Podcasting (by students)  1 
 Refl ective practice for tutors  1 
 Total  44 

  Table 10.1    Case studies 
by type  
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 From our previous work, we were aware that representation of practice is 
 notoriously diffi cult for a number of reasons. Firstly the degree or level of detail 
provided – too much is overwhelming, too little not informative enough. 
Secondly, the degree to which a case study is specifi c and contextualized. Thirdly 
the way in which a case study is presented (for example as a textual narrative, 
diagrammatically or through use of multi-media such as videos or interactive 
screen shots) has an impact on how much it is valued. We decided to adopt a 
multifaceted approach to presenting the case studies which would include the 
following elements: a clear and informative title, a short description of the learn-
ing activity and associated salient features, a detailed case study description, 
visual mapping using notational software and additional views, audio or videos, 
 etc . as appropriate (Fig.  10.2 ).

Learning Activity Title:

Summary  

Course context

Why are we doing
this?

Brief description of the rationale behind the learning activity

What are the
learning outcomes?

Brief outline of the learning outcomes – specifically in relation to
the learning activity being described 

How are the
learning outcomes
achieved?

Key steps associated with the learning activity. This ties into the
associated visualisation of the activity

Enablers

Barriers & Issues
 

Pedagogic Models
Used  

Note of pedagogical models used, for example problem-based
learning or resource-based learning 

Technology Tools
Used
Diagram

Diagram illustrating the key components of the learning activity, including the different
roles of those involved and associated assets (tools, resources, outputs, etc)
Outcomes 

Student evaluation

Description/
Application

Suggestions of other disciplines or areas where an activity of this
type might be useful

Outline of tools used in the design and running of the activity 

Brief description of any student feedback or evaluation results if
available 

This includes top level data to locate the learning activity including:
title, the course code, course chair or activity lead academic,
discipline, faculty, date first delivered, and time needed to complete
the activity

List of any specific enablers which helped with designing or
running the activity – sources of help or support for example

List of any problems – technical, pedagogical or organizational

  Fig. 10.2    Learning activity template       
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10.7        Using Compendium to Visually Represent 
Learning Activities 

 In choosing a visual representation we adopted a similar column or “swim lane” 
approach to that used in UML modeling and the AUTC project, but with a central 
focus on tasks. We choose to distinguish between the different roles and the things 
associated with each task (tools, resources,  etc .) by using different iconic represen-
tation. The diagram was built using a mind mapping tool Compendium 10  which 
enables you to provide hyperlinks between different parts of the diagram. It also 
enabled us to tag icons with appropriate metadata (such as roles, tools, tasks, 
resources, etc.) and to layer additional information about each element so that when 
the user hovers over an icon additional information appears. By clicking on an icon 
the user can either be linked to a specifi c URL, resource or tool, or to a sequence of 
layered additional information. Our development of the use of Compendium for 
learning design is described in more detail in this section. 

 Before describing the visualisation tool and how it is being used, it is worth 
 giving a brief description of the underlying assumptions in terms of the develop-
ment of the tool. In addition to gathering the institutional case studies, the other 
aspect of our learning design project is to develop an online learning design tool. 
This will be populated with both the information derived from the case studies, as 
well as selected resources and expertise drawn from our own experience in the fi eld 
and the wider research literature. As discussed earlier the design process is messy 
and no one approach is likely to meet the needs of all users. Therefore part of our 
philosophy in terms of developing a specifi cation for the online learning design tool 
is that it needs to accommodate a range of different ways in which it might be used. 
Our initial discussions included the development of a use case scenario of how such 
a tool might be used. Users could either begin by searching the database of case 
studies or start from a set of predefi ned templates. From their preferred starting 
point users could drag elements onto their workspace and start to build up their 
learning activity. Elements would relate to the different aspects of the learning activ-
ity (such as tools, resources, and roles of those involved). The system would provide 
adaptive help for each of the elements, for example, if the user has selected a col-
laborative activity, then tools such as asynchronous conferencing, wikis etc, would 
be shown, along with additional advice and examples. The user would then build up 
an activity sequence, adding in further layers of detail as required. We were aware 
that we needed to iteratively develop the prototype tool with the close involvement 
of the intended end users, so that we could learn from their use of the prototype and 
adapt accordingly. We felt such involvement would help us to identify how users 
might want to use an online tool and what kinds of support and advice they would 
fi nd useful from the system. 

 The existing learning design tools discussed earlier (DialogPlus, Pheobe, the 
pedagogic planner and LAMS) were considered but rejected for a number of 

10     http://www.compendiuminstitute.org/ 
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 reasons. We felt each adopted a particular approach and were therefore not fl exible 
in terms of how they could be used to support the design process. LAMS provided 
the greatest degree of fl exibility but operates at the level of a set of pre-defi ned 
 tool- focused learning activities (voting, discussion, etc.). We felt this straight-jack-
eted the design process by overemphasizing the importance of tools, to the detri-
ment of the other elements involved in creating a learning activity. And by operating 
at the level of predefi ned tool-activities, we felt it did not enable the user to set their 
own criteria for the level of granularity of the activity they were designing. 
We wanted to use a more fl exible tool as the basis for our initial prototype. We con-
sidered various drawing packages, as well as more specialized mind mapping tools 
(such as Inspiration and MindManager). In the end we choose to use Compendium, 
a visual representation tool, originally developed for enabling group argumentation, 
which was produced by researchers at our own institution. We selected Compendium 
for a number of reasons. Firstly because it was produced at the Open University, we 
felt there was more opportunity for further tool development specifi cally in terms of 
learning design requirements. Secondly, Compendium supports the creation of a 
range of visual mapping techniques, including mind maps, concept maps, web maps 
and argumentation maps (Okada & Buckingham Shum  2006 ), which we felt offered 
the potential for a range of fl exible approaches to the design process. Compendium 
comes with a predefi ned set of icons (question, answer, map, list, pros, cons, refer-
ence, notes, decision, and argumentation). The creation of a map is simple, users 
drag icons across and can start to build up relationships between these through con-
necting arrows. Each icon can have an associated name attached with more details 
contained inside the node, an asterisk appears next to the icon and if the user hovers 
their mouse over this the content inside the node is revealed. Other types of  electronic 
fi les can also be easily incorporated into the map such as diagrams, Word fi les or 
PowerPoint presentations. The reference node enables you to link directly to exter-
nal websites. Icons can also be meta-tagged using either a pre-defi ned set of key 
words or through user generated terms. Maps can be exported in a variety of ways 
from simple diagrammatic jpeg fi les through to inter-linked websites. 

 Our initial task was to agree a common format for representing learning  activities 
visually. To begin with we worked only with the existing pre-defi ned icon set. 
Figure  10.3  shows an early example which attempted to visually represent a  learning 
activity created by Oliver 11  in Australia as part of the AUTC learning design project. 
The fi gure shows a series of columns representing the key elements involved in the 
learning activity, which consisted of a simplifi ed version of a learning activity 
 taxonomy developed as part of the DialogPlus project (see Conole  2007 ). The dia-
gram shows the use of a number of the icon sets (notes, reference, list) and the inclu-
sion of a series of external fi le types (a picture and word fi les). The note icons 
“Authors” and “Discipline” have asterisks by them showing that they contain addi-
tional information which is displayed when the mouse hovers over the icon.

   The next stage in the process was to work with an individual academic on one of 
their own learning activities to try and elicit both their thought processes in the 

11     http://www.learningdesigns.uow.edu.au/project/doc/GenericICTTools.pdf 
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design process and their initial reaction to using the Compendium tool. A third-level 
environmental course, U316, was chosen for this purpose. This course was chosen 
for two main reasons. Firstly it was recognized to be an example of good practice 
and innovative use of technologies. Secondly, it had been the subject of an extensive 
research and evaluation project funded by the Mellon foundation and so a lot of 
detailed research data had been gathered on different aspects of the course and the 
design process (Thorpe & Godwin  2006 ). Stewart Nixon, the main lead for the 
VLE-related learning design work, and I worked with the main researcher involved 
in evaluating U316 to represent the learning activity, we noted her reaction to inter-
acting with the Compendium tool as well as her general thought processes in repre-
senting the key learning activities contained in the course. A number of interesting 
issues emerged in the discussion. Overall her reaction to the tool was positive, she 
felt that it helped her articulate and share the key aspects of the learning activity. 
The ability to provide layered aspects to the information represented was also 
deemed useful. What constituted an appropriate level of granuality of information 
was also considered and it was agreed that a pragmatic and contextual approach 
should be adopted. Interestingly she also felt it would be useful to include indica-
tions of time to complete against each task, a factor which we had not considered in 
our early design prototyping, which further supported our decision to adopt a 
 user- centric and iterative approach to our prototyping and design of the tool. In describ-
ing her initial impressions of the tool, Thorpe notes the benefi ts of this approach as:

   Learning designs can be explained, as here, using narrative accounts but these are often not 
at a level of detail suffi cient to enable a practitioner to capture the key elements in their own 
teaching. More detailed narratives also benefi t from  diagrammatic representations that 
teachers can use to clarify the activities involved. (Thorpe et al.  2007 )    

 Armed with this initial positive feedback about the potential use of Compendium 
as a learning design tool we decided to create a dedicated set of learning design 
icons, to complement the generic set available within the tool. As part of the core 
functionality of the tool it is possible for users to create and incorporate their own 

  Fig. 10.3    Visual representation of Oliver’s “for and against debate”       
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“stencils” of icon sets. Once the appropriate set of icons have been identifi ed, they 
are labeled with appropriate text and given an overarching stencil name set. We 
choose to focus on a simplifi ed list of icons to represent what we felt were the key 
aspects of the design process, namely: task, role, tool, resource, output, group, 
assignment, and activity. All of the icons are of the same type except for the activity 
icon which is a variant of the generic map icon. As with the core Compendium icon 
set users are able to rename each of the icons to something more appropriate to their 
context. Once created the stencil set is opened via the tool drop-down menu. Figure 
 10.4  provides a screenshot of Compendium, showing the generic set of icons on the 
far left-hand side, along with the learning design stencil “LD2” we created.

   We used the new stencil set as a means of representing the learning activities 
being described in the case studies. As we began to represent this and based on 

  Fig. 10.4    Screenshot of Compendium with the LD2 learning design stencil set of icons       
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feedback from users we realized that our initial iconic representation (shown in Fig. 
 10.3 ) was overly complex and so we fi xed on a simplifi ed approach which consisted 
of a column for each role (student, tutor,  etc ) and an associated column for the 
“assets” associated with that role (i.e. any resources, tools or outputs). 

 Figure  10.5  represents a screen shot of part of the learning activity associated 
with the U316 course. Two roles are shown (student and tutor) along with their 
respective tasks. Tools, resources and outputs (i.e. assets) associated with each task 
are shown alongside, with arrows indicating connections.

   Our initial evaluation of the use of the tool to represent learning activities in a 
 format similar to that shown in Fig.  10.5  proved positive and seemed to go some way 
towards addressing the fi rst of our areas of research focus, i.e. how to capture and rep-
resent practice. The second aspect was to provide some form of intelligent  scaffolding 

  Fig. 10.5    Visual representation of part of a collaborative role play activity       
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for the design process, in the form of guidance or additional support. As  discussed 
earlier we were aware that no one approach to design would meet all users needs and 
hence the scaffolding needed to be adaptable and multi-faceted. Our ultimate goal is to 
provide adaptive and contextualized information on different aspects of the design 
process, tailored to individual needs and delivered on a just-in-time basis. 

 As a fi rst step to this, our review of related tools and planners identifi ed a number 
of different approaches that helped the user think creativity about different aspects 
of the design process. For example, both the DialogPlus toolkit and the Pedagogic 
planner offered mechanisms for the designer to map learning outcomes, tasks and 
assessment. The Phoebe planner provided some useful tips on thinking about 
 particular tools and which types of activities they might support. However feedback 
from users also showed that they valued having a simple step-by-step set of guiding 
questions to think about and guide them through the design process. The JISC effec-
tive practice with e-learning includes one example in the form of a learning design 
template. Beetham & Sharpe’s ( 2007 ) recent book on learning design includes a 
series of Appendices which provide similar guidance. We wanted to experiment 
with using these different means of supporting the design process by creating a set 
of adaptable templates that users could work through and adapt to their own context. 
In addition to the creation of iconic stencil sets, Compendium also enables the user 
to create customisable templates. A template is a Compendium xml export fi le, 
which holds a set of maps/nodes which the user might use frequently. We used this 
template facility to create a series of learning design templates focusing on a core 
set of different approaches to the design process:

•    Simple step-by-step guidance.  
•   Empty “swim line” style diagrams showing the key components for creating a 

diagram – as illustrated in Fig.  10.5.   
•   Two forms of mapping templates: a simple one linking learning outcomes, tasks 

and assessment and a more complex one incorporating tools, the discipline 
 problems being addressed in the learning activity and topics covered.  

•   Two affordance-related templates: one to identify affordances of tools and the 
other to identify the affordances of different types of activity.  

•   Figure  10.6  provides a screen shot showing the LD template set on the side, 
along with the open “Step-by-step” template.

      Finally we are beginning to draw together a comprehensive set of resources 
related to the learning design process. These we have collated in Compendium and 
exported to create a web-based version. The resources cover the following areas of 
support:

    1.    Learning design tools and resources – including the toolkits and planners 
described earlier, as well as repositories of case studies and patterns on learning 
design (Fig.  10.7 ).

       2.    Factors to think about – a series of guiding questions on the key issues to  consider 
in the design process (Fig.  10.8 ).

       3.    Tools – brief descriptions of tools and the types of activities they support.   
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  Fig. 10.6    The seven LD templates with the step-by-step template open       

  Fig. 10.7    Learning design tools, resources, guidance and templates       
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   4.    Activities – a growing database of iconic representations of learning activities 
grouped by discipline (Fig.  10.9 ).

       5.    Pedagogy – an outline of key pedagogical approaches and the forms of learning 
they foreground along with links to specifi c pedagogical models and 
frameworks.   

  Fig. 10.8    Factors to think about in the design process       

  Fig. 10.9    Compendium maps of learning activities categorized by discipline       
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   6.    Examples of using the learning design templates.   
   7.    OU case studies – completed templates for the 44 OU-specifi c case studies.   
   8.    Sandpit – an area where users can share rough learning activity designs.      

10.8     Evaluation 

 During March and April 2007 these resources were trialed through a series of 
 workshops. The fi rst consisted of a group of critical friends made up of e-learning 
researchers and educational developers. The second was a workshop with 17 
Engineers at the University of Porto in Portugal. As part of the workshop partici-
pants created designs using the DialogPlus, Phoebe and Pedagogic Planner tools 
described in this chapter, and one group using our fi rst customized prototype ver-
sion of the Compendium tool (which incorporated the specialized LD icon set). 
Feedback from the group confi rmed that they did want some form of structured 
guidance to the design process, that they valued case study examples, particularly 
from their own subject area and that they valued the opportunity to articulate their 
design ideas with other colleagues. Encouragingly the group using the Compendium 
tool seemed to have the most positive experience and got furthest in terms of 
 representing their learning activity. 

 (Compendium is) Very good to visually describe the activity itself and the actors, 
resources,  etc . but it’s not a planning tool in a sense it just describes the activity and 
it does not give you a framework. (University of Porto Workshop participants, 2nd–
3rd April 2007) 

 They found the tool helpful in terms of developing a shared language and dis-
cussing and noting design decision making points. Based on this feedback the 
online resource described above was more extensively developed and restructured 
in terms of how the information was provided to the users. Our ultimate intention is 
to “mix and match” these extensive resources so they appear at appropriate decision 
points in the users design process. 

 During April 2007 eight faculty-based OU workshops were run using the 
improved learning design focused Compendium tool and associated resources. The 
workshops included an introduction to the concept of learning design and a series of 
exercises getting participants to refl ect on their current strategies for design. The 
second part included a hands-on session where users worked in groups to present 
their own learning activities in Compendium. Figures  10.10  and  10.11  provide two 
different examples of designs that were produced in the sessions. What is interesting 
is the way in which the participants adapted the column-based role and asset struc-
ture we presented (for example see Fig.  10.5 ) to suit their own needs; importantly 
the fl exibility of compendium as a tool enabled them to do this and did not stifl e 
their creativity. We were surprised at how far the participants got in representing 
their designs and it did seem during the sessions that Compendium acted as a useful 
tool to help them articulate and share their thought processes. A few participants 
however commented that they did not fi nd representing their designs visually 
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 helpful, stating that, for them, pencil and paper/discussion would be preferable. It is 
likely that such a focus on the visual aspects of the design process will not suit 
everyone, but overall most participants were positive both during the session and in 
their evaluation feedback.

  Fig. 10.10    A learning design showing four different roles       

  Fig. 10.11    A learning design emphasizing refl ection       
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    Participants were asked to complete an evaluation at the end of the session. This 
was then used as the basis for a wrap up discussion highlighting what they found 
useful about the session and what they would like to see improved, along with an 
action list of “next steps” for their respective facilities. The questionnaire asked 
them a series of open-ended questions such as: what topics they would have 
included/ excluded and why, and what they most liked/disliked about the workshop. 
More general questions about the length of the session, quality of the presentations 
and materials, and suggested follow up were also asked. 

 Feedback from the workshops has been very positive with all groups reporting 
that they liked Compendium, found it easy to use and a useful tool to help them not 
only think about and articulate their design process, but also as a means of repre-
senting and sharing their design. There were mixed views on the balance of theoreti-
cal and the practical hands-on aspects of the workshops. 

 Session would have been improved by getting into Compendium straight away 
and having less of the front end stuff. We need to grapple with the tools that will 
help us organize learning design rather than the “background to” LD. 

 I think the session held together as a whole with a good balance of input/ discus-
sion/activity. I feel like I have a handle on the basics of using a tool, access to a 
range of resources [sic] and has been thoroughly linked to my own practice – so 
I wouldn’t want to change any of the content. 

 Similarly there were different views on how the material could have been ordered 
and the level of detail given to each sub-topic. Despite some negative comments 
about the amount of theory, as the workshop was introducing a new methodology 
and way of thinking about learning design we still feel that this theoretical under-
pinning is important and would want to include it in future workshops, however we 
will adapt this material and put more emphasis on the benefi ts to end users of adopt-
ing a learning design approach. Inherent in some of the negative feedback received 
is the fundamental problem that the concept of learning design on the surface appear 
very simple is in fact very complex. A classic example is the frequent call for exam-
ples or case studies, as users assume having access to these will be enough to give 
them ideas to create new designs. 

 Some more examples of good practice and their Compendium design. 
 Perhaps some more concrete examples – helps me relate the words to something 

concrete. 
 However, in our experience giving users a set of case studies can be overwhelm-

ing; they often don’t know how to work through them or apply them to their own 
context. In fact as illustrated earlier a comprehensive set of resources (including 
links to several large databases of external case studies) was provided as part of the 
workshop material, but evidence to date suggests that few users are prepared to 
invest the time needed to work through these to extract the necessary information 
they require. Indeed this uncovers a further issue, that despite the overall positive 
evaluations for the workshops very few of the participants are continuing to use the 
materials as a basis for creating designs. This suggests that further work is needed 
to make use of the system intuitive alongside faculty-specifi c support. 
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 In previous work a learning activity taxonomy was developed which identifi ed 
the components associated with a learning activity (see Conole  2007 ). The level of 
detail of the taxonomy (which includes for example 72 possible types of learning 
task) illustrates the complexity of the design process. However, the evidence from 
our previous work (Fill et al.  2008 ; Falconer & Conole  2006 ; Jeffery et al.  2006 ) 
suggests that users are impatient and want/expect quick solutions and are not 
prepared to invest the time necessary to create learning activities which take account 
of all the different factors involved. This is the key challenge for research in learning 
design: how to provide simple and easy to use guidance and tools to support the 
design process, which users are prepared to use and can see the benefi ts to them of 
investing time in using these tools, which at the same time don’t trivialize the 
process.  

10.9     Conclusions 

 The project is timely as the OU is involved in two major initiatives on the use of 
technologies; the VLE program described earlier and the OpenLearn project 12  which 
is making OU content freely available. It is clear that there is a need for further 
research – practitioners are crying out for examples of good practice and guidance 
in design. However previous research shows that representing learning design prac-
tice and providing appropriate support for learning designers is both diffi cult and 
contested. By bringing together both narrative accounts of learning designs with 
notational maps showing the design visually, we hope to address and fi nd practical 
ways of approaching the key issues in this area: How will users interact with the 
case studies and the learning design tool? Will practitioners fi nd the tool useful? 
How will the tool be used in different contexts? What associated support mecha-
nisms might be useful – such as individual expertise or interactive workshops? 

 Our initial evaluations of work to date is encouraging, Compendium seems to 
provide an easy to use visual tool to help represent different learning designs. The 
next stage in our work will be to try and structure the information emerging from 
our institutional case studies along with the wider set of resources on thinking about 
the different aspects of the learning design process into an adapted and contextual-
ized set of scaffolds to guide users through the design process. If we can achieve 
this, we believe we will go some way towards addressing the problem outlined at 
the beginning of this chapter, namely the mismatch between the potential of new 
technologies in terms of how they can be used to create innovative and engaging 
learning activities and their actual use in practice.     

  Acknowledgement   The work described in this chapter is part of an institutional project on 
 learning design. Others involved include: Stewart Nixon, Peter Wilson, Martin Weller, Simon 
Cross and Mary Thorpe.  
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    Abstract     This chapter focuses on the special skills and considerations involved in 
constructing knowledge maps for, and with, groups. Using knowledge cartography 
in a facilitative manner in such efforts as collaborative analysis, or simply trying to 
map discussions on the fl y using knowledge mapping software, poses challenges 
and requires expertise beyond that which characterize individual practice. The 
chapter provides concepts and frameworks useful in analyzing such collaborative 
practice and illustrates them with a case study.  

11.1         Introduction 

 Collective sensemaking in complex socio-technical situations is a constant 
 feature of organizational life in science, government, business, and other institu-
tions. Supporting sensemaking calls for both sophisticated tools and human 
expertise in their use. Examples include group decision support, process model-
ing, requirements analysis, argument mapping, strategic planning, and problem 
exploration. Such activities are increasingly widespread, and there are profes-
sional consultancies devoted to providing these kinds of services. The need for 
the kind of integrative, participatory thinking necessary to use these tools effec-
tively is increasingly required by more than just specialists. However there has 
been surprisingly little research devoted to understanding and improving profes-
sional practice in this area. The absence of substantive analysis of the nature of 
human expertise in supporting this kind of work is striking. 

 My research studies practitioners who use software to provide sensemaking sup-
port to others through constructing graphical representations in real time. Having 
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worked as a practitioner in this area for a number of years, I am interested in how 
the human experience of both practitioners and participants culminates in what hap-
pens at their shared interface – the representations they create with the software. 
Understanding expertise in this domain will help lead to better education for refl ec-
tive practitioners. This requires developing a descriptive language that does justice 
to the complexity of the phenomenon, incorporating but extending the sphere of 
research in areas such as the nature and development of expertise, the role of human 
sensemaking around information visualizations, the intelligibility and usefulness of 
representations, and the construction of narrative coherence over multimedia and 
document repositories. Creation of representations in a collaborative or participa-
tory environment also draws on work in design rationale, concept mapping, hyper-
media, refl ective practice, and participatory design. Key research questions include:

•    What is the nature of the skills required to construct graphical knowledge repre-
sentations in real-time, participatory settings?  

•   What are the kinds of choices practitioners face, especially at sensemaking 
moments in the course of conducting sessions?  

•   How does the context of the service being provided affect the choices a practitio 
ner makes?  

•   What are the differences between novice and expert practitioners of such forms?  
•   How can practitioner skills be more effectively scaffolded and supported through 

improved software tools and training approaches?    

 Much of this book focuses on the creation of knowledge maps by individuals, 
who craft their maps as authors working by themselves. In contrast, this chapter 
looks at the particular considerations and skills involved when knowledge cartogra-
phy is performed by a person (a “practitioner” for a defi nition, see Table  11.1 ) work-
ing with a group of people building maps in collaborative sessions. I examine 
collaborative knowledge cartography from the perspective of the practitioner’s 
 experience . If we can characterize that experience, we may be better able to incul-
cate improved effectiveness through training, tools, examples and exercises. I will 
describe some concepts that help provide a framework for understanding collabora-
tive knowledge mapping practice. I’ll then provide a case study that uses the frame-
work to understand the choices made by a practitioner in a collaborative session. At 
the conclusion of this chapter, I’ll describe how the framework can be used to help 
practitioners see and refl ect on aspects of their practice normally left implicit or 
unquestioned.

   The aim of this chapter is to provide descriptive language and tools to char-
acterize the practitioner experience in such a way as to be analytically useful 
across the spectrum of knowledge cartography applications. What are the think-
ing skills, competencies, and stances that a practitioner takes to the participants, 
materials, artifacts, tools, subject matter, and audience (recipients of the group’s 
output) in a collaborative effort? What are the considerations common to such 
efforts, which can be used as lenses with which to view and describe the practi-
tioner experience? In what ways do these considerations differ when looking at 
individual vs.  collaborative practice? 
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    Table 11.1    Aspects of collaborative knowledge cartography   

 Aspect  Description 

 Effort  The overall project in which collaborative knowledge mapping is taking place 
 Practitioner  The person who is using the knowledge mapping tool itself, whether as an 

individual user working alone, or as the person with their “hands on the 
keyboard” working with a group to create a knowledge map. The person 
taking primary responsibility for the form and content of the maps 

 Participants  People “in the room” (whether a real or virtual space) taking part in a 
collaborative knowledge mapping session 

 Session  An individual occurrence of mapping within an effort, such as a specifi c 
meeting. Some efforts may consist of a single session, where some 
comprise many sessions (which may include individual mapping sessions 
as well as collaborative ones) 

 Episode  For analytical purposes, every session can be seen to consist of individual 
episodes, subsections of the session each of which has a recognizable 
beginning, middle, and end. They can last from under a minute to several 
minutes or more 

 Event  Each episode is made up of several events, usually delineated by a particular 
set of moves made around an immediate task or goal 

 Choice  Choices made by the practitioner during the course of an event 
 Move  Individual operations or actions, such as verbal moves (statements, questions, 

exclamations) made by either participants or practitioner, and 
representational moves made by the practitioner within the knowledge 
mapping software 

 I look at knowledge mapping practice from the vantage point of those who 
have developed some degree of fl uency with the tools and techniques, rather than 
examining novices just beginning to use a mapping tool. For beginners, perform-
ing even basic actions presents obstacles, until they develop familiarity. Once fl u-
ency is attained, however, the challenges to, as well as the potential for, effective 
practice are just starting. It is in experienced practitioners that we are able to dis-
cern the aspects of expressiveness, style, creative choice, and performance under 
pressure that are required for effective knowledge mapping practice in collabora-
tive settings. 

 My interest in studying collaborative knowledge cartography practice stems 
from more than fi fteen years of professional work in the discipline in a variety of 
settings, acting both as an individual working alone to author knowledge maps as 
well as a collaborative practitioner, putting my mapping skills in service of a group 
of people. In some cases the maps themselves were the focus of the collaborative 
effort – that is, the group worked exclusively on the maps, often in an analysis 
effort of some sort, such as creating a process model or risk assessment. In other 
cases, the maps were part of a set of artifacts or materials the group worked with, 
where they served as one of the vehicles for group decision capture, note-taking, or 
issue exploration along with other tools, such as spreadsheets. In still other cases, 
the knowledge maps were a backdrop to group activities such as discussions, serv-
ing as repositories for notes and meeting minutes. Sometimes the maps were used 
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at a single meeting or event, while at other times many maps were created, added to 
and interlinked over months or even years of a large-scale collaborative effort. Each 
kind of use brings with it different sorts of practitioner (as well as participant) 
experiences. 

 Knowledge mapping practitioners working in service to others must make 
moment-to-moment choices so that their actions are most appropriate and helpful to 
the group and its aims. Looking at expert practice in knowledge cartography in this 
way shifts the focus from rationalized, prescribed methods to the ways in which 
practitioners faced with an anomalous or unique situations make instantaneous, 
improvised choices and new combinations from their repertoire of possible actions 
and techniques (Schön  1983 ). For Schön these are unquestionably artistic perfor-
mances, in which a practitioner “responds to the complexity, which confuses the 
student, in what seems like a simple, spontaneous way. His artistry is evident in his 
selective management of large amounts of information, his ability to spin out long 
lines of invention and inference, and his capacity to hold several ways of looking at 
things at once without disrupting the fl ow of inquiry.” (Schön  1983 :130) In this 
chapter I’ll explore various dimensions of this artistry and performance as it can 
take place in collaborative knowledge mapping situations. 

 Table  11.1  outlines some general terminology that will be used throughout this 
chapter to refer to aspects of collaborative knowledge cartography in instances of 
actual practice. 

 In the next section, I discuss how some of the central considerations I use to 
analyze collaborative knowledge cartography are treated in other fi elds.  

11.2     Related Work 

 As an emerging fi eld, there is little research on the practitioner experience, or prac-
tice aspects in general, of collaborative knowledge cartography. However, aspects 
central to the framework presented in this chapter, such as ethics, aesthetics and 
improvisation, as well as treatment of the skills required to perform knowledge 
cartography in groups, are found in a number of related fi elds including hyperme-
dia, group support systems, and aesthetic facilitation. 

11.2.1     Hypermedia 

 Although there has been interest in knowledge mapping using hypermedia tools for 
group support and facilitation for many years (Conklin & Yakemovich  1991 ), as 
well much work in using hypermedia in artistic contexts and as a literary and art 
form itself, there has been little research that directly addresses what it means to 
perform such practices from a practitioner point of view. Most work that touches on 
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practice issues looks at concerns about novices learning to use hypermedia tools 1  
(e.g. Bromme & Stahl  2002 ), or examines the artifacts themselves, focusing on the 
“intellectual work” (Marshall  2001 ) dimensions of hypermedia practice, with a 
relatively functionalist view of what skills such work encompasses. 

 Although there is much hypermedia research focusing on highly complex 
domains such as software engineering (Scacchi  2002 ; Noll & Scacchi  1999 ), 
library science (Nnadi & Bieber  2004 ), and legal argumentation (Carr  2003 ), in 
which few would dispute that a high level of skill, training, and experience is 
required to be successful, the specifi cally hypertextual aspects of the skills 
required are given little attention. It is almost as if to do so would be to admit 
some gap or defi ciency on the part of the support technologies involved. Although 
many of these approaches implicitly assume a high degree of hypermedia literacy, 
skill, and even artistry on the part of their users, rarely if ever do such studies treat 
these matters explicitly. Indeed, promising hypertext approaches, such as the 
design rationale fi eld in the 1980s and 90s (Fischer et al.  1996 ), have been dis-
missed or abandoned precisely because they appeared to require a high level of 
skill to perform effectively (which no one would begrudge the practitioners of the 
non-hypertextual aspects of those fi elds – e.g., no one would expect an architect 
or kitchen designer to move from novice to expert use of the tools of their trade in 
a couple of days). 

 Even within the realm of hypertext literature research, there is little attention 
paid to practitioner and practice issues. Most research in the fi eld focuses on tex-
tual criticism of the artifacts themselves (Koskimaa  2000 ; Miles  2003 ), or on the 
navigation and reading of them, rather than on the process of construction or the 
skills involved. 

 When hypertext authoring skills are treated head on, it is most often in terms 
contrasting them with conventional notions of writing and reading (Landow  1991 ; 
Barnes  1994 ). These, while often valuable, only paint a portion of the picture. This 
is especially so when referring to the practice of constructing hypermedia represen-
tations for groups in real time, with the active participation of the members, rather 
than in building stand-alone hypertexts as a solitary activity, meant for readers to 
review and navigate, at a later time. For example, Emmet and Cleland’s study ( 2002 ) 
of a hypermedia tool used for constructing narrative and graphical representations 
of safety issues focuses solely on tool features as the means to address issues of 
authoring and representational complexity and suffi ciency. 

 Some researchers have touched on the skills required, and challenges faced, in 
building knowledge maps such as those depicting design rationale. Buckingham 
Shum ( 1996 :21) cites “the diffi culty of representing useful design rationale while 

1   This is also true for other disciplines looking at professional practice. For example, Cross ( 2003 ) 
observed this for studies of professional designers: “Most studies of designer behaviour have been 
based on novices (e.g., students) or, at best, designers of relatively modest talents… if studies of 
designer behaviour are limited to studies of rather inexpert designers, then … our understanding of 
expert designers will also be limited. In order to understand expertise in design, we must study 
expert designers.” 
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engaging in artifact construction … rapid testing and changing of the [design] 
 artifact, coupled with a reluctance or even inability to interrupt and articulate one’s 
process” results in either incomplete design rationale or incomplete design, as well 
as some degree of user (designer) frustration. Other researchers alluded to the role 
of a practitioner in such efforts, mostly indirectly and in a negative light, pointing to 
the large degree of time and effort involved to capture and represent design ratio-
nale, often involving third parties and considerable expense. Olson et al. ( 1996 ) 
noted, trying to capture the design rationales of our meeting discussion takes an 
enormous amount of coder time off line. Conklin & Yakemovich ( 1991 ) reported 
that the graphical Issue-Based Information System gIBIS approach seemed to work 
in actual project settings only with a scribe taking an enormous amount of time to 
capture and analyze rationale information.  

11.2.2     Group Support Systems (GSS) 

 A large strain of GSS research has focused on the role of the facilitator (Bostrom 
et al.  1993 ), who operates the software and runs the sessions with groups. 
Facilitators play a key role by helping teams understand and work with the tools 
and conceptual frameworks, as well as by paying attention to “individual person-
alities, emerging group norms, and political realities” (Niederman et al.  1996 :2) 
and ensuring that conditions are suitable for continuing development of shared 
understanding among the team. While there have been ethnographic studies of 
facilitators such as Yoong’s (Yoong & Gallupe  2002 ; Yoong & Pauleen  2004 ), 
much of this research possesses a “technocratic” orientation, “generally framed 
and studied as rational planning and instrumental action in the service of client 
goals” (Aakhus & Jackson  2004 ), versus a more grounded stance that treats such 
“expert servicing” as products of the “communicative imagination” (as well as 
degrees of “moral” decision-making) of such practitioners (Aakhus  2001 ). In 
order to understand collaborative knowledge cartography practice, we may well 
need to study the often invisible “crafting and shaping” work such practitioners do 
(Aakhus  2003 ). Studies emphasizing outcome-based measures, such as partici-
pant satisfaction, may reveal important aspects of their tools, but they often miss or 
obscure the role of practitioner skill and agency (Aakhus  2002 ).  

11.2.3     Situated Activity and Collaborative Work 

 The nature of expert practice has been a focus for the distributed cognition, social 
constructionist and situated activity schools in computer-supported collaborative 
work (CSCW), human-computer interaction (HCI), and related fi elds (Rogers  2004 ). 
These researchers, such as Engestrom ( 1993 ), look at the various levels of interaction 
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occurring in an actual life situation (as opposed to an idealized or  laboratory setting), 
paying special attention to the ways in which social and historical context,  interpersonal 
interactions, artifact creation, and tool use interrelate in a particular setting. These 
approaches illuminate such dimensions of expert practice such as problems and 
breakdowns, interdependencies between the actors, and the situatedness of practice 
(Rogers  2004 ). 

 Work such as Keller and Keller’s analysis ( 1993 ) of an expert blacksmith’s 
execution of a custom-ordered spoon for a museum, focus on the “open-ended 
processes of improvisation” that such a practitioner employs, providing rich 
descriptions of not only the individual’s actions and thought processes, but the 
way in which those processes interweave with other aspects of the context, such 
as cultural expectations and contractual relationships that inform and shape the 
apparently “individual” work of the practitioner. Much work in these fi elds also 
focuses on the “complex and demanding” coordination required in collaborative 
work settings, highlighting the need for people to perform “articulation work” 
(Schmidt & Bannon  1992 ). They rarely, though, look at the skills of particular 
roles and individuals, preferring to focus on the distributed nature of such work 
as well as the social context of the work practices involved. An exception is 
research that examines the role of individual technology experts or “mediators” 
in making articulation work in new system implementations effective (e.g., 
Okamura et al.  1994 ).  

11.2.4     Aesthetic Facilitation 

 There are a number of facilitative practices involving the use of art and art-based 
methods to help organizations effect change, whether via individual leadership 
development, workshops focusing on developing strategies, or other approaches. 
Nissley ( 1999 ) employed a wide variety of art practices in organizational change 
settings (theater, stained glass making, and music among others). He used these 
experiences to develop an epistemology of “aesthetic ways of knowing in organiza-
tional life” (Palus & Horth  2005 ). Orr ( 2003 ) developed a “process in which artistic 
media are used to engage organizational members in collaborative learning, sense-
making and change,” which she referred to as “aesthetic practice.” Palus and Horth 
describe six types of “aesthetic competencies” discerned among participants in their 
work incorporating art-making in leadership development workshops: 

 paying attention, personalizing, imaging, serious play, collaborative inquiry, and crafting… 
[these] aesthetic competencies are shown to support the sense-making and meaning-making 
functions of leadership, and are particularly relevant in conditions of uncertainty and 
complexity. 

 Taken together the preceding lay the foundation for the concepts in the following 
sections, which outline a framework that more explicitly addresses the experience 
of collaborative knowledge cartography practitioners.   
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11.3     An Experiential Perspective 

 This section examines “experience” as a framing concept for collaborative knowledge 
cartography practice. Looking at this practice from an experiential perspective means 
foregrounding phenomenological aspects, such as what a practitioner sees, feels, and 
must contend with in the act of actually creating the knowledge maps. What obstacles 
do they face? What personal, intellectual, and technical considerations do they bring to 
the choices they make? 

11.3.1     Aspects of Experience 

 McCarthy & Wright ( 2004 ) propose that an individual’s “felt experience,” as well 
as Dewey and Bakhtin’s ideas of aesthetics, narrative, and subjectivity, provide a 
richer and more generative account of design moves and choices than that available 
from technorational, cognitivist or social constructionist approaches. Centrally for 
McCarthy & Wright are emotion and the “felt life” as omnipresent in any human 
experience. Emotions, which are always individual (that is, they are felt by indi-
vidual people, not by masses or groups), are the elements of how humans actually 
experience any encounter with their environment and with other people. Emotions 
are always completely situated – that is, as felt, they don’t exist in the abstract, 
apart from their object, the situation in which they arise. Affection, hope, fear, 
frustration, anxiety, sensuality, doubt, ambiguity, engagement, suffering, and other 
emotions arise and contend with each other in all our encounters as well as in our 
memories of previous situations and anticipations of future ones. They permeate 
and inform our more intellectual and “cognitive” thoughts and responses as well as 
the physicality of our actions, sensations, and perceptions. McCarthy & Wright 
claim that adopting felt experience as an observational stance reveals aspects of in 
situ human technology use that other approaches miss, such as the situated creativ-
ity individuals exhibit in making sense of or personal use of a technology. They 
look for the potential inherent in any situation where a person encounters or adopts 
a tool or methods; the room for surprise, how one deals with the opportunistic and 
unexpected. Using experience as a lens on practice foregrounds the “answerable 
engagement” a practitioner has with the other people in the situation of practice, 
which has both aesthetic and ethical dimensions. Such an orientation moves the 
focus of inquiry from objective and instrumental considerations to relational and 
creative ones. 

 McCarthy & Wright point out that as individuals our interactions with technol-
ogy can be understood through the prism of roles like “author,” “character,” “pro-
tagonist” and “co-producer” – that is, that we are always actively engaging with 
technology as individuals with our own aims, history, emotions, and creativity, as 
much as we are also embedded in a socio-historical context or attempting to per-
form some kind of task or composite activity. They argue that this is a more genera-
tive approach than concepts like “user.” 
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 As aids to characterizing experiences, McCarthy & Wright suggest four “threads” 
discernible in any situation:  sensual , which pertains to “sensory engagement with a 
situation”;  emotional , which as described above provides the human “quality” of 
any experience;  compositional , which addresses the “relationships between the 
parts and the whole of an experience,” and  spatio-temporal , which describes the 
experience of space and time in an event. I adapt these to help describe both the situ-
ations of practice themselves, and what a practitioner brings to them in their actions, 
interventions, and uses of the knowledge mapping artifacts. In Table  11.2  I sum-
marize how these aspects are used in this analysis. Following that, I expand on how 
the notions of aesthetics, ethics, narrative, sensemaking and improvisation integral 
to an experiential approach apply to collaborative knowledge cartography practice.

11.3.2        Aesthetics 

 One of McCarthy & Wright’s main goals is to restore the “continuity between aes-
thetic and prosaic experience.” They point to Bakhtin’s and Dewey’s theories as 
evidence that there are untapped and unexplored dimensions of the human experi-
ence of technology for which more conventional approaches fail to provide tools for 
understanding. Using felt experience and an aesthetic viewpoint onto technology 
use, they argue, would open up new possibilities for both analysis and design. 

   Table 11.2    Experiential aspects used in this analysis   

 Experiential Aspect  Defi nition 

 Time  Time informs and constrains all practitioner choice- making. 
Critical aspects include how much time is allotted for an 
effort as well as individual sessions and activities within 
the sessions, as well as how time is spent within each of 
these 

 Purposes and Goals  Any human effort can be characterized by the purposes that 
the people involved in it bring to it, or are imposed on it 
from without. Purpose describes the “why” of participant 
and practitioner actions, what they hope or need to 
accomplish 

 Interpersonal Relations  The ways in which the people involved in an effort relate to 
each other, feel about each other and experience their 
interactions 

 Engagement  What a practitioner engages with and focuses on at any 
moment, such as the participants, the subject matter of the 
session, the technical environment, or the maps themselves 

 Velocity and Pressure  How the speed and pressures of the events and interactions 
happen in the course of an effort, whether externally 
imposed (such as the short time and high urgency which 
managers may impose on a collaborative knowledge 
cartography task) or internally driven (such as the intensity 
that individual participants may bring into the sessions) 
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 Aesthetics has to do with what human beings, in the moments when they are 
 acting as artists (Arnheim  1967 ), are actually doing. What distinguishes artistic 
actions from other sorts? What are the uniquely aesthetic characteristics of such 
actions, especially in the work of a collaborative knowledge cartography practi-
tioner? For practitioners, aesthetics has to do with the ability to pull together 
aspects of experience into a new whole that itself provides a (shaped) experi-
ence (Dewey  2005 ). When working with groups, the boundaries of the world of 
experience are closely aligned with the situation in which they are operating – 
the people, goals, interests, and constraints of the project or team they are 
 working with. Even within this bounded world, the dimensions and particulars 
of experience can be vast and diverse, so the problem – and hence the artful-
ness – of pulling them together into an “integrated structure of the whole” 
(Arnheim  1967 ). 

 The aesthetic dimension of practice is concerned with the shaping and crafting 
of knowledge maps in response to both immediate and context-specifi c imperatives 
(things that must be done to help achieve participant and project goals), as well as 
to implicit and explicit concepts of right form. Using the lens of aesthetics can 
offer a unique perspective on the relationship of a practitioner to the participants in 
a situation, emphasizing process, collective and participatory expressive forms, 
even ethical and political concerns (Cohen  1997 ). Understanding the aesthetic 
dimension of a collaborative practitioner’s work emphasizes how the encounter 
between participants, maps, and practitioner unfolds, the extent to which map-
building engages participants, and the ways in which participants are affected by 
the proceedings. 

 The term “aesthetics” has until recently been relatively foreign to studies of 
human-computer interaction (Bertelsen & Pold  2002 ), except with reference to 
graphic design. Traditionally, the focus of HCI and CSCW tends towards the 
functional – how best to support particular kinds of work, to better fit the 
tool(s) to the pur-pose(s), and to understand the purposes and tools themselves 
better, in all their social and cognitive dimensions. More recently, there has 
been renewed interest in the aesthetic and emotional dimensions to HCI (e.g., 
Fishwick et al.  2005 ).  

11.3.3     Ethics 

 The ethical dimension is concerned with the responsibilities of the practitioner to the 
other people involved, and to their various individual and collective needs, interests, 
goals, and sensibilities. In some situations, these responsibilities can be weighty in 
nature – for example, in situations of confl ict or dispute, where every action and 
statement on the part of participants or practitioner holds the possibility of worsening 
the situation. In less fraught settings, consequences of action or inaction may be less 
severe, but each action or inaction has effects of various types on the concerns of the 

A.M. Selvin



243

direct participants or other stakeholders. Of particular concern are practitioner 
actions that affect the engagement of participants with each other, with the subject 
matter of their work, and with the nature and shaping of the collaborative knowledge 
maps. These can take the form of questions such as “Should I do action  x  or action 
 y ? What effect will it have on these participants if I do  x ? Should I intervene in their 
conversational fl ow?” “Should I expend the effort to capture everything that person 
A is saying at this moment, or is the time better spent in cleaning up the map or pre-
paring for the next activity?” 

 Aakhus ( 2001 ) advocates research into the communicative actions of GSS facil-
itators, so as to “advance the normative level of communication practice.” He 
stresses that facilitators’ work is not just a neutral enabler of participants’ decision-
making, or a simple “unfolding” of a priori processes, but contains many “instru-
mental” aspects in which practitioner choices directly affect participants and the 
course of events during sessions of their work. He also (Aakhus  2002 ) examines 
the “transparency work” performed by GSS facilitators in an ethical light. This 
work, the result of “active crafting” on the part of the facilitator, is often invisible 
in accounts of GSS practice. Aakhus ( 2003 ) further critiques frameworks that de-
emphasize the ethical “obligations and responsibilities” of particular mediation 
and GSS practices, arguing that “objectivity” is an inaccurate way to frame practi-
tioner actions. Facilitators do in fact intervene in their clients’ situations. Schön 
( 1983 ) argues for practitioners to take active and conscious ethical stances, recom-
mending refl ection-in- action as the means to achieve this.  

11.3.4     Narrative 

 The narrative dimension concerns the connecting together of diverse moments and 
statements over time. Practitioner actions which have a narrative dimension – that 
serve to connect elements of the story being built in the knowledge maps for later 
“telling” and “reading” by others – contribute to the narrative shaping of both the 
effort itself and the knowledge maps that are the primary focus of their actions. 
Narrative is both a basic human psychological mechanism independent of any par-
ticular embodiment, and an aesthetic form that can be represented in verbal, written, 
performed, or other forms. Narrative functions as a key human strategy for exploring 
and overcoming unexpected turns of events. Stories and story-making form a key 
psychological strategy for connecting disparate occurrences. This is particularly so 
when there is a break or disruption from an expected course of action. “The function 
of the story is to fi nd an intentional state that mitigates or at least makes comprehen-
sible a deviation from a canonical cultural pattern.” (Bruner  1990 ) The skill of the 
storyteller lies in the artfulness and effectiveness with which they can craft an artifact 
that makes sense of the “breaches in the ordinariness of life.” Narrative is a central 
means by which we are able to glue together bits of experience to construct a new 
understanding, and a key part of human development, a way that we learn to construct 
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and communicated understanding of events and environments. Narrative is also an 
intentional form – things that are created, with varying degrees of skill, to serve 
 various purposes. Narrative analysis provides a frame for understanding practitioner 
efforts to maintain the coherence and integrity of knowledge maps even in the face of 
interruptions and potential derailments of their sessions.  

11.3.5     Sensemaking 

 In many collaborative mapping sessions, there are moments where forward progress 
is blocked because of unforeseen, uncontrolled, or otherwise problematic obstacles. 
The sensemaking dimension concerns the actions and consequences for what takes 
place at such moments. They call for creative and skilled responses, since pro-
grammed or prescribed responses and rote actions are rarely suffi cient in such 
 situations. What is the particular character of practitioner sensemaking at those 
moments, especially as it is expressed through, and manifested in, mapping moves, 
explorations of and changes to the maps, and interactions with participants about 
them? In what ways do knowledge maps and the practitioners’ interactions with 
them contain both a source of obstacles and impasses, and a means of resolving or 
addressing them? 

 Dervin’s ( 1983 ) model of individual sensemaking posits that a person is always 
attempting to reach a goal, or set of goals. Goals themselves shift in priority and 
nature, in time and place. Some are explicit where others are tacit. Individuals move 
toward these goals until an obstacle stops them. The obstacle impedes their progress 
and stymies their efforts to continue. In order to resume their progress, they need to 
design a movement around, through, over, or away from the obstacle. This can be as 
simple as asking someone for directions or help, or a more complicated set of 
actions that may have a trial-and-error character. These sensemaking actions can be 
understood as attempting to answer a set of questions: What’s stopping me? What 
can I do about it? Where can I look for assistance in choosing and taking an action? 
Weick & Meader ( 1993 ) defi ne sensemaking as the process of constructing “moder-
ately consensual defi nitions that cohere long enough for people to be able to infer 
some idea of what they have, what they want, why they can’t get it, and why it may 
not be worth getting in the fi rst place.” 

 Although in some ways sensemaking can be thought of as a perpetual, ongoing 
process (Weick  1995 :14), it is also something placed in sharp relief by the encoun-
tering of a surprise, interruption, or “whenever an expectation is disconfi rmed.” 
Schön ( 1987 :19) characterizes such moments in professional practice as situations 
of “complexity, instability, and uncertainty,” laden with “indeterminacies and value 
confl icts.” Such moments are further defi ned by a “density of decision points” 
(Sawyer  1996 ). In professional practice, the moments where sensemaking comes 
to the fore can have the character of impasses (Aakhus  2003 ) or what Aakhus 
terms “dilemmatic situations” ( 2001 ). Collaborative knowledge cartography prac-
tice can include many such moments. We will see one described below in the Case 
Study section.  
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11.3.6     Improvisation 

 While some aspects of collaborative knowledge cartography practice follow 
 predetermined patterns and draw on techniques and methods planned in advance, 
skilled practitioners often fi nd themselves improvising. As with aesthetics, improvisa-
tion is rarely a focus for research in the HCI, CSCW, hypermedia, and GSS fi elds. Even 
in fi elds like teaching or semiotics, despite their focus on the highly improvisational 
world of human speech, studies of improvisational aspects are relatively rare (Sawyer 
 1996 ). Improvisation is diffi cult to control for, or measure in, laboratory or outcome-
based studies of software tool use. GSS research often regularizes the practices sur-
rounding the technology, analogous to similar moves to “script” teacher-student 
interactions (Sawyer  2004 ) and otherwise de-skill or de-emphasize the creative aspects 
of many sorts of professional practices (Schön  1983 ). Yet improvisation is central to 
understanding what truly occurs in real-world software use situations. 

 Sawyer ( 1999 ) discerns three levels at which to understand improvisation: indi-
vidual (improvisation on the part of particular actors), group (improvised interac-
tions within a bounded, particular situation), and cultural (“the pre-existing 
structures available to performers – these often emerge over historical time, from 
broader cultural processes”). The cultural level supplies the elements of a practitio-
ner’s repertoire, the bag of pre-existing techniques and concepts (whether learned in 
school, or from work or other experiences) that collectively determine the “scope of 
choice” (Schön  1983 ) that the practitioner draws from, combines, and invokes in the 
heat of an encounter. Practitioners of exceptional skill often possess repertoires of 
great “range and variety” (Schön  1983 :140) which they are capable of drawing on 
and combining in innovative, expressive, and subtle ways. This kind of character-
ization is particularly apt when a practitioner is confronted with a situation of confu-
sion or uncertainty, where they can no longer continue on with a single pre- existing 
method or technique (though they may return to it later) and must make a high 
number of rapid decisions about what actions to take, ways to infl ect those actions, 
or risk losing the coherence of the session, thus jeopardizing its goals. 

 Maintaining an awareness of the emergent aspects of a situation, however, does 
not mean that all is left to chance. Sawyer ( 2004 ) emphasizes the concept of “disci-
plined improvisation,” which juxtaposes improvisational aspects of practice (dia-
logue, sensemaking responses, spontaneous and creative acts) with “overall task 
and participation structures,” such as “scripts, scaffolds, and activity formats.” 
Skilled practitioners are able to navigate judiciously between moments when they 
can rely on pre-existing structure and scripted actions, and moments when fresh 
responses and combinations are called for.  

11.3.7     Summary 

 In this section I’ve outlined the main dimensions I use to characterize the practitio-
ner experience of collaborative knowledge cartography. Table  11.3  provides a sum-
mary of these.
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11.4         Comparing Individual and Collaborative Practice 

 While all knowledge mapping practitioners who have progressed beyond the novice 
stage encounter the dimensions discussed above, the way the dimensions are expe-
rienced is different (and intensifi ed) when the dimension of mapping live with a 
group (referred to as “collaborative mapping”) is added. Table  11.4  provides a com-
parison of several of these differences.

   Now that we have outlined aspects of the special character of collaborative 
knowledge cartography practice, we can bring them together in an analytical frame-
work. The next section describes this framework. 

11.4.1     A Framework for Analyzing Collaborative Practice 

 If we bring these practice components together with the experiential aspects dis-
cussed above, we get the beginnings of an analytical framework that can be used to 
describe instances of collaborative knowledge cartography practice. Table  11.5  
brings the above aspects together.

   The above analysis is abstracted from a number of close studies of actual ses-
sions and practitioners. The next step is to apply these considerations to actual 
practice and practitioners. The following section presents a short example of this 
excerpted from a longer case study.   

11.5     Applying the Framework to an Example of Practice 

 To illustrate how the above framework can be applied to instances of actual practice, 
in this section we take a look at practitioner choices made in a session taken from a 
longer case study of collaborative knowledge cartography. Space does not permit a 

   Table 11.3    Dimensions of collaborative knowledge mapping practice   

 Practice Dimension  Defi nition 

 Ethics  How a practitioner’s actions will affect the interests and well-being 
of participants, audience, and stakeholders 

 Aesthetics  How the form that artifacts and utterances take in the process of 
constructing knowledge maps, and the shaping and crafting that 
practitioners apply 

 Narrative  How the ways people understand and connect events together; the 
meanings they bring to events, especially the explanations for 
when something breaches the expected fl ow of events 

 Sensemaking  The ways in which practitioners deal with situations of doubt or 
instability, particularly when an obstacle blocks forward progress 

 Improvisation  The spontaneous moves that practitioners make, involving creative 
divergences from rote or prescribed methods or behaviors 
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   Table 11.4    Comparison of individual and collaborative practitioner experience   

 Dimention 
or Aspect  Individual Mapping Practice  Collaborative Mapping Practice 

 Aesthetics  Working individually, a practitioner 
can spend as much time, effort, 
and focus on shaping and refi ning 
maps as desired. Such “tweaking” 
often consumes much of the 
practitioner’s attention and crafting. 
Continual refi nement of every 
dimension, whether appearance 
(the form, look, wording, colors) 
technical (how well maps fi t into 
the overall technical context of an 
effort, such as integration with other 
tools, tagging of elements), or 
hyper-textual (elegance of linking 
and transclu- sions) is often the 
hallmark of individual practice 
and a core refl ection of the expertise 
displayed 

 In collaborative sessions, the 
practitioner must trade off aesthetic 
shaping in the service of 
interruptions, obstacles, and shifts 
in emphasis. Participant 
contributions can and usually do 
come “fast and furious,” so shaping 
activities tend to occur either on the 
fl y or in the moments in between 
other activities. In such moments, 
equivalent to musical rests, the 
practitioner (if they are fast enough) 
can adjust the placement of a few 
nodes or links, create a 
transclusion, change a node type, or 
other small actions that enhance the 
elegance (and hopefully therefore, 
the coherence) of the maps 

 Ethics  For individual practice, ethics follow 
several levels. Practitioners should 
be aware of how their product 
(knowledge maps) can affect 
audiences and stakeholders, how it 
might be taken up or used to serve 
different purposes, as well as follow 
general ethical guidelines such as 
truthful handling of facts 
and evidence 

 All of the same considerations that 
guide ethical individual practice are 
in play, with the added weight of 
sensitivity to participant goals, 
interests, feelings, relationships, 
and the ways in which the 
practitioner’s own actions, even on 
the moment-to-moment level, can 
affect these 

 Time  Within the context of the time allotted 
for the overall effort, time 
is generally open-ended for work 
sessions in individual practice. 
The practitioner can start, stop, 
explore, and work over details 
without worrying about the effect 
on others, interruptions, or 
squandering too much of the overall 
time budget 

 Practitioners can only act within the 
constraints of a session’s time 
budget, which poses considerable 
sensemaking challenges. They must 
be judicious about taking the group’s 
time to arrange maps, fi x problems, 
and deal with technical issues. They 
must divide their attention between 
the maps, the participants, the tools, 
and the content as well as the goals 
of the session 

 Purposes 
and Goals 

 In individual practice, the goals that 
guide the practitioner’s work are 
generally external to the work 
session itself. They exist as ideas 
that motivate the work but do not 
generally shift within the work 
sessions themselves (except, of 
course, for new ideas that occur 
to the practitioner in the course 
of their work) 

 Practitioners in collaborative sessions 
must be sensitive to the goals of the 
participants as well as of external 
stakeholders. They shift (and 
sometimes adjudicate) between 
them, which can require delicate 
and painstaking attention. 
Practitioners need to be aware of 
divergent as well as emergent goals, 
and how their own actions can 
serve different goals and purposes 
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full analysis here, which would show the rich interplay of interactions, choices, 
moves, and artifacts over the course of an entire session, placed in context of the 
overall effort (for a longer treatment see Selvin ( 2005 )). Rather, I will highlight a 
few such choices and moves and discuss them in terms of the aspects and dimen-
sions presented above. 

11.5.1     Background 

 The case was drawn from a video analysis of expert practitioners using the 
Compendium knowledge mapping software in the context of a NASA experiment in 
scientifi c collaboration as part of the Mobile Agents project (See Chapter   14    , Sierhuis 
and Buckingham Shum). One team of scientists spent two weeks at the Mars Desert 
Research Station in Utah (USA). Each day these “astronauts” simulated portions of 
a Mars mission. They would plan and carry out an Extra Vehicular Activity (EVA) to 
gather science data, work with robotic rovers, and other activities, then upload via 
satellite their plans, data, and analyses (assembled via both manual and automated 
means into a Compendium database). Following a time delay, members of the 
Remote Science Team (RST) would download the Compendium database then 
gather in virtual meetings to analyze the data and form recommendations for the next 
day’s EVA. In both settings, one team member acted as the team’s knowledge map-
per (referred in the analysis below as the “practitioner”), facilitating the meeting and 
capturing the discussion and analysis in Compendium. 

 The analysis focused on the changes to the Compendium representation dur-
ing the sessions. I created annotated transcripts of the participant and practitioner 
conversation as well as all representational “moves” made within the software. 
Using a grounded theory (Strauss & Corbin  1990 ) approach, I coded each move 
in descriptive categories, developing progressively more refi ned and expressive 
concepts. I then used critical incident analysis (Tripp  1993 ) to focus more tightly 
on practitioner choices made when faced with obstacles or challenges, identify-
ing the sensemaking, improvisation, aesthetic, narrative, and ethical trade-offs 
and consequences of the choices. The general characteristics of the case study 
are summarized in Table  11.6. 

11.5.2        Overview of the Episode 

 Fig.  11.1  summarizes key moments in the Finding Waypoints episode. It shows 
the trajectory from sensemaking trigger through improvised investigation, 
 consideration of alternatives, construction and aesthetic refi nement, culminat-
ing in direct verbal engagement between participants and practitioner and fur-
ther refi nement.

A.M. Selvin
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   Table 11.6    Summary of this case study   

 Aspect  Description 

 Effort  The 2004 NASA Mobile Agents fi eld trial. Compendium knowledge mapping 
software was used as a principal mechanism to support Remote Science 
Team and Hab crew interactions, particularly the analysis of science data 
and the formulation of EVA plans 

 Practitioner  For each session, a single member of the Hab crew or RST would act as 
practitioner, crafting the knowledge maps in live interaction with the other 
participants 

 Participants  The other members of the Hab crew or RST members. Hab crew mapping 
sessions were performed face-to- face within the Hab; RST sessions were 
performed in live virtual meetings 

 Session  The particular session analyzed here was an RST mapping session held on 6 
May 2004 and lasting 135 min. Participants met over a phone 
teleconference held simultaneously with a web conferencing tool so all 
could view the Compendium practitioner’s computer display. All four 
people were in different physical locations, in California, Arizona, 
New York, and the United Kingdom 

 Episode  The episode studied here happened about an hour into the session and lasted 
three minutes. In the course of the planned analysis of the previous day’s 
science data maps sent from the Hab crew, the RST discovered missing 
information that impeded their further progress. Since the missing 
information concerned geographical “waypoints” data, the episode is 
named “Finding Waypoints” 

 Event  Seven events are studied in the Finding Waypoints episode, from the discovery 
of the missing data to a provisional resolution recorded on the map 

 Choice  In the course of the seven events described here, the practitioner made a 
variety of choices that will be characterized below in terms of improvisa-
tional, engagement, aesthetic, and ethical dimensions 

 Move  There were 29 practitioner moves during the episode, 6 verbal and 23 mapping 
moves (the entire session consisted of 646 moves). Specifi c moves of 
interest will be detailed below 

RST realizes
that waypoint data is
missing

RST guesses
that location is
waypoint 0

“Guess” node
linked to image
node PRAC suggests

RST shouldn’t
have to guess,
RST concurs

PRAC makes
second link,
edits label

RST validates

60:30 61:00

FW1 FW2 FW3 FW4.5 FW6 FW7

62:00 63:00 63:30

“Guess” node
created

  Fig. 11.1    Timeline 
of fi nding waypoints 
episode       

   The RST’s realization that critical information was missing from the imported 
 science data created a dilemmatic moment which spawned sensemaking behaviors 
for both the practitioner and the participants. The practitioner’s responses combined 
 specifi cally hypertextual actions, such as navigating through the views in the 
Compendium database looking for helpful clues and creating new hypertext content 
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(nodes and links), with facilitative behaviors, such as listening closely to the participants 
conversation (even while engaged with his own hypertextual actions), making helpful 
suggestions, paraphrasing participant statements, and gaining validation from the par-
ticipants for how he had represented their thinking on the shared display. 

 The episode proceeded in seven short events, only one of which (FW6) will be 
described in depth here. In the following, PRAC is the practitioner. RST1, RST2, 
and RST3 are the RST scientists participating in the session. Table  11.7  summarizes 
the events. Timings sometimes overlap because an action from a previous event may 
still be occurring when the new event begins.

   Table 11.7    Events in the fi nding waypoints episode   

 Event  Time  Description 

 FW1: (Trigger) 
Recognition 
that waypoint 
data is missing 

 60:37–60:50  The participants notice that a photo from the robotic 
rover does not have the expected location data 
(see Fig.  11.2 ). This is the sensemaking trigger for 
the episode. The participants experience the lack of 
way-point information as a surprise and can’t move 
forward with the analysis. Simultaneously the 
practitioner realizes that something is wrong and 
needs to take action 

 FW2: Looking 
for the missing 
data 

 60:50–61:00  The practitioner independently navigates to, opens and 
searches through various maps to look for the 
missing data, while the participants discuss various 
possibilities amongst themselves and consult 
external artifacts and notes 

 FW3: Diagnosing 
cause, making 
guess 

 60:58–61:24  The participants and the practitioner partially come 
together again, considering what they’ve just seen 
and trying to determine a way forward 

 FW4: Putting 
in the guess 

 61:27–61:46  The practitioner creates a Question node with the 
Label “RST guessing that this is at Waypoint 0,” 
capturing the preceding few seconds’ deliberation 
from the RST members. The node creation is 
impromptu, not directed from the RST, and not in 
response to any particular coda in the conversation. 
He also draws an associative link from the new 
node to the image node, emphasizing that the 
Question is in reference to the image node itself 

 FW5: Continuing 
diagnosis and 
discussion 

 61:27–61:46  Continuation of the discussion that continues between 
the RST members while the practitioner is engaged 
with the actions in event FW4 

 FW6: Augmenting 
guess node with 
diagnosis 

 61:45–63:12  The practitioner engages the participants to examine 
what he has done on the representation. See the 
detailed description below 

 FW7: Augmenting 
guess node with 
fi lename 

 63:14–63:29  The practitioner makes a fi nal refi nement to the “RST 
guessing…” node on his own volition, while the 
participants wait for him to navigate to the next 
image in the series. There is no further interaction 
between practitioner and the participants during 
FW7. The event concludes with his navigation to 
the next photographic image 
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11.5.3         Detailed Analysis of Event FW6: Augmenting Guess 
Node with Diagnosis (61:45–63:12) 

 FW6 contains the fi rst direct interaction between PRAC and RST participants in the 
Finding Waypoints episode. In its fi rst moments, PRAC takes no actions while he 
waits for an opening in the RST’s conversation about RST1’s prior knowledge of 
the site the photo was taken from, so he can draw their attention to the “RST guess-
ing” node he created in FW4. At 61:50 he attempts to interject: “There shouldn’t…” 
but the participants are still engaged in their conversation and don’t hear him. PRAC 
decides to wait until the conversation concludes, so he returns to making minor 
adjustments to the display, moving the node  created in FW4 down a bit from 61:52 
through 61:55. He then waits, with the node still highlighted, until there’s an open-
ing in the conversation. At 62:27 PRAC gets his thought out, saying “The RST 
shouldn’t have to be guessing where this is taking … should be quite…” 

 By doing this, he intervenes in the fl ow of the RST’s discussion and returns it to 
the particular process point he is concerned with, mainly the way the science data 
had been imported into Compendium. RST1 and RST2 pick up this thread in their 
discussion (62:30–62:49): “No, you know what, yeah, they should defi nitely, I 
mean, since we’re using waypoints for this? There should be somewhere that says 
what the waypoint…” “Waypoints… instead of just giving us GPS coords because 
it means basically” “I mean they put it in the name of the picture? I don’t know if 
that’s such a good…” “I don’t know.” 

  Fig. 11.2    Screen at 60:37 during FW1, showing the photographic image taken from the rover       
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 In response to these statements, PRAC launches a compound action to refi ne the 
“RST guessing…” node he had made in FW4 with the point about GPS coordinates 
that the participants just made. He fi rst (at 62:49) creates a second link of that node 
to the map node containing the GPS coordinate information, indicating that the 
node is also commenting on the GPS coordinates, then clicks into the label of the 
“RST guessing…” node (at 62:50) and adds “GPS coords not so helpful,” a para-
phrase of RST1’s comment above, to the end of the label (which now reads “RST 
guessing that this is at Waypoint 0. GPS coords not so helpful”) (see Fig.  11.3 ).

   At 62:52 RST1, who’s been watching the moves, makes a direct response to 
PRAC’s paraphrase as entered into the node (in italics below): “Y’know it should 
have, the, y’know, it should say Waypoint zero…. At this point it isn’t helpful 
because we have to go back. So, um, … what we put in here is “RST guessing 
that this is at Waypoint 0. GPS Coords not so helpful.” The mention of “it isn’t 
helpful” is a direct appropriation of a concept from the node that PRAC had 
introduced into the conversational fl ow (as opposed to a response to a verbal 
comment). This interchange also serves as a participant validation of the text 
PRAC had put into the node. 

 Table  11.8  summarizes the engagement, aesthetic, and ethical dimensions of the 
practitioner’s moves during FW6.

  Fig. 11.3    Screen at 63:10 during FW6, showing the augmentation of the node label from FW4 
with the RST’s new observations, and the additional link to the “GPS Coordinates” map       
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   Table 11.8    Practice dimensions in FW6   

 Dimention  Description 

 Engagement  In FW6, PRAC’s focus is on the participants and the 
process, directing their attention to the process point he 
had made and implicitly requesting they discuss and 
validate it (which they do). There is a short moment 
(61:52 through 61:55) when he shifts to focus on the 
map (and moves the node down) while he waits for an 
opening in the conversation 

 Aesthetics  In aesthetic terms, the making of the second link from 
“RST guessing….” can be characterized both formally 
and rhetorically. Formally: PRAC places the node in 
such a way that the link lines do not cross over any 
other nodes. His movement of the node downwards is 
to correct an earlier visual “mistake” from FW4, when 
the link from “RST guessing…” crossed over several 
of the pre-existing nodes. His choice in FW4 to set the 
new “com- ment” node in white space to the right of 
the rest of the nodes in the map, emphasizes its 
separateness from them and the nature of the comment 
it’s making. He chooses to link the node to the main 
image node, drawing the link across all the other nodes 
in the view, which serves to make it more dramatic, 
and possibly more effectively emphasizing the 
disruptive quality of the missing information and the 
effect it had on the RST. Rhetorically: He makes a 
textual aesthetic choice in his use of the gerund 
“guessing” to imply the unfolding, transitive nature of 
the comment in the node. If he had used the past tense 
(“RST guessed”) it would not have conveyed the same 
“process” sense of the moment 

 Ethics  PRAC makes several choices about when and how to 
intervene in the RST’s discussion during this event. In 
the fi rst, he makes the choice not to interrupt during the 
“prior knowledge of the area” discussion, waiting until 
the participants had apparently fi nished (for the 
moment) discussing that subject. He then chooses to 
interject his point about the data import issue, deciding 
that it was important enough to merit an interruption, 
and that he was justifi ed in doing so. He then makes a 
further choice to allow the rest of the verbal comments 
in the event to belong to the RST, choosing to enshrine 
the most salient aspect of their conversation (“GPS 
coords not so helpful”) as part of the node label. He 
makes the implicit choice not to direct their attention to 
his act of including those words, but their merit is 
shown in RST1’s validation of them (“at this point it 
 isn’t  helpful”) when she describes what has been done 
on the screen to RST2. It is also interest- ing to note 
that she describes this as what “we” have done on the 
screen, though the creation of the node and its editing 
was solely at PRAC’s initia- tive, without talking to the 
participants 
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11.6         Discussion 

 What does the above approach offer to researchers and students of collaborative 
knowledge cartography? In this chapter I have provided a number of concepts and 
frameworks that begin to characterize what happens in instances of collaborative 
knowledge mapping practice, and shown, if only partially, how they can be applied 
to analyzing actual practice. In part, I have taken this approach because such con-
cepts and frameworks are largely missing from research in hypermedia, concepts 
mapping, and related fi elds. At least, they do not presently exist in a form developed 
enough to pick up and use in either applied or research settings. 

 Beyond their potential research value, such analytical tools hold out promise to 
be used in refl ective or experiential learning approaches for practitioners. 
Particularly, they seem to be applicable to the kind of expert coaching that Schön 
discusses in  Educating the Refl ective Practitioner  ( 1987 ). He characterizes “design” 
as the common thread between professional practices, tracing design competencies 
in the work of psychotherapists and business students equally with architects and 
performing musicians. Learning the artistry of design is, for all these professions, 
best done through the experience of “doing” design (as opposed to learning abstract 
principles): “The student learns to recognize and appreciate the qualities of good 
design and competent designing in the same process by which she also learns to 
produce those qualities. She learns the meanings of technical operations in the same 
process by which she learns to carry them out.” (p. 102) 

 The concrete experience of working through design problems in the medium and 
situation of the actual practice, if given the proper coaching, relies heavily on what 
might be termed meta-skills. For example, expert coaching relies not only on the 
application of proven coaching methods, but on the ability to devise new methods to 
match both new and existing methods to the needs of the particular student and situ-
ation. Schön advocates the conscious use of what he terms the “ladder of refl ection.” 
This provides for both students and coaches to ascend from direct experience of 
doing the practice, to a verbal description of what they did (“here’s how I handled 
this situation, here are the moves I made”), to a characterization of the reasons for 
those moves (“here’s what I was trying to do, here’s  why  I did what I did, what did 
it mean to do that”), to refl ection on what was learned by refl ecting on the meanings 
behind the actions. Each rung of the ladder involves going up a level of abstraction 
and meta-refl ection. Schön ( 1987 :102) emphasizes that students must learn to be 
conscious of their actions as sequences of moves that are made for particular rea-
sons, whose “consequences and implications cut across different domains,” “help-
ing a student break into manageable parts what had at fi rst appeared to be a seamless 
fl ow of movement.” 

 I propose that the frameworks I have described in this chapter will help provide 
scaffolding for learning interventions to help inculcate fl uent and effective practice 
in collaborative knowledge cartography. The framework suggests questions that can 
be used to guide refl ection on practice, such as: What coherence and values does the 
practitioner impose on the situation? 
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 What is the narrative the practitioner is using to construct the situation? What 
obstacles to forward progress does the practitioner encounter? What resistance from 
participants and materials, etc. occurs? How does the practitioner respond in the 
face of these? How do the practitioner’s actions and communication open up or 
close off dialogue in the situation? 

 In future work, I will report on research that is applying the model described 
above to both novice and expert practice. In these, I gave subjects a design task to 
carry out with the hypermedia software, such as creating a small documentary illus-
tration of the neighborhood they work in. They then conducted short collaborative 
sessions in which they asked participants to make changes to the representation. I 
am currently analyzing the choices and trade-offs the subjects made during these 
activities. I believe this research will produce both practical and theoretical contri-
butions. On the conceptual level, it will apply and extend the “technology as experi-
ence” framework, applying concepts of artistry and aesthetics to collaborative 
knowledge mapping. It will show to what extent these concepts can be useful in 
understanding situated experience with sensemaking support tools, like those of 
knowledge cartography. It will extend Schön’s concepts of experiential learning and 
refl ective practice into the education and development of collaborative knowledge 
mapping practitioners. On the practical level, this research will identify needed soft-
ware support for fl uid practice, particularly in knowledge mapping tools. It has 
already resulted in practitioner support improvements to Compendium, such as bet-
ter support for incorporating imagery and fl uid techniques for applying metadata to 
representational elements, supporting rich mapping on the fl y.     
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    Abstract     This chapter provides a practical perspective of knowledge cartography 
by drawing on an approach that has been developed and refined through the 
lead author’s experiences in facilitating workshops in diverse professional domains. 
The discussion focuses on the importance of developing a feel for conversational 
patterns and for understanding the kinds of questions that enable insights to emerge 
from dialogue, leading to an  emergent design  approach that combines the methods 
of knowledge cartography with other facilitation and problem solving techniques 
in a “fi t-for-situation” manner.     
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 Map-making had never been a precise art on the Discworld. 
People tended to start off with good intentions and then get so 
carried away with the spouting whales, monsters, waves and 
other twiddly bits of cartographic furniture that they often 
forgot to put the boring mountains and rivers in at all.

– Terry Pratchett, Moving Pictures 

 They were maps that lived, maps that one could study, frown 
over, and add to; maps, in short, that really meant something.

– Gerald Durrell, My Family and Other Animals 
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12.1      Paul’s Prologue 

    In early 2008, I sat facing a room of 18 people from varied backgrounds, who had 
come together to try and reach a consensus on a highly complex urban planning 
issue that had been gridlocked for over a year. I was armed with a projector, the 
Compendium software and knowledge of the rules of the IBIS notation (see Chaps. 
  11    ,   15     and   17       ) that forms the basis of Issue and Dialogue Mapping (Conklin  2005 ). 
I was so nervous that I barely slept the night before: this would be my very fi rst paid 
Dialogue Mapping gig, I had no expertise in the subject being discussed and had 
been practicing Dialogue Mapping for just a few weeks. In fact I was yet to com-
plete my web-based training in Issue Mapping under the tutelage of Jeff Conklin of 
CogNexus Institute! 

 After that baptism of fi re, I was somewhat despondent and utterly exhausted. 
Like someone who plays a new sport for the fi rst time, I discovered mental muscles 
that I had never known existed, and they were aching. You see, I was an IT practi-
tioner by trade, and although my capacity to absorb highly technical topics enabled 
me to rise rapidly through the ranks of corporate IT, the cognitive load I took on that 
day was like nothing I had done before. To put it mildly, I was disappointed with my 
performance. It certainly wasn’t like the cover story of complex problem solving 
that I hoped for after being inspired by Jeff Conklin’s book. My maps, to put it 
bluntly, were not very good and my ability to facilitate a highly contentious conver-
sation while trying to manage a sprawling map was even worse. 

 But in hindsight, there were two positives that came from that session. Firstly, by 
being dropped into the deep end of a truly wicked problem, I was rapidly jolted out 
of the kind of naïve simplicity that the Dunning–Kruger effect speaks about (Kruger 
and Dunning  1999 ). Secondly, and much more importantly, they invited me back to 
do it again…maybe I wasn’t as bad as I thought after all! 

 From these beginnings (which still make me cringe to this day), my colleagues 
and I have had the privilege of facilitating hundreds of workshops in all shapes, 
sizes and topics. We have been in the room with executive teams that collectively 
control budgets of over a billion dollars, and helped them re-envision and redesign 
their organisations. We’ve designed and facilitated workshops to develop strategy, 
enhance the collaborative capacity and maturity of teams, conduct project post- 
mortems and of course, help groups move forward as they come to grips with con-
tentious, multi-stakeholder problems that are often characterised as wicked (see 
Culmsee and Awati  2013  for some examples). 

 I use the word  design  quite deliberately in the previous paragraph. This is because 
we have combined various knowledge cartography approaches with other problem 
solving techniques, along with models for change management and organisation 
development. In the course of this we have worked with other facilitators and sought 
to integrate these methods with the more formal techniques of project management 
and decision making. Although such an approach may seem ad-hoc to some (many?) 
readers of this book,  there is a method to it  and, perhaps more importantly,  it is an 
approach that works . Our primary aim in this chapter is to substantiate these claims.  
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12.2     Introduction – The Map and the Territory 

 Our uniquely human ability to convey complex thoughts and ideas in writing or 
speech is possible in large part because we are able to refer to real world objects and 
events using symbols or vocalisations that we know – or more correctly,  believe  – 
will be understood by others. Indeed, papers such as those in this volume are but 
expressions of this belief (the present paper included!). On the other hand, as 
Korzybski ( 1958 ) wrote, “words  are not  the things they represent” and, perhaps 
more famously, “the map  is not  the territory” (emphases in the original). In the fol-
lowing pages, we present a practical perspective on knowledge cartography, draw-
ing on lessons learned from applying knowledge mapping and sensemaking 
techniques in diverse professional domains. Korzybski’s aphorisms serve as an 
excellent starting point for our discussion because, apart from reminding us that 
symbolic representations of knowledge will necessarily be incomplete, they also 
serve to highlight the hoary old gap between theory and practice. 

 A practitioner who works with a group in a professional setting is more con-
cerned about moving the group towards a solution than the syntactical or method-
ological correctness of the notation or techniques he or she uses. Among other 
things this implies that a good practitioner should have, at his or her disposal, a 
suffi ciently large set of techniques and, perhaps more importantly, a good sense of 
which one is best suited to the situation at hand. This knowledge is diffi cult, if not 
impossible, to get by any means other than experience. In this paper we highlight 
some practical elements of knowledge cartography that are based on experience. 
Specifi cally we will cover the following topics:

    1.    Why notations matter less than one may think.   
   2.    How to spot patterns in dialogues.   
   3.    Thinking about issues that matter by asking questions that matter.   
   4.    Developing mental “map models”.   
   5.    How strict adherence to IBIS (or any notation) can sometimes hinder the practice 

of knowledge cartography.   
   6.    Designing effective workshops by integrating mapping techniques with other 

facilitation and decision-making approaches in an emergent fashion.     

 As we write these lines we are aware that the mélange of topics listed above 
would likely not make it to the pages of a scholarly volume and therefore feel 
privileged (and more than a bit daunted!) to be invited to contribute to this edition 
of Knowledge Cartography…but that reminds Paul of an anecdote that is worth 
recounting here. 

 In mid-2011, Paul was visiting Open University to deliver a talk on his sensemaking 
work with IBIS and Compendium. During a conversation prior to the talk, Simon 
Buckingham Shum (one of the editors of this volume) commented that it would be 
very diffi cult to facilitate and map a knowledge domain that is unfamiliar. Paul 
replied that he (Paul) was living proof that it could be done, and furthermore, fast 
typing skills were not a pre-requisite; he remains a two fi nger typist to this day! 
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 Of course, “living proof” is not much use to anyone but the person who has lived 
the experience. Hence, our secondary aim in this chapter is to persuade our readers 
that it is indeed possible (and useful) to map unfamiliar domains of knowledge as 
they are being discussed.  

12.3     Mapping the Logic of Conversations 

 Now, although we advocate using a range of visual mapping techniques, including 
mind maps (Buzan  2002 ), causal maps (Bryson et al.  2004 ), issue maps (Conklin 
 2005 ) and even graphic facilitation (e.g. Dan Roam ( 2008 )), the IBIS notation and 
the issue maps created using it has the place of pride in our arsenal of techniques. 
We elaborate on the reason for this below (also see Chapter 8 of Culmsee and 
Awati  2013 ). 

 Our basic contention is that issue maps capture a conversation in a more granular 
way than the other methods. This is because an issue map, when used to map a dia-
logue,  conveys the logic of a conversation  (questions, ideas and arguments) as the 
participants see it, as opposed to its conceptual structure, such as goals, actions, 
criteria or evidence. With all other visual methods we have come across, a certain 
level of conversational fi delity is lost. By conversational fi delity, we mean that issue 
maps capture  more of what is actually said  than the other methods. With issue map-
ping, one can map a group conversation in near real time and acknowledge indi-
vidual contributions. This is an extremely effi cient way of fulfi lling what Hugh 
Mackay, the social psychologist, says is the fi rst of the ten human desires that drive 
us: the desire to be taken seriously (Mackay  2010 ). 

 That said, the conversational basis of the IBIS ontology has long been per-
ceived as a weakness too. For example, when mapping conversations using IBIS, 
decision making elements (like criteria) are scattered all over the map, making it 
hard for people to form a full mental picture of the discussion. Among other 
things, this has been attributed to IBIS’s lack of elements to represent other con-
cepts like goals, criteria and evidence. As a result, attempts have been made to 
design notations such as Questions, Options and Criteria (MacLean et al.  1991 ) 
and Decision Representation Language (Lee  1989 ) to address these gaps. 

 However, our contention is that augmenting the IBIS notation by adding a wider 
variety of node types, though well meaning, is misguided. There are plenty of other 
notations and structures for more refl ective thinking such as causal maps (Bryson 
et al.  2004 ), process diagrams (Harmon  2003 ) and a seemingly infi nite number of 
2*2 grid based models developed by many a journal article author (see Quinn and 
Rohrbaugh  1983 , for example). Besides, as we will discuss later, skilled IBIS map-
pers already have what they need to encourage refl ective thinking and draw out 
deeper themes without resorting to new icons. 

 Indeed, increasing complexity by adding to the IBIS notation actually obscures 
a key aspect of the art of knowledge cartography. Specifi cally, the act of mapping 
conversations using IBIS (or any similar notation) teaches you to  listen  better – and 
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this is where we challenge the notion that it is prohibitively diffi cult to perform 
conversational mapping outside one’s discipline. While a mapper might not under-
stand the full detail of what they are mapping, the practice of Dialogue Mapping 
over time can make them more sensitive to the  patterns  of conversation – and, in 
many situations, it is the patterns that matter more than the subject matter. 

 In short: despite Korzybski’s words, a map can be more important than the territory, 
especially at the start of a new initiative when facts are scarce and uninformed 
opinions rife.  

12.4     From Notations to Patterns 

 The path to becoming a better listener via Dialogue Mapping starts out with learn-
ing to discern the IBIS elements in a conversation. To see how one can develop this 
skill, consider the following example of a nonsensical sentence. Try to discern the 
questions, ideas, pros and cons in it. You should fi nd it fairly easy because your 
mind knows that you will never understand the meaning of the words. This acts like 
a fi lter that forces you to focus on the  structure  of the dialogue (Fig.  12.1 )   .

   We are here today to decide what actions to take with regards to our latibule. We can 
matutolypea. However, this would mean certain sacrifi ces, such as eliminating japers, jerry 
sneak, not to mention fl ag-fallen. 

 Perhaps we can keak because we would gain a gadabout grimgribber. We could keak by 
branching out to kelk. Kelk would demonstrate that we are ergophile and locupletative but 
the downside is that it may be too eructation. 

  Fig. 12.1    Issue map of nonsensical sentence       
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   As your mapping skills develop, the ability to discern the structure of a conversation 
grows to the point where ideas versus the pros and cons literally scream out at you. 
In a facilitation scenario, this ability will provide you with opportunities to refl ect 
your understanding back to the speaker, and the resulting exchanges will add mean-
ing to the map for  all  participants. As an example, when an inexperienced mapper 
hears the question “What would management think of that?” they will dutifully 
capture it as a question on the map. A more experienced mapper will hear the 
implicit con in that question and refl ect it back to the speaker with something like 
“It sounds like there is an issue with this approach that management may not be 
happy with – can you elaborate?” 

 Handling technical concepts or acronyms is therefore not particularly diffi cult. 
The mapper may not fully understand a technical point or a discipline-specifi c acro-
nym. However, it is  often the case that the mapper is not the only person in the room 
who doesn’t understand it . One therefore does the group a great service by clarify-
ing these. We call this a process of  naïve enquiry . Often participants will not wish 
to appear unknowledgeable about the topic and will refrain from asking for clarifi -
cation until the mapper makes it okay to do so. 

 Over time, one becomes familiar with more complex patterns and learns how to 
anticipate them in a map. For example, many participants actually  start out  with an 
argument that supports their idea, and  conclude  with their idea. One can deal with 
this by creating a blank idea node and adding a pro node to the right of it (in which 
the stated pro is captured). The blank idea node serves as a placeholder for the 
incipient idea, and is fi lled in after it has been fully articulated. 

 Another good example of a conversational pattern that is hard to map until you 
realise what is happening is that some speakers  imply their idea  through an analogy 
or by telling a small story, and expect the group to understand the idea via the  moral 
of the story . One can deal with such situations by creating a blank idea node and 
asking the rest of the group what the implied lesson is. The group’s response can 
then be captured in the blank idea node, after it has been validated by the story teller. 

 The latter example leads us to the next stage of profi ciency, which relates to 
 hearing the type  of question being asked. Experienced mappers learn to  listen, think 
and facilitate  in terms of questions – and this also supports the argument as to why 
additional node types, while interesting, are less important in practice. As an exam-
ple, if a participant says “No matter what happens, we need to get this done by 
July”, what is actually being said is a part answer to the question: “What criteria 
should all ideas meet?” As another example: when someone says “Ah, yes, just like 
that project we did in 2008…” the implied question is: “Precedent?” 

 A tremendous side benefi t of this mode of listening is that a mapper develops a 
mental armoury of  shortcut questions  – single word questions that are implied in 
normal conversations, but are critical for clarity and communication of issue maps. 
Questions in this category include:

•    Implication?  
•   Example?  
•   Mitigate?  
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•   Precedent?  
•   Opportunity?  
•   Themes?  
•   Context?  
•   Aspects?  
•   Characteristics?    

 These shortcut questions are very powerful because they cover a range of com-
mon patterns that arise quite naturally in conversations, but are often not directly 
stated. This also provides an opportunity to clarify an implied question when facili-
tating, which helps the participants to see the pattern as well. 

 These questions, and the patterns that give rise to them, are “burned into” muscle 
memory of experienced mappers. Indeed, it is perhaps this skill that most visibly 
differentiates novices from experts, a point that becomes particularly evident when 
one trains new mappers or observes novice mappers at work. One often sees them 
struggle to form connections between nodes that an expert mapper would connect 
using a short-cut question instinctively, freeing the mapper up to listen and capture 
more of what is being said. 

 From here, the next stage of mapping profi ciency is becoming attuned to how 
conversational patterns are infl uenced by the questions asked and how a workshop 
is designed for particular situations and audiences. We examine each of these in turn 
in the following sections.  

12.5     From Patterns to Question Types 

 When Jeff Conklin teaches Dialogue Mapping, he covers the following seven types 
of questions and argues that a map is well formed when all seven types are used 
appropriately (Conklin  2005 ).

•    Deontic (What ought to be done)  
•   Instrumental (How are we going to do it)  
•   Criterial (What the boundaries/goals/constraints are)  
•   Stakeholder (who needs to be involved/informed/engaged)  
•   Background (what is the context leading up to here)  
•   Factual (are we all working the same parameters)  
•   Meaning/Conceptual (are we talking about the same thing)    

 Conklin recommends his students “live” the conversation in terms of these 
question types. The basic framework is as follows: start a map with a deontic or 
instrumental question (e.g. What should we do…? How can we…?) and then use 
instrumental, factual and criterial questions to fl esh out various aspects of the idea 
(How do we implement it? What does it mean? What are the constraints?). 
Background, Stakeholder and Meaning/Conceptual questions should be used to 
fi ll in or clarify details. 
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 This is excellent advice because the question types give a mapper the necessary 
conceptual scaffolding to be able to perceive conversational patterns. However, 
while question types are a necessary pre-requisite ,  they are not enough. For exam-
ple: “What should our vision be?” is a perfectly good deontic question, but it is  not  
necessarily the place to start when one wants to conduct an envisioning workshop.  

12.6     From Question Types to Powerful Questions 

 The next stage of mapping profi ciency that emerges through practice lies in devel-
oping a feel for how audiences react to the way in which questions are framed. 
Through a process of trial and error in countless workshops, Paul has found that 
certain questions work better than others in terms of how easy they are for groups to 
answer, and by extension, how easy it is for a mapper to capture responses accu-
rately. He has coined the term  powerful questions  to describe these. We will cover 
three of these before returning to what we think is the reason why they work better 
than other questions. 

12.6.1     Powerful Question 1: The Platitude Buster Question 1  

 One of the perennial diffi culties that multidisciplinary groups have when collaborat-
ing is coming to an agreed defi nition of broad terms such as  governance ,  quality , 
 innovation  and  change management . While it seems logical to address this by fi rst 
working towards a universally accepted defi nition for a term or concept, this doesn’t 
work in practice because different disciplines use the terms in their own, specialised 
contexts. Furthermore, it is diffi cult to get people on opposite sides of an issue to 
agree on anything upfront – let alone a defi nition. 

 Therefore, it is best to avoid focusing on defi nition questions such as “What do 
we mean by governance?” upfront, as it commonly results in long-winded discus-
sions that have no guarantee of bringing about the alignment sought. In a sense, 
these words have become platitudes in that they can mean anything (depending on 
which side of an issue one is on) and therefore mean nothing at all. 

 A more effective approach is to allow a defi nition to emerge by asking what  dif-
ference  it would make if one had the feature, quality or effect that the term implies. 
So “What do we mean by governance?” becomes “If we had governance, how 
would things be different to now?” 

1   See  http://www.youtube.com/watch?v=svaasbQIUEk  for a demo. 
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 Thus, the platitude buster question archetype is along the lines of:  If you had 
[insert platitude here], how would things be different to the way they are 
now?  Aside from refocusing the group on a desired shared end rather than the 
means, the answers given tend to be something like “Increased this” or “Decreased 
that.” This is useful because it gives insight into potential ways in which one can 
measure success, and provides an excellent segue into other collaborative activi-
ties that are aimed at defi ning key performance indicators (KPIs) to quantify suc-
cess. Furthermore, since the meaning of the terms have been socially constructed, 
the need for formal defi nitions has been largely mitigated because those involved 
have a shared understanding of the end in mind.  

12.6.2     Powerful Question 2: The Key Focus Area Question 2  

 When groups are implementing a project or developing a strategy to address a com-
plex problem, it is important for all participants and stakeholders to have a shared 
understanding of the elements or aspects that are pivotal to delivering a successful 
outcome. A common understanding based on diverse opinions also helps ensure that 
success is measured by the right KPIs rather than those that might be convenient to 
measure. 

 Now one can ask this question directly, for example, “Where should our areas of 
focus be for this project?” but like the previous question, it can be more effective to 
use an indirect route. The key focus area archetype question is the criterially framed 
 “     What aspects of [insert problem or issue here] should we be considering?”  

 The use of the word like  aspects  is deliberate because it is neutrally framed and 
admits a wider variety of viewpoints than questions like “What are the issues?” 
The problem with the latter, or similar questions such as “What are the risks?”, is 
that they are framed in negative terms. This prompts respondents to think in terms 
of issues or risks rather than a broader perspective that considers all aspects of the 
matter being discussed. Conversely, if one were to ask “What are the opportuni-
ties?”, the group would focus on positive aspects, thereby running the risk that 
those ever- present elephants in the room would remain unnamed (more on this in 
the following section). 

 The important thing to note with this question is that key focus areas tend to 
emerge via recurring themes rather than being named up front. In other words, after 
capturing initial answers to the aspects question, participants usually start to see 
deeper issues and make comments like “What this really is about is…” and name an 
underlying theme. To help things along, it is often useful to pause the discussion and 
ask the group what the conversation thus far is telling them.  

2   See  http://www.youtube.com/watch?v=19IV_QJQD0U  for a demo. 
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12.6.3     Powerful Question 3: The “I Told You So” Question 3  

 It seems evident that to identify risks one ought to ask a question like “What are the 
risks associated with doing this?” While this will certainly identify some risks, 
experience suggests that a less direct question elicits richer and more meaningful 
answers. Paul calls this the “I told you so” question. Examples of this question 
include:

•     What keeps you up at night regarding [insert problem or issue here]?   
•    If things go bad 6 months from now and you say “See, I told you so”, what 

would the “I told you so” be?   
•    What are your concerns with [insert action here] ?    

 The great thing about this question is that it personalises the issue via the use of 
words like  you  and  your . It has long been known that distinct regions of the human 
brain are activated when people are faced with ambiguous choices (uncertain out-
comes with unknown probabilities) versus choices involving only risk (uncertain out-
comes with known probabilities) (Huettel et al.  2006 ). To put it another way, risk is 
usually reckoned via logical reasoning using facts (or at least, what is deemed to be 
factual), whereas dealing with ambiguity involves emotions because the facts them-
selves are uncertain. We suspect that the framing of risk related questions in a person-
alised manner is better because it requires people to engage with the matter being 
discussed in a more visceral way. This is a good thing because participants are then 
induced to see the issue through an ethical lens in addition to a purely factual one.  

12.6.4     The Paradox of Obliquity 

 When one steps back and looks at the common thread that runs through these ques-
tions, a recurrent theme emerges: the notion of  obliquity  – that goals are best pur-
sued in an indirect way. This idea is far from new. For example, according to Zen 
Buddhism, enlightenment is attained not by deliberate attempts to achieve it but by 
meditation (zazen) (See Suzuki  2011 , for example). Although it may sound far 
removed from practical concerns John Kay ( 2011 ) pointed out that obliquity has 
very practical implications. In a 1998 lecture, he stated 4 :

  I do not recommend that you read Bill Gates’ recent book any more than I recommend Al 
Dunlap’s. But if you do read them both, you should notice the contrast. Gates’ is entitled 
The Road Ahead, while Dunlap’s is called Mean Business. Gates is enthused by what 
businesses he might set up, Dunlap by those he might close down. But, above all, you will 
learn that while Dunlap’s primary concern is money, Gates is basically an interest in 
computers. Yet it is Gates, not Dunlap, who is the richest man in America. I call this paradox 
the principle of obliquity. It says that some objectives are best pursued indirectly. 

3   See  http://www.youtube.com/watch?v=lKRwUGW_V48  for a demo. 
4   See  http://www.johnkay.com/1998/02/03/the-role-of-business-in-society . 
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   Kay asserts that the most profi table companies tend not to be the most profi t- oriented, 
and cites examples of organisations whose direct focus on shareholder returns was 
self-defeating. Similarly, he points out that people seeking “happiness” tend not to be as 
happy as those who fi nd contentment (if not happiness) via the pursuit of other goals. 

 We think that the obliquity principle also applies to questions. In a complex sce-
nario, it seems that the more directly a question is asked, the harder it is to move the 
group to the answers sought. Asking questions in a more indirect fashion teases out 
context and subtle elements that tend to remain hidden when direct questions are 
asked. Moreover, such questions have the effect of putting participants in a refl ec-
tive frame of mind which makes them open to ideas that they might not have con-
sidered otherwise. Finally, having built this context, it becomes much easier to 
answer the more directly framed question if it is asked again.   

12.7     From Powerful Questions to Map Archetypes 
(Templates) 

 Now that we have journeyed from conversational patterns to question types, powerful 
questions and obliquity, we can focus on how particular conversations might be 
mapped, taking these concepts into account. Over time, experienced mappers devel-
opmental “map models” that they use in particular situations. These help the mapper 
to anticipate where nodes or information should be added in the map as conversa-
tional patterns occur. Though this can seem magical to audiences, it is in reality noth-
ing but the ability to recognise specifi c conversational patterns and anticipate where 
to add incoming information to the map as the conversation progresses. 

 Through his experience, Paul has developed a number of map archetypes that 
refl ect common patterns. ( Note : In the Compendium software, there is the option to 
save these as map templates to a custom palette, an approach used in Conversational 
Modeling: Selvin  1999 ). In the following section we outline three of these arche-
types, along with some suggestions on when and how to use them. 

12.7.1     Options Analysis Map Archetype 

 Discussions on the identifi cation of strategies or potential courses of action are 
probably the quintessential scenario for use of the IBIS notation. In combination 
with Conklin’s question types, one can create a map that provides structure and 
readability for participants while allowing for varied conversation. In fact, the 
engagement described in the prologue was an options analysis discussion. The 
archetype discussed in this section originated from those humble beginnings. 

 This map archetype depicted in Fig.  12.2 , contains most of Conklin’s question 
types. It begins with a deontic question, exploring what ought to be done about the 
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issue at hand. Each responding idea will have its own map which details the 
discussion with decision nodes being used to convey which ideas were accepted 
and committed to by the group. Any themes that emerge from each sub-map are also 
embedded in the top level map (hence the numeral 2 on those icons – editing the 
node will now update it in both maps instantly).

   There are a number of other nodes that connect to the root question. These 
include: a background question, a stakeholder question and a criteria question. 
The background question (more colloquially known as the  therapy question ), in 
particular, will likely get a lot of use if the group has come together for the fi rst 
time. This is a natural consequence of the participants wanting to establish a 
common context. Moreover, the captured knowledge subsequently serves to 
remind participants of context as discussions progress. This is an important 
point: in our experience many critical discussions within organisations take place 
without fi rst constructing this common context. We believe it is not a stretch to 
claim that many failures of organisational initiatives can be attributed to this 
“context gap”. 

 This archetype map also reminds us to be aware of emergent themes and decision 
criteria. The emergent theme question aims to capture any refl ective insights from 
the discussion of an option. But in an options analysis context, themes can often be 
framed as decision criteria that apply to  all  options. In other words, a theme that 
emerges from one option often turns out to apply to the others as well. 

 Within a map for an option, each idea will have pros and cons in addition to:

•    A characteristics question, to capture more detailed information about an 
option; and  

•   An instrumental question, aimed at eliciting how an option may be implemented.    

  Fig. 12.2    Options analysis map archetype       
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 The characteristics question is important, and is an excellent illustration of the 
utility of the Compendium software. Firstly, the ability to embed images or docu-
ments in order to provide additional detail adds to the richness of knowledge cap-
tured. But more importantly, exploring characteristics sometimes leads to sub 
options or variations within an option. If the variation is minor, it is included within 
the characteristics discussion. However, if the variation has a major impact as 
judged by the discussion around its pros and cons, then it is added as a new option 
in its own right in the top level map (Fig.  12.3 ).

12.7.2        Lessons Learnt Discussion 

 Anybody who has fi lled in a spreadsheet to document “lessons learnt” on a project 
likely knows that this rarely results in lessons being learnt. Indeed, the output of 
such exercises usually disappear into a folder never to be seen again. Lessons are 
truly learnt by refl ecting on shared experiences. Dialogue mapping is ideal for this 
purpose because it captures knowledge with a contextual richness that is simply not 
possible via a list or a table. 

 A lessons learnt discussion using IBIS is one that follows a relatively consistent 
pattern and is perhaps the most “templatable” map archetype as a result. Such dis-
cussions are usually centred around the implementation of a project or initiative, 
with stakeholders being asked to refl ect on the outcomes. As a result, discussion 
participants usually have a reasonable pre-existing understanding of the situation 

  Fig. 12.3    Submap for an option within an option analysis map       
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which means there is less need for a detailed background discussion (this is why 
there is no background question in Fig.  12.4 ).

   Instead, the map focuses on the areas of the initiative that the group needs to 
discuss in relation to lessons learnt. Each lesson area has its own map with a struc-
ture similar to Fig.  12.4  and all decisions made in these maps are embedded in the 
summary of decisions sub-map at the top of the map. 

 Determining the areas or topics for discussion can be done in advance of a 
workshop. These often include items such as major milestones of the project, how 
stakeholders were engaged, the processes and systems used, as well as the quality 
of the outcomes that resulted. No matter how the topic list is determined, it is 
important, before commencing the discussion, to ask the group if there are any 
missing items that need to be discussed, and then ensuring that these are added to 
the top level map. 

 One similarity between this archetype and the last one is the “Emergent 
theme” question. A lessons learnt discussion is necessarily refl ective, as some 
lessons will reveal deeper and more subtle lessons. The emergent theme ques-
tion is used to capture these, and any themes that arise from a discussion in one 
lesson area are embedded in the top map in order to highlight what the deeper 
lessons are. 

 There are three basic questions that drive the discussion within each area (see 
Fig.  12.5 ). These are:

•     What did we do well?  
•   What could we do better?  
•   What will we do next time?    

 The trick to mapping using this archetype is that answering what went well usu-
ally reveals what did not. For example: “We engaged well with the community” 
might be countered with a con “but we overlooked this group of affected stakehold-
ers.” Therefore a con to a “What went well” idea often forms the basis of a “What 
could we do better?” idea. So, as a rule of thumb, any cons to what went well, 

  Fig. 12.4    Lessons learnt map archetype       

 

P. Culmsee and K. Awati



275

should be discussed further via the “What could we do better?” question. The latter 
also has an associated instrumental question regarding how these “better actions” 
might be carried out. 

 An important aspect of this type of discussion is the “Context?” question. Often 
with discussions on what was done well and not so well, the idea is qualifi ed via the 
context of the situation. Continuing the example above, someone might say “We 
overlooked that group of stakeholders because resources were stretched at the time” 
which itself is likely to be another emergent lesson about resourcing. Thus the con-
text question is valuable because it can also give rise to deeper lessons, which can 
then be captured via the emergent themes question. This, yet again, highlights the 
importance of context: we contend that the reason  generic  lessons learnt checklists 
are less than useful is that they are  abstract  – i.e. largely devoid of context. 

 Finally, the entire discussion is summarised in the responses to the “What shall 
we do next time?” question. These are usually captured in decision nodes (rather 
than idea nodes) once the group as a whole has committed to the future actions 
described within these nodes. These decisions are then embedded in the “summary 
of decisions made” at the top of Fig.  12.4 .  

12.7.3     Theme Exploration and Synthesis Map Archetype 

 The fi rst two map archetypes discussed above focus on particular types of discus-
sions. They illustrate how a mapper can use a mental model to facilitate the conver-
sation while also keeping the map structured and readable. But after discussing 

  Fig. 12.5    Submap of stage or focus area within a lessons learnt map       
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these, we can almost hear the cries of protest from some systems thinkers and 
complexity theorists (not to mention philosophers and open space practitioners) – 
and they would be quite justifi ed because there are valid criticisms that can be made 
against what we have discussed thus far. 

 Simply put, the previous archetypes, with their predetermined structure and 
questions, can artifi cially constrain a conversation and prevent important insights 
from emerging. While participants may not be aware of the mental map archetypes 
that a mapper uses, the mapper may (consciously or unconsciously) steer the con-
versation in a way that fi ts the archetype that he or she is working with. 

 We think this criticism is justifi ed, and the next map archetype we discuss 
addresses precisely this point. It has emerged from facilitating and mapping 
much more fl uid conversations that have no preset agenda. In such conversations, 
participants are often faced with a completely blank map. While the idea of an 
emergent workshop with no predefi ned questions might seem unusual to some 
readers, it is actually quite common in team or leadership development work-
shops, as well as in envisioning workshops for new projects or programs of work. 
It is also the type of mapping scenario where the principles of obliquity and 
powerful questions play a particularly important role. As an example, Fig.  12.6  
starts with a key focus area powerful question, but using a platitude buster ques-
tion is equally effective.

   Like the previous two map archetypes, this one makes use of the “emergent 
themes” question. However, in this case, the entire map focuses on the identifi ca-
tion of themes as it is intended to help the group discover patterns through the 
conversation. If you look at Fig.  12.6 , Theme 3 applies to Aspects 1 and Aspects 
2. Additionally, Theme 3 and Theme 5 give rise to a deeper theme that emerges 
from the discussion. 

 Although the discussion around each of the aspects is similar to the options anal-
ysis of Fig.  12.2  in terms of map structure and type of questions asked, the questions 
themselves are framed differently since the intent of such workshops is to keep the 
focus broad by avoiding getting bogged down in excessive detail up front. Thus, the 

  Fig. 12.6    Theme exploration and synthesis map archetype       
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instrumental question in the map is “Opportunities?” rather than “How?”, “Sub 
aspects?” is used instead of “Characteristics?” and criteria for decisions becomes, 
“Key considerations?” These seemingly minor adjustments in wording of questions 
can have a huge impact on the course of the subsequent discussion (see Fig.  12.7 ). 
This, yet again, highlights the subtle ways in which the questions posed can infl u-
ence the outcome of a workshop.

   This archetype enables the mapper to handle complex situations where a group 
may not know the outcome sought, or even the question that they should be asking 
themselves. Philosophers and complex systems theorists like these sort of work-
shops because, among other things, they are analogous to naturally occurring com-
plex systems in that the patterns and structures shown in the archetypes emerge via 
the iteration of simple rules. 5  Dialogue Mapping provides basic rules and question 
types, with the archetypes serving as templates (or guiding principles) based on 
which a skilled facilitator can move a group towards an emergent outcome by ask-
ing the right questions in an iterative fashion. 

 While we hope that this explanation will go some way to satisfy the theorists 
reading this text, on a more practical level, such an archetype is closer to non- 
mapping approaches such as Open Space Technology (Owen  2008 ) that are also 
based on the principles of self-organisation and emergence. Indeed, this style of 
mapping lends itself to hybrid scenarios. For example, a workshop could utilise 
open space approaches and then transition to mapping approaches as the group 
achieves some convergence towards a shared understanding. This is essentially how 
we see the use of knowledge cartography tools –  as a means to an end …a point that 
provides a nice segue into the next section.   

5   Just to be clear, this is an analogy, we are not claiming that these are complex adaptive systems. 

  Fig. 12.7    Discussion of aspect within a theme exploration and synthesis map       
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12.8     From Map Archetypes to Dodgy Models 

 Everything we have said so far is well and good, but there are ways in which one can 
get tripped up that are very common, but not immediately obvious. For groups that 
are new to map-based facilitation, the unfamiliarity of a new approach, combined 
with the stress of being asked to respond to oblique questions rather than a direct 
ones, can cause anxiety. 

 But even if you’re able to get your audience on side and your fi rst workshop is a 
huge success with terrifi c feedback, chances are that you will not be able to generate 
the same level of enthusiasm and energy when you run subsequent workshops. In 
fact, it seems to be a law of facilitation that workshops using the same techniques 
(with the same groups) become less and less successful as time goes on. Experience 
suggests that this is so common that it should be enshrined as a fundamental prin-
ciple of facilitation. 

 This embodies one of the most important principles that mapping practitioners, 
as well as any other methodologists tend to overlook. We believe that any approach 
to problem solving, be it utilising visual mapping techniques, running an open space 
session or adding names to tasks on a Gantt chart,  is subject to increasing entropy , 
that is,  in time they all tend to dissipate the energy that they initially harness . In 
other words, much like a good bottle of single malt scotch, one can have too much 
of a good thing. 

 So, how do we design workshops that create and maintain energy and momen-
tum? How can we move from a tangled mess of interrelated issues to the identifi ca-
tion of underlying patterns and signals that give rise to deeper understanding? From 
there, how do we incorporate the varied interests of stakeholders to drive commit-
ment to development of strategies, the testing of scenarios and eventually, the 
assignment of resources to implement programs of work? Put more simply, how can 
we design interventions that utilise the best of various tools, frameworks and meth-
odologies  at the appropriate time ? 

 Of course, if there were a defi nitive approach we would all know about it by now. 
So the best we can offer you is an explanation based on a simple model that Paul 
developed through his extensive and diverse facilitation work. 

 Consider the simple model shown in Fig.  12.8 . It consists of a horizontal line that 
conveys two extremes that are described in many different ways. On the left hand 
side are various words that represent rational thinking that revolves around analysis, 
facts and best practices – the sort of thinking that means trains run on time and 
ATMs dispense money. On the right side are words that describe the problems or 
modes of thinking where refl ection is needed, facts are disputed, and cause and 
effect are not obvious.

   Note that the words used deliberately cover a wide spectrum of schools of 
thought. For example: Complicated vs Complex systems, Tame vs Wicked Problems, 
Technical vs Adaptive Problems, Deductive vs Abductive reasoning, Structured vs 
Emergent, Divergent vs Convergence mindset, Facts vs Questions, Left brain vs 
Right Brain and so on. In colloquial terms, the left side is about “Getting stuff done” 
whereas the right side is more about “Talking about stuff.” 
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 By using different words to describe each end of the spectrum, the model can be 
used in different ways. However, there are core principles that help determine the 
approach to be used in a given facilitation situation. In particular:

    1.    The ideal starting point is usually on the right   
   2.    The ideal progression is usually from right to left   
   3.    When there is divergence, move right   
   4.    When there is convergence, move left      

12.9     From Models to Emergent Design 

 Now that the model has been explained, we can turn to a discussion of its applica-
tion to the design of workshops. Firstly, the model helps the facilitator determine 
where the problem lies along the spectrum described by the model. This in turn 
suggests what type of workshop approaches might be applicable, what type of 
knowledge cartography approach might be used, what mapping archetypes might fi t 
or even whether mapping is needed at all. Indeed, if the problem domain lies on the 
left side of the spectrum, then the standard tools of management may be exactly 
what is required. 

 The same applies when considering the workshop audience and the conditions in 
which they fi nd themselves. It is relevant to note that due to the emphasis on “left 
side thinking” in professional education, the culture of many organisations is biased 
towards the tools and approaches on the left side. Perhaps because of this, there is a 
tendency to minimise time spent in analysis, diagnosis and context-building, and 
move to action instead. 

 As a result of this bias towards rational tools and processes, a “right hand side” 
approach is often considered inappropriate because the models and metaphors used 
are deemed as being too abstract and conceptual – they are seen as “too touchy- 
feely” or even “just talk.” 

 On the other hand, highly conceptual people who enjoy working on the right side 
of the spectrum may become anxious when pushed to use the tools and techniques 
of the left where they are less comfortable. 

  Fig. 12.8    The spectrum of thinking/problem solving models       
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 In truth neither side of the spectrum is superior to the other – both are sides of the 
same coin. Indeed, a choice of particular tools or techniques is more a moral or ethi-
cal matter than an objective one. The idea is to invite (and gently coax) people who 
are on one side of the spectrum towards the other – a process that might best be 
called  compassionate disruption . In other words, get left and right brained people to 
use approaches that they might not be comfortable with: theorists must start think-
ing about how to get stuff done, and practically oriented people must see the big 
picture before getting down to action. Pivot thinking (Schar  2011 ) provides an 
appealing theoretical basis for such a problem solving style that pivots or shifts 
between convergent and divergent problem solution possibilities. 

 A practical way to apply pivot thinking via compassionate disruption is to utilise 
the models and metaphors commonly heard on one side of the spectrum with  knowl-
edge cartography approaches that would more typically be found on the other . As 
an example, consider performing strategic planning for a structure and process 
driven audience. In such a session, one might begin by introducing an agenda via a 
standard linear management model, such as the one shown in Fig.  12.9 . While the 
use of such an explicit, shared mental model has been proven to improve team 
results (Marks et al.  2002 ), the intent of introducing a clear structure upfront is to 
 reduce anxiety  within the group (Wastell  1996 ). Therefore, it is unnecessary to get 
into a detailed discussion of the model. It is more important that it is  there .

   The traditional way to use such linear models is to work one’s way through 
them – starting from purposes and proceeding on to principles, strategic focus areas 
etc. sequentially. Traditional workshops typically use a top-down approach, dis-
cussing each area in turn. In practice, this encourages the wrong questions to be 
asked at the wrong time. Instead, the oblique approach is to    start somewhere in the 
middle – with a discussion of strategic focus areas. This helps clarify key activities 

  Fig. 12.9    The agenda (example of a linear management model used at the start of a strategy 
workshop)       
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that are required to address the issue, which in turn provides additional insight and 
a practical route for the purpose and principles to emerge. 

 The themes exploration archetype map (Fig.  12.6 ) provides a nice framework for 
such a discussion, and the process itself uses powerful questions to tease out issues 
and options in an oblique manner. Although much of the discussion in such an 
approach takes place on the right side of the spectrum that is favoured by divergent 
thinkers, the use of a model (such as the one in Fig.  12.9 ) goes a long way in assur-
ing those with more convergent and action-oriented thinking styles that there is a 
direction and purpose to the discussion. 

 The themes that emerge from the discussion are used as the basis for subsequent 
sessions. This could, for example, be an action focused discussion that is designed 
to move the group leftwards toward convergent thinking. Such a discussion can be 
facilitated via an options analysis map archetype, using less oblique questions that 
solicit actionable answers from participants (starting with verbs). Themes are still 
captured (all map archetypes capture themes), and these are used to inform how 
future discussions and workshop styles are planned. 

 Another important note: as an important theme emerges from a discussion it is 
sometimes useful to incorporate it into the workshop immediately. This is particu-
larly so if the theme pertains to principles by which a group wishes to operate, as it 
helps bridge the gap between espoused theory and theory in use (Argyris and Schon 
 1974 ) by getting people to “walk their talk.” For example, a strong theme in one 
workshop was the idea that while innovation requires discretionary effort, discre-
tionary effort won’t happen without discretionary freedom. During the workshop 
Paul incorporated this principle by handing the workshop over to the participants by 
saying “In the name of innovation and discretionary freedom, I think it is you all 
who should determine where we go next with this work.” He then remained silent, 
while they got over the initial freedom shock to self-organise and determine where 
they would go next. 

 Finally, one should communicate a sense of progress by producing  other  arte-
facts (i.e. artefacts other than maps) from mapping discussions. This is a particularly 
powerful way to engage convergent thinkers in a group because it reassures them 
that their time and effort was well spent. The most common way that Paul does this 
is via a custom Microsoft Word document template that can produce a basic report 
of all of the content in Compendium maps. At the end of all workshops, Paul exports 
the maps into a Word document  in front of the group , sometimes not saying what he 
is doing or why. The effect on the group – and particularly the convergent thinkers 
in it– is profound, as they see the efforts of hours of discussion summarised in a 
document within seconds. These reports are usually quite long as conversation tends 
to be rich, so Paul also makes a point of telling the group how many pages were 
generated while remarking “try doing  that  with fl ip charts”. 

 We hope the foregoing discussion has convinced you that the term  emergent 
design  is an appropriate one to describe the design of workshops that combine a 
wide spectrum of techniques. To bring all of these concepts together, we now pres-
ent a case study that illustrates the emergent design approach and show knowledge 
cartography techniques fi t into it.  
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12.10     Case Study: The Accidental Strategic Plan 

 The client in this case was a government agency that was attempting to establish 
organisation-wide commitment to a 6 month strategic review of ICT (Information 
and Communication Technology) service delivery. Agreement had not been reached 
as to the terms of reference for the review because of polarised stakeholder opinions 
on the causes of the problem and therefore, the strategies to address it. To break the 
deadlock, it was decided to conduct a 3-hour workshop involving thirty senior people 
from across the business. The workshop participants were divided into fi ve groups, 
with each group being seated at a separate table. Groups consisted of people from 
different business areas, which ensured a variety of perspectives within each group. 

 In terms of the model of the previous section, it was decided to start on the right 
side of the spectrum using the notion of wicked problems (Rittel and Webber  1973 ). 
This was done because the concept of wicked problems is well recognised within 
the public sector in Australia (see Australian Public Service Commission  2007 , for 
example). It was explained that with wicked problems, no single person, idea or 
philosophy holds the answer and that in such situations, collective decision making 
is better than decisions made by experts without consulting affected stakeholders. 

 The fi rst half of the workshop was a facilitated Dialogue Mapping based session 
that started with the powerful question: “What aspects of the corporate systems 
review should we be aware of?” This question, which was aimed at eliciting key 
focus areas, generated a huge amount of valuable discussion that surfaced many 
unstated assumptions and resulted in a number of emergent themes and opportuni-
ties. The key points of the discussion were captured using IBIS. 

 After a short break, each group of participants was asked to spend time refl ecting 
on the new learning from the dialogue mapped session and discuss the aspects sur-
faced within their groups. They were also requested to write their collective refl ec-
tions as themes on to sticky notes and paste these on to fl ip chart paper at the table. 
Groups were then asked to logically group their sticky notes together in any manner 
that made sense to them, and provide a descriptive category name for each grouping 
of notes. Figure  12.10  illustrates a sample output from this process.

   The session was closed after participants nominated a smaller sub-group of par-
ticipants to work with the information collected. 

 The following day, the sub-group came together to work further on the sticky 
notes and the IBIS maps. Information from the categorised sticky notes was entered 
into Compendium and further refi ned. Specifi cally, duplicate or highly similar 
themes from different groups were consolidated. Each stage of the refi nement pro-
cess was saved in separate Compendium maps so as to maintain a record of the 
progression from raw data to emergent structure. (Note: the IBIS notation was not 
used for this task). 

 The fi nal and most innovative stage of the synthesis was to combine the fi nal map 
of synthesised sticky notes with the original dialogue mapped discussion. The fact 
that all the rationale was in Compendium made this process very quick. The result of 
the combined rationale was the emergence of fi ve key focus areas and the objectives 
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associated with each of them. It was then a trivial exercise to transfer this combined 
rationale into a more accessible artefact (a Microsoft Visio fi le) that linked the vision 
with the focus areas and the objectives associated with each of them. Figure  12.11  
illustrates the product of the workshop.

   A second workshop was conducted with the dual aims of endorsing the emergent 
key focus areas and fi nalising a vision for the corporate information systems that 
could be used to guide the review. Prior to the workshop, all maps were printed at 
poster size and pinned to the wall. Two people who were unable to attend the fi rst 
workshop were invited an hour earlier than the rest of the group, so as to enable 
them to explore the story of the fi rst workshop in detail. When the workshop started, 
the rest of the group were walked through each map. This process involved Paul 
briefl y explaining each map in the same manner that a curator might explain a series 
of paintings. Starting with the original as-captured dialogue map from the prior 
workshop, the group was led through the process used to consolidate the sticky 
notes into areas of focus, fi nishing with the synthesised map that combined all out-
put. Each participant was then handed a copy of the draft performance framework 
as shown in Fig.  12.11 . 

  Fig. 12.10    Grouping 
of emerging focus areas       
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 A discussion was then conducted, starting with the question “What should our 
corporate systems vision be?” This discussion used the emergent plan as input. 
The vision came much more quickly than was anticipated and it was at this point 
that the CIO turned to Paul and said  “We have just completed our 5 year ICT 
strategic plan.”  

 A copy of the plan was made and, after changing a few key terms, the group had 
a single document that captured the aspirations, concerns and vision for the  entire 
scope of information and communication technology for this organisation  (Recall 
the original intent of the discussion was far more modest: to set the parameters for 
a 6 month strategic corporate systems review). 

 In light of this realisation, the group resolved to conduct a fi nal workshop, focus-
sing specifi cally on identifying key result areas (KRA) and key performance indica-
tors (KPIs) for the plan. The design of this workshop, while using Compendium, 
was not based around Dialogue Mapping. Instead, prior to the workshop, one hun-
dred KPIs across several related areas (local government, ICT, project management 
and governance) were selected from   www.kpilibrary.com     and   www.smartkpis.com    . 
These KPIs were printed onto cards and fi ve fl ip-chart sheets were placed on a large 
table, one for each of the fi ve areas of strategic focus. 

 The group was invited to sort the hundred sample KPIs across the areas of focus 
for an hour. No direction was provided to the group as to how this should be per-
formed. What emerged from the process was that the group instinctively grouped 
some KPIs toward the top half of the sheets of paper and some toward the bottom. 
When queried, participants indicated this was to convey the appropriateness of that 
KPI to the particular focus area. The group also duplicated some of the sample KPI 
cards which they felt were relevant to more than one focus area. 

 After this process was completed, the information was entered into Compendium 
so it could be manipulated electronically. It should be noted that this process used 
only idea nodes in a mind map structure. Further, only the KPI’s from the top half 
of each page were added and KPIs that applied to more than one area of focus were 
linked to multiple areas. The group then iterated through the process of synthesising 
and consolidating KRAs and KPIs a few times. 

 By the end of the workshop, the group had performed four iterations and settled 
on four KRAs and six KPIs for their 5 year ICT strategic plan. Figure  12.12  shows 
the result of the fi nal iteration.

   This case study is a good example of how the tools of knowledge cartography 
can be used within the framework of an emergent design process. In particular, issue 
maps played a leading role in the fi rst workshop, which started with an oblique 
question and used the emergent theme archetype to surface answers. Mapping tools 
played a less important role in subsequent workshops. This also illustrates the 
 general point made in the previous two sections – that with complex questions it is 
best to start with tools on the right end of the spectrum and move to the left as the 
group converges to a shared understanding. It is also relevant to note that 
Compendium maps played essentially a supporting role in the initial workshops too: 
the key output from the fi rst two workshops were not Compendium maps, but a 
Visio-based strategic planning model that was derived from the maps. Although 

12 The Map and the Territory: A Practitioner Perspective on Knowledge Cartography

http://www.kpilibrary.com/
http://www.smartkpis.com/


286

they are not always recognised to be so, such artefacts are knowledge maps in 
their own right. 

 Nobody going into the workshops (Paul included) expected that an initiative 
aimed at setting the terms of reference for a review would result in a comprehensive 
5 year information and communication system strategy. The case study is thus an 
excellent illustration of the importance of obliquity in encouraging and generating 
emergent outcomes.  

12.11     Conclusion 

 We have covered a fair bit of territory highlighting what we believe are some of the 
key elements of the practice of knowledge cartography. In particular, we have dis-
cussed why adeptness with notations, though important, is far from suffi cient for 
successful practice. When dealing with a group that is confronted with a wicked 
problem, the practitioner also needs to develop the ability to discern patterns in 
conversations and thence surface implicit or hidden knowledge by asking the right 
questions. To do this effectively, the practitioner needs to be familiar with a range of 
mapping, problem-solving and facilitation techniques so that he or she can design 
workshops in an emergent manner, based on the problem at hand  and  the thinking/
problem-solving styles of the participants. 

 On a related note, the explosion of knowledge assets in organisations highlights 
the growing practical importance of knowledge cartography. Although there is a lot 
of interesting work in the area, the gap between theory and practice remains (largely) 
unbridged. As practitioners, we feel privileged to have been invited to contribute our 
thoughts to this volume, and hope that the points we have raised will serve to 
encourage dialogue between theorists and practitioners, while also stimulating 
researchers to explore areas that are of immense practical importance (think climate 
change, for example). 

  Fig. 12.12    Final KRAs and KPIs       
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 Finally, we think it is appropriate to end our contribution by reprising (and 
rephrasing!) Korzybski’s perceptive aphorism: although the map is not the territory, 
a good map ought to help others relive the journey of those who created it.  

12.12     Paul’s Epilogue: Future Innovations 
in Knowledge Management 

 There is another key lesson from the case study that prompts this epilogue which 
outlines an application for knowledge cartography that has not been suffi ciently 
explored to date. In the ICT Strategy case study, Compendium allowed us to tell the 
 story  of the workshops in a rich and unique way. In the second workshop, maps 
were printed, pinned to the wall and then used to build a narrative of the entire jour-
ney, with traceability of where and when learning occurred or insights emerged. 
From a knowledge management viewpoint, the ability to capture a  journey of learn-
ing  in such a manner is extremely useful because it describes the context in which 
knowledge was created and the process by which insights were gleaned. 

12.12.1     Sweating Knowledge Assets 

 According to Niven ( 2006 ), a company’s physical assets accounted for 62 % of its 
market value in 1982, 38 % of its market value in 1992 and only 21 % in 2003. This 
trend is, in part, a result of the global shift toward knowledge economies. 
Consequently, the value of intellectual capital now dominates corporate balance 
sheets in the form of intangible assets. Intellectual capital is the sum total of the 
skills, knowledge and wisdom the organisation has at its disposal and, like any asset, 
organisations need to extract maximum value from it to avoid repeat mistakes, fos-
ter innovation and continue growth. Charles G. Sieloff ( 1999 ) summed this up well 
in the title of his paper, “If only HP knew what HP knows”. 

 Ever since my colleagues and I started practicing issue and dialogue mapping 
using Compendium, we have been fascinated by the power of issue maps in convey-
ing the thinking and learning of a group  at a particular point in time . These maps 
offer a perspective that is often lost using the traditional methods of knowledge 
capture, which is to ask experts to write down their knowledge – i.e. to get it out of 
their heads and on to paper. 

 Polanyi’s notion of tacit knowledge (Polanyi  1966 ) highlights the ineffi ciency of 
knowledge capture via codifi cation in writing:  “We know more than we can tell” . In 
short, the written knowledge assets, which organisations tend to produce in prodi-
gious quantities, do not adequately capture the trials and tribulations of a learning 
journey from inception to completion. It is  assumed  that a  description  of a journey 
adequately refl ects the journey – but this is rarely, if ever, the case. 
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 Even if one considers the notion of tacitness to be of academic interest, the fact 
remains that, at a practical level, knowledge that is captured in writing is woefully 
incomplete because it omits many elements that expert practitioners bring to bear 
when faced with a new or novel situation. It is practically impossible to codify such 
knowledge in writing. Moreover, even if such codifi cation were possible it would 
invariably result in knowledge that is abstracted from its practical context. 

 The emergence of accessible media production techniques (and distribution 
channels such as YouTube) has made digital storytelling a viable alternative to tra-
ditional knowledge capture. In digital storytelling, people share stories and refl ec-
tions while being captured on video. This reduces the codifi cation burden on the 
expert, while providing the users with a richer source from which they can form 
their own insights. 

 Although digital storytelling is a step forward, it has not lived up to expectations. 
For one, users are typically not prepared to sit through hours of footage of an expert 
explaining a craft or refl ecting on a project. To address this “concentration defi cit” 
videos are often edited into smaller mini-documentaries in order to encourage users 
to view them. However, chopping up a conversation into digestible bits has the 
effect of dissipating much of the context implicit in the original conversation. One 
can get a feel for this loss when one views an hour long video in ten 6 min segments. 
Another important point is that a standalone video that is not pre-embedded in a 
context is open to being interpreted in different ways. This increases the chance of 
misunderstanding what was said. I’ll elaborate on what I mean by pre-embedding in 
a context later in this epilogue. 

 I mentioned at the start of this paper that I was an IT practitioner when I took up 
Dialogue Mapping. What I did not mention was that my specialisation, and that of 
my colleagues, is information architecture: the discipline behind the design and 
development of intranets, document and knowledge management portals using 
web-based technologies. These systems are used to help organisations maximise the 
value of their intellectual assets. The combination of our information architecture 
and Dialogue Mapping competencies enabled us to see a potential marriage between 
these areas.  

12.12.2     The Catalyst 

 During a Dialogue Mapping session that I was facilitating, a soon-to-be retiring 
employee realised that a project he worked on thirty years ago was relevant to the 
problem being discussed. He then started describing relevant aspects of that old 
project in the context of the group discussion. As it turned out, this employee was 
spending a considerable amount of time writing procedure manuals as part of an 
effort to capture his knowledge. Interestingly, no mention of this old project was 
made in the manuals he had spent so much time writing. This is not surprising: he 
did not mention the project because he did not have any context for him to think it 
particularly relevant or important to the organisation. In fact, had he not been in the 
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room at the time of the Dialogue Mapping session, the relevance of this obscure 
project would never have been known to other participants and, more importantly, 
the knowledge associated with it would have been lost forever. 

 The dialogue mapping session plainly illustrated that much of the valuable 
knowledge that this person had was not being captured at all. We pondered the value 
of fi lming this employee refl ecting on all the projects he had worked on (as per the 
digital storytelling approach) but we were also well aware of the issues associated 
with such an approach. We then realised that the IBIS notion, with its focus on con-
versational structure, offered a potential way forward.  

12.12.3     The Glimmer of an Idea 

 Rather than creating ‘mini documentaries’, we came up with the idea of utilising the 
entire footage and  mapping the video  using the IBIS. In addition to mapping the 
video, the idea was to record (on the map) the elapsed time at which a particular 
point was made in the video. The map could then serve as a navigation mechanism 
for entire content of the video recording. By clicking on a particular node, the video 
would be played from the time that particular point was made. This also allowed for 
any other related content (in other media formats) to be made available at that node. 

 Such a scheme enables users to quickly fi nd the key points in the conversation 
that are of value to them,  while presenting the entire rationale of the discussion at a 
glance . This is important because, unlike a text transcription of what is said, a map-
per can do something that is uniquely human – assimilate what is spoken on a video 
while also hearing the deeper, or implied, themes. Earlier in this paper, we outlined 
some patterns to conversations, such as the storyteller who implies their point via an 
unarticulated moral or analogy to a story. In a similar way, nodes on a map are much 
more than a mere transcription: they provide a way to communicate and articulate 
deeper insights via a nonlinear navigational structure. 

 While IBIS-indexing of video has been demonstrated in the research labs (see 
Chap.   14    , and Buckingham Shum et al.  2006 ), the key practitioner requirement is to 
move this from the lab into corporate intranet portals, using enterprise-standard 
technologies. Among other things, this would enable map and video content to be 
linked to the powerful built-in search and content aggregation features of these sys-
tems. For example, users would be able enter a search from their intranet home page 
and retrieve not only traditional content such as documents, but also stories, refl ec-
tions and anecdotes from experts. Furthermore, the tree structure of issue maps and 
the specialised meaning of IBIS nodes, would enable more advanced forms of que-
ries such as the following:

•    “Retrieve any ideas from lessons learnt discussions in the Geelong area”  
•   “What are the pros or cons of this particular building material?”    

 Another critical aspect to intranet integration is the ability to provide maps as 
contextual navigation. Amazon’s ability to sell books that people never intended to 
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buy is an example of the power of such navigation. The ability to execute the kinds 
of queries outlined in the previous point, along with contextual information such as 
user profi le details, previous activity on the intranet and the area of an intranet the 
user is browsing, makes it possible to present recommendations of nodes or maps 
that may be of potential interest to users. By developing this sort of capability, we 
feel that users would be far more likely to explore video (and other rich media) 
content. 

 In short, we developed a vision for a tool that  would maximise opportunity for 
insight  using diverse media formats.  

12.12.4     Realising the Vision 

 We considered utilising Compendium as the means to achieve these goals but 
soon discounted it for the following reasons. Firstly, Compendium is based on the 
paradigm of single user, desktop applications, as opposed to the web/intranet par-
adigm. Among other things, this would have necessitated installing Compendium 
on all workstations in an organisation to enable collaboration on maps. The other 
disadvantage to this approach is that the Compendium data remains within the 
application. This has the effect of creating yet another information silo for 
organisations to manage. 

 For these reasons we opted to develop our own platform called Glyma (pro-
nounced Glimmer). Glyma, which has been 4 years in the making, refers to a suite 
of products that is underpinned by the core innovation of a hypergraph database 
(  http://en.wikipedia.org/wiki/Hypergraph    ). This type of database provides a data 
model that is not specifi c to any particular map ontology. The implication is that 
Glyma can store different types of maps (such as mind maps, causal or concept 
maps) within a single searchable data model. Furthermore, a single piece of data can 
be reused within several different map types and schemas. Put in more practical 
terms: the Glyma database could store project plans, mind maps, strategic planning 
maps, organisational structures and link them to existing corporate information sys-
tems, creating meaningful connections between them all. 

 An application for the Glyma platform is presented in Fig.  12.13 . It illustrates the 
Glyma system being used with Microsoft’s SharePoint platform and using the IBIS 
notation to make knowledge contained within a video explicit. This example is part 
of a case study that addresses the critical issue of human capital fl ight or organisa-
tional “brain drain.” Organisational brain drain occurs when highly skilled employ-
ees leave an organisation, taking their knowledge and wisdom with them. Glyma 
addresses this issue rather elegantly. For one, the entire content of the video is 
embedded in a context via the IBIS map that the video is mapped to. Further, the 
video is effectively “indexed” via links to various nodes. Finally, and perhaps most 
importantly, the expert tells their story in their own words.

   It is important to note that it is not our intention to replace Compendium. In fact 
we see Compendium as a key part of the story because we feel that it remains to this 
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day, the best all-purpose tool to perform issue mapping. This is why we provided the 
ability to import Compendium maps into Glyma. We believe that Glyma provides 
an excellent platform for sharing and collaborating on Compendium maps across an 
entire organisation. 

 Glyma is currently in development and is being trialled by various organisations. 
Our aim is to release it later in 2014.      
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    Abstract     In analyzing controversies and debates – which would include reviewing a 
literature in order to plan research, or assessing intelligence to formulate policy – there 
is no one worldview which can be mapped, for instance as a single, coherent concept 
map. The cartographic challenge is to show which facts are agreed and contested, and 
the different kinds of narrative links that use facts as evidence to defi ne the nature of the 
problem, what to do about it, and why. We will use the debate around the invasion of 
Iraq to demonstrate the methodology of using a knowledge mapping tool to extract key 
ideas from source materials, in order to classify and connect them within and across a 
set of perspectives of interest to the analyst. We refl ect on the value that this approach 
adds, and how it relates to other argument mapping approaches.  

13.1         Introduction 

 In analyzing controversies and debates – which would include reviewing a literature 
in order to plan research, or assessing intelligence to formulate policy – there is no 
one worldview which can be mapped, for instance as a single, coherent concept map 
(Chap.   2    ). The cartographic challenge is to show which facts are agreed and con-
tested, and the different kinds of narrative links that use facts as evidence to defi ne 
the nature of the problem, what to do about it, and why. What support can we offer 
analysts for untangling this web, in order to provide helpful aerial views? 

 We will use the debate around the invasion of Iraq as a vehicle to demonstrate the 
methodology of using a knowledge mapping tool to extract key ideas from source 

    Chapter 13   
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materials, in order to classify and connect them within and across a set of perspec-
tives of interest to the analyst. 1  

 Our interest is in the support that knowledge cartography can provide to different 
stakeholders, for instance, to enhance public understanding and engagement with 
policy deliberations, or to provide specifi c groups of analysts (from students, to 
advocacy groups, to governments) in their struggle to manage the deluge of new 
information generated every day, and the historical sources that set the context. 

 The specifi c hypothesis we set out to explore in this case study was that knowl-
edge mapping tools could help as an analyst’s tool for making sense of published 
contributions to the Iraq debate:

•    For a given source article: mapping tools should help to clarify (at some level of 
granularity, dependent on the analyst) the contributions it claims to make and its 
argumentative structure.  

•   For the “gestalt” of the whole corpus: mapping tools should help to clarify the 
cross-connections and emerging themes which one would expect someone 
with a grasp of the debate (as expressed in the articles) to have, and commu-
nicate clearly.    

 We therefore introduce and refl ect on:

•    The product: a set of hypertextually linked knowledge maps of the Iraq debate, 
accessible via a specialist hypermedia tool, and via the Web  

•   The methodology: how this artifact was constructed  
•   Analytical support: how well the tools assisted the analyst  
•   Reading support: how well the tools assist the reader    

 First we set the context of the mapping exercise, introducing the debate and 
source materials. We then describe the methodology used to convert these into 
hypertextual maps of interconnected ideas, which are illustrated. We consider the 
extent to which we achieved our objectives, and the limitations of this exercise, 
which lead to open questions for further investigation.  

13.2     The Iraq Debate 

 The 2003 invasion of Iraq is one of the most heated and complex public policy debates 
in recent times, with innumerable arguments on the legality, morality and prudence of 
the war being aired and analyzed in politics, academia and all quarters of the media. 
The issues are self-evidently complex, and the modes of argumentation deployed 
 varied in type and quality. “Non-one” can claim to have mastered all angles on the 
issues, and the media reminds us daily of the chilling human cost of different policies. 

 The specifi c aim of this Knowledge mapping project developed by Okada was to 
create an integrated overview of the debate as represented by a corpus of 25 articles 

1    Hypertext maps from this analysis:   www.kmi.open.ac.uk/projects/compendium/iraq      
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written by leading commentators from different backgrounds. They were either in 
favor of, relatively neutral on, or opposed to the invasion of Iraq and the toppling of 
Saddam Hussein. 2  The initial reference for the analysis was the paper “One war, 
many theories” by Michael Cohen ( 2005 ). He reviews the fundamental positions of 
pro-war and anti- war commentators, and distills from these some themes and ques-
tions. Cohen asks “How can we do justice to the multiplicity of positions on the 
war?” and proposes three concepts to organize the body of arguments:

•     Power , defi ned as the capacity to produced intended effects;  
•    Degree of institutionalization , or the degree to which certain values and proce-

dures stemming from them are embodied in a regulatory environment (impacting 
the role of organizations such as the UN);  

•    Legitimacy , the moral virtues of a certain act or value such that it fi nds affi nities 
across a broadly defi ned populace or societal grouping.

        We used these themes as part of our organizing structure since we were not 
experts in this fi eld, but were able to follow his analysis, and could investigate what 
value a knowledge mapping tool could contribute to understanding and navigating 
the corpus when viewed through Cohen’s analytic lens. As detailed below, we 
focused on two issues as a mini-template to organize the ideas:  

•   What were the causes of the Iraq invasion?  
•   What are the consequences of the war?     

13.3     Knowledge Mapping Tool 

  Compendium  is a hypermedia concept mapping tool, details of which are presented 
in Chap.   14    . 3  It embodies, and extends, Horst Rittel’s IBIS language for delibera-
tion (Issue-based Information System) as proposed to support the “argumentative 
design” approach to complex societal dilemmas (Rittel  1972 ). The mapping 
dimension that translates IBIS moves (raising Issues, Positions and Arguments) 
into a hypertext network of semantically classifi ed nodes and links is based on 
 graphical- IBIS   (gIBIS: Conklin & Begeman  1988 ). The methodological aspects to 
Compendium’s use are threefold:

2    This case study was conducted as part of  GlobalArgument.net , a project we initiated in 2005 as a 
vehicle for systematically comparing computer-supported argumentation tools through argumen-
tation experiments: participants agree on a topic for debate, a set of source documents from which 
everyone will work, and a schedule for modeling, publishing and analyzing the outputs. We are 
grateful to Peter Baldwin, co-founder of GlobalArgument.net, and Michael Cohen for collating 
these articles.   http://kmi.open.ac.uk/projects/GlobalArgument.net      
3    Available from: Compendium Institute:   http://www.CompendumInstitute.org      

13 Knowledge Cartography for Controversies: The Iraq Debate

http://dx.doi.org/10.1007/978-1-4471-6470-8_14
http://kmi.open.ac.uk/projects/GlobalArgument.net
http://www.CompendumInstitute.org


296

    1.     Dialogue Mapping  (Conklin  2006 ) which provides ways for a facilitator to map 
discussions in meetings (physical or online) in real time as gIBIS networks, on a 
shared display. We adapted this to analyze written contributions to an asynchro-
nous discussion in the media.   

   2.     Conversational Modeling , a model-driven extension to Dialogue Mapping 
(Selvin  1999 ), for the systematic analysis of a problem by exploiting the tool’s 
“T3” features: Templates, Transclusions and Tags (see below, Chap.   14    ).   

   3.     Concept Mapping , as developed by Canas and Novak (Chap.   2    ) was used to the 
extent that we tagged relationships with whatever label seemed appropriate, 
extending the IBIS notation.    

13.4       Mapping Methodology 

 As history reminds us, where boundaries are drawn in maps, and what is included, 
omitted or highlighted can be controversial. Like any symbolic representation, maps 
are not neutral, but are systematic ways to simplify the world in order to help focus 
attention on specifi c phenomena – in the hope that in the process, one has not over-
simplifi ed. Making explicit one’s mapping methodology, particularly in the nascent 
fi eld of knowledge cartography where there are few shared conventions one can take 
for granted, illuminates how to read the map appropriately, how to account for its 
limitations, and how to repeat the mapping exercise on the same or other worlds. 

 As with any cartographic project, we were aiming to create a consistent visual 
language. Moreover, since we were creating interactive, hypermedia maps, we also 
needed to create a set of interaction design conventions (Fig.  13.1 ). These evolved 
through the analysis, and were summarized in the opening map to assist the reader.

   We started by defi ning a top level node tagging scheme based on (i) Cohen’s 
framework of  Power, Institutions, and Normsm  and (ii) our Issue-template focused 
on  Causes and Consequences  of the war. Over the course of the exercise, as in any 
qualitative data analysis process, the tag-based coding scheme evolved as we 
engaged with the material, classifying and reclassifying it until the tag scheme was 
applied consistently (Table  13.1 ).

   An article map for each of the 25 documents was constructed. Text fragments 
were dragged and dropped from the article into Compendium, classifying, linking 
and tagging each node (Fig.  13.2 ).

   The discipline of using IBIS focuses attention on clarifying what the issue is at 
stake, and specifi c ways of addressing this, with their respective pros and cons. 
Isenmann & Reuter ( 1997 ) describe fi ve steps to structure arguments using IBIS:

    1.    Identifying issues, positions and arguments   
   2.    Activating external knowledge sources, select data, statistics, concepts   
   3.    Creating relations   
   4.    Navigating through the knowledge network   
   5.    Reorganizing the issues network    
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  Fig. 13.1    Explanation of how to read and navigate nodes in maps. The map icon ( blue ) shows 
comments (∗), number of connections to other maps (4) and total of nodes in the map (16). The 
node map ( pink ) shows tags and number of connections to other maps (4) (Okada  2005 )       

   Table 13.1    Specialization of top level themes into a set of classifi cation codes used to “tag” nodes 
in the Iraq Debate maps   

 Macro Themes 
(from Cohen)  Specialization into Tags 

 C: Causes  C1: Weapons  C2: Terrorism  C3: Security 
 E: Effects  E1: Violence  E2: US Occupation  E3: Reconstruction 
 I: Institution  I1: United Nations  I2: Disarmament 
 N: Norms  N1: Legitimacy  N2: Preemption  N3: Freedom 
 P: Power  P1: Control  P2: Democracy  P3: Oil 
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  However, these steps are not linear (e.g. relations may be made before sourcing 
related data. Moreover, in documents (as in speech), not all of these elements are 
either explicit, or occur in that order. Authors do not always start with focused 
 questions. They may start with the main proposition, concept or data; and questions 
can arise during the document. It is the analyst’s task to convert the prose into a map 
that shows the core issue(s), possible responses to them, and argumentation for and 
against them, drawing on data. We discuss later the variable levels of reconstruction 
that the analyst may bring to this mapping. 

 We are now in a position to construct gestalt maps that connect the article maps. 
First, we cluster authors classifi ed by Cohen as for and against the war (e.g. Fig.  13.3 ).

   Next, we create gestalt maps to show connections across article maps around 
themes of interest: causes and effects of the war, and around Cohen’s organizing 
themes. For instance, in order to create a map of  Pro-War  proponents on the theme 
of  Power , we fi lter the database using Compendium’s search tool to extract nodes 
tagged with  Pro-War  and the three types of  Power  tag (Fig.  13.4 ).

   Once extracted from the database by a search, the nodes are pasted into a new 
map, and structured (Fig.  13.5 ).

   Finally, we organized gestalt maps around the question How  could the Iraq inva-
sion be understood?  in which we use issues around the war’s causes and effects, and 
Cohen’s Norms (ethics), Institutions and Power confi gurations (Fig.  13.6 ).

   Thus,  What are the war’s effects?  is answered by pro- and anti-war contributions 
tagged  E1: Violence; E2: Occupation  and  E3: Reconstruction , while the issue  What 
ethical principles are at stake?  shows the different interpretations of this question 
by different writers (part of which is shown in Fig.  13.7 ).

  Fig. 13.2    Fragment of the article map for “ The price of occupying Iraq ” (Tariq,  2004 ) showing the 
tagging of nodes (tags are displayed on a mouse-rollover, but are shown for illustration) (Okada  2005 )       
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13.5        Knowledge Mapping’s Contribution 

 We turn now to consider the value of mapping a corpus in this way. What does one 
gain from constructing, and reading, hypertext maps of this sort? What do they offer 
beyond a conventional stack of annotated, printed articles, electronic notes on a 
digital version, or a set of tagged, bookmarked websites? Knowledge maps should 
add complementary value to the narrative richness of prose and the “marginalia” of 
direct physical/digital annotation. 
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 In our view these knowledge maps have valuable  notational  properties (the 
visual language, whether on screen or paper) combined with  interactive  properties 
(the particularities of mapping within a specifi c software environment), a distinction 
made in various ways by Green ( 1989 ), Suthers (2008, Chap.   1    ) and many other 
diagrammatic reasoning researchers. We would highlight the following distinctive 
attributes for analysts and readers:

  Fig. 13.6    Gestalt map around the question  How could the Iraq invasion be understood?  (Okada  2005 )       
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•     From text string to visualized, database object . When we extract key 
 sentences from articles, we collate them not merely as text strings (e.g. in a 
wordprocessor) but convert them into addressable nodes that can be spatially 
positioned, assigned an icon, linked, tagged, have other nodes placed inside 
them (if we make them a Map or List container node), and tracked by the sys-
tem as they are pasted into multiple views. This is similar to qualitative data 
analysis tools for transcript analysis, but via a much stronger visual interac-
tion paradigm.  

•    From implicit to explicit structure . As argued by many other proponents of 
visual modeling and argument mapping, there is value in making explicit and 
inspectable previously implicit structure in a piece of prose, if meaningful pat-
terns can be perceived directly. One can immediately see the presence of differ-
ent Issues, Positions and Arguments for/against, the presence of tags, the 
“weight” of a map (how many nodes inside it), and the level of node transclu-
sion. The power of visual patterns increases with the systematicity of the map 
layout, which derives from greater formality in the modeling process – a theme 
to which we return below. Although we started from Cohen’s principles, the 
mapping’s contribution to grasping the  gestalt  of the debate rests on how we 
model  connections  between individual maps of articles. We are making an inter-
pretive move that goes beyond Cohen’s analysis when we extract a quote, and 
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classify, transclude, tag or link it as a node, since this changes the shape of the 
digital space along one or more dimensions.  

•    Multiple perspectives . The new fi ner granularity of chunking ideas as nodes, 
combined with tagging of important facets, makes possible the easy extraction of 
different node clusters for the creation of gestalt maps that convey different 
dimensions to the controversy.     

13.6     Improving the Rigour of Controversy Mapping 

13.6.1     Granularity of Analysis vs. Cognitive Effort 

 As this book demonstrates, there are numerous approaches to mapping ideas. 
Focusing specifi cally on argument mapping, the work with  Araucaria  (Chap.   8    ) 
and  Rationale  (Chap.   6    ) is most relevant. Both of these visual languages promote 
a fi ne- grained analysis of statements, that requires extensive “normative recon-
struction” (van Eemeren et al.  1993 ) of the spoken/written sources being ana-
lyzed, into more rational structures that complete the premises, warrants and 
moves that are invariably implicit, or missing, in normal speech/prose. In 
 Rationale , the analyst teases apart the moves into a hierachical tree, ensuring that 
the claim being made does not “pull any rabbits out of the hat,” to use their 
memorable phrase. In  Araucaria , the analyst’s attention is directed to identify the 
argumentation scheme that is being deployed, so that they can assess the argu-
ment’s completeness with respect to the canonical visual pattern. In time, ana-
lysts learn to see these patterns without even explicitly mapping them, an 
explanation that the  Rationale  team use to explain their improved critical think-
ing results (van Gelder  2003 ) and which lies at the heart of Conklin’s ( 2006 ) 
Dialogue Mapping training to teach facilitators to hear – and make visible – the 
“deep structure” of contributions to discussions. 

 As with any structured modeling methodology, the point of investing this 
effort is to add rigor to the analysis. However, there is a cost/benefi t tradeoff: 
mastering this intellectual discipline is a new literacy that takes effort – literally, 
“Lots of Argument Mapping Practice” (Chap.   6    ). In our view, the knowledge 
mapping of the Iraq Debate, whilst still requiring intellectual discipline and 
close reading, required less cognitive effort than detailed  Araucaria/Rationale  
style argument analysis, to effect construction of a network with some valuable 
affordances. Nothing comes for free, of course. If IBIS-centric knowledge map-
ping is a rapid technique offering greater expressive  breadth  (anything can be 
captured in IBIS), it sacrifi ces  depth . We help the analyst (especially the novice 
analyst, or a newcomer to the controversy) to bridge the cognitive formalization 
gulf in order to move from prose/speech to a network model, and thus offering 
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a gentler learning curve. The tradeoff is that the arguments were not scrutinized 
as closely, hence the need to integrate fi ner grained argument mapping as 
deemed appropriate.  

13.6.2     Who is the Analyst and What is Their Objective? 

 Although tools have different affordances, no tool is deterministic, guaranteeing a 
good job: tools can be used rigorously or opportunistically, and fl uently or awk-
wardly. The maturity of the analyst wielding the tool is critical. Rider and Thomason 
(Chap.   6    ) discuss students’ construction of poor argument maps. Conklin’s ( 2006 ) 
work is devoted to improving the value added by Dialogue Mappers, and Selvin’s 
work in Chap.   11     strives for frameworks that can cover fl uency in collaborative 
knowledge cartography more broadly. 

 We can identify three factors that shape the knowledge maps. Firstly, our  task 
orientation  in this exercise was to map the contributions of the selected articles, 
with relatively little effort devoted to overlaying our own views – most nodes are 
grounded in quotes from the source articles. This was the fi rst iteration, which could 
have been followed by further cycles where the analyst’s own critique was added. 
Secondly, the quality of maps is unquestionably a function of the mapper’s  subject 
matter expertise : the analyst (Okada) was not an Iraq expert but playing the role of 
a student seeking to learn about the controversy. Thirdly, is  cartographic expertise  
(tool plus language): she was learning to use both Compendium and IBIS, never 
having used them to analyze texts before, and never having used Conversational 
Modeling with its systematic use of tagging and translusion for information man-
agement. As such, this is a realistic use case scenario illustrating the kind of results 
one might get in an early knowledge mapping exercise with newcomers to the target 
domain and the mapping tool.  

13.6.3     Going Deeper 

 Taking the current analysis as a fi rst iteration, how could the next be more incisive? We 
would provide more “scaffolding” through the use of visual templates that interrogate 
more systematically an individual’s viewpoint, or the state of the debate overall:

•     Dialogue Mapping template . Conklin ( 2006 ) identifi es seven issue types that we 
were using implicitly throughout the analysis in both article and gestalt maps, but 
which could be used more consciously and systematically to ensure balanced 
coverage of the whole debate (Fig.  13.8 )

•       Expose the argumentation substructure . We can build on the work of our argu-
ment mapping colleagues, as introduced above, by integrating aspects of their 
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visual languages into the Issue-centric deliberation scheme at the heart of our 
approach. As shown in IBIS, we can link two nodes with a  supports  or  chal-
lenges  link, but this does not illuminate the sub-structure of the argumentation. 
What kind of argument is being made, and is this fallacious, or incomplete? 
When mapping another controversy, we have shown how  supports/challenges  
links in a  Rationale -like argument tree in Compendium, can be further expanded 
to show the argumentation scheme (Figs.  13.9  and  13.10 ).

13.7             Conclusions and Future Work 

 In this chapter we sought to demonstrate how knowledge mapping can scaffold 
the analysis of controversies and debates, using the Iraq Debate as an example. 
Our work continues on a number of fronts. Firstly, the maps have not yet been 
empirically evaluated with independent readers, so while we have proven the 
 modeling methodology and implemented the maps technically, claims about the 
interactions between different views, users and tasks remain cautious. Readers can 
access the maps themselves to form their own opinions of course. 

 Secondly, we are developing Web-centric mapping tools that will make it simpler 
than at present for multiple analysts to contribute. This builds on and extends the tools 
developed in the Scholarly Ontologies project (Buckingham Shum et al.  2007 ). 

  Fig. 13.8    Seven different kinds of Issue, each of which leads to different kinds of conversation 
(Conklin,  2006 )       
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 Thirdly, we are integrating Compendium with other collaborative e-learning 
tools (Okada and Buckingham Shum  2006 ), such as the  FlashMeeting  Web-video 
conferencing tool (Okada et al.  2007 ) and the  Moodle  virtual learning environment 
(OpenLearn  2007 ). 

 Finally, while we are certainly interested in improving information management, 
sharpening critical thinking and promoting sound argumentation, at the same time, 
these are only part of the story if knowledge mapping tools are to go beyond foster-
ing critical analysis (albeit a worthy end in its own right), and provide support for 
 shaping , not just analyzing, the hardest kinds of policy deliberations. Those who are 
engaged in confl ict resolution in the most strife-ridden communities and countries 
(not to mention the less extreme dynamics within our organizations), remind us that 
the key to making true progress is to establish the context for open dialogue in 
which stakeholders learn to listen to each other properly, and co-construct new reali-
ties (Isaacs  1999 ; Kahane  2004 ). 

“Mainstream science on intelligence: An
editorial with 52 signatories, history,
and bibliography” intelligence (1997)

15

+ -21
/

+ -/

/+-

/+-
2

2

The structure of an
“Argument from Bias”

can be exposed...

The structure of an
“Argument from Analogy”

can be exposed...

It is unreasonable to criticise an
organisation because of its founders’

biases hundreds of years ago

Grantees’ responses to: Criticism of the
Pioneer Fund

(Many Pioneer Fund Grantees are Biased:
Argument from Bias)

About 30 % of the signatories are
receipients of Pioneer Fund grants, about

whom concerns have been expressed about
racist connections 

Criticism of the Pioneer Fund

Pioneer Fund is like Ford Foundation:
Argument from Analogy)

  Fig. 13.9    Schematic overview, showing how the argumentative moves in a chain of nodes ( left ) 
can have a sub-structure behind them refl ecting the argumentation scheme ( right ). See Fig.  13.10  
for detailed view 4        

4    Our thanks to Chris Reed and Doug Walton for the Araucaria XML library of argumentation 
schemes, which we simply imported into Compendium and converted to IBIS structures:   http://
compendium.open.ac.uk/compendium-arg-schemes.html      
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 This chapter has focused somewhat on the rational, critical analysis of information 
and argument connections (see also Ohl, Chap.   13    ). However, the approach we are 
developing emphasizes a simple visual language that can be used effectively in real 
time to capture and refl ect back a wide variety of deliberative moves, with its roots in 
facilitating dialogue that is owned by all stakeholders (Conklin  2006 ; Selvin et al. 
 2002 ; Papadopoulos  2004 ; Selvin, Chap.   11    ). The vision of our ongoing  Hypermedia 
Discourse  research program 5  is to create knowledge cartography tools and practices 
that integrate heart and mind. We need both critical thinking and open listening as we 
strive collectively to make sense of, and act on, the complexities and controversies 
now facing us.     
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No: unlike the Ford Foundation, Pioneer
Fund continues to fund work that 
reinforces its founder’s prejudices
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Pioneer Foundation from
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Yes

Is A true (false) in C1?
A is true (false) in

case C1

A is true (false) in case C2

Generally, case C1 is
similar to case C2

Template for an
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Instantiating the
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template

  Fig. 13.10    The template for an Argument by Analogy, showing premises and relevant Critical 
Questions ( top ), instantiated with respect to the controversy ( bottom )       

5    Hypermedia Discourse project:   http://kmi.open.ac.uk/projects/hyperdiscourse      
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    Chapter 14   
 Visualized Problem Structuring 
for Stakeholder Consultations 

 Enabling Informed Decision-Making with Argument 
Maps and the Argument Browser       

       Ralf     Groetker    

        R.   Groetker      (*) 
  Explorat Facilitation & Consulting ,   Großbeerenstr. 83 ,  D-10961     Berlin ,  Germany   
 e-mail: groetker@explorat.de  

    Abstract     Based on a series of four case studies, we present a process model for 
asynchronous stakeholder consultations with visualized problem structuring in the 
form of argument mapping. The consultations deal with matters of policy advice in 
the fi eld of science, technology and society, with a focus on bioethics and business 
ethics. We start with a short description of the technique of argument mapping, 
followed by a detailed explanation of how argument mapping supports the consulta-
tion process. The consultation process is divided into the phases (1) research, (2) 
stakeholder interviews, (3) the conduct of an opinion poll concerning the arguments 
discussed, and (4) a fi nal report. For the opinion poll, we used a newly invented tool 
that we call  Argument Browser . Challenges that we encountered in the process 
mainly concerned issues of motivating participants, the structuring of complex 
topics, and the achievement of impartiality in deliberation. These challenges were 
addressed by the use of  Participation Design  (as a general framework of thinking 
about improvements within the consultation process), the employment of argumen-
tation schemes, and other means. Lessons learned particularly concern the use-value 
of visualization and how argument mapping can support confl ict analysis during the 
consultation process.  

14.1         Aim of Stakeholder Consultations 

 Stakeholder consultations can help to establish a broad and democratically legitimate 
knowledge base for political decisions on controversial matters. As an instrument 
for the synthesis of knowledge and opinions, they are an important supplement to 
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other sources of information and channels of communication, which exhibit a series 
of well-known shortcomings:

•    Reports and expert opinions go along with the production of large amounts of 
written texts. The iterative process of analysis, summary and compilation of 
literature leads to an ever growing complexity.  

•   In many situations, individual actors, especially from the sciences, do not have 
strong incentives to engage in the synthesis of different fi elds of expertise, a 
process which is needed for scientifi c policy advice.  

•   Communication through the news media often is subject to psychological 
pitfalls. For example, the general public gets the frequent impression that there 
is a signifi cant controversy around a certain topic – whereas in reality, there 
exists just a minor fraction of dissenters, often with barely any scientifi c creden-
tials (Boykoff and Boykoff  2004 ; Skurnik  2006 ).    

 Stakeholder consultations can help to avoid these shortcomings:

•    Complexity and information overload can be reduced with adequate techniques 
of facilitation.  

•   The organizer of a consultation process takes the role of an intermediate actor 
who is responsible for the synthesis of expertise from different fi elds.  

•   The rather closed format of continual group deliberation helps to avoid many 
cognitive biases as they are known, amongst others, from communication via 
news media.    

 Our claim is that these aims are especially supported by the use of visual problem 
structuring for team-based planning and decision-making, such as argument map-
ping. Moreover, argument maps allow for conducting stakeholder consultations in 
an asynchronous mode. In many situations, this is a more convenient and also more 
affordable approach than actual meetings of larger groups.  

14.2      Argument Maps and Technology Used 
in the Case Studies 

 An argument map is a representation of the argumentative space which a given topic 
covers. In consultations, argument maps serve as a “Group Support System” (to 
adopt a term from HR-Management literature). Argument maps in particular sup-
port groups to achieve a consensus on controversial matters. Within the process 
described here, participants of a stakeholder consultation just need to agree upon the 
representation of lines of confl ict. They do not need to agree, however, in the evalu-
ation of the arguments. This makes it easier to arrive at a shared result. 

 Argument maps are similar to mind maps: they are diagrammatic representations 
of textual information. In contrast to mind maps, argument maps do not structure 
available information into topics and subtopics. Instead they represent a chain of 
reasoning – the  pros  and  cons  which refute or support a given claim. 
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 There are many different approaches to argument diagramming (see Reed et al. 
 2007 ). The approach presented here uses the Issue-Based Information System 
(IBIS) visual vocabulary (see Conklin  2003 , and several other chapters in this book) 
and was designed in such a way that it can be used with most general-purpose mind-
mapping applications. In IBIS, argument maps consist of  questions ,  claims  or  pro-
posals,  and  pros  and  cons . The force of an argument (if is logically valid) depends 
upon the plausibility of its premises – that is, the degree of certainty with which the 
pros (or cons) can be said to be true. Each element in the map refers to the immedi-
ate preceding (i.e., superior) element. For example: A con which answers to a con 
gives a reason why the statement contained in the preceding con should be regarded 
as false (see Fig.  14.1 ).

   In order to ensure that longer chains of pros and cons are still easy to read, colour 
coding is added: green elements support the  initial claim or proposal , while red 
elements attack it (Figs.  14.2 ,  14.3 ,  14.4 , and  14.5 ). In other words: green elements 
represent evidence which supporters of the initial claim have to produce. Supporters 
of the initial claim must show that green statements are true and that red statements 
are false. Enemies of the initial claim, on the other hand, must produce evidence 

  Fig. 14.1    How the elements 
of an argument map relate 
to each other (Created 
with XMind)       

  Fig. 14.2    Evaluation: 
the map shows how judging 
single elements as true 
or false has effects along 
the whole chain of reasoning 
(Created with XMind)       
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  Fig. 14.3    Elements (E) 
and (F) added       

  Fig. 14.4    Element (G) 
and evaluation marks for (E), 
(F) and (G) added       

which shows that red claims are true and green claims are false. 1  This scheme leads 
to the useful visual rule that if a branch ends in all green leaves, the claim may be 
taken to hold, since there is no challenge (and vice-versa for red leaves). 

 By itself, an argument map is not taking sides on either side of an issue. The map 
does not say whether or not statements which are represented as pros or cons are, in 
the end, true or false. It is up to the reader to decide upon this. Take this example 
(Fig.  14.2 ):

   If (D) is true, then (C) must be false. From this follows that (B) might be true, 
which would lead to the conclusion that also (A) probably is true. 

1   What exactly proponents and opponents in a debate have to present evidence for depends upon 
how burden of proof is distributed. In some situations, opponents just have to show that the propo-
nent’s claims are false in order to win the argument. In risk assessment, for example, the proponent 
often has to prove for sure that risks can be excluded – regardless whether or not there are signs 
which positively indicate the existence of risks in the particular case. See Walton ( 2010 ) for a more 
systematic treatment of how burden of proof is distributed in different dialogue situations. 
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 As it turns out (see Fig.  14.3 ), another reason (E) supports the argument (B), 
which strengthens the case for (A). On the other hand, (A) is attacked by (F), which 
is a rival to (B).

   Further discussion clarifi es the situation (see Fig.  14.4 ): There is another argu-
ment (G) which attacks (F). Evaluation shows that (G) is true, which in turn leads to 
the dismissal of (F). (E), on the other hand, is true. From this, we can safely con-
clude that (A) proves to be right.

   The purpose of an argument map is not to replace, but rather to support ordinary 
thinking. These are the advantages of argument maps:

•    Rational argumentation becomes more important than rhetoric or the speaker’s 
reputation and personality  

•   Argument maps show at a glance which kind of evidence supports or refutes 
given claims and arguments  

•   Additional information can easily be fi tted into the exact place where it is needed    

 Argument maps for shared planning and decision-making have been tested 
successfully in a variety of different scenarios (Berardi et al.  2006 ; Conklin  2005 ; 
Culmsee and Awatai  2011 ; Klein  2007 ; Mathews  2013 ; Scheuer et al.  2010 ; 
Selvin  2011 ). 

  Fig. 14.5    Argument graph (detail of consultation on Non-Invasive Prenatal Testing, see Sect.  14.4.4 ) 
serving as a starting point for the construction of an Argument Browser (Diagram by the author, 
created with  XMind )       
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 To present the content of larger argument maps to a wider audience, we developed, 
in 2013, an instrument we call  Argument Browser . The Argument Browser is both a 
survey method and a tool for capacity building for informed decision- making. 
It was designed as a simplifi ed version of a much more elaborate software instru-
ment: the  Carneades  opinion formation and polling tool (see Gordon  2013 ). The 
Browser leads participants through the branches of the argument tree. At each point 
of the journey, participants can decide to either rank a specifi c claim (or to comment 
upon it) or to ask for further information, which then will lead them to the relevant 
sub-arguments (see Figs.  14.3  and  14.4 ). Results from the survey conducted with 
the help of the Argument Browser are again published online, together with a short 
comment and an analysis (see Sect.  14.3 ).    

 In the current version, the Argument Browser is constructed using a commercial 
survey application ( Surveymonkey.com ). For the future, we are planning to employ 
Carneades software which will allow to give participants are more detailed feed-
back concerning the rational consistency of their answers and also indicates how 
close each set of individual answers relates to pre-defi ned types or well-known posi-
tions within the debate (Figs.  14.6     and  14.7 ).

14.3              Methodology 

  Phase 1     Each consultation process starts with extensive initial research. Argument 
maps are used to support collaboration within the facilitation and research team 
(usually consisting of a principal investigator and one or two research assistants 
with domain- specifi c expertise). The maps are produced on the basis of either a 
commercial mind mapping application (such as  XMind  or  Mindjet ) or an Argument 
Visualization (CSAV) software such as the Knowledge Media Institute’s 
 Compendium  (see Chaps.   7    ,   10    ,   11    ,   12    ,   13     and   14    ). Part of the initial research is the 
recruitment of 15 to 20 people who are willing to serve as “members of the expert 
team”. Within the team, all different disciplines, positions and kinds of different 
organizations which have a stake in the issue should be included.  

  Phase 2     Over the course of several weeks, facilitators conduct personal interviews 
with every member of the expert team. Questions and topics differ in each interview. 
The goal of the consultation is to build a complete representation of the argumenta-
tive space of the controversy. Every stakeholder-expert is asked to add upon those 
points his predecessors have already mentioned. Results from the interviews are 
published online consecutively by the facilitation and research team, along with 
updated versions of the argument map that result from new insights derived from the 
interviews. If necessary, facilitators come back to stakeholder-experts already inter-
viewed and ask them to provide further evidence or arguments which answer to 
objections that have been brought up by other members of the expert team. A sum-
mary, written by the facilitating team, which comments upon the complete argu-
ment map, puts an end to the collaborative exploration of the argumentative space.  
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  Fig. 14.6    Flow chart (detail) demonstrating the user journey within an Argument Browser which 
has been built on the basis of the Argument map in Fig.  14.5  (The chart was created by the author, 
using  VUE Visual Understanding Environment )       
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  Phase 3     Finally, participants take stances on the points of the map. Expert-stakeholders 
are asked to prioritize problems, to rank single arguments according to their relevance 
and persuasiveness, and to indicate how, all things considered, they view the discussed 
claims and proposals. To conduct this kind of survey, we used the  Argument Browser  
(Sect.  14.2 , Figs.  14.3 ,  14.4 ,  14.5 , and  14.9 ) .   

  Phase 4     A fi nal report summarizes the fi ndings as well of the collaborative argument 
mapping as the results of the survey conducted via the Argument Browser.   

14.4     Consultation Examples 

 We conducted several stakeholder consultations following, roughly, the procedure 
described in Sect.  14.3 . All consultations dealt with matters of policy advice in the fi eld 
of science, technology and society, with a focus on bioethics and business ethics. 

14.4.1      SynBio 

 SynBio involved a stakeholder consultation with 15 participants (from bioethics, 
technology assessment agencies, biotech industry, biotech research, NGOs), deal-
ing with ecological risks (biosafety), the possible misuse of synthetic organisms 

  Fig. 14.7    Argument Browser: user interface. See also Fig.  14.9        
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(biosecurity), benefi ts and risks associated with ‘biofuels’, and ethical questions. 
Points of discussion were: differences between synthetic biology and conventional 
genetic engineering, the evaluation of exposition and hazard, needs for explicit 
regulation (as opposed to voluntary commitments) and the practical implication 
of changes in the conceptual understanding of ‘life’ caused by inventions in the 
fi eld of synthetic biology. The consultation was commissioned by the German 
National Academy of Science and Engineering in 2010. At the time of writing, ongoing 
online-documentation of the consultation remains available at   www.synbio.
fuerundwider.org     (Fig.  14.8 ).

14.4.2         Assisted Suicide/Physician-Assisted Dying 

 This was a stakeholder consultation with 15 participants (from law, medicine, ethics 
and social science), on proposals for legal reforms concerning Assisted Suicide and 
Physician-Assisted Dying in Germany as well as discussions about a reform of the 
German Federal Medical Association’s guidelines on the subject. Controversial top-
ics were slippery slope arguments concerning moral and legal norms, ethical con-
siderations dealing with the legitimacy of killing/letting die and the reliability of 

  Fig. 14.8    Argument map (detail) dealing with ethical issues related to synthetic biology (created 
with  Compendium ). See also Fig.  14.10        
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patients’ wills. The project was commissioned by the Foundation Heinrich Boell, 
which is closely associated with the German Green Party. Intermediate results were 
documented online (  www.sterbehilfe.fuerundwider.org    ) and presented at the con-
ference “Die Freiheit zu sterben” on April 14, 2011 in Berlin. A fi nal report was 
published as part of the conference proceedings (Groetker and Linhart  2011 ; see 
also Groetker  2012b ). As shown in Fig.  14.9 , argument maps from this consultation 
were a visible component of the website.

14.4.3         Ethics of Sweatshop Labour 

 Participative online report (three invited experts plus 250 comments from a wider 
audience of estimated 30,000–50,000 readers) on questions of consumer ethics and 
business ethics connected to sweatshop labour in Bangladesh. Issues were indices 
for the misery of textile workers, expected consequences of higher wages and 
the responsibility of western consumers and companies for the situation of textile 

  Fig. 14.9    Website (landing page) featuring the ongoing documentation of the consultation on 
Assisted Suicide/Physician Assisted Dying       
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workers in Bangladesh. The project was funded by the Robert Bosch Foundation, as 
part of a larger project with the title “Debattenprofi s Faktencheck” (see Groetker 
 2012a ,  2013a ). Project partners were faz.net (one of the major German newspa-
pers), telepolis.de (a news site run by a publishing company best known for IT- 
and technology magazines), and freitag.de (a weekly newspaper). Links to all 
publications of the series are available on   http://www.debattenprofi s.de/category/
sweatshop/    . Figure  14.10  shows newspaper coverage of the project, including the 
embedding of an interactive argument map.

  Fig. 14.10    Participative online-report on the ethics of sweatshop-labour in the German newspaper 
F.A.Z. online (Embedded and interactive argument map created with Mindmeister)       
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14.4.4          Non-Invasive Prenatal Diagnosis/Testing (NIPD) 

 This was a participative online-report (more than 500 active participants; estimated 
30,000–50,000 readers) on ethical issues around new methods of testing for 
trisomy 21 in an early stage of pregnancy. Particularly, the new methods allow for 
testing without the risks usually associated with amniotic fl uid analysis. Contro-
versial issues were questions around informed consent and possible discrimination 
of people with disabilities (see Fig.  14.5 ). The report was funded by the Robert 
Bosch Foundation (as part of a larger project with the title “Debattenprofi s 
Faktencheck”), Barmer GEK public health insurance and several individual donors 
who contributed via the crowdfunding-plattform Krautreporter.de. Ongoing report-
ing and research was published on the sites of faz.net, telepolis.de, freitag.de and 
debattenprofi s.de (a blog devoted to argument mapping on societal questions with 
a scientifi c background). The argument of each section of the report was resumed 
with the help of the Argument Browser. Readers’ responses to the Argument Browser 
were published on a separate site (see Fig.  14.11 ). Links to all online publications 
are available on   http://www.debattenprofi s.de/category/praenatest/    . A fi nal report 
was published as a SSRN working paper (Groetker  2013b ).

14.5         Challenges in Effective Argument Mapping 
for Consultations 

14.5.1     Motivating Participants: Participation Design 

 In thinking about how to motivate participants or even a larger audience to engage 
in a stakeholder consultation, we found it useful to refer to the general notion of 
 Participation design  (as a branch of  Service Design ). Participation design deals with 
the design not of objects or user interfaces, but of processes – processes which are 
part of a consultation or, more general, of (online) deliberative habitats (see Towne 
and Herbsleb  2012 ; Davies and Chandler  2011 ; De Cindi and Peraboni  2010 ). 

 One of the core elements of Participation Design within a stakeholder consulta-
tion is something one might call a “Participatory Contract”. From the outside it has 
to be clear to all participants what they are going to expect, how they are going to 
profi t from the consultation and who is going to guarantee that principles of delib-
erative fairness and quality will be observed. One of the most important points of 
this (unwritten) contract is what will happen to the results of the survey. Ideally, 
results should be used in a way that participants themselves judge as important in 
one way or another. Argument maps can play a signifi cant role in this, as a shared 
diagram containing all relevant arguments serves as a device which Open 
Government evangelist Beth Noveck once has called a “visual totem”. As our 
 experience has shown, the collaborative construction of an argument map is a goal 
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which in the eyes of many participants of the consultation seems to be worthy in 
itself. Also, minor technical issues play a role within the Participatory Contract. One 
example: A major reason for using the software Compendium in some of the proj-
ects was that Compendium offers exporting a HTML-Version of maps which also 
allows for opening notes or detail information in a separate small window. This 
enabled us to make publicly accessible even longer contributions from participating 
stakeholders without adding too much complexity to the map itself. 

 Another important detail is that in all four of the projects, one of the fi rst tasks 
was to convince prospective stakeholders to participate. A precondition for this, as 
it turned out, was to extend the basic research up to a point where (a) members of 
the research and facilitation team could convincingly demonstrate to prospective 
participants that they had profound knowledge of the subject matter, and (b) pro-
spective participants could be ensured that they were contributing to a project which 

  Fig. 14.11    Non-Invasive Prenatal Diagnosis: presentation of survey-results generated with the 
 Argument Browser  (See also Fig.  14.7 )       

 

14 Visualized Problem Structuring for Stakeholder Consultations



322

was likely to produce new insights (rather than just gathering opinions from several 
experts). It is likely that the projects’ credibility was raised by backing from some 
of the major German sciences organizations (such as the Max Planck Society, the 
Leibniz Society and the German Science Journalist’s Association), who openly 
declared their support.  

14.5.2     Issues with Mapping 

 In all of the above cases, we used a relatively informal approach to argument map-
ping, instead of a logical reconstruction of arguments in the strict sense. When 
reconstructed in a strict logical sense, a claim  must  be true if the arguments (pros or 
premises) presented to support it turn out to be true. In informal style argument 
mapping, pros and cons only stand for evidence or for reasons which, not regarding 
other reasons, speak for the truth or falsity of a given claim. 2  Besides arguments, our 
maps also allowed for supplementary elements such as  sources  (making explicit 
which kind of evidence supports a claim),  comments ,  references  to other elements 
on the map,  conclusions  (“from this follows…”) and  tasks  or to do’s (like the search 
for solutions to identifi ed problems). 

 Constructing maps on complex issues which did not only serve for personal 
knowledge management but also for collaborative knowledge management turned 
out to be a challenging task. In fact, not all of the maps produced as part of the four 
described projects meet this requirement equally well (but we do hope that we did 
get better with growing experience). One additional tool that we used in order to 
structure complex topics was an argumentation scheme which we adapted to our 
needs (Atkinson et al.  2006 ). We used the scheme to structure both the maps and the 
chronology of the discussion. The aim of the scheme is to make explicit all the dif-
ferent claims which are involved in a complex proposal for action or regulation. 
After restructuring a proposal for action with the help of the scheme, it reads 
like this:

  Given the situation X, we follow the plan Y in order to ensure that Z will happen, which in 
turn will bringer us closer to achieve our superordinate goal A. 

   Thus, the scheme helps to differentiate between claims concerning

•    the status quo X (or the description of the problem)  
•   the realizeability of a plan Y designed to solve the problem  
•   immediate effects Z (both intended effects and side effects)  
•   long-term goals and values, superordinate concerns and conceptions of the good 

life A    

2   The distinction between formal and informal argument mapping is not exhaustive. There are also 
approaches for argument mapping which rely on a formal semantic and allow nevertheless for 
‘informal’ arguments which appeal to probability (instead to logical necessity).  Carneades  is an 
example of a computational model based on such an approach (see Gordon  2007 ). 
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 A set of sketchy drawings was used to in order to introduce the distinction between 
the different categories of claims in a visually appealing way.

      

 status quo 

      

 realizeability of a plan 

      

 immediate effects 

      

 long-term goals and values 

   Splitting up the claim into different categories helps to arrive at set of critical ques-
tions which have to be considered in the evaluation process (see Walton et al.  2008  for 
the general use of argumentation schemes for the purpose of generating context- 
specifi c critical questions). There are good reasons to realize a plan or proposal for 
action only if

•    the problem or the status quo is described correctly  
•   the plan can be realized as claimed  
•   intended effects are likely to happen (and no unintended side-effects are spoiling 

the result)  
•   there are no better ways to bring about the intended effects  
•   intended effects really are in line with superordinate concerns    

 One further benefit of the argument scheme besides serving as a checklist is 
that it allows handling disagreement about the desirability of immediate effects in 
a less complicated manner. On example: If the argument “Plan Y is a good choice 
because it will bring about the immediate effect Z” is added directly as an argu-
ment in favour of the proposal “Let’s realize plan Y!”, then participants can dis-
agree whether or not plan Y will actually bring about the effect Z, but also about 
whether or not effect Z is a good thing, all things considered. Depending on the 
position regarding this question, the claim “Plan Y will realize effect Z” can be 
regarded either as a supporting or as an attacking argument in relation to the pro-
posal of Plan Y. If, instead, the argument scheme is used, this kind of ambiguity 
vanishes, because the desirability of effect Z becomes a separate question (“Are 
the intended effects Z really are in line with superordinate concerns A?”). 

 Another problem that we encountered frequently was the representation of vague 
arguments: arguments which, summarized in the twitter-style prose of an argument 
map, just did not seem to be very convincing. One example for this was the argument 
“Synthetic Biology goes along with a new and problematic conception of  life ” 
(Fig.  14.12 ). One solution was to address this problem head-on: We asked 
stakeholders who sympathised with the “problematic conception of  life ”-claim to 
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produce further evidence for their concern. For instance, we asked them to give 
examples of how scientifi c concepts can become part of popular wisdom and 
challenge traditional ways of perceiving the world. One answer we received was 
(in short) this:

   The notion of the body as a machine or an automat, made popular by Descartes in the 
17th century, lead to practices like the vivisection of animals (under the assumption that 
the signs of pain were mere ‘mechanical’ phenomena). In a similar vein, the notion of 
artifi cial life could lead to ethical objectionable practices, because the acknowledgement 
that something like “artifi cial life” exists could lead to a diminished respect for living 
organisms as such. 

   We also addressed the question whether or not ethical considerations concerning 
changes in our common conceptual understanding could, after all, really be subject 
of an assessment of the risks and benefi ts associated with synthetic biology. (Our 
stakeholders turned out to be divided concerning this issue.) 

 Although we made considerable progress in making explicit the argument about 
the “problematic conception of life”, we have to acknowledge that in some cases 
argumentation involves elements which need to be displayed in the format of 
narrative prose in order to be of any value. This is a clear limit of the mapping 

  Fig. 14.12    Argument map (detail) dealing with the claim “Synthetic Biology goes along with a 
new and problematic conception of life” (Created by facilitator with XMind)       
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approach. But, as stated before: The purpose of an argument map is not to replace, 
but rather to support ordinary thinking. One just has to make sure that the afore-
mentioned narrative parts do not get lost in the process.  

14.5.3     Balanced Partiality 

 Another issue connected to the mapping approach is neutrality. In some cases, we 
discovered that even the structuring of a debate in very general terms goes along 
with some sort of positioning concerning the debated issues. The most astonishing 
example: In the German debate on Assisted Suicide, one party wanted to differenti-
ate between “Active Assisted Dying” and “Passive Assisted Dying”, whereas the 
other party preferred to separate between Assisted Suicide, Assisted Dying and 
Palliative Treatment. Many philosophical and, moreover, legal aspects turned out 
to be involved in choosing either one of the proposed sets of general terms as a 
starting point. 

 One workaround to cope with the impossibility of full neutrality that we deployed 
is the format of a “live research”. Instead of summing up the arguments after 
research is fi nished and stakeholder interviews are completed, we report on the 
ongoing project in form of a diary. In this diary, moderators are explicitly allowed 
to take stance and to describe how certain considerations or conversations with 
stakeholders have changed their own views. However, the moderators’s views are 
allowed to change again in the next entry of the diary! In other words, we opted for 
balanced partiality instead of neutrality.   

14.6     Lessons Learned 

14.6.1     Use-Value of Visualization 

 Argument maps turned out to be a useful tool for personal knowledge management 
supporting research into controversial topics. Also, the maps were of great use 
within the research and facilitation team. In many, but not in all cases, the maps 
were also used by the stakeholders who were part of the team of experts. As a tool 
for communication to a larger audience, maps turned out not to be as benefi cial as 
expected. 3  The main reasons for this, we suspect, is that it is hardly possible to move 
readers, with the help of maps, immediately into a post-deliberative position. Having 
gone through reasons and arguments and coming to a justifi ed assessment on these 

3   It is mostly our experiences with using argument maps a part of the participative online-reports 
which leads us to this conclusion. Although maps had several thousand clicks, just very few read-
ers explicitly referred to them in their comments in the online-forum. 
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terms is not, after all, the same as being presented with the arguments all at once. 
Just as a narrative cannot be replaced by a picture, a brief look at a diagram can 
never be a substitute for a deliberative process. 

 A workaround we invented to deal with this problem is the above described 
 Argument Browser  (Sect.  14.3 ). The Argument Browser delivers all the information 
of the map, yet without presenting the map itself as a visual format. The approach 
has some similarities to the well-known method of  deliberative polling : It enables 
capacity building for informed decision making, while at the same time information 
about individual choosing behaviour is being collected. As far as we can tell from 
the results of the surveys conducted via the Argument Browser, the approach works 
surprisingly well. 4   

14.6.2     Confl ict Analysis 

 Working with argument maps proved useful for the analysis of confl icts in many 
different ways. Generally, analyzing problems in a fashion necessary for the pro-
duction of argument maps led to a welcome compression of the discussion. Slippery 
slope arguments, for instance, which initially came along with a certain lack of clar-
ity at the beginning, could be neatly reduced to one or two branches of arguments 
(as in the debate on Assisted Suicide/Dying). In other instances, arguments that fi rst 
appeared to be unique, were divided into two or more totally separate lines of 
thought. One example for this was the division between “direct discrimination” and 
“indirect discrimination” in the debate on NIPD, which we had not encountered in 
the literature before. 5  

 More interesting than the results of mapping itself, were the observations we 
made in the process of mapping. This especially concerns the differences in opinion 
which we took into consideration when constructing the maps. There are several 
categories of reason for dissent that we came across in our work. Among the most 
commonly encountered were the following: 

  Disagreement Even When Facts Are Settled     The most clear-cut example for 
this we found in the online-report on the ethics of sweatshop labour that we con-
ducted in 2013. One point in this debate was the claim that by buying cheap T-shirts 
produced by sweatshop-workers in Bangladesh, consumers are partly responsible 
for the miserable and unfair living conditions of these workers. One question in 
this context was whether or not western consumers are not actually helping textile 
workers in Bangladesh, because by buying cheap T-shirts consumers are contrib-
uting to economic growth in Bangladesh, which in the long run leads to better 

4   Evidence for this was the high quality of comments and the seemingly thoughtful evaluations of 
arguments we received through the survey. 
5   See also Betz ( 2012 ) for how logical reconstruction can detect inconsistencies in an argument. 
Betz’ example is the analysis of an argument in favor of climate-engineering-R&D. 
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working and living conditions for textile workers. Indeed, the national poverty rate 
in Bangladesh has sunk from 40 % in 2005 to 31.5 % in 2010, according to World 
Bank estimates. Textile exports have gone up during the same period. From an 
economist’s position, this fact alone should be enough to welcome economic 
growth induced through international trade. The following calculus was presented 
to attack this contention:

  Assuming that income in the developed countries rises three percent every year and fi ve 
percent in Bangladesh, the gap between rich and poor countries still widens, if considered 
in absolute terms of income. 

    The economist’s reply to this was:

  Inequalities in income don’t matter much as long as poverty rates are being reduced. 

   Growth-sceptics did not accept this argument. The example demonstrates neatly 
why even in those cases where there is no discussion about the data, there is plenty 
of room for disagreement about the interpretation of these data. 6  

  Dissent About Systemic Boundaries     Another widely observed reason for 
confl ict is dissent about systemic boundaries: Which effects should be taken into 
account, which effects should be neglected (and for what reasons) when assessing 
the effects of a policy or action? Examples for confl icts of this sort we found in 
the debate on synthetic biology. One point of dissent there was whether or not 
hypothetical scenarios should be included in the assessment. Defenders of syn-
thetic biology argued:

  We just know too little about hypothetical scenarios in order to arrive at sound conclusions 
about them. 7  

   Another issue was whether or not claims such as “Synthetic Biology goes along 
with a new and problematic conception of  life ” should at all be part of the ethical 
assessment. (One argument mentioned in the debate was that the issue “problematic 
conception of life” should not be treated as an ethical objection, because conceptual 
understanding is nothing that can be steered intentionally.)  

  Dissent About How to Operationalize a Question     An example, again from the 
report on sweatshop labour:

  Working conditions for textile workers in Bangladesh are morally not acceptable because 
these workers are being exploited. 

6   There also was another interpretative issue in this case: In the very long run, workers in Bangladesh 
will gain more than western consumers, even in absolute terms! It all depends on the length of the 
time period under consideration. There also is an upward trend: As time goes by, the position of the 
textile workers relative to those of western consumers gets better, not worse. This also might add 
to the conclusion that economic growth  does  reduce unfairness, all things considered. 
7   This confl ict is known as the Collingridge-Dilemma: Societal effects of a new technology are 
diffi cult to assess. But once the technology is implemented and the effects become clear, it is too 
late to do anything about them. 
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    In order to make this argument sound, we tried to make explicit what “exploita-
tion” is supposed to mean. For this purpose, we used a proposal that we found in 
economic theory. The proposal is:

  Exploitation is taking place when an actor takes unfair advantage of his position – like 
someone who takes an excessively high fee for saving a person who is about to drown. 

   In this sense, clothing manufacturers do not exploit textile workers in Bangladesh, 
because the return on assets in the industry is not higher than in any other industry. 
What follows from this proposed defi nition of “exploitation” is that textile workers 
in Bangladesh are not exploited because we do not want to call or should not call 
those working conditions which are common practice “exploitation”. One reason 
for not calling common practice “exploitation” could be the aim to avoid the kind of 
cheap talk which goes along with moral judgements that cannot be backed up with 
any social or legal sanctions. There surely are different ways to think about this 
issue. Accordingly, the proposed defi nition was strongly contested among some 
participants of the discussion. 

 Argument maps undoubtedly proved to be useful for the purpose of prioritizing 
problems, proposals for solutions, and for evaluating arguments, as we did in the 
last step of our consultation processes (see Sect.  14.3 ). The maps enabled us to keep 
in mind especially those points which otherwise might have become buried under 
an overload of information. When summarizing the results of the questionnaire that 
we sent to the participants, we not only looked for average and medium ratings, but 
also for the degree of deviations. This way, we were able to point out the issues 
around which stakeholders were agreeing and disagreeing. 

 One interesting result that turned up in the analysis of stakeholder responses was 
that in many cases, the frontlines of confl ict were quite different from what we had 
expected. In the debate on Assisted Dying/Suicide, stakeholder opinions did not 
diverge so much on ethical issues (as we had assumed) but on anticipated effects of 
legal clarifi cations and denser regulations. One party was convinced that a more 
explicit legal framework would enable physicians to perform dying assistance 
according to their conscience and to professional guidelines, because they would 
not have to be afraid of legal prosecution as a consequence of unclear regulations 
any more. The other party assumed that to the contrary, more explicit regulations 
would lead to a situation where physicians could not provide dying assistance 
according to their conscience and to professional guidelines, because the legal 
framework would get too complicated as to serve as a practical guideline. 

 Another phenomenon that we observed was that some frontlines of confl ict not 
only moved, but dissolved almost totally when we were looking at subsections of 
a debate. Instead of two or more opposing parties, we discovered that stakeholders 
were following many different individual lines of reasoning, which led to surpris-
ing alliances and oppositions in each subsection. One conclusion that we drew 
from this is that in many cases consensus, cooperation and other forms of agree-
ments can be more easily achieved when the subsections of an issue are discussed 
separately (followed by some sort of synthesis) than by starting off at an aggregate 
level right away.   
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14.7     Conclusion 

 We started with the claim that visualized problem structuring in the form of argu-
ment mapping is especially supportive for meeting the aims of a stakeholder consul-
tation process. Our experience with four case studies shows that the benefi t of 
argument mapping in asynchronous stakeholder consultation processes is twofold. 
As a graphic representation, argument maps serve as a Group Support System or 
“visual totem”, which enables collaborative planning and decision-making within 
small teams from the size of 15 to 20 people. One reason for this is that, in our pro-
cess model, participants of the consultation just need to agree upon the representa-
tion of lines of confl ict. They do not need to agree, however, in the evaluation of the 
arguments. 

 Beyond this, the problem structuring approach behind the mapping turned out to 
be useful concerning the analysis of confl icts in various ways. With the help of the 
 Argument Browser  that we constructed on the basis of the argument maps, larger 
groups of stakeholders were enabled to partake in a form of survey in which they 
could repeatedly evaluate and comment on the claims of a debate after reading 
through the arguments and additional information. Results of the surveys conducted 
via the Argument Browser were one source of information on how stakeholders dif-
fered regarding their opinion about the arguments in a debate. Confl ict analysis 
conducted by the facilitation team revealed how differences in opinion could be 
traced down to deeper argumentative levels. In some cases, new resolutions to these 
confl icts were found, while in other cases it could be shown why differences in 
opinion were likely to persist even after agreement about the evidence had been 
reached. 

 Overall, argument mapping in stakeholder consultations can improve upon the 
democratic legitimacy of achieved results in different aspects. On the one hand, 
visualized problem structuring and rational analysis of the arguments very likely 
contribute to a higher level deliberative quality, which itself can be seen as an essen-
tial feature of democratic decision-making. Furthermore, confl ict analysis helps to 
arrive at a more precise understanding of the different interests which have to be 
taken into account in the process of democratic decision-making.  

14.8     Resources 

14.8.1     Software-Tools 

     Mindmeister   
    http://www.mindmeister.com/      
  Online Mind mapping-application for building diagrams that can be used interac-

tively and embedded in various websites. Rich import- and export functionality. 
Commercial (with Freemium version)   
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    XMind   
    www.xmind.net      
  Mindmapping-Software with good Freemium-Service. Rich import- and export 

functionality   

    Compendium   
    http://compendiuminstitute.net     and   http://compendiumng.org      
  Software (free) designed for Dialogue maps based on the IBIS visual vocabulary. 

HTML-export of maps with interactive features   

    VUE Visual Understanding Environment   
    http://vue.tufts.edu/      
  Multi-purpose visualization Software (free).   

    Rationale   
    http://rationale.austhink.com/      
    https://www.rationaleonline.com/      
  Argument mapping software (commercial). Desktop version and online application 

(with Freemium service)   

    Argunet   
    http://www.argunet.org/      
  Argument mapping software (free)   

    Surveymonkey   
    http://surveymonkey.com      
  Opinion poll application used for the  Argument Browser      

14.8.2     Consultations and Reports Using Argument Maps 

     SynBio  (see Sect.  14.4.1)   
    http://www.synbio.fuerundwider.org/       

    Assisted Suicide/Physician-Assisted Dying  (see Sect.  14.4.2 )  
    http://www.sterbehilfe.fuerundwider.org/       

    Ethics of Sweatshop Labour  (see Sect.  14.4.3 )  
    http://www.debattenprofi s.de/category/sweatshop/       

    Non-Invasive Prenatal Diagnosis/Testing (NIPD)  (see Sect.  14.4.4 )  
    http://www.debattenprofi s.de/category/praenatest/       

    Monk, P. (2007). Why Tanks? Why Abrams? The Application of Argument 
Mapping to a Contentious Public Policy Debate . Austhink Consulting Pty Ltd, 
Melbourne. Report, using argument maps, defending the Australian government’s 
decision to by military equipment  

    http://assets.austhink.com/fi les/Complete_Abrams_Report.pdf       

R. Groetker

http://www.xmind.net/
http://compendiuminstitute.net/
http://compendiumng.org/
http://vue.tufts.edu/
http://rationale.austhink.com/
https://www.rationaleonline.com/
http://www.argunet.org/
http://surveymonkey.com/
http://www.synbio.fuerundwider.org/
http://www.sterbehilfe.fuerundwider.org/
http://www.debattenprofis.de/category/sweatshop/
http://www.debattenprofis.de/category/praenatest/
http://assets.austhink.com/files/Complete_Abrams_Report.pdf


331

    Betz, G., & Cacean, S. (2011). Climate Engineering. Ethical Aspects  (German). 
Report using argument maps, commissioned by the German Ministry for Education 

and Research (BMB).   http://www.kiel-earth-institute.de/sondierungsstudie-
climate- engineering.html?fi le=tl_fi les/media/downloads/ethische-aspekte.pdf       

    Groetker, G., (2012). Conference Mapping: Sustainable Consumption – Towards 
Action and Impact. 

Report commissioned by the Interdisciplinary Center for General Ecology (IKAÖ) 
at the University of Bern. The IKAÖ was in charge of the accompanying research 
for the focal topic “From Knowledge to Action – New Paths toward Sustainable 
Consumption”, a research program funded by the German Ministry of Education 
and Research (BMB)  

  Online version:  
    http://sustainableconsumption2011.wordpress.com/      
  Print version:  
    http://www.sustainableconsumption2011.org/pdf/_press/SuCo11_Report_June_2012.pdf      
    http://www.sustainableconsumption2011.org/pdf/_press/Suco11_Report_Appendix.pdf     

(appendix with maps)         
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    Abstract     This chapter argues that we need new tools to support sensemaking in 
online discussion forums. An extensive comment forum on nuclear power was man-
ually analysed in order to better understand the discourse and social dynamics 
unfolding with the online discussion. The analysis provides a proof of concept of 
how forum’s posts can be rendered visually as fi ner-grained discourse and social 
elements, which can then be aggregated into useful views and analytics to improve 
users’ understanding. We argue that by doing so readers can better make sense of the 
online conversation in two main ways. Firstly, they can better isolate claims, explore 
the relationships between different claims and assess the state of the debate without 
going through the reading of the entire discussion. Secondly, they can see, at a 
glance, the power relationships, coalitions and confl icts emerging with the online 
conversation, by exploring the rhetorical relationships between contributors. The 
paper concludes by proposing insights on the affordances of effective online discus-
sion tools, and envisaging future research scenarios to enhance online dialogue with 
social network and discourse analytics.  

15.1         Introduction and Motivation: Limitation of Most 
Common Online Discussion Tools 

 The most established online dialogue environments render conversations 
chronologically, rather than logically, refl ecting most strongly the sequence of contri-
butions rather than their conceptual structure (for instance News forums (Fig.  15.1 ), 
Blogs, Facebook commenting, or any similar unthreaded discussion forum).

    Chapter 15   
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  Fig. 15.1    Example news discussion forum: New Statesman article on Nuclear power with associated 
unthreaded commenting       
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   Subject-line threading, tagging, or anchoring commentary to a document structure 
do provide mechanisms, albeit weak, to navigate thematically (Iandoli et al.  2009 ; 
Gürkan et al.  2010 ). Such environments minimize the effort required by the user to 
add a contribution (they just click “comment” or “reply”), but the trade-off is that 
important phenomena that can signify more refl ective conversations are hidden in 
the free-text content, making it harder for both participants, and the software plat-
form, to understand questions such as:

•    What are the key issues raised in the conversation? What are the emerging 
questions? How much support is there for a given idea? What kinds of arguments 
are presented?  

•   Who disagrees with whom? What are the hidden alliances or confl icts arising 
from the debate?    

 Conventional online discussion forums do not make transparent such discourse 
and social dynamics emerging through the online dialogue. One must simply read 
the entire online conversation, along with all the “noise”, in order to seek answers 
to these kinds of questions. 

 The longer the conversation, the harder it is for readers to grasp a summary of the 
discussed items and distil the results of the debate. Equally challenging is focusing 
on the dynamics between participants. The bigger the number of participants in the 
conversation, the harder it is to understand how they relate to one another. This 
converts into poor user understanding of both the discourse, and the social dynamics 
emerging during the conversation. 

 In recreational contexts this may not be a serious drawback. However in more 
professional contexts, such as educational and scholarly discourse or socio-political 
debates, identifying the arguments and the power relationships in a discourse is key 
to understanding the issues at stake and to enabling better informed conversations. 

 In order to address these limitations, we are now seeing the emergence of robust 
tools for more structured deliberation and argument mapping (Grasso and Convertino 
 2012 ; De Liddo and Sándor  2012a ,  b ). These tools are now fi nding application in 
many forms of knowledge work which require clear thinking and debate, including 
learning (Noroozi et al.  2012 ), urban planning (Culmsee and Awati  2012 ), and 
policy formulation (   Benn and Macintosh  2011 ; Wyner et al.  2012 ). 

 In the following we describe the latest research and associated technologies to 
support structured online deliberation that we are developing in our lab (Sect.  15.2 ). 
We then present a manual annotation study in which a detailed news article, and the 
discussion comments it provoked, were analyzed for argumentation and social pat-
terns. We describe Cohere, the argument-mapping tool used for the manual annota-
tion (Sect.  15.3 ). We then discuss how different Cohere visualizations and statistics 
can be used to support a better understanding of the discourse and social dynamics 
emerging from the analysis of the news article and its discussion forum (Sect.  15.4 ). 

 The study serves as a demonstrator of how text exploration of a discussion forum 
can be augmented with argument mapping (Sects.  15.4.1  and  15.4.2 ) and social 
network visualizations (Sect.  15.4.3 ). We conclude by presenting insights on the 
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design of augmented online discussion environments, and consider future research 
directions aimed at automating annotation of rhetorical and social relationships in 
online texts (Sect.  15.5 ).  

15.2       Background Knowledge: Argument Mapping 
and Visualization for Online Deliberation 

 Argument Visualization, or more precisely, Computer Supported Argument 
Visualization (CSAV) is a research fi eld which has its roots that span several disci-
plines, such as Philosophy, Human-Computer Interaction, Hypertext, Computer 
Mediated Communication, and several domain applications, such as design, educa-
tion, law and public policy (Buckingham Shum  2003 ). 

 Unlike other computer-supported argumentation fi elds CSAV does not aim to 
evaluate arguments and make recommendations by following formal models of a 
decision process, it is rather a cognitive tool for refl ection (Buckingham Shum 
 2003 ). CSAV aims to augment the personal and collective ability of users to explore 
complex problems, make sense of difference in viewpoints, discuss options, and 
refl ect on the implication of those by analyzing and constructing arguments. 

 The idea that people can augment their human intellect and their capability 
to “comprehend and fi nd solutions to complex-problem solving situations” by 
manipulating explicit and externalized “concept structures” dates back to Douglas 
Engelbart ( 1963 ). Concept Mapping (Novak  1998 ) and Issue Mapping (Conklin and 
Begeman  1988 ) have been applied to support education and critical thinking, and 
Horn ( 1998 ) identifi ed visual languages as an important but unexploited dimension 
for refi ning and communicating one’s thoughts. 

 Argumentation, and the associated technological support for argument analysis 
and construction, have been widely investigated in the two decades from the 
1980s–1990s, when pioneering researchers in the hypertext community developed 
prototype tools, among others NoteCards (Halasz et al.  1987 ), gIBIS (Conklin and 
Begeman  1988 ) and AAA (Schuler and Smith  1990 ). The shortcomings of this kind 
of knowledge formalization approach, in terms of cognitive overheads, were reviewed 
by Shipman and Marshall ( 1999 ), and subsequently, by Buckingham Shum ( 2006 ). 

 In the branch of these studies which concerns design rationale, several limita-
tions have been identifi ed which highlights the diffi culties of using computer sup-
ported argumentation for design practice, particularly related to the conceptual and 
time overheads in fragmenting and structuring thoughts before communication. 
Fischer et al. ( 1991 ) suggest that there are many limitations that need to be over-
come to make argumentation (and argumentation tools) serve design; and these con-
cerns have been echoed by Buckingham Shum and Hammond ( 1994 ). 

 Nonetheless, in other domains such as Technology Enhanced Learning, Public 
engagement and e-Participation the interest in argumentation and CSAV has per-
sisted, encouraged by the recognized advantages of this approach in term of support 
to refl ection, knowledge construction and learning (Osborne et al.  2004 ). 
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 A new revamped interest in argument structuring and visualization has started to 
emerge with the advent and diffusion of social media and online discussion tools 
and the diffusion of the study of collective intelligence and crowdsourcing as emer-
gent social web phenomenon (Malone et al.  2009 ; De Liddo et al.  2012a ). 

 Users increasingly share, communicate, and dialogue online, by using several 
social media technologies and this mediated social communication produce a grow-
ing amount of social knowledge on how people think, their positions toward contro-
versial topics (such as euthanasia or climate change), their preferences in political 
matters, and their taste in literature or music. Such a growing quantity of data has 
induced researchers to propose and adopt argument visualization tools as a way for 
structuring and summarizing online dialogue. Sentiment analysis research and 
Q&A system are some examples of this trend. These approaches will eventually 
simplify the automatic machine processing and visualization of people’s positions. 

 A different strand of research is focusing in supporting discourse and collabora-
tive knowledge construction through crowdsourcing unstructured contributions to 
online dialogue. These tools fall under the label of collective intelligence tools (De 
Liddo et al.  2012b ), such as Idea Management Systems IMS (Báez and Convertino 
 2012 ) and online deliberation technologies, and they are attracting interest both in 
the enterprise (Ehrlich et al.  2012 ) and e-government sector (de Cindio et al.  2008 ). 

 Many of these tools adopt some sort of formal representation of arguments (such 
as IBIS (Conklin and Begeman  1988 ) or its more design oriented Questions, 
Options, Criteria (MacLean et al.  1991 ) in order to graphically represent results of 
the deliberation process (arguments or deliberation maps). Argument visualizations 
represent an attempt to support users interaction and understanding of single argu-
ments into coherent argumentation chains, and they aim to support a better under-
standing of complex problem situations. 

 A seminal paper from Scheuer et al. ( 2010 ) presents a review of the state of the 
art of computer-supported argumentation, which demonstrates the extensive interest 
and production of research and technology in this fi eld. Scheuer at al. present a rich 
overview of both the types of argument representations as well as a variety of inter-
action designs and ontologies to support argumentation. Several empirical studies 
are also presented that have been carried out to assess various argumentation sys-
tems in different domains. While many of these systems are aimed to support argu-
mentation in a learning context – learn to argue and argue to learn (e.g., Belvedere: 
ARGUNAUT: de Groot et al.  2007 ; Rationale: van Gelder  2007 ); many others have 
been designed to support argumentation in other fi elds such as law (Carneades: 
Gordon et al.  2007 ; ArguMed: Verheij  2003 ); science (e.g., SenseMaker: Bell 
 1997 ; WISE: Linn et al.  2003 ) and decision making (e.g., QuestMap and 
Compendium: Buckingham Shum et al.  2006 ). 

 We are interested in this last category of argumentation systems and their Web 
successors which have been designed to support e-democracy and e-participation by 
promoting citizen engagements in decision-making throughout online discourse 
processes (such as e.g. DebateGraph  2013 , MIT Deliberatorium: Iandoli et al.  2009 , 
CoPe_it!: Karacapilidis et al.  2009 ; Cohere: Buckingham Shum  2008  and the 
Debate Dashboard: Iandoli et al.  2014 ). 
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 As part of a broader conception of Hypermedia Discourse (Buckingham Shum 
 2006 ), these web applications technologies now provide a medium for engaging 
in structured online discourse, or for summarizing and analyzing existing online 
discussion forums e.g. as a moderator, educator or researcher (De Liddo and 
Alevizou  2010 ). 

 In the following we describe how we have used one of these tools to support the 
analysis and enhance the understanding of a common online discussion forum.  

15.3      Case Study: News Debate on Nuclear Power 

 Nowadays most newspapers have an online presence and provide online versions of 
their News articles coupled with simple unthreaded commenting. Users can log in 
to a journal website and comment the news articles. Comments are then simply 
listed from newest to oldest. Depending on the topic of the news, the comments can 
be more or less long, participants can be more or less engaged, and conversations 
can become more or less confrontational. Topics such as politics, environment and 
economic often include articles regarding highly contested socio-political debates. 
In these domains the news commenting spaces work as online discussion environ-
ments for community debate. 

 Combining news reading with community debate opens new avenues to the 
social role that journalism can play in promoting wider social awareness. 
Nonetheless the online discussion tools in place to support news commenting are 
rudimental and not appropriate to support a deep understanding of the issues and 
arguments presented in the article and of the social interactions taking place in the 
discussion forum. 

 We previously discussed the main technical limitations of most common online 
discussion forum. In the following we provide a proof of concept of how these 
forums can be enhanced by providing insights on the hidden discourse and social 
dynamics developing during the online conversation between news commenters. 

15.3.1     Choosing the Case 

 In order to demonstrate how diffi cult it can be to make sense of the content of news 
discussion forums we selected a news debate with the following characteristics:

•    complex socio-technical domain,  
•   highly contested topic,  
•   very long discussion,  
•   large number of participants in the conversation.    

 We focused on the nuclear power debate about the controversies of using nuclear 
fi ssion reactors to generate electricity for civilian purposes. Nuclear energy is still 
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one of the most controversial topics in society over the past 40 years, with active 
international organizations constantly devoted to better informing different angles 
of this complex socio-technical issue. 

 The World Nuclear Industry Status Report 2013 (WNISR) (Schneider and 
Froggatt  2013 ) presents an industry in great diffi culties, recording a record drop of 
7 % of income in 2012. Moreover several health indicators have been published 
following the triple meltdown in Fukushima (the last reported in 2011). 

 Those in favor of nuclear energy argue that nuclear power is a sustainable energy 
source, which reduces carbon emissions, does not contribute to air pollution, and is 
the only viable option to guarantee energy independence for most Western coun-
tries. Opponents on the other hand argue that nuclear power presents numerous 
threats to the health of people and to the environment, and they point at several stud-
ies that question the fact that nuclear power will ever be a sustainable and safe 
energy source. 

 Eminent academics have presented opposing arguments to support the two 
competing cases of Yes and No to Nuclear Power, which make it diffi cult, for both 
society and the scholarly community, to reach a clear understanding of the nuclear 
debate. 

 Because of its high socio-technical controversy, nuclear power constituted a 
perfect candidate for our study:

•    We expected the discussion on nuclear energy issues to be  highly intellectually 
challenging , because knowledge of a complex scientifi c domain is required to 
understand the details of the debate; and because both technical knowledge and 
social beliefs are involved when taking a stance.  

•   We also expected this topic would make the conversation in the forum  highly 
contested  and the forum itself diffi cult to follow without appropriate refl ective 
reading. This is mainly due to the fact that science is divided on the pros and cons 
of nuclear power, and that many lines of evidence are proposed that point at 
opposite conclusions.    

 Moreover, in order to refl ect on issues of scale, we needed to identify a  long 
forum discussion  with many posts and contributors. We thus selected an article from 
Mark Lynas (UK journalist, environmental activist and climate change specialist) 
on nuclear power, published by the New Statesman online magazine in 2008, 1  which 
received 86 comments, and accounts for a total 24,176 words (about 62 pages of 
text content). The conversation in the discussion forum started in Oct 2008 and the 
last comments were left in Oct 2012; even though 98 percept of the posts were 
added in the fi rst 5 days after the News article was published. Finally, as shown in 
the analysis presented in the following, the conversation involved 34 different com-
menters so the case meets the fi nal requirement of  large number of participants  in 
the conversation. Participants to the forum discussion were mostly general members 
of the public, as well as scientists and scholars interested or directly involved in 
nuclear research.  

1   http://www.newstatesman.com/environment/2008/09/nuclear-power-lynas-reactors 
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15.3.2     Study Objective 

 The aim of the study was to demonstrate how existing online discussion forums can 
be augmented in two main ways:

•    by providing visualizations of the discourse structure and analytics of the debate.  
•   by providing visualizations of the social network dynamics and analytics of the 

social network of contributors.    

 We show that forum posts and textual narrative contributions can be rendered in 
fi ner grained elements as argument maps. Argument maps then serve as visual arte-
facts to help users isolate claims, explore relationships between claims and facilitate 
sensemaking of the contents, without going through the reading of the entire news 
article’s narrative and the associated discussion forum. 

 Moreover we propose that Social Network Analysis (SNA) and visualization can 
provide answers to questions such as: Who is the most active commenter? Are there 
any coalitions? Who supports who? Who challenges who within the discussion? 
What does the majority of people think? 

 Visual representation of the social network and social network analytics can then 
provide feedback at a glance on the social dynamics, the understanding of which 
would otherwise require careful reading of the entire online conversation.  

15.3.3     Method and Tool 

 Our approach and method of analysis derives from Rittel’s formative work on 
Issue- Based Information Systems and his argumentative method for sensemaking 
deliberation in complex problem spaces (Kuntz and Rittel  1970 ). Its subsequent 
translation by Conklin (Conklin and Begeman  1988 ) into a hypertext data model 
supporting dialogue visualization is at the base of the development of Cohere and 
all the main online deliberation tools – such as MIT Deliberatorium, Debatergraph, 
CoPe-it! etc. (ODET  2010 ). In this analysis we used Cohere as the tool to observe, 
annotate and analyse Mark Lynas’s article and the online discussion that the article 
triggered.  

15.3.4     Cohere: An Online Argument Mapping Tool with Web 
Annotation and Argument Visualization Features 

 Cohere is an argument mapping tool for online deliberation and collective sensemaking 
on the Web. It has been widely described in the literature and used for several pur-
poses such as: supporting the analysis of learning processes (De Liddo et al.  2011 ); 
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facilitating virtual ethnography and qualitative data analysis (De Liddo and Alevizou 
 2010 ), visualizing political debates (Benn and Machintosh  2011 ); and crowdsourcing 
collective intelligence in Open Education (De Liddo  2010 ). 

 In the context of this study Cohere has been used to annotate an online discussion 
forum and augment the forum with discourse and social network visualization and 
analytics. Cohere has a Firefox sidebar which allows users to make margin notes on 
web pages. Each annotation can then be tagged and classifi ed following user defi ned 
taxonomies. 

 In order to code the online conversation and map the discourse structure we used 
a taxonomy of discourse elements which follows the IBIS argumentation model. We 
marked up the online forum posts in terms of their rhetorical role in the discussion. 
This taxonomy consists of fi ve different content types:  issues ,  solutions ,  pro ,  con  
and  resources . Cohere allows the user to associate specifi c iconography to each 
type. In the Firefox sidebar (Fig.  15.2 ), annotations that identify  issues  have a ques-
tion mark icon at the top left of the annotation.  Solutions  are characterized by a light 
bulb icon,  Pros  are identifi ed by “ + ” and  Cons  by “ – ” (Fig.  15.2 ). All annotations 
are listed in the “ideas” tab of the sidebar, and can be used to navigate the annotated 
Web page. By clicking on one of the side notes, the associated clip(s) of annotated 
text are highlighted in light blue in the Webpage on the right (Fig.  15.2 ).

   The side notes can then be connected and a semantic label is associated to each 
connection expressing the type of implicit rhetorical move between the two notes. 
For instance in the following image (Fig.  15.3 ) we can see that two posts not directly 
consecutive in time have been connected with a logical relationship “respond to”.

  Fig. 15.2    Annotations in the sidebar associated to the clips of text  highlighted in blue  on the page       
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   The fi rst post was classifi ed and annotated as a question while the second as a 
possible answer/solution to the question. The semantic connection labeled “ responds 
to ” has then been added to connect the two annotated posts. 

 Once the connection has been created it will be listed in the “connections” tabs 
in the Cohere’s Firefox sidebar (Fig.  15.4 ). The “ Connections ” tab shows the list of 
all semantic connections with annotations on a given Web Page. If the discussion 
forum consists of more than one Webpage, it can happen that two connected posts 

  Fig. 15.3    Example series of News Discussion’s posts and their annotation with the Cohere’s 
sidebar       
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appear in different pages. In that case the “connections” tab in the sidebar can be 
used to navigate from one forum’s page to another, by following a logical rather 
than temporal sequence of posts. In Fig.  15.3 , for instance, we can see an example 
of how the temporal and logical sequence of posts can be very different.

15.4          Data Analysis 

 In the previous section we described the annotation tool used for data analysis of the 
news discussion forum on nuclear debate. In the following we describe the process 
and discuss the result of the data analysis. 

15.4.1      Argument Mapping and Discourse Analysis 

 We read the entire discussion forum and manually annotated the posts with the 
Cohere Firefox’s sidebar. As previously mentioned, we coded the text according to 
the fi ve IBIS elements:  questions ,  answers , arguments  pros  and  cons , and  resources  
backing arguments up. For instance when we judged that a commenter was raising 
a critical  question  we annotated the text of the post and classifi ed it as  question . 
Each snippet of annotated and classifi ed text was listed in the sidebar. We then cre-
ated connections between the annotations that were conceptually related, by sys-
tematically using the following fi ve semantics:

•    Question ← r esponds to  – Answer  
•   Answer ←  supports  – Pro  
•   Answer ←  challenges  – Con  
•   Pro ←  grounding  – Resource  
•   Con ←  grounding  – Resource    

 As a results we obtained a map of:

•    the questions addressed in the paper,  
•   the emerging claims and answers to those questions,  
•   the pros and cons of those answers and eventually  

  Fig. 15.4    Connections tab in the Cohere’s Firefox sidebar: it shows the list of connections to/from 
annotations on the page ( light blue highlight )       
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•   the evidence on which those arguments were based,  
•   all represented as an IBIS argument map (see Fig.  15.5 ).

      The argument map works like a structured summary of the online discussion and 
can be further explored and analyzed by applying specifi c semantic network 
searches. Users can explore/fi lter and search the online discussion by post type 
(questions, answers, pro, con and resources) or by semantic connections (i.e. search 
the answers to a specifi c question, evidences of a specifi c claim etc.). More complex 
network searches can also be applied, thus enabling argumentation patterns’ searching. 

 Moreover the annotated and coded snippet of text can be fi ltered by type (question, 
idea, pro, con and resources) and ordered by time, type and connectedness. 

 Finally, Cohere also provide a list of connections between annotations, which can 
be fi ltered and sorted by several dimensions such as (annotation type, semantic of the 
connections, author etc.). In the following we’ll show some concrete examples of how 
these features can be used to improve the understanding of the nuclear debate.  

15.4.2      Summarizing Mark Lynas’s Article with an Argument 
Map: What Questions Can Be Answered? 

15.4.2.1     Identifying the Discussion’s Topics 

 Identifi cation of subtopics of conversation is often challenging in common discussion 
forums. In fact, given a discussion topic, that will be usually easily identifi able by 
reading to the title of the forum, the sub topics discussed are not easy to distil. 

  Fig. 15.5    Extract of the argument map representing the questions, answers, pros and cons debated 
in the online forum       
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Some discussion forums allow users to tag their posts. But unless users decide to 
explicitly use tags to communicate the subtopics of discussion there will be no easy 
way to fi nd out what is being debated. The only alternative is, once again, thor-
oughly reading the discussion forum for topic identifi cation. 

 Cohere’s network visualization of the forum’s whole debate (Fig.  15.6 ) provides 
immediate visual feedback on the number and topics of debate. Disconnected 
islands suggest distinct sub-debates.

   By looking at Fig.  15.6 , we can summarize that Mark Lynas’s article discussion 
presents fi ve main micro-debates. The number of debates can be identifi ed by count-
ing the clusters of connected ideas in the argument map. Moreover, by zooming in 
on each cluster and looking for ‘question’ icons we can identify snippets of text in 
which problems or questions have been introduced. Questions are good indicators 
of the higher-level topics of discussion. By reading the questions in each cluster we 
can therefore associate to each debate a general topic title (in bold in fi gure). 

 The dimension of the clusters also provides a quick visual feedback on the 
popularity of each topic of debate. In summary by focusing on the quantity, mor-
phology and content of the clusters in the argument map we can summarize, at a 
glance, that there are two bigger topics, in which issues of “ Social implications of 
the nuclear debate ”(orange cluster) and “ Energy and Global Warming ”(purple 
cluster) are discussed. Also, some ideas have been discussed on the role of 
“ Technological Innovation ”. Minor interest has been paid to issues of “ Environmental 
Impact ” and “ Alternative Energy ” solutions (blue and grey clusters).  

  Fig. 15.6    Network visualization of the discussion showing clusters of nodes each representing the 
argument map of a different topic       
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15.4.2.2     Finding Contrasting Ideas 

 In the previous section we showed how the main questions raised in the debate 
could be identifi ed visually by exploring the argument map and looking for nodes 
with ‘question mark’ icons. Another way to identify contributions types is by explor-
ing the Cohere’s ideas list (Fig.  15.7 ). Ideas can be easily fi ltered by type. The next 
fi gure shows for instance the list of ideas fi ltered by type “question” (Fig.  15.7 ).

   By fi ltering Cohere’s ideas list by type “answer” we can fi nd out how many 
answers have been proposed in total. But  are some of these ideas in contrast with 
each other ? Is it possible to identify confl icting solutions that are being proposed? 
Cohere’s connections list allows fi ltering on semantic relationships, so we can iden-
tify ideas that “ challenge ” each other. We applied the semantic fi lter on “ challenges ” 
relationships, and identifi ed two pairs of confl icting answers that could lead to 
potential confl icts. 

 The fi rst pair of confl icting answers point out the mutually exclusive solutions: 
yes/no to nuclear power. This does not come as a surprise but surely shows that the 
forum was both populated by nuclear supporters and nuclear skeptics. Whereas the 
second pair of confl icting answers were about issues of interpretation of the damage 
provoked by Chernobyl disaster. This feedback suggests that a wider exploration of 

  Fig. 15.7    Cohere’s Idea Tab showing the list of forum’s annotations fi ltered by annotation’s type: 
“questions”       
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the topic can help mitigating disagreement and improving the understanding of the 
issue of “potential risks” associated to nuclear power. 

 Analytics of this sort can be used to alert policymakers and the community of 
readers on potential confl icts, and can prompt appropriate mitigation actions.  

15.4.2.3     Most Supported and Challenged Solutions 

 The most supported ideas can be identifi ed by applying a semantic fi lter on 
“ support ” relationships between arguments and answers. By applying the fi lter, 
and then launching the Cohere’s network visualization, the most supported solu-
tion is automatically highlighted in yellow, together with its supporting arguments 
(Fig.  15.8 , left).

   Same thing can be done for the most  challenged  idea. By applying a semantic 
fi lter on “ challenges ” relationships between arguments and ideas and then launch-
ing the network visualization, the most challenged solution is automatically high-
lighted in yellow, together with its supporting arguments (Fig.  15.8 , right). Red and 
green links help identifying the semantic of the relation when browsing a larger 
discourse network graph. 

 Visual analytics of this sort can be used to quickly spot “ popular ” vs “ unpopular ” 
solutions to specifi c problems.  

15.4.2.4     Discourse Analytics on Topics and Questions 

 So far we showed how by fragmenting the nuclear debate in fi ner grained discourse 
elements we can enable discourse fi ltering and analysis targeted to contribution 
types (questions, solutions, arguments pro and con). The results of these analyses 
can then be summarized as aggregated discourse analytics, which provide a sum-
mary of the content and can be used to support a better understanding of the state of 
the debate. For example we can plot the distribution of contributions per questions 
(Fig.  15.9 ). This will return the list of questions ordered by the total number of con-
tribution types including:  Arguments, Pro, Con  and  Resources .

   Analytics on questions per aggregated contributions can help identify most 
debated, less debated and not debated questions (Fig.  15.9 ). This information can be 
used, for example, to direct the conversation toward unexplored or less explored 
questions. 

 We can also aggregate the contributions across solutions and plot separately the 
distribution of pros, cons and references per question. The questions with the higher 
number of connected references can be interpreted as the questions that have been 
better referenced (Fig.  15.10 , blue circle). References can be also used to assess 
better-informed claims. We can also identify the most challenged question, which is 
likely to address highly contested issues (Fig.  15.10 , red circle). While the questions 
that have been most argued for can provide hints on the most commonly agreed issues 
(Fig.  15.10 , green circle). These questions are the questions on which consensus 
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  Fig. 15.8    Cohere’s network graph fi ltered by  support  and  challenge  relationship, showing the 
most supported ( yellow  node on the  left ) and the most challenged ( yellow  node on the  right ) answer       
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may be easier or more diffi cult to reach. In the case of Fig.  15.10  the most chal-
lenges and argued for questions coincide, indicating the very high contested nature 
of this question.

   Finally by combining topic clustering with argumentation analytics we can show 
how contribution types are distributed by topic. 

 By looking at Fig.  15.11 , we can see, at a glance, that the conversation in the 
discussion forum was predominantly focused on issues of energy need and global 
warming (“Energy VS Global Warming”). This topic was well explored (7 responses) 
and argued for (9 pro arguments). On the contrary the number of resources is scarce 
compared to the arguments presented (2 resources for 12 arguments). This means 
that many arguments were not backed up by appropriate evidence. On the contrary 

  Fig. 15.9    Graph showing questions per aggregated number of related contributions (answers plus 
pros, plus con, plus resources)       

  Fig. 15.10    Analytics on questions per number of pros, cons, and resources       
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the debate on “social implications of nuclear debate” was well explored (5 responses 
for one question), highly argued against (4 counterarguments), and counterargu-
ments were well backed up by resources in the literature (6 resources for 4 con). 
From this feedback we can deduct that this topic is highly controversial and the 
debate presented in the forum was well informed on this topic.

   Discourse analytics of this sort can suggest what are the most controversial topics, 
which of those are well informed, and which ones need to be better explored and 
understood.   

15.4.3      Social Network Annotation and Analytics 

 Beside the discourse’s argument mapping we also carried out annotation of the 
social agents (the participants to the conversation or commenters). We annotated the 
commenter names within the forum so they would appear as a list of participants in 
the Cohere sidebar of the discussion forum (Fig.  15.12 ). This allows seeing, at a 
glance, how many commenters contributed to the discussion. By clicking on the 
name of a commenter the annotation on the sidebar turns yellow (showing that that 
annotation is selected) and the posts written by that commenter are highlighted in 
light blue (Fig.  15.12 ).

   A different annotation technique was followed to analyze the social network 
built during the discussion. We analyzed the discussion forum by looking at the 
social dimension of the reply structure i.e. if a post is authored by discussant 1 and 
he is specifi cally addressing discussant 2 we will create a connection between dis-
cussant 1 and 2. We will also associate a color and a semantic to the connection to 

  Fig. 15.11    Analytics on contribution types per topic       
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  Fig. 15.12    Social annotations in the Cohere’s Firefox Sidebar showing the number and names of 
the participants to the discussion       

code what type of rhetorical move the author is making (i.e. he is  challenging  
(in red),  supporting  (green),  agreeing  (green),  refuting  (red) etc. Green, red and 
grey colors were used to aggregate semantics under positive, negative and neutral 
relationships. 

 The analysis of the forum’s data resulted in a social network of 32 nodes (number 
of participants to the online discussion) and 86 connections (number of the  rhetorical 
moves identifi ed within the discussion (Fig.  15.13 ).

   Each connection in Fig.  15.13  represents a post in the forum, and it is both color 
coded and semantically labeled. Color can be red (referring to contrast between the 
authors) greens (expressing favor between the authors) or grey (expressing neutral 
attitude). The semantic label of the connection was then used to code fi ner grain 
semantics within the three main categories. 

 Figure  15.14  shows an example of red connection between two users. 
The connection represent the content of a post within the forum and it can be read 
as follow: Vail Mainwood “ questions ” Marklynas, the roll over on the red link opens 
a grey text box reporting the text of the post (Fig.  15.14 ).
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     Table 15.1    Social semantics 
annotated in the text of the 
discussion forum and their 
occurrence       

  Fig. 15.13    Representation of the Social Network –  highlighted in yellow  the node with the highest 
degree centrality       

  Fig. 15.14    Example of connection between two users within the SN, each post can be converted 
in one or more connections       

   From the analysis of the list of emerging semantics and their occurrences within 
the discussion, we can notice that most posts (60 out of 86) have been coded as red 
(Table  15.1 ).

   This confi rms, as we predicted, the highly contested nature of the discussion. 
A deeper exploration of the social network shows that the discussion was a 
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  Fig. 15.15    Ego-Network of supporters       

 continuous exchange of challenges and refutations, between opposite sides of the 
argument for and against nuclear power. It is also interesting to notice that just 
four interactions within the discussion forum were labeled as socialization, which 
means that the conversation stayed quite focused and maintained a serious regis-
ter, as initially hypothesized (Table  15.1 ). Finally it is interesting to see how the 
grades of disagreement vary radically within the forum: from simply challenging 
an idea or disagreeing with a person’s claim, to refuting and even discrediting 
another participant (Table  15.1 ). Cohere also supports the main SNA analytics 
such as indegree and outdegree centrality, and several other ad-hoc analyses sup-
ported by the structured semantic network search. Cohere also supports the explo-
ration of grouping and partnership within the discussion group. For instance, 
Figs.  15.15  and  15.16  show the ego-network of Mark Lynas’ supporters (Fig.  15.15 ) 
and opponents (Fig.  15.16 ).

    It is evident from the numbers of nodes (8 favor versus 20 against) that Mark 
Lynas’s article received a number of criticisms, with high participation of nuclear 
sceptics to the discussion forum. 

 This form of ‘semantic SNA’ is possible to automate in debates which are hosted 
natively in Cohere. In this paper, because we are working from a conventional forum 
corpus with no discourse semantics, we used Cohere in a different way, for post hoc 
annotation of participants rhetorical moves. 
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 This experiment serves to show what are the additional Social Network Analysis 
and visualizations (such as the one shown in Fig.  15.13 ,  15.15  and  15.16 ) that can 
be automatically available to users if native argument-mapping tool – such as 
Cohere, DebateGraph, Deliberatorium etc. (see Sect.  15.2 ) – are directly used to 
host the online debate.   

15.5      Conclusions and Future Work 

 Previous research in the fi eld of argumentation theory (Walton  1996 ; Walton et al. 
 2010 ) and argumentation tools (Gordon et al.  2007 ; Iandoli et al.  2009 ; Karacapilidis 
et al.  2009 ; Buckingham Shum  2008 ; De Liddo et al.  2012a ,  b ) proves that structur-
ing discourse and representing it visually can improve the ways in which dialogical 
processes can be analyzed and understood, thus enhancing memory, analysis, and 
evaluation skills (Dwyer et al.  2012 ,  2013 ). At the same time research in SNA and 
SN visualization tools (Hansen et al.  2011 ) is proliferating and shows promising 
results in enhancing the understanding of the social dynamics developed through 
asynchronous communication. 

 Nonetheless, most online discussion platform take the form of simple unstruc-
tured forums as prominent ways to conduct online conversations. In this paper we 
have presented a proof of concept, which demonstrates that discussion forums leave 
readers and contributors blind to the deeper understanding of the domain knowledge 
and social dynamics embedded within the content of unstructured discussion 

  Fig. 15.16    Ego-Network of challengers       
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forums. It is evident that traditional discussion forums structures fail to provide 
some of the basic advantages and in-depth understanding that argument and social 
network techniques of analysis can provide, but this discussion format prevails due 
to the low entry barrier to participation. 

 An open question remains unanswered: How can we couple, easy linear exploration 
of discussion forums with richer analysis and visualizations? 

 We presented the discourse and social analysis of a long and highly contested 
discussion forum, in which complex socio-technical issues were discussed with a 
high number of participants. Preliminary refl ections on this analysis suggests six 
main affordances of effective online discussion platforms to ensure participation, 
while at the same time enabling in depth understanding of the online debate:

    1.     Integrated Human and Machine Annotation : Whereas this study presents a 
strong case for coupling online discussion with tools for discourse and social 
analysis, the main limitation to the uptake of such technologies is the fact that 
they heavily rely on human annotation. A primary affordance to ensure user 
engagement with augmented online discussion tools is providing machine anno-
tation services to generate discourse and social markers within the text. Automatic 
discourse and social analysis should support the human annotation process by 
recommending annotation categories and connections, from which the users 
should be able to easily and quickly select and reject.   

   2.     In Context Editing : lower barrier to participation means easy to read, mark up 
and annotate within the context of a Webpage. Tools embedded in sidebars or por-
table widgets provide a good technological compromise, which enable augmentation 
(visual or analytical) without losing the linear context of the conversation.   

   3.     Multi Dimensional Content Mapping:  Online discussion platforms need to 
overcome the chronological boundaries and allow posts to be mapped against 
richer dimensions such as i.e. the dialogical dimension (argument mapping), the 
topical dimension (topic mapping) the geographical dimension (geo-mapping of 
the posts) etc.   

   4.     Topic Modelling and Representation:  Identifying subtopics of conversation by 
visualising the semantic clusters of contributions (Fig.  15.6 ) offers advantages over 
common NLP techniques of topic clustering, because it retrieves only one topic per 
conversation, which is user defi ned, and therefore more likely to capture a mean-
ingful conversation topic. Nonetheless this technique requires heavy manual 
semantic annotation. Novel NLP techniques for topic extraction, which combine 
semantic and visual clustering techniques, may prove promising to provide auto-
mated support to the analysis of topics debated in the online conversation.   

   5.     Social Network Analysis : a very important component of any online discussion 
is the social dimension. Social dynamics are either built or made evident during 
online conversations and they form part of the most powerful understanding of 
the social implications of online discussions:  Who is the loudest voice? Who is 
the more constructive participant? What are the emerging coalitions?  etc. Social 
Network Analysis can provide answers to those questions and support the under-
standing and exploration of complex social interactions.   

15 Augmenting Discussion Forums with Argument Maps and Social Network Analytics



356

   6.     Improved and Coupled Visualizations : Text and graphical visualizations 
(f.i. stats graphs, line charts, network visualizations etc.) need to be coupled to 
provide effective and interactive exploration (navigation from the text to the 
graph and vice-versa). Whereas text is the most familiar form of communication, 
graphs enable summarization, structuring and visual thinking. Effective aug-
mented discussion environments should harmoniously couple the two forms of 
explorations: textual and graphical.   

   7.     Advanced Filtering and Searching:  Understanding and sensemaking are 
highly refl ective practices, which need testing of ideas, and exploration of results. 
Moreover the need for testing and exploration may vary based on the partici-
pant’s attitudes, goals and interest in specifi c questions. Therefore an effective 
discussion environment should allow customizable fi ltering and search of the 
data on multiple dimensions (i.e. by content, by topic, by rhetorical role, by con-
trasting ideas, by questions, by author, by popularity, by the most contested, by 
the most voted, or by them most silent etc.).     

 Future research will focus in particular on enabling semi-automatic content 
mapping by building on NLP approaches, in particular for the extraction of rhetori-
cal argument from text (Sándor  2007 ), and the application of these approaches to 
collective intelligence for social innovation (Catalyst  2013 ; De Liddo et al.  2012a ). 
An emerging educational application of this work is focusing specifi cally on the 
design of student support for refl ective reading and academic writing, through the 
use of rhetorical parsing technology and visual analytics (Simsek et al.  2013 ).     
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    Abstract     In this case study, computer supported argument visualisation has been 
applied to the analysis and representation of the draft South East Queensland 
Regional Plan Consultation discourse, demonstrating how argument mapping can 
help deliver the transparency and accountability required in participatory democracy. 
Consultative democracy for regional planning falls into a category of problems 
known as “wicked problems”. Inherent in this environment are heterogeneous 
viewpoints, agendas and voices, all built on disparate and often contradictory logic. 
An argument ontology and notation that was designed specifi cally to deal with 
consultative urban planning around wicked problems is the Issue Based Information 
System (IBIS) and IBIS notation (Rittel & Webber,  1984 ). The software used for 
argument visualisation in this case was Compendium, a derivative of IBIS. The high 
volume of stakeholders and discourse heterogeneity in this environment calls for a 
unique approach to argument mapping. The map design model developed from this 
research has been titled a “Consultation Map”. The design incorporates the IBIS 
ontology within a hybrid of mapping approaches, amalgamating elements from 
concept, dialogue, argument, debate, thematic and tree-mapping. The consultation 
maps developed from the draft South East Queensland Regional Plan Consultation 
provide a transparent visual record to give evidence of the themes of citizen issues 
within the consultation discourse. The consultation maps also link the elicited 
discourse themes to related policies from the SEQ Regional Plan providing explicit 
evidence of SEQ Regional Plan policy-decisions matching citizen concerns. The 
fi nal consultation map in the series provides explicit links between SEQ Regional 
Plan policy items and monitoring activities reporting on the ongoing implementation 
of the SEQ Regional Plan. This map provides updatable evidence of and accountability 
for SEQ Regional Plan policy implementation and developments.  
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16.1         Introduction 

 There is a growing body of literature on participatory democracy as a means of 
reinvigorating public involvement in policymaking (Coleman & Norris,  2005 ; 
Gordon et al.  2007 ; Vedel,  2006 ). There are many mechanisms being utilised for 
this purpose. The one that is the primary focus of this research is electronic consul-
tation, also known as e-consultation. In e-consultation, elected representatives and 
government agencies use information and communication technologies and the 
Internet to consult citizenry on matters of democratic governance. 

 Consultative democracy has been defi ned as a wicked, ill-structured or messy 
problem due to the many disparate voices, viewpoints and agendas involved in such 
forums. OECD ( 2004 , p. 52) proposes that “ wicked problems require deliberative 
discussion where consensus arises through debate with alternative options and com-
peting interests being exposed ”. Computer supported argument visualisation (CSAV) 
provides a medium through which this can occur (Macintosh & Renton,  2004 ). 

 The fi eld of CSAV consists of a range of tools where computer software is used 
to analyse and represent dialogue, discourse and argumentation, in diagrammatic 
form, using nodes and link lines. This medium can help establish common ground 
within diversity, understand positions, surface assumptions, and collectively con-
struct consensus (Kirshchner et al.  2003 ). 

 The chapter fi rst outlines the concept of consultative democracy and the issues 
currently being faced in this fi eld. It then highlights the underlying notion of wicked 
problems in design contributing to the issue of emergent complexity in consultative 
democracy. A description of the draft SEQ Regional Plan Consultation and the 
consultation discourse analysis process employed by the government are then 
presented. Following this, cognitive support afforded via the use of CSAV in consulta-
tive democracy is introduced and, fi nally, the consultation map design extrapolated 
from the case study is discussed.  

16.2     Consultative Democracy Defi ned 

 Disenchantment with representative democracy has led politicians to consider means 
of reinvigorating public involvement in public policy development (Bentivegna, 
 2006 ). In electronic (e) consultation, elected representatives and government agen-
cies use information and communication technologies (including the internet) to 
consult the citizenry on matters of democratic governance. The OECD ( 2004 ), 
Coleman & Norris ( 2005 ), and Renton & Macintosh ( 2007 ) have proposed that 
there is a need for research that looks at tools and technologies that can aid in the 
analysis, synthesis and dissemination of the discourse in participatory democracy 
discourse. In addition, mechanisms to provide better transparency and accountability 
in participatory democracy and policy development are sought (United Nations,  2005 ). 
In such a fragmented, pluralistic forum it is a diffi cult task for “ representatives to 
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make sense of the myriad of voices ”, and the desire for transparency places a greater 
onus on intermediaries to summarise contributions and represent the logic contributing 
to government decisions (Whyte & Macintosh,  2001 , p. 196).  

16.3     Issues in Consultative Democracy 

 A problem in consultative democracy is the potential for the communication of a 
very large volume of highly complex and ill-structured natural language information. 
This imposes a diffi cult task for both analysts and public participants to interpret, 
comprehend, remember and retrieve pertinent information. In such a scenario, important 
relationships and inconsistencies (i.e. misinterpretation and ineffectual analysis) 
can go unnoticed. Furthermore, research in political psychology has revealed that 
citizens are cognitive misers who devote efforts to fi ltering, selecting and reducing 
information (Kuklinski,  2001 ). Hence, improved communication of critical consultation 
content in an easily digestible form, greater transparency in the interpretation and 
analysis of consultation content, and in the representation of resulting policy 
decisions and rationale, would enhance public consultation. 

 There are various argumentation schemes that can be mapped diagrammatically 
and modelled formally for computational analysis, but their focus is often on mapping 
legal, philosophical and scientifi c arguments, which are typically more rigidly struc-
tured than public consultations around wicked problems. A greater fl exibility and 
informal style of logic is required to address the diversity of reasoning approaches 
and skills found in a large public. 

 The high probable volume of participants is a signifi cant issue facing argument 
visualisation in participatory democracy. Consequently, some argumentation and 
representation approaches have focused designs toward this dilemma, for example, 
discourse maps (i.e. decision-trees), debate mapping and tree-mapping (Black et al. 
 1992 ; Shneiderman,  1992 ; Yoshimi,  2004 ). Yet, consultative democracy calls for 
the representation of both discourse context and detail, as it is the discernment of 
fi ne detail within the context of the consultation whole that enhances the perception 
of wickedness in participatory democracy and regional planning. 

 For public consultations to be seen as more than a token gesture, participants 
need to see that their contributions/issues have been considered (Coleman & Gotze, 
 2001 ). However, among the disparate information in public consultations and 
technically oriented language in government planning reports, this can be diffi cult 
for citizens to trace. Renton & Macintosh ( 2007 , p. 125) state that “ argument maps 
have the potential to provide a readily accessible medium by which citizens can 
follow and join in public debates on policy issues ”. Using this method, participants 
can quickly identify whether their contribution has been considered. 

 It is, however, acknowledged that the notion of transparency in democracy is not 
as straight forward as one might wish. Although secrecy is a problem in politics, 
“ uncontrolled access coupled with excessive publicity might in fact be equally 
 damaging to public welfare ” (Vedel,  2006 , p. 233). Further, Vedel ( 2006 , p. 233) 
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argues that transparency can be used “ to hamper the information of citizens, when 
for instance so much information is supplied that the receivers cannot digest it ”.  

16.4     Wickedness of Regional Planning and Design 

 Both urban design planning and participatory democracy have the nature of wicked 
problems. Buchanan ( 1992 , p. 16) states “ design problems are indeterminate and 
wicked because design has no special subject matter of its own apart from what a 
designer conceives it to be ”. Buchanan ( 1992 , p. 16) further explains that “ indeterminacy 
implies that there are no defi nitive conditions or limits to design problems ”. 

 In essence, design is imbued with individual creativity, which is conceptually a 
boundless activity. Solution options for a design problem are bounded only by the 
limitations of committed resources. 

 Accordingly, Rittel and Webber ( 1973 ) argued that most design problems fall 
into a category of social problems which Rittel termed “ wicked problems ”. Included 
in this category are public policy issues (Rittel & Webber,  1973 ). Parsons ( 2006 , p. 3) 
following the notion of wickedness, defi nes policy problems as “ malign ”, “ vicious 
circles ”, “ tricky ” and “ aggressive ” arguing that it is dangerous to deal with them as 
if they are “ benign ” or “ tame ”. 

 Regional, urban and town planning incorporate the design and planning for the 
direction and management of social, economic, physical (i.e. building, infrastructure, 
ecology, geography), historical, and political development. When this planning 
design activity is performed in a consultative public arena with interested and concerned 
citizenry, the social element compounds complexity. Accordingly, regional planning 
is a wicked social design problem.  

16.5     Draft SEQ Regional Plan Consultation 

 The Offi ce of Urban Management, Queensland State Government released a draft 
Regional Plan for South East Queensland (SEQ) to its public in October 2004. From 
its release on the 27th of October until the 28th February 2005, the government 
conducted a public consultation programme in which the citizenry was invited to 
submit comments, concerns, and questions on any issues in relation to the draft SEQ 
Regional Plan. The public participated in an online forum, multiple offl ine forums 
and communicated in writing both digitally and in hardcopy form. Eight thousand, 
four hundred and sixty (8,460) formal written submissions were received via the 
ConsultQld online forum, email, post, and fax. This participation fi gure amounts to 
0.30541 percent of the SEQ population in 2004–2005. 

 To illustrate that the draft SEQ Regional Plan (d-SEQ-RP) Consultation is a 
 signifi cant case study of inherent global interest, the following is presented. One of 
the mechanisms used for participatory citizen engagement in the d-SEQ-RP consultation 
was e-Consultation and is the primary focus of this case study. The United Nations’ 
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Global e-Government Readiness Reports present an assessment of the state e-gov-
ernment readiness and extent of e-participatory democracy worldwide. The United 
Nations’ ( 2004 ) Global e-Government Readiness Report ranked Australia in fi rst 
place, for (1) countries allowing citizen feedback on policy and (2) providing online 
consultant facilities. The following year, the United Nations’ ( 2005 ) Global e-Gov-
ernment Readiness Report ranked Australia in fi rst place for (1) indicating they will 
take citizen input into decision making and demonstrating this by providing receipt 
to citizens in a timely manner; and also for (2) providing feedback on issues. Clift 
( 2002 ) also proposed that the Queensland Government was highly placed in the 
world rankings for e-Democracy and e-Consultation. 

 South East Queensland has a unique identity (i.e. natural and social factors and 
conditions) but is also fraught will issues that have international commonality and 
relevance such as:    

•   Natural Environment (i.e. biodiversity, atmosphere, waterways)  
•   Regional Landscape (i.e. scenic amenities, outdoor recreation)  
•   Natural Resources (i.e. management)  
•   Strong Communities (i.e. community engagement, social planning, disadvan-

taged, cultural heritage)  
•   Engaging Indigenous Peoples (i.e. traditional land owners, social and economic 

equity)  
•   Urban Development (design, residential development, transport planning, growth 

management strategies)  
•   Economic Development (growth strategies, industry and business development, 

innovation, skills and technology)  
•   Infrastructure (e.g. planning, co-ordination and funding, energy, ICTs)  
•   Water Management (water supply and planning, water quality)  
•   Integrated Transport (e.g. road, air and sea planning, accessibility, investment, 

effi ciency) (Queensland Government: Offi ce of Urban Management,  2005 )    

 The current state of the art in e-Consultation platform tools use threaded discussion 
forums (i.e. prose discourse) which are limited for both discourse analysis and visu-
alisation (Elliman et al.  2006 ). A tool that has been found to assist in the analysis 
and synthesis of complex discourse is computer supported argument visualisation 
(Renton & Macintosh,  2007 ). Furthermore, multimedia tools for information and 
argument visualisation have been found to improve on typical prose discourse (van 
Gelder in Kirschner et al.  2003 ; Mayer,  2005 ). 

 Macintosh ( 2006 , p. 368) posits “ there is a need there is a need to enable scalable 
discourse capture and analysis with semantic (ontology-based) enrichment. Current 
research has not extended this to the eParticipation policy-making domain ”. In 
addition, Elliman et al. ( 2006 , p. 2) state that “ the challenge of interactivity and 
scalability for eParticipation remains to be resolved ”. Accordingly, the challenges 
of scalability in participatory democracy due to the potential for high volume citizen 
participation, the emergent complexity in urban planning wicked problems, and 
lack of established standards for and research into an argument map approach 
and design applicable to regional planning consultations, denotes a gap in current 
knowledge. 
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 Elliman et al. ( 2006 ) further assert that, prior to their own research on 
e- Participation over a policy initiative for traffi c congestion in Edinburgh, Scotland 
which begun in 2006, there had been no in-depth research on how acceptable the 
use of CSAV is for providing visualisation of the substance (i.e. issues and argu-
ments) that surfaces during e-participation for evidence-based policy-making. Past 
research on discourse analysis of e-participation for policy development has focused 
in quantitative analysis rather than the analysis of argument themes. To put a fi ner 
point on this line of reasoning, no research has been undertaken on the utility of 
IBIS-informed CSAV for discourse analysis and the visualisation of Regional 
Planning e-Consultation argumentation in evidence-based regional planning policy 
development. 

16.5.1     Consultation Submission Analysis Process 

 There were 22 state government departments and 57 local interested groups who 
collaborated throughout the draft SEQ Regional Plan Consultation analysis process. 
Twenty two (22) analysts/planners manually analysed the public submissions. In 
addition, the process was audited by an independent auditor who performed spot 
checks to ensure the effi cacy of analysis. 

 An early stage of the analysis process was to categorise submissions via topic 
and issue, which determined who (i.e. which specialist area) would perform further, 
more detailed analyses. Due to an unexpected high volume of public participation, 
additional members had to be engaged for the classifi cation of submissions. Adding 
to the high volume of issues elicited from the consultation discourse was the com-
plexity of fragmented natural language text submissions. Government analysts 
found it diffi cult to construct a synthesis of the range of content covered, let alone 
comprehend it all. How much more diffi cult would this be for a typical citizen, with 
little or no expertise in urban planning, to assimilate? Displaying a synthesis of 
content in a more easily digestible form is a benefi t attributed to CSAV that the lit-
eratures bears out.  

16.5.2     Human Cognition 

 Computer supported argument visualisation has been used to enable enhanced 
information extraction, analysts’ cognition and transparency in decision-making 
(Mackenzie et al.  2005 ; Maguitman et al.  2004 ; Marshall & Madhusudan,  2004 ; 
Miller & Riechert,  1994 ). Englebart ( 1963 , p. 54) concluded that the conceptual 
representation and structuring of content into a cognisant form that aligns with our 
mental models “ will signifi cantly improve ” an individual’s “ capability to compre-
hend and to fi nd solutions within a complex-problem solving situation ”. Research 
respondent, expert 2, proposed that argumentation acts as a cognitive aid, making it 
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easier to perceive the connectedness in submission content, and therefore relevance, 
to other topical areas of the consultation.  

16.5.3     Cognitive Support 

 Working memory is a critical factor in complex cognitive tasks such as information 
processing, learning, reasoning and comprehension (Repovs & Baddeley,  2006 ). 
Working memory refers to information that is held at the forefront of the mind when 
performing a cognitive activity such as discourse analysis (Heuer,  1999 ). When 
dealing with novel information such as high volume, heterogeneous consultation 
discourse, it places heavy demands on the working memory, which has two severe 
limitations. (1) Miller ( 1956 ) indicated that working memory can only hold approx-
imately seven pieces of information at one time. (2) Peterson and Peterson ( 1959 ) 
concluded that working memory has limited duration and without rehearsal all 
working memory contents can be lost within approximately 20 seconds. Therefore, 
unless information from working memory is chunked into meaningful units and 
transferred to long-term memory, it is believed to be transient. Mayer ( 2005 ) further 
proposes that we can only process (in the sense of combine, contrast, or manipulate) 
about 2–4 information elements at a given time. Therefore, failing knowledge for a 
particular problem, we perform a cognitive process which entails a search for 
problem- solving possibilities through randomly proposing a step and then testing it. 
The permissible random permutations of combining, contrasting, or manipulating 
four elements of information are signifi cant and illustrate the additional load on an 
individual’s cognition when dealing with novel information. Accordingly, working 
memory has critical implication in the assimilation and analysis of consultation 
discourse. 

 Heuer ( 1999 ) cites that the recommended technique for coping with such working 
memory limitations is problem externalisation. The use of a cognitive tool such as 
CSAV enables a user to externalise a problem and defi ne relationships between 
component parts of the problem while providing a model to visualise the whole. 
CSAV functions to scaffold cognition by providing an external and asynchronous 
work space in which to manipulate and record complex discourse and scaffolds 
argumentation during problem solving by providing structure and notation 
(Buckingham Shum,  1997 ).   

16.6     Consultation Mapping Design 

 The following discussion outlines the attributes of the consultation map model. This 
design has been derived from the iterative development and testing of map design 
features with research respondents. The fi ndings were elicited from respondent data 
using qualitative research and a predominant grounded theory approach with 
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selected elements from Glaser ( 1992 ), Strauss & Corbin ( 1998 ) and Charmaz 
( 2006 ). This facilitated inductive theory building from an interpretive perspective. 
Strauss & Corbin ( 1990 ) propose that Grounded Theory emphasises the fi t 
between data and emerging theory. Emerging concepts, propositions and theory 
were then contrasted with extant literature to identify and consider any similarities 
or contradictions. 

16.6.1     Draft SEQ Regional Plan Consultation Maps 

 The e-consultation component of the draft SEQ Regional Plan (d-SEQ-RP) Consultation 
was a project within a programme (i.e. group of projects). E-consultation has been 
the focus because once consultation discourse is published and accessible to the 
public it then becomes public knowledge, whereas public discourse in other areas of 
the d-SEQ-RP Consultation are protected by confi dentiality. Consequently, mapping 
of such discourse is not amenable to publicly released publication.  

16.6.2     Draft SEQ Regional Plan Consultation Index Map 

  Map 16.1  is an index map of the ten questions posted by the Queensland State 
Government for the d-SEQ-RP e-Consultation. The map displays (1) the root issue, 
(2) the thematic categorisation, (3) contextual information for questions, (4) the 
government questions to which the public were invited to respond and (5) icons that 
are a hyperlink to maps containing participant responses. All of the map content is 
verbatim as posted by the SEQ Queensland State Government. The orange boxing 
in the map has been added to segment each map hierarchy level and for discussion 
purposes only.

    The node on the far left of the map generally represents the primary map topic 
(as in a Left-Right, IBIS, Dialogue Map) to which all following information on the 
map relates (Conklin,  2006 ). In this map, the principle node displays a graphic of 
the d-SEQ-RP cover. In IBIS-type discourse, the pinnacle of the argument hierarchy 
is usually an issue, posed as the root question (Rittel & Webber,  1984 ). Map 16.1 
serves the purpose of the d-SEQ-RP e-Consultation map series  index  rather than a 
typical argument map but the IBIS form is still applicable. 

 Maroon text colour (a colour known nationally to be associated with Queensland) 
has been used to represent verbatim content posted by the government. Compendium 
note nodes[      ]typically represent some non-specifi c, additional comment or nota-
tion. Thus, on the second level of the map hierarchy these were used to categorise 
(i.e. theme headers) their following connected threads of information. On the third 
level, note nodes [      ] were again used to display the additional information posed 
by the Queensland Government with their online questions. The information in 
these nodes functioned to contextualise each of their associated questions. The 
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  Map 16.1    d-SEQ-RP e-consultation index. Map 16.1 is a representation of all questions posed by 
the SEQ government for the online d-SEQ-RP consultation. This also functions as a macro level 
representation (i.e. index and access point) of the d-SEQ-RP e-Consultation maps series         
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  Map 16.1(a)    d-SEQ-RP e-Consultation Index ( .Zoomed View ). Map 16.1a provides zoomed view 
of a cropped section from the full map to increase legibility       
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fourth level of question nodes [      ] contains the actual questions posted by the 
Queensland Government. The fi nal level on the far right displaying map nodes [      ] 
and thumbnail graphs indicates access to additional hyperlinked maps which 
contain an analysis and representation of the d-SEQ-RP e-Consultation responses 
to each question. The underlying linked maps show all verbatim responses to the 
government questions posted relating to the subject environmental atmosphere. 
It was decided that the submissions content should be kept in the verbatim language 
to minimalise the potential for misinterpretation and bias. Finally, a legend key has 
been added to communicate the meaning and application of the icons used. 

 Indexing is a navigational aid cited in Multimedia Learning Theory. Multimedia 
learning posits that multimedia systems “ call upon the same set of cognitive and 
language processes as traditional text processing ” (Mayer,  2005 , p. 308). Hence, 
“ an information system comprising several pages should include a clear top-level 
content representation ” (Mayer,  2005 , p. 308). 

 The d-SEQ-RP e-Consultation was a project within the d-SEQ-RP programme. 
This index map design could be applied to any programme, project or project segment. 
Users would have to be guided by the volume of task content in order to determine 
the map abstraction level.  

16.6.3     Draft SEQ Regional Plan Consultation Graphs 

  Question 1  of the d-SEQ-RP e-Consultation was a closed-ended question with 
response options to either agree or disagree. This was represented in the SEQ 
e-Consultation Questions Index Map as a simple pie graph displaying the number of 
participants and the percentage of responses that agreed (93%) and disagreed (7%). 
Similarly, questions 3 and 6 were also closed-ended and thus their responses were 
represented in this fashion also.  

16.6.4     Draft SEQ Regional Plan Consultation Tree-Map 

  Map 16.2  represents a sample of the maps that were constructed for this research 
programme that have been processed using a tree-map algorithm to create a tree- 
map display. A tree-mapping algorithm functions to visually represent high volume 
content in nested rectangle nodes, using 100% of available space. Exploration is 
enhanced by enabling users the fl exibility to organise data in meaningful ways. In 
addition, dynamic fi lters to facilitate the exploration of data are built into some 
treemap technologies (Chintalapani et al.  2004 ). Treemapping provides the ability 
to visually compare relative node sizes of potentially thousands of nodes within a 
fi xed space (Shneiderman,  2006 ; Zhao et al.  2005 ). For the functionality described, 
Shneiderman ( 2006 ) claims treemaps have unmatched utility.
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  Map 16.2    Categorised tree-map design. Map 16.2 is an example of the application of tree- 
mapping to represent high volume content in meaningful categories such as the four stages of 
consultation maps from the d-SEQ-RP Consultation mapping project       
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   Consultation map designs went through four major iterations guided by fi ndings 
grounded in research respondent data. Maps corresponding to each project (i.e. map 
iterations) have been boxed and labelled within their project categories in the tree- 
map display. This approach creates an accessible programme library structure and 
map display. In addition, the tree-mapping software used enabled map enlargement 
when rolled over and zooming functionality, which provided focused and synthesised 
viewing. The storage of a high volume of argument maps in a searchable form for 
effective knowledge management is a current limitation of argument technologies 
identifi ed in this research.  

16.6.5     Draft SEQ Regional Plan Consultation Map Design 

  Map 16.3  presents a single branch only (for discussion), of  question 8  discourse from 
the d-SEQ-RP e-Consultation. Once again, the orange boxing is for map hierarchy 
level segmentation and discussion only. Any logical  map structure  could be used 
dependent on preference and spatial requirements. For example, the top-down, left-to-
right or star structure is commonly used. Research respondents generally preferred 
the top-down structure and left-to-right was the next preferred.

       (1)     The fi rst hierarchy level displays the  root map issue . The node to the right is the 
issue, posed as a question, thus, a question node        has been used. As this is 
the key issue of the map, discourse focus and arrow direction point toward it. 
This particular question relates to sustainable travel patterns. The node to the 
left is displays the question context as posed by the government. The content in 
this node expands on the root question. In this instance, it has been framed by 
the government as a position statement. Thus, it has been represented with an 
argument node       . The text colour maroon represent government wording.   

  Map 16.3    Question 8 (themed branch) Map design schema Map 16 3 is an example of the top 
down consultation map schema used It represents a single branch (ie theme) of the e-Consultation 
question 8 map. Map 16.3 is a cropped segment only of the full map theme       
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   (2)    On the next hierarchy level below is a  theme heading , labelled (Environmentally- 
Friendly Technologies) and represented graphically with an electric car. The 
Multimedia Learning Principle postulates that “ people learn better from words 
and pictures than from words alone ” (Mayer,  2005 , p. 15). The thematic layout 
approach has been used to cluster themes of citizen concern. In multimedia 
learning Mayer ( 2005 , p. 308) cites that “ thematic cues such as headings and 
introduction generally facilitate a reader’s construction of consistent mental 
representations of the content ”. 

 A distinct text colour was designated to the text in nodes for each theme, which 
aided in  chunking  information. Chunking is a principle cited by Miller ( 1956 ) that 
applies to the effective communication of information between human beings. 
Miller proposed a short-term memory heuristic which denotes that humans can 
more effectively receive process and recall information if it is represented in seven 
plus or minus 2 similarly classifi ed chunks or units of information The technique of 
utilising colour to distinguish themes is also used in thematic maps from cardiology 
to represent specifi c data patterns for geographic areas (Slocum et al  2005 ).   

   (3)    The third hierarchy level displays the  citizen submissions  responding to the root 
question As these are submitted responses to a question they are represented by 
answer/idea nodes       . The nodes below display citizens’ critical discussion 
Node content here displays citizen rationale (premise(s)) from within their 
submission that elaborate upon their conclusion(s) The link labels display the 
type of interpreted inference. The word interpreted has been used because the 
map represents the mapmaker’s interpretation and perception of the citizens’ 
submissions’ meaning. In genuine public deliberation, as opposed to consulta-
tion only, each of these conclusions could be analysed further and potentially 
become the focus of additional critical discussion and argument maps. If any of 
these answers were deemed to be issues that needed further investigation, a 
critical question could be posed to probe further dialogue, thus creating a root 
question for further argument mapping.     

 However, it is important to determine and understand the objective of the particular 
consultation and to focus and scope the analysis and representation accordingly. 
Otherwise, the process can grow beyond the time and resource commitments. Moreover, 
past a certain point, the returns of the consultation, analysis and argument mapping 
will begin to diminish. 

 A background colour was assigned to pro (green) and con (red) nodes. This enables 
fast recognition of argument direction. Van Gelder in (Kirschner et al.  2003 , p. 101) 
states, “ colour can be used to indicate in a matter of milliseconds whether a claim 
is being presented as reason or an objection. In prose, the reader has to interpret the 
claim and its context to fi gure out its role in the argument ”. 

(4) A fourth level of detail that can be added to consultation maps is the inter-theme 
relationships of discourse argumentation represented via the use of  cross-links  
(See  Map 16.4 ). This displays the inherent complexity and wickedness of public 
consultation on regional planning. Wicked problems are not linear, thus consultation 
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map design should incorporate nonlinear relational design. It is the position of 
the author that cross-links make explicit, the emergent complexity in wicked 
environments and the consequential relationships required for a synthesised view 
and consideration of overall problem content. In support of this view, Dansereau 
( 2005 ) proposes that gestalt features and content-specifi c structures should 
match the domain characteristics.

The Urban Footprint
limits growth outside the

“boundary”, which means
growth must be

accommodated inside the
Urban Footprint.

ENVIRONMENTALLY-FRIENDLY
DEVELOPMENT

423.182. It is essential
that the biodiversity

within the Urban
footprint be increased,

respected and enhanced.

1340.555. By looking at 
areas outside the major

growth trends, by
incentives for families
and industry to go to

those areas where land is
plentiful.

See the Wetland Centre
at Barnes in inner

London, with a
remarkable diversity of

wildlife within a few
miles of the centre of

London.

Well vegetated areas
provide ecosystem

services to the inner
city (e.g. clean air)

Families need a healthy
environment with room to

grow and clean air.

Question / Issue / Node
Represents a question or issue
for discussion (Bachler,
Buckingham Shum & Selvin,
2006).

Issue - An important question (in
dispute). topic, subject, matter for
debate or resolution (Soanes &
Stevenson, 2004).

0

This represents some non-
specific, additional
comment or notation,
often about a node or the
current view (Bachler, et al,
2006).

This represents a
response in favour of
an answer or position

A dotted link line
represents node
content that applies
to more than one
theme.

The represents an Answer or
Position, often in response to a
question or issue (Bachler, et al,
2006).

In IBIS any answer to a question is
called an idea (Conklin, 2006).

The light bulb icon is commonly
recognised as a symbol for an idea.

Note Node

Legend Key

Pro Node CrosslinkAnswer / Idea / Position
Node

RURAL/REGIONAL DISPERSION

To accommodate this
growth the Draft Regional
Plan proposes to increase

densities in key
locations that have

appropriate
infrastructure or
locations where

infrastructure can be
improved.

If you don’t agree, how
do you think we should
accommodate growth,

without encroaching on
our regional landscape

areas?

(Bachler, et al, 2006).

  Map 16.4    Question 7. Map 16.4 shows the d-SEQ-RP participant submissions in response to the 
e-Consultation question 7. It provides a simple illustration of cross-links used to show inter-theme 
relationships between discourse argumentation       
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   From concept mapping, cross-links act to represent nonlinear relationships 
(Novak & Canas,  2006 ). Relationships within a concept map that crossover from 
one topical segment or domain to another can be made explicit and represented 
visually via the use of cross-links. Furthermore, Novak and Canas ( 2006 ) suggest 
that identifying new cross-links can lead to creative insights. This highlights the 
non-linear complexity of consultation content and the potential multifaceted effect 
of policy decisions. Tillers ( 2007 ) posits that the generally proposed solution to 
problem complexity is to simplify it (i.e. reduce detail). Yet, he suspects that this is 
the wrong approach. Tillers ( 2007 , p. 3) stated that “ effort should be made to develop 
tools that make it possible for human decision makers to increase (rather than 
decrease) the number of evidential premises and evidential inferences that decision 
makers should try to consider ”. 

 A distinguishing design for cross-links in consultation maps is preferred. Link 
line colour in Compendium represents specifi c IBIS inference; therefore, the use of 
colour to distinguish cross-links is less effective. The use of  dotted lines  (carrying 
their genesis theme colour) is appropriate but not yet a feature in Compendium. 

 Furthermore, including links for child nodes that cross to multiple parent nodes 
creates a  heterarchical  rather than a  hierarchical  map typology (Diaper,  2004 ). 
Heterarchical maps are also a space saving option because they eliminate the need 
to duplicate nodes if they apply to multiple themes and space saving is important for 
high volume content representation. Yet the added sophistication cross-links create 
can be a hindrance, especially for novices. Accordingly, the ability to turn cross- links 
on and off could be a useful feature.  

16.6.6     Draft SEQ Regional Plan Consultation 
Analysis Findings 

 Using a CSAV tool (Compendium) and qualitative text analysis tools, an independent 
analysis of the d-SEQ-RP e-Consultation discourse drew out 11 major themes of 
public concern (PC) relating to the subject environmental atmosphere. Consultation 
maps presented explicit evidence of verbatim public responses contributing to 
themes, whereas the government reports did not. 

 Contrasting these 11 (PC) themes with themes in the atmosphere section of two 
primary government reports (i.e. the Consultation Report on the draft SEQ Regional 
Plan, and the SEQ Regional Plan), six of the (PC) themes were reported explicitly, 
three were implicit, two were not reported in the context of atmosphere, and one of 
these two was explicitly not supported by the government. This highlights that 
the independent analysis of the draft SEQ Regional Plan Consultation discourse, 
performed by a layperson (i.e. regional planning), was able to arrive at very similar 
conclusions (i.e. public issues determination) using CSAV as a government agency 
of experts. The consultation maps also made explicit all public themes as opposed 
to the selective representation provided in the government reports. 
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 The consultation maps explicated the inter-theme relationships between public 
issues; the government reports did not. The maps explicitly align all atmosphere themes 
with related government policy; the government reports did not. The consultation 
maps also explicitly represented the ongoing reporting activities for monitoring the 
implementation of the SEQ Regional Plan, enabling interested citizens to monitor 
ongoing activities; again, the government reports did not.   

16.7     Conclusions 

 Consultative democracy for regional planning falls into the category of wicked 
problems where there is the potential for a high volume of heterogeneous 
viewpoints and confl icting logic. The government planners and analysts in this case 
found this to be so. The emergent complexity in this environment dictates that tools 
and methods to assist in the analysis of discourse and enhance its representation are 
applicable. Research into the d-SEQ-RP Consultation found that CSAV and an 
appropriate mapping strategy aided in delivering an enhanced level of transparency 
and accountability. 

 The consultation-mapping model developed from this case study is based on 
the IBIS ontology and incorporates a hybrid of elements from concept, dialogue, 
argument, debate, thematic and tree-mapping. Using elements from concept 
mapping to present consultation discourse aided in conceptualising and visualising 
the interrelationships between disparate data using a node and link multimedia 
display. Together with elements of Jeff Conklin’s dialogue map design informed the 
layout of consultation maps. 

 A subset of concept mapping, argument mapping, builds upon concept mapping 
providing argumentation structure and notation. This provides a cognitive tool to 
scaffold the consultation discourse analysis and representation and associated 
decision- making. The argument visualisation provides transparent evidence of policy 
rationale, or lack thereof, and can expose bias in discourse and policymaking. 
The particular argument schema used in Consultation Maps is based on the IBIS 
ontology, which was specifi cally designed to support urban planning argumentation 
around wicked problems. The Compendium notation and software used is also a 
derivative of the Issue Based Information System. Compendium provided a rich 
multimedia environment with a level of argumentation fl exibility required in consulta-
tive democracy that is not afforded by many other argument visualisation approaches 
and technologies. The multimedia environment acted to enhance  discourse assimilation 
beyond the typical prose discourse in threaded discussion forums currently used in 
e-Democracy engagement. 

 A thematic discourse display aids to chunk complex discourse into meaningful 
segments to assist content assimilation. It further functions to display evidence of the 
discourse analysis and synthesisation approach followed. Themes elicited from 
consultation discourse (i.e. representing patterns of citizen concerns) were then traced 
to policy decisions and these relationships were explicated in consultation maps. 
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 Tree-maps and their derivatives are capable of displaying large amounts of 
information within a limited display space and therefore can be applied to visualise 
large hierarchies (Nguyen & Huang,  2005 ; Shneiderman & Wattenberg,  2001 ). 
This offers a tool with which to address the current knowledge management limitations 
(i.e. search functionality) in many argument visualisation technologies. 

 Consultation mapping provides a visual display of the heterogeneous viewpoints 
in a consultation in a detailed and synthesised representation so that focused detail 
can be assimilated within its context. It provides a visual display showing participants 
that their contributions have been acknowledged and recorded. It provided explicit 
evidence of consultation discourse analysis linked with ultimate consultation- related 
policies. This enables participants to follow rationale leading to policy decisions. 
Furthermore, a link between policy and implementation activities was made in the 
consultation maps, which would enable participants to monitor progress. Finally, 
the consultation maps provide a record available for refl ection and reuse. 

 Contrasting the fi ndings gained, from the independent analysis of the consultation 
discourse using CSAV and consultation mapping, with the government’s fi ndings 
recorded in the two primary reports from the draft SEQ Regional Plan Consultation 
revealed that the tool and map model was able to provide considerable benefi ts in 
both discourse analysis and representation. These fi ndings represent benefi ts for 
government analysts/planners and the consultation citizenry.     
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    Abstract     This chapter describes the sociotechnical embedding of a knowledge 
cartography approach  (Conversational Modelling)  within a prototype e-science 
work system. This was evaluated over two 2-week fi eld trials, simulating collaborative 
Mars-Earth geological exploration. We believe this work is the fi rst demonstration of 
a knowledge mapping tool embedded within a human/software multiagent work sys-
tem, with humans and agents reading and writing structures amenable to agent under-
standing and autonomous agent execution, and human understanding, annotation and 
argumentation. Secondly, in terms of the applied problem, we have demonstrated how 
human and agent plans, data, multimedia documents, metadata, discussions, interpre-
tations and arguments can be mapped in an integrated manner, and successfully 
deployed in fi eld trials which simulated aspects of mission workload pressure.  

17.1         Introduction 

 At the time of writing, two NASA robotic rovers continue to explore the surface of 
Mars, over 3 years after landing in January 2004. While this and other missions 
astound us by what is possible with machine space exploration, there is much work 
already under way for human exploration. NASA is now planning to return to the moon, 
as the fi rst step towards human exploration of Mars, a goal shared by the European 
Space Agency’s Aurora programme. The work we report is part of NASA’s 
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human-centred computing programme whose research is to inform the creation of 
an effective and sustainable e-science work system between scientists on Earth and 
their astronaut colleagues on space missions. While interplanetary collaborative 
working is an extreme challenge with some unique features, the lessons we are 
learning are relevant to other projects confronting the challenges of distributed team 
working on one planet, such as simply Earth-based. 

 Our objective in this chapter is to describe how a particular form of knowledge 
cartography, called  Conversational Modelling , has been used in realistic analogue 
simulations of collaboration between scientists on Mars and Earth referred to as 
Mars-Earth scientifi c collaboration. We describe how the technical platform for 
Conversational Modelling, the  Compendium  tool (see also Chaps.   11    ,   12    ,   13    ) was 
embedded within NASA’s broader Mobile Agents e-science work system, including 
people, robots, and software agents (Clancey et al.  2001 ,  2002 ,  2004 ,  2006 ). We are 
prototyping tools not only for information sharing, but also for key  sensemaking  
activities in which the information is interpreted and reifi ed in forms suitable for 
communication and interpretation by human colleagues and software agents. 

 To set the context, we fi rst introduce Compendium as a knowledge cartography 
research platform, architected to support interoperability with other tools, and the 
Conversational Modelling approach. We then introduce the NASA  Mobile Agents  
project that has been designing and testing a Mars-Earth scientifi c collaboration 
work system, and explain the workfl ow supported by Compendium and Conversational 
Modelling in the analogue Mars mission simulations conducted at the Mars Desert 
Research Station in Utah. Attention then turns to the different genres of knowledge 
maps that evolved to support this process, and various evaluation indices we can use 
to refl ect on the impact of this work. We then draw together our conclusions to date, 
and future work. 1   

17.2     Compendium 

17.2.1     User Interface 

 A technical objective of this work was to engage the tools and methods in their 
current state of development in non-trivial fi eld tests, and from an action research 
perspective. The primary tool we used was Compendium [CompendiumInstitute.
org] since (a) it has been designed from the start as a sensemaking-support environment 
and so in principle had the potential to support the mission, and (b) we had expert 
users who could support  both  the Mars crew (the Crew) and the remote science team 
on Earth (the RST). Providing Compendium as a sensemaking-support tool to 
expert users is core to the vision of integrated Mars-Earth knowledge management. 
Compendium is a hypermedia tool providing a virtual canvas (a “map”) on which 
one can arrange and structure nodes (Fig.  17.1 ). Nodes may be  data  in any medium. 

1   Interactive web exports of the maps in this chapter, plus other materials, are presented on the 
project website:  www.kmi.open.ac.uk/projects/coakting/nasa 
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Nodes may also correspond to  ideas  (e.g. open issues; scientifi c hypotheses; 
theories arguments; evidence; decisions) or  entities  in a domain being modelled 
(e.g. experiments; services; data; substances; devices). Nodes may simply be 
clustered spatially, or can be optionally  linked  using unclassifi ed or classifi ed 
arrows. Compendium provides, therefore, a visual environment for personal or 
group information management, scaling by embedding maps within maps.

   Compendium maps are not fl at drawings, but multi-dimensional views onto a 
relational database that can be rendered in multiple formats, and accessed directly 
by other services to read/write content. The hypertext “transclusion” feature 
(Nelson  1987 ) enables a given node to appear and be updated in multiple views, that 
is, be given one or more meaningful contexts where it plays a role; as a result of 
transclusion, corrections or updates to a node are immediately updated in every 
context in which it appears. 

 Semantic richness (such as additional node typing or categorization) is added 
to nodes through user-defi nable  tags  (metadata keywords) assigned to any concept 
(node) in the database to show connections through membership in a common 
category. This form of open-ended classifi cation has been popularised in recent 
years by social bookmarking “folksonomic” websites. Tags serve to specialize a 

  Fig. 17.1    Compendium’s visual language for IBIS, the Issue-Based Information System. Key 
to the numbered elements in the image: (1) Drag and drop nodes from the palette on the left 
of the screen onto the map. (2) Question-, light-bulb-, and handshake icons with (named) links 
in order to capture and link key issues, ideas, arguments and decisions. (3) Relevant media 
resources/websites can be linked into this discussion. (Users can also create their own palettes 
of icons.) (4) A digit superimposed on a node means that it appears in more than one map, i.e. 
the same idea or document can play roles in multiple contexts and conversations, yet be 
linked. (5) User-defi ned keyword tags can be annotated onto nodes to help when searching for 
related material across multiple maps       
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node type with as many facets as required for it to play multiple roles in different 
contexts. At the end of the session all of the nodes so marked can be harvested, 
using a simple search algorithm. In modelling, nodes sharing a tag are often 
tracked as a library of nodes stored for future reuse. Tags may refl ect generic 
meeting processes (e.g.  Action-Jane ), or may be driven by an underlying meth-
odology that Compendium is being used to support (e.g.  Data-Provider ). 
Alternatively, ad hoc tags can be created on the fl y, to refl ect the emergence of a 
new theme. In short, tags are used to defi ne meaning of a node in different con-
texts. Both, people and software agent can assign and use tags, based on specifi c 
rules that are in affect in different contexts.  

17.2.2     IBIS-based Conversational Modelling 

 Although it can be used for any kind of concept mapping, as shown in Fig.  17.1 , 
Compendium comes “pre-loaded” with a visual language (icons, node types, and 
link types) for the Issue-Based Information System (IBIS) as proposed by Rittel 
(Rittel  1972 ; Rittel et al.  1973 ) for tackling open-ended, ill-defi ned problems. IBIS 
provides a simple notation for connecting key  issues , possible  responses  to these, 
and relevant  arguments . Our previous work (Buckingham Shum et al.  2006a ) has 
described how we have evolved a set of practices for using Compendium and IBIS, 
which extends the use of IBIS from capturing a free-form discussion in real time [a 
skill termed  Dialogue Mapping  – (Conklin  2005 )], to include more systematic 
domain modelling [termed  Conversational  Modelling – (Selvin  1999 )]. 

 A modelling approach focuses attention on a specifi c subset of issues and infor-
mation, it may constrain the kinds of options one considers, and it may also focus 
attention on how one assesses them. A modelling approach also provides a syntactic 
and semantic framework (context) of rules that the users of the approach must obey 
in order for them to reach common understanding. This is  useful  for developing a 
sensemaking system for people; however, it is  necessary  if we want to create a sen-
semaking system for people interacting with software agents. This is, because soft-
ware agents can only deal with concepts (nodes) if they have a formal meaning. 

 Our hypothesis at the start of the project was that to bridge the gap between 
people, who need to mix informal and formal sensemaking representations, and 
software agents, using a modelling tool that integrates both approaches is a possible 
solution for human-agent sensemaking interaction. Compendium was selected as 
the tool, because it provides both informal and formal representation capability. 

 In Compendium, a modelling approach is translated into a set of linked  issue 
templates , which can also be created to deal with any well understood situation 
where there is a recommended approach to proceed (for instance, from best practice 
or a standard operating procedure). Compendium templates typically structure 
nodes with predefi ned tags, creating formal structure, and formal node metadata. 
Node and link labels may be left informal, intended only for human interpretation, 
or constrained in content for agent interpretation.  
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17.2.3     A Knowledge Cartography Research Platform 

 As an open research platform, with freely available source code, Compendium is 
distinctive from other tools in the effort that has been invested in designing for inte-
gration with the “matrix” of other work system tools. Compendium is implemented 
as a cross-platform Java application that can swap between either the MySQL or 
Apache Derby relational databases. SQL and XML export/import assists data 
interoperability between clients and servers, and Semantic Web projects have added 
RDF compliant with different schemas (CoAKTinG 2004; Memetic 2006). Public 
Java application interface classes provide an interface for other systems to read and 
write to the database directly, so maps can be generated from another data source or 
interpreted for processing by another system. A shared MySQL database on a local 
area network supports rudimentary client-server architecture, but this is not 
optimised for internet access which can be slow. Data can be published to the Web 
as interactive image maps of concept/node networks or linear HTML outline docu-
ments (designed also to be accessible to screen-readers for visually impaired users). 
Web exports can be processed by extensions we have added to the open source 
 Moodle  e-learning content management system (OpenLearn 2007). 

 Application-specifi c services (such as agent interoperability or map structure 
analysis) can be implemented over this substrate. For the Mobile Agents fi eld trials, 
Compendium was linked into the Brahms multiagent infrastructure (Clancey  1998 ; 
Sierhuis  2001 ) by providing a Compendium software agent with access to read and 
write concept maps to the database. As illustrated below, issue templates – maps 
using predefi ned models of consistent concept network layout and tagging – could 
be interpreted by the software agents as Extra-Vehicle Activity plans, 2  and then 
populated by software agents or persons with captured science data over time, with 
metadata, as the science data was received from an EVA astronaut or from an EVA 
robotic assistant (i.e. a robot).   

17.3     Embedding Conversational Modelling 
in e-Science Workfl ow 

 In a manned mission to Mars, the crew will necessarily be small, and must collaborate 
with scientists back on Earth, who themselves will work together in a distributed 
manner. NASA’s Mars Exploration Rover mission 3  has demonstrated that it is not 
practical to co-locate all the experts needed for multi-year missions. Designing 
collaboration support between the  Crew  and  Remote Science Team  (RST) raises 

2   Extra-Vehicle Activity is work performed by an astronaut outside the space craft. 
3   NASA’s Mars Exploration Rover (MER) Mission is an ongoing unmanned Mars exploration mis-
sion, commenced in 2003, which sent two robotic rovers Spirit and Opportunity to explore the 
Martian surface and geology. 
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some basic questions for designing computer-supported distributed cognition for 
science teams. The key challenge in this scenario is to manage, under continuous 
time pressure and with a high cost of errors, the gathering of science data and meta-
data, followed by its interpretation on both Mars and Earth, in order to inform 
scientifi c reasoning and decision-making for timely subsequent explorations. 
Furthermore, long time delays for communication between Mars and Earth make it 
impossible to have instantaneous communication between the two parties, making 
sharing of contextual (semantic) concept maps an ideal tool for collaboration over 
time and space. Although interplanetary collaboration has unique demands, the 
planning, collection and interpretation of information across time an space are tasks 
common to many Earth-bound e-science contexts, indeed, to knowledge-intensive 
work across all organisational sectors. 

 NASA’s  Mobile Agents Project  is a multi-year, multi-research team project 
bringing together human-centered work systems design, multi-agent systems, 
speech dialogue, robotics, networking, semantic web, and knowledge media. 
Throughout this process, the Mobile Agents Architecture (MAA) provides a means 
for modelling, simulating, implementing and managing a computer-supported 
Mars/Earth-based science work system. It is implemented in the  Brahms  and Java 
programming languages. Brahms is an agent-oriented language (Wooldridge  2002 ; 
Bordini et al.  2005 ) that provides a situated cognition perspective on the modelling 
of work practices (Clancey et al.  1998 ; Sierhuis  2001 ; Clancey et al.  2005 ; Sierhuis 
et al.  2005 ). Every team in the Mobile Agents project integrates their research soft-
ware and hardware with the Brahms MAA. The MAA is a multi-agent workfl ow 
engine that connects all systems together and enables the deployment of a holistic 
exploration workfl ow system (Clancey et al.  2004 ). 

 The Mars Desert Research Station (MDRS) provides a mission testbed for identify-
ing requirements, competitively testing alternative technologies/protocols, and training 
astronauts. Figure  17.2  shows photos of the MDRS “Habitat”, and astronauts on an 
EVA, gathering geological samples, and recording photos and voicenotes.

   The Mobile Agents 2004 fi eld trial introduced a new research strand to MDRS 
analogue research, concerning collaboration with the RST who worked as a truly 
virtual team from offi ces and homes in California, New York state, and in two UK 
universities. Some members had never met physically (indeed, have yet to), simply 
being introduced by the project leader, and learning to work together via telephone, 
email, and shared documents via conventional offi ce tools and a suite of collabora-
tion tools. To explain the different roles played by the Compendium maps, it helps 
to have an overview of the workfl ow. 

 Figure  17.3  depicts the workfl ow of a typical EVA, explaining at what points 
Compendium is used:

    1.    The crew has a pre-EVA meeting in the habitat. This meeting is videotaped, and 
facilitated and captured via Compendium.   

   2.    Both video and hypertext database is downlinked to Earth. A web-based 
MeetingReplay tool is automatically created from both the video and the 
Compendium database. The remote science teams (RST) watch the video on 
the web.   
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   3.    The RST have a teleconference facilitated in Compendium over the Web.   
   4.    The RST’s briefi ng is sent back to the crew in Compendium.   
   5.    Based on the RST’s Compendium map, the crew creates an EVA plan in 

Compendium.   

  Fig. 17.2    The Mars Desert Research Station Habitat (the Hab) where the Crew lives, and the fi eld 
geologist astronauts on an EVA to gather data       

  Fig. 17.3    Workfl ow to plan, gather and analyse geological data in an EVA using the Mobile 
Agents architecture       
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   6.    When the crew is ready to start the EVA, the crew starts the Mobile Agents 
Architecture and asks the HabCom agent to load in the EVA plan directly from 
the Compendium database.   

   7.    The Plan Manager Assistant agent distributes the plan to all Personal Agents 
that manage communications on behalf of the two astronauts (Astro1, Astro2) 
and the EVA Robotic Assistant (ERA). The system is now ready to start the 
EVA.   

   8.    During the EVA the ERA and astronauts perform the EVA plan and collecting 
mission data (geological photographs and voicenotes). This data fl ows via their 
Personal Agents back to the Habitat and are stored in Compendium (and another 
NASA database called ScienceOrganizer). Not shown in the fi gure is that email 
alerts are also sent to the RST notifying them of new data, and that the 
Compendium database is then mirrored on Earth for the RST.

       This chapter provides answers to a number of questions with respect to 
Compendium’s representational expressiveness and usability:

•    Can the RST and/or Crew specify plans in Compendium that can be read and 
executed by software agents?  

•   Can the scientists in the Crew communicate their daily plans for an EVA to the 
RST via Compendium?  

•   Can Compendium enable the RST to propose EVA plans for the Crew?  
•   In what ways can Compendium support post-EVA analysis of the collected sci-

ence data?  
•   Will the RST be able to provide useful feedback to the Crew via Compendium in 

a form that can be absorbed in a timely manner?    

 In the two fi eld trials, all RST teleconferences were audio and screen recorded, 
resulting in an archive of digital screen movies. All Crew meetings were video and 
screen recorded for integration within the Meeting Replay tool, and again, provid-
ing raw data for analysis. Table  17.1  above summarises the number of EVAs and 
different data types, to give an indication of the datasets that scientists in each 
2-week fi eld trial generated and managed.

   To summarise, Compendium was used as both a personal and group knowledge 
mapping tool  within the RST, between the RST and the Crew , and  between the Crew 
and software agents  supporting the planning and execution of EVAs.  

   Table 17.1    EVAs and datasets from the 2004 and 2005 2-week fi eld trials   

 Field test  EVAs  Locations  Images 
 Image 
collections  Voicenotes  Panoramas 

 Sample 
bags 

 2004  4  20  140  15  19  12  21 
 2005  6  89  221  29  55  1  15 
 Total  10  109  361  44  74  13  36 
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17.4     Genres of Compendium Map 

17.4.1     Mediating Between the Crew and Software Agents 

 In the 2004 fi eld trial, the Crew used a set of interlinked issue-templates to plan the 
route of the next EVA (Fig.  17.4 ), constructing a visual map of the locations they 
wanted to visit and the activities to be conducted at each. These Compendium maps 
were then interpreted by the agents that coordinated commands and the fl ow of 
information during an EVA.

   In the 2005 fi eld trial, the RST took over the role of specifying the EVA plan. The 
RST worked through the templates, guided by their structure rather like completing 
a form, supported by the facilitator. However, an instance of the EVA plan template 
could be annotated using standard IBIS, e.g. with a rich description for the Crew of 
the activity to be undertaken, or to raise a query. The use of the EVA plan template 
enables the RST (or Crew) to formally communicate EVA plans for the software 
agent (formal in the sense that the EVA plan templates specifi es the formal semantic 
of the EVA plan, using map-, question-, and position nodes using tags to specify 
EVA plan concept types). At the same time, the RST can use IBIS representations 
to communicate informally with the Crew (informal communication in the sense 
that Compendium does not force how to use IBIS formalisms).  

  Fig. 17.4    An EVA plan constructed by the Crew in Compendium using a Conversational 
Modelling template (in this example the EVA Activity template). This plan is read by the Brahms 
software agents that coordinated the EVA work fl ow       
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17.4.2     Viewing Science Data and Metadata 

 All the data generated during an EVA (360 degree panoramic photos taken by robots, 
plus photographs and voice annotations recorded by astronauts) are stored in the 
Compendium database by a software agent, using specifi c predefi ned Compendium 
templates. Compendium renders the data and metadata as maps with nodes, links and 
tags (Fig.  17.5 ), assisting the RST and/or Crew in seeing and navigating through the 
systematic use of tagging and transclusion. Thus, one could easily view all data from 
a given astronaut (tagged  astro1 ), or all data associated with a particular work activ-
ity (a  workactivity  node transcluded by the software agent into multiple data maps).

17.4.3        Crew and RST Data Analysis 

 As a team discussion unfolds, the contributions are simultaneously mapped on the 
screen (projected in the Hab in a crew meeting, or screen-shared over the internet 
during an RST teleconference using a desktop sharing tool). The Compendium 
Facilitator uses Dialogue Mapping to capture the team’s discussions (e.g. Fig.  17.6 ).

  Fig. 17.5    Following the EVA, a map is created and populated in Compendium       
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17.4.4        Mediating RST Feedback to the Crew 

 Prior to the 2004 fi eld test, the RST defi ned a Crew Feedback template to organise 
feedback to the crew. This template allows for grouping ideas as Key Feedback and 
Suggestions (Fig.  17.7 ). Every node is tagged accordingly, so that it is easy to fi nd 
after a long (2+ h) meeting, and through Compendium’s hypertext “transclusion” 
mechanism, the connection can be preserved to the original Dialogue Map in which 
the feedback idea had arisen. This provided traceability of the ideas for both RST 
and the Crew.

17.4.5        Knowledge Maps as Indices into Videos 
of Crew Meetings 

 The communication delay between Mars and Earth makes synchronous conver-
sation and the sharing of computer screens impossible. In collaboration with the 
University of Southampton, we developed a Meeting Replay tool, which com-
bines meeting materials within an interface structured to enable quick and easy 
indexing for future navigation of the meeting record. During the mission we 
recorded the Crew’s daily EVA planning meetings and delivered a replay of the 
meeting over the web to the RST, within a few hours. By experimenting with 
these techniques we hoped to see if the RST could gain a better understanding 
not only what a crew is deciding, but why, and how, in order to provide the best 
kind of feedback. 

 Figure  17.8  shows the web-based Meeting Replay tool. The upper region shows 
the video of the meeting and the Compendium map as the discussion progresses. 

  Fig. 17.6    Dialogue Mapping RST deliberation over the issues, options and tradeoffs in a method-
ological discussion about evaluating the fi eld trial       

 

17 Human-Agent Knowledge Cartography for e-Science



392

Key feedback from RST?
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  Fig. 17.7    Compendium map summarizing the RST’s feedback to the crew. Each node is hyper-
linked to the detailed dialogue map in which it was created, enabling recovery of the original 
context in which that node was recorded       

  Fig. 17.8    Web-based Meeting Replay tool. When reviewing the meeting replay, Compendium 
has been extended so that it can be used as a “visual contents page” into the video. For instance, 
if the RST wants to see discussion prior to the recording of a particular decision, one can now 
click on this node in Compendium and the replay jumps to the point in the meeting where that 
node was recorded       
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The lower region contains summary information about the meeting – who was 
there, who was speaking, the agenda, and an overview of the current topic (derived 
from the Compendium map). Some of this information is presented as a timeline, 
providing a visual index for an RST member to navigate the video, jumping to 
relevant or interesting parts of the discussion by clicking on the timeline or moving 
the slider.

17.4.6        Communicating Crew Analysis to RST 

 During the fi rst fi eld test in 2004, the Crew geologists used Compendium to send 
back to the RST collages of photographs linked to notes and questions (Fig.  17.9 ). 
This proved to be an extremely productive way for the RST to understand how the 
Crew was thinking, as well as demonstrating the use of the tool in a way that the 
Crew geologists found intuitive.

   This map afforded the ability for the RST and Crew to exchange questions and 
answers, but via a medium in which the target data under discussion was always 
present (Fig.  17.10 ).

  Fig. 17.9    A Crew geologist arranges and annotates his photos on returning to the Hab after an 
EVA, which he then sends to the RST       
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17.4.7        RST Facilitator’s Web Portal Maps 

 A new genre of Compendium map emerged early in the 2004 fi eld trial, whose use 
became standard practice for the remainder of that fi eld trial and into 2005. To expe-
dite the pace at which the RST could assimilate new data as they awoke in different 
time zones (sometimes in the early hours), the RST Facilitator performed the 
lengthy EVA data download and published this to the Web as interactive image 
maps. The RST members then had to simply visit the URL that was circulated by 
email. The map highlighted the elements needed to prepare for the meeting that 
would otherwise be embedded in multiple emails: briefi ng notes from the RST 
Leader, the links to WebEx and the Meeting Replay, and critically, the web export 
version of the Crew’s Compendium maps.  

17.4.8     Scaffolding Scientifi c Methodology 

 With its dialogue/argument mapping capability, Compendium presented the oppor-
tunity to explore a fl exible knowledge management environment for agreeing on 
hypotheses, and considering how incoming data might be linked as evidence. The 
RST Facilitator helped the RST to set up new templates to manage the links between 
hypotheses and data. The Crew Facilitator worked with all the scientists to map the 
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  Fig. 17.10    Crew-RST exchanges about photographic data. Using Compendium as a shared can-
vas for collaborative analysis between the scientists on “Mars” and their remote support team on 
“Earth”. First the scientists in the crew laid out photos of rock samples, and analysed them. The 
RST reviewed this and raised queries, linking them into the map, which accompanied another map 
containing their summary report. The crew then responded ( yellow highlighted nodes )       
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methodology that had been started by the RST in 2004, with the result that all 
scientists went into the 2005 trial with agreement and ownership of how they would 
operate in this respect (Fig.  17.11 ).

17.5         Discussions and Future Work 

 We propose that the work reported in this chapter makes contributions with respect 
to the state of the art in knowledge cartography software infrastructures, and with 
respect to addressing a realistic distributed sensemaking problem. Firstly, we believe 
this work is the fi rst demonstration of a knowledge mapping tool embedded within 
a human/software multiagent work system. This was sucessful due to the respective 
software architectures of Compendium and the Mobile Agents systems. Together, 
these tools assisted the creation of Compendium agents that could read EVA plan-
ning maps designed by humans, and write science data maps for human annotation 
and argument, through the systematic use of IBIS-based modelling templates that 
constrained and scaffolded different genres of Crew and RST conversation. 

 This was exemplifi ed by the Crew constructing science  analysis  maps in the 
same Compendium database as the original EVA Plan, and by the software agent 

  Fig. 17.11    In MDRS 2005, the rock sampling methodology, which the RST started to map in the 
2004 fi eld trial, was mapped and agreed in the Hab by the Crew Facilitator and scientist astronauts. 
This proved invaluable when the Crew had to operate autonomously without RST input, yet were 
able to collect data that was coherent to the RST       
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automatically stored science data. By using copy and paste (the Compendium 
functions to create translusions of nodes), the Crew created the analysis maps (a new 
information context), using the previously captured images by the software agents. 
This functionality, indeed, created the hypothesized human-agent collaboration 
capability that was envisioned at the start of the project. Formal representations 
were used by software agents (the EVA Plans) to capture science data automatically 
(software agent created maps of images, etc), which in turn were later on used by 
people (the Crew or the RST) to create informal representations of the science data 
analysis. Then people could add questions and answers to the same maps, effec-
tively creating a shared understanding of the data and the analysis. The Compendium 
tool provides all these capabilities within one environment. This fl uid movement 
along the formality continuum is central to the success of this approach, enabling 
transformations in all directions between informal notes, semiformal Concept and 
Dialogue Maps, and formal template-driven maps. We must support not only 
 formalization  but also  informalization . 

 Secondly, in terms of the applied problem, we have demonstrated how explora-
tion plans, science data, metadata, multimedia documents, discussions, interpreta-
tions and arguments can be mapped in an integrated manner, as a component of the 
larger distributed Mobile Agents work system. This human-agent work system was 
tested in two 2-week fi eld trials and succeeded in simulating aspects of true mission 
workload pressure. The fi eld trials demonstrated the synchronous and asynchronous 
media affordances of Compendium in a multiplicity of roles:

•    As a way to create formal information structures for understanding by software 
agents, from informal discussions by people;  

•   As a way to navigate richly linked data and metadata in maps written by software 
agents;  

•   As a real time sensemaking environment for co-located (Crew) meetings, and for 
online (RST) meetings;  

•   as an asynchronous medium for Crew-RST exchanges;  
•   As an asynchronous medium for scientists (Crew and RST) to program software 

agents when planning EVAs;  
•   Combining planned, formal modelling, with interpretive scientifi c and project 

management discourse which could move in unpredictable directions.    

 Although the Mobile Agents Architecture is a research architecture using custom 
NASA technologies in part, all other collaboration tools used the standard internet 
and a mix of commercial software products (e.g. Microsoft and Apple applications, 
and WebEx for screen-sharing over the internet, though there are free alternatives 
such as VNC), plus freely available tools, some of which are also open source 
(Brahms, Compendium; instant messengers). Technically, therefore, more broadly, 
other collaborative e-science projects and distributed teams could benefi t from the 
collaborative knowledge cartography described here. 

 What about the skill set required to use Compendium fl uently? We have high-
lighted the role played by the  knowledge cartographer  within the Crew and RST; 
both people and software agents can do the knowledge cartography. We have shown 
that untrained scientists can use Compendium to collage and annotate photos, and 
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to develop diagrammatic templates to scaffold a methodology. Moreover, anyone 
fl uent in switching between multiple applications could perform this role in meetings. 
 Dialogue Mapping  freeform discussions as IBIS structures, in real time, is one of 
the highest-level skills, but one that can be learnt (and taught:   www.cognexus.org    ). 
Such maps can be constructed post-hoc, from meeting notes, if it is too demanding 
in the meeting, The particular focus in this chapter on the use of specialised 
templates for  Conversational Modelling  (e.g. for EVA Planning, or to structure the 
science data) demonstrates a hybrid approach, relieving the cognitive load on the 
dialogue mapper by scaffolding the discussion around a template “agenda” of 
issues, driven by a modelling approach or metadata scheme. 

 This work is being developed in a number of directions. As Chap.   11     by Selvin 
demonstrates, we are seeking to articulate the nature of the  knowledge cartography 
skill set  as revealed through the analysis of session recordings. Compendium has 
established a signifi cant user base (~40,000 downloads of the tool, with >500 
mailing list subscribers). Specifi cally, within NASA it continues to support the 
collaborative modelling of work systems (e.g. Sierhuis  2006 ), while at the Open 
University, as a modelling tool providing visual templates for “Learning Design” 
(Chap.   10    ). On the technical front, we have integrated Compendium with the Access 
Grid, widely used in e-science/e-social science, to create a robust Meeting Replay 
environment (Buckingham Shum et al.  2006b ). A Flash version of Compendium is 
being integrated into the Open University’s FlashMeeting Web-videoconferencing 
tool (Scott et al.  2007 ), and we are now investigating its integration as a visual envi-
ronment for Web 2.0 applications such as blogging (e.g. Eisenstadt  2004 ) and 
semantic, social bookmarking (OSC 2007). Compendium is funded from public 
research grants in the UK and US, and our aim is to continue to offer it as a freely 
accessible, open, knowledge cartography research platform. We welcome your 
collaboration in taking it forward.     
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    Abstract     In the absence of meaningful strategies to promote critical thinking, 
systems thinking, and social intelligence, it has been argued that algorithm-driven 
web technology will not only serve to damage human creativity, technology may 
ultimately reduce our collective intelligence. At the same time, the history of group 
decision-making in education, business, and public administration highlights 
that working groups often fail to solve complex problems because their method of 
collaborative problem solving is ineffective. Decades of research in social psychology 
and the learning sciences highlight the many limitations of group problem solving, 
including the tendency to focus on a limited set of ideas, select ideas based on 
biased ‘rules of thumb’, and failure to build trust, consensus and collective vision. 
A fundamental skill for resolving complex social and scientifi c problems is the ability 
to collectively visualise the structure of a shared problem, and use this knowledge 
to design solutions and strategies for collective action. In this chapter, we describe 
an approach to knowledge cartography that seeks to overcome three independent 
human limitations which impede our ability to resolve complex problems: poor 
critical thinking skills, no clear methodology to facilitate group coherence, consen-
sus design and collective action, and limited computational capacities. Building on 
Warfi eld’s vision for applied systems sciences, we outline a new systems science 
tool which currently combines two thought structuring methodologies: Argument 
Mapping for critical thinking, and Interactive Management for system design. We 
further describe how teaching and learning a form of knowledge cartography grounded 
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in applied systems science requires a vision around the development of Tools, Talents, 
and Teams. We also provide examples of how our approach to knowledge cartography 
and applied systems science has been used in business and educational settings.  

18.1         Introduction 

    In a compelling critique of algorithm-driven Web 2.0 technologies, Jaron Lanier 
( 2010 ) argues    that the algorithm-driven direction of Web 2.0 is disempowering 
individuals and reducing the creativity of people online. He also argues that the 
social- semantic web is distorting human relationships and distancing people from 
true intimacy. Notably, by damaging our ‘competence’ and ‘relatedness’ in this way, 
Web 2.0 technologies may work to undermine two pillars of what Self-Determination 
Theory characterises as fundamental to our intrinsic motivation and growth (Deci 
and Ryan  2000 ). However, in addition to ‘competence’ and ‘relatedness’ – two key 
drivers of growth and fl ourishing – the third pillar of Self-Determination Theory is 
‘autonomy’, and perhaps it is our autonomy we need to exercise yet again to reclaim 
our powers of relatedness and competence and thus exercise control over our knowledge 
and our destiny. 

 Interestingly, in focusing on human creativity, Lanier does not address social problem 
solving, or what we here call  the pragmatic web  (Schoop et al.  2006 ; Buckingham 
Shum et al.  2007 ), a version of the social semantic web (Breslin et al.  2009 ) that we 
believe will evolve if autonomy is exercised along with the use of increasingly 
meaningful technologies that promote critical thinking, systems thinking, and social 
intelligence online and offl ine. The pragmatic web uses the knowledge within the 
social network to facilitate collective intelligence and problem solving. Naturally, 
collective intelligence within the pragmatic web can never be an exclusively 
algorithm-driven process – cultivating critical thinking and systems thinking skills 
within individuals and teams is important. Technology can support the development 
of these thinking skills and facilitate collective intelligence and collective action, but the 
social psychology of collective action presents unique challenges that require the 
cultivation of higher-order social-emotional intelligence. We need to design holistic 
learning solutions that are increasingly fi t for purpose in this context. 

 This chapter describes some of our initial efforts in this regard. Building on John 
Warfi eld’s vision for applied systems sciences, we describe an approach to knowledge 
cartography that seeks to overcome three independent human limitations which 
impede our ability to resolve complex social and scientifi c problems: poor critical 
thinking skills, no clear methodology to facilitate group coherence, consensus 
design and collective action, and limited computational capacities. We describe how 
Argument Mapping for critical thinking and Interactive Management for system 
design are integrated in our technology-supported approach to learning, and we 
outline plans to further integrate Structural Equation and System Dynamics Modelling 
into our approach. We focus on academic student learning and real world professional 
sensemaking in relation to wicked problems. We highlight three Ts needed for 
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teaching and learning a form of knowledge cartography grounded in applied systems 
science: Tools, Talents, and Teams. The chapter closes with a case study describing 
an application of our method to manage cultural issues associated with technological 
change in the automotive industry.  

18.2     Knowledge Cartography and Applied Systems Science 

 According to John Warfi eld ( 2006 ), past president for the international society for 
systems, resolving complex scientifi c and social problems is contingent upon the 
collective action of groups working within an applied systems science framework 
that incorporates at least fi ve elements. Systems science is best seen as a science 
that consists of nested sub-sciences. It is presented most compactly using the 
notation of set theory. Let  A  represent a science of description. Let  B  represent a 
science of design. Let  C  represent a science of complexity. Let  D  represent a science 
of action (praxiology). Let  E  represent systems science. According to Warfi eld, we 
have the following hierarchy of subsets within systems science:

  A B C D E       ( 18.1 )    

  We can learn something of systems science by learning a science of description 
(e.g., physics, chemistry, biology, psychology, sociology, economics). We can learn 
a science of design that includes a science of description. Warfi eld argues that the 
science of design is fundamental if our goal is to redesign systems (e.g., the intelligent 
redesign of school systems via effective knowledge imported from biology, 
psychology, sociology and economics). The science of design implies the use of 
tools that facilitate the building of structural hypotheses in relation to any given 
problematic situation, a problematic situation that may call upon the import of 
knowledge from any given fi eld of scientifi c inquiry. Furthermore, Warfi eld suggests 
we can learn a science of complexity that includes a science of description and 
a science of design. The science of complexity is fundamental if our goal is to integrate 
a large body of knowledge and multiple disparate functional relations that different 
stakeholders believe to be relevant to the problematic situation. In Warfi eld’s applied 
systems science scheme, the science of action includes a science of description, a 
science of design, and a science of complexity. The science of action is fundamental 
if our goal is to catalyze collective action for the purpose of bringing about system 
changes that are grounded in the sciences of description, design, and complexity. 
From an educational perspective, if students are to learn a form of applied systems 
science that can be used to promote successful collective action in science and society, 
they need to learn in what ways the domain-based science of description that is their 
primary focus of enquiry at University can be integrated in principle with other 
domains of enquiry in the context of a broader science of design, complexity, and 
action. However, from a broader applied perspective, advanced knowledge of 
systems science is not a prerequisite for the application of Warfi eld’s methods to the 
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resolution of complex problems. Given that Warfi eld was primarily interested in 
supporting groups working to resolve professional, business and societal problems, 
he focused on developing a system of facilitation and problem solving that sepa-
rated the demands of group problem solving from the demands of facilitating groups 
in the application of systems science methodologies. Below we describe Warfi eld’s 
methods and the process of facilitation in more detail.  

18.3     Interactive Management 

 Warfi eld’s vision for applied systems science is instantiated in part in the systems 
science methodology he developed, Interactive Management (IM). IM is a computer 
facilitated thought and action mapping technique that helps groups to develop 
outcomes that integrate contributions from individuals with diverse views, back-
grounds, and perspectives. Established as a formal system of facilitation in 1980 
after a developmental phase that started in 1974, IM was designed to assist groups 
in dealing with complex issues (see Ackoff  1981 ; Argyris  1982 ; Cleveland  1973 ; 
Deal and Kennedy  1982 ; Kemeny  1980 ; Rittel and Webber  1973 ; Simon  1960 ). The 
theoretical constructs that inform IM draw from both behavioural and cognitive 
sciences, with a strong basis in general systems thinking. Emphasis is given to 
balancing behavioural and technical demands of group work (Broome and Chen 
 1992 ) while honoring design laws concerning variety, parsimony, and saliency 
(Ashby  1958 ; Boulding  1966 ; Miller  1956 ). 

 IM has been applied in a variety of situations to accomplish many different goals, 
including assisting city councils in making budget cuts (Coke and Moore  1981 ), 
developing instructional units (Sato  1979 ), designing a national agenda for pediatric 
nursing (Feeg  1988 ), creating computer-based information systems for organizations 
(Keever  1989 ), improving the U.S. Department of Defense’s acquisition process 
(Alberts  1992 ), promoting world peace (Christakis  1987 ), improving Tribal governance 
process in Native American communities (Broome  1995a ,  b ; Broome and Christakis 
 1988    ; Broome and Cromer  1991 ), and training facilitators (Broome and Fulbright  1995 ). 

 There is a series of steps in the IM methodology:

    1.    First, a group of key stakeholders with an interest in resolving a problematic situ-
ation comes together in a situation room, who are asked to generate a set of ‘raw’ 
ideas (commonly 50–200) about what might potentially have a bearing on the 
problem. Group discussion and voting helps the group to clarify the sub-set of 
ideas that bear upon the most critical problem issues (see step 1 & 2 in Fig.  18.1 ).

       2.    Next, using IM software, each of the critical issues are compared systematically 
in pairs and the same question is asked of each in turn: “Does A infl uence B?” 
Unless there is majority consensus that one issue impacts upon another, the 
relation does not appear in the fi nal analysis.   

   3.    After all the critical issues have been compared in this way, IM software gener-
ates a graphical problem structure (or problematique) showing how the issues 
are interrelated. The problematique can be viewed and printed for discussion 
(see step 4 in Fig.  18.1 ).   
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   4.    The problematique becomes the launch pad for planning solutions to problems 
within the problem fi eld. The logical structure of problems is visible in the prob-
lematique and when generating solutions, action plans are aimed at resolving 
problems in a logical and orderly manner.   

   5.    When the group is happy that they have modeled both the problem fi eld and the 
best possible set of solutions, the IM session closes and each member leaves with 
a detailed action plan, a specifi c set of goals to work on, and the roadmap and 
logic describing how all the various plans and goals of each member will work 
together to resolve the original problem.     

 Notably, the IM methodology can be used to structure problems, objectives, 
options, competencies, and so on, using a variety of different relational statements 
(e.g.,  aggravates, enhances, promotes, supports , etc.). We have also made use of 
the IM methodology in a conference setting, specifi cally, to structure barriers to 
wellbeing in Ireland, (Hogan and Broome  2012 ) and associated objectives to tackle 
those barriers (Hogan and Broome  2013 ).  

18.4     Facilitating Computation and Making 
Critical Thinking Visible 

 Warfi eld argued that the tools of systems science will be most effective if they integrate 
our capacity to share meaning using words, represent causality using graphics, and 
model complexity using mathematics (see Fig.  18.2 ). IM integrates all three of these 

(1) Generate and Clarify Ideas (system elements)

Statement                        Number of    Sum of ranks   
Category

votes

2. Lack of clear incentives to       4            16           8
23. Clashing personalities and       4            10           4
12. Challenge of identifying l       3             8           6
4. Lack of identity for the new      3             9           2
17. Uncertainty regarding new        2             7           2
25. Lack of reward systems to        2             6           8
9. Difficulty in defining clust 2             6           1
24. Unrecognized value of soci 2             7           2
5. Specialization (mitigates ag 2             6           5
7. Lack of clear language that       2             6           5
19. Overdependence on "bureauc 2             4           6
22. Some individuals want to w       2             2           4
3. Lack of motivation or intere 2             7           7
13. Lack of opportunity for fo 1             3           3
26. Turf issues: individuals w       1             5           4
32. Someone needs to commit si 1             4           6
20. Divergence in methods, pro       1             5           5
28. Not really an existing, re       1             4           3
33. Institute based on what we       1             2           6
14. Lack of information/certai 1             1           5
15. Lack of translation of res       1             2           8
-------------------------------------------------------------------

----

(2) Rank order, categorise, select elements

(3) Structure Elements

(4) Evaluate graphical representa�on of 
group logic (element rela�ons)

(5) Evaluate the reasoning suppor�ng
each rela�on in the system of logic

  Fig. 18.1    Collaborative systems thinking and model building using matrix structuring and 
argument mapping support tools       
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components in its design. Warfi eld also highlights the distinction between the 
mathematics of content and the mathematics of structure. IM draws upon the  mathematics 
of structure to convert matrix structures into the graphical problematique.

   Although the mathematical algorithms that underpin Warfi eld’s IM software are 
relatively complex – drawing in particular upon the mathematics of matrices – the 
application of the software for the purpose of generating a structural hypothesis in 
relation to any given problematic situation is reasonably straightforward. In fact, 
the rationale for separating the computational complexity of structuring from the 
process of dialogue, information search, deliberation, and voting in a group was 
very explicit in Warfi eld’s view. The IM software is designed to alleviate the group 
of computational burden and thus allow them the opportunity to maximize the pro-
cesses of creative idea generation, dialogue, information search, critical thinking 
and voting in relation to key binary relations in the overall problem structure. 

 Complementing the IM-generated infl uence diagram, we have recently integrated 
our IM software with argument mapping (AM) software. Notably, given that each of 
the binary relations in a larger structural hypothesis (or problematique) represents a 
specifi c claim, a structural analysis and evaluation of the evidence used to support 
this claim can be mapped out in an argument map (see step 5 in Fig.  18.1 ). In the 
current version of our IM software, the user can hyperlink out to a separate AusThink 
Rationale TM  argument map fi le for each relational line within a problematique. 

 Furthermore, with easy access to the Web of Science and other search engines, it 
is possible for students working together to analyse and evaluate a particular claim 
in a structure, specifi cally, by sourcing available knowledge and considering the 
credibility, relevance, and logical signifi cance of this knowledge to the relation 
under investigation. An example will serve to illustrate this integration. Below is the 
outcome of an IM session conducted as part of a  Thinking, Modelling and Writing 
in Psychology  module in NUI Galway, in response to the trigger question,  What 

Tools

MathematicsGraphicsWords

Mathematics of 
logic and structure:

eg., formal logic, 
graph theory, matrices

Mathematics of content:
e.g., differential equations, 

integral equations 
used to describe 

phenomena in physics, 
chemistry, biology, 

psychology, sociology.

  Fig. 18.2    Systems science needs to work with our capacity to share meaning using words, 
represent causality using graphics, and model complexity using mathematics       
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are the most important skills and dispositions of good critical thinkers?  Table  18.1  
illustrates the top ranked skills and the top ranked dispositions of good critical 
thinkers, as voted upon by the students in the class.

   Figure  18.3  illustrates how these ideas are listed in the IM software in the ideas tab.
   Figure  18.4  illustrates how ideas are selected for structuring in the IM software 

using the voting tab.
   Students were then facilitated in using the IM software to structure the interde-

pendencies among the highest ranked skills and dispositions. Figure  18.5  illustrates 
how the software application presents the group with individual matrix structuring 
decisions.

   Table 18.1    Top ranked skills and dispositions for CT   

 Top fi ve skills  Top fi ve dispositions 

 1. The ability to clearly say what it is you 
want to say 

 1. The willingness to detach from one’s own beliefs 

 2. The ability to evaluate the strengths 
and weaknesses of an argument 

 2. The willingness to recognise limited knowledge or 
uncertainty (e.g. we may not have enough 
knowledge of a topic to confi dently think critically 
about it) 

 3. The ability to converse and engage 
with others to expound personal views 
and experiences 

 3. The willingness to systematically write an essay in 
order to achieve a goal 

 4. The ability to logically say what you 
want to say in a concise manner 

 4. The willingness to question one’s own assumptions 
and thinking 

 5. The ability to draw a conclusion about 
va topic based on its context and what 
we know about the topic already 

 5. The willingness to listen properly 

  Fig. 18.3    Screen from the IM software application showing the list of critical thinking skills and 
dispositions to be structured       
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   After all elements were structured, the IM software generated the graphical 
problematique (Fig.  18.6 ) which is to be read from left to right, with paths in the 
model interpreted as ‘signifi cantly enhances’. For example, students who participated 
in the IM session agreed after open deliberation that [the disposition] the willingness 
to question one’s own assumptions and thinking  signifi cantly enhances  [the skill] 
one’s capacity to evaluate the strengths and weaknesses of an argument.

  Fig. 18.4    Screen from the IM software application showing the selection of ideas to be structured       

  Fig. 18.5    Screen from the IM software application showing how the user is presented with indi-
vidual matrix structuring decisions       
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   Although Warfi eld recognized that the critical thinking skills of participants in an 
IM session are often limited, he rarely discussed the particulars of these skills 
and how they might be developed in parallel with training in the use of IM. In the 
context of resolving problems that call upon the knowledge of diverse stakeholders, 

  Fig. 18.6    Sample enhancement structure of skills and dispositions required for critical thinking, 
with unfolded argument map exploring a specifi c claim (that the ability to question one’s assump-
tions and thinking enhances evaluation skills)       
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it is important to recognize that informed judgments in relation to key system 
relations imply the ability to think critically and refl ectively in relation to one’s own 
knowledge and the knowledge presented by others (Facione  1990 ; Kuhn  2005 ) 

 As defi ned in  The Delphi Report  (Facione  1990 ), critical thinking involves:

  …purposeful, self-regulatory judgment which results in interpretation, analysis, evaluation, 
and inference, as well as explanation of the evidential, conceptual, methodological, criterio-
logical, or contextual considerations upon which that judgment is based. (p. 3) 

   While a variety of training techniques can be used to enhance critical thinking skills, 
a meta-analysis by Alvarez-Ortiz ( 2007 ) suggests that the explicit use of argument 
mapping training is one of the most effective methods of training critical thinking 
skills (see also Dwyer et al.  2013 ). Furthermore, with research studies demonstrating 
the largest gains in knowledge growth and critical thinking skills deriving from 
cooperative enquiry (Johnson and Johnson  2009 ), and with computer supported 
argument mapping tools now widely available and widely applied in tertiary educa-
tion (van Gelder et al.  2004 ), it is not diffi cult to see how the development of critical 
thinking skills through cooperative enquiry using argument mapping tools can fi t 
within Warfi eld’s vision for systems science education. 

 Returning to the problematique illustrated in Fig.  18.6 ,  the willingness to question 
one’s own assumptions and thinking signifi cantly enhances one’s capacity to evaluate 
the strengths and weaknesses of an argument , is a contestable claim, which as 
shown, may be evaluated more rigorously by constructing an associated Argument 
Map to consider the credibility, relevance, and logical signifi cance of the available 
evidence underpinning the claim.  

18.5     The Role of the Cartographer in Facilitating 
the Collective Intelligence Process 

 Facilitating team learning and collective intelligence using integrated AM/IM tools 
is challenging work that requires a sophisticated understanding of the role of the 
facilitator, acquired both through training and learning from the experience of 
working with different teams and different problematic situations. Central to our 
perspective as facilitators is the distinction between context, content, and process, 
and these distinctions are clarifi ed with the team in advance of any session:

•     Context : Participants are working in a particular context and focus on a particular 
issue and have specifi c goals  

•    Content : Participants’ primary role is to provide ideas relevant to the context and 
the particular issue they are addressing  

•    Process : The role of the facilitation team is to manage the fl ow of activities, 
including the implementation of various methodologies that allow goals to be 
accomplished. Facilitators do not contribute ideas or make judgments about the 
content of participants’ ideas.    
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 Collective Intelligence sessions are dedicated to productive and effi cient group 
dialogue. Although the facilitator is not responsible for content input, the functions 
of facilitation are key to groups producing valuable products. The responsibilities of 
the facilitator lie in fi ve major areas:

    1.     Developing a collaborative working relationship with the client group : Well 
before a CI session starts, the facilitator must work with both the sponsor of the 
sessions and the person who will serve as the liaison for designing the group 
work (sometimes referred to as the broker, who could be the same as the sponsor). 
It is critical that the facilitator gains a clear picture of the context in which the CI 
sessions are embedded. This could entail several discussions with the sponsor/
broker in order to understand the problematic situation, decide on the goals of 
the CI session, and select the participants who will take part in the CI session. 
Often the facilitator will need to serve as a teacher/educator in explaining to the 
client what can/will be done and how much time will be required.   

   2.     Planning appropriate group processes : After the facilitator has a clear sense of 
the purposes and goals for the Collective Intelligence session, the next task is 
designing a detailed workshop plan and preparing the necessary materials for use 
in the session. A critical component of this planning process is selecting the 
methodologies and the sequence of activities that will be carried out during 
the session. Most CI sessions involve both idea generation and structuring. The 
structuring is done with the AM/IM software, but the idea generation can be 
accomplished in multiple ways, and often there are multiple instances of both 
idea generation and structuring, depending on the goals of the session. For idea 
generation, decisions have to be made about wording of guiding questions, and 
for the structuring process, choices have to be made about the type of relationship 
to be used with the software. Importantly, the methodologies and the wording 
should be tested with the broker and/or a representative of the participant group 
to see if it is likely to be appropriate.   

   3.     Managing logistics : Although it is easy to consider logistics a mundane concern, 
it is very important for the facilitator to give attention to tasks such as making 
arrangements for the meeting room, gathering the materials that will be used in 
the session (such as marker pens, paper, etc.), and making sure the group has the 
necessary food and drink to sustain them during the long and demanding group 
work. While many of these tasks can be delegated to support staff, we have found 
it advisable for the facilitator to keep a close eye on logistics, since they are not 
only necessary in order for the session to fl ow smoothly, but participants can 
become surprisingly distracted by seemingly small disruptions that could be 
easily prevented by proper attention to details.   

   4.     Facilitating group process : Perhaps the central role of the facilitator is to create 
and sustain an inclusive and participatory climate through structured dialogue. 
One of the vital roles of the facilitator is to prevent the sessions from becoming 
platforms for individual presentations, or a forum for academic debate or political 
posturing. While individuals bring into the group various levels of status and 
prestige, the facilitator promotes respect for individual contributions and guides 
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the discussion to help participants understand diverse points of view. It is critical 
to encourage a variety of perspectives while disallowing premature evaluation. 
The facilitator asks participants to adopt a posture of individual and collective 
willingness to listen to and learn from each other. While it is not expected 
that everyone will agree with every aspect of the fi nal products, it has been our 
experience that participants are committed to and willing to support the work of 
the group.   

   5.     Guiding the group to their desired outcomes : Collective Intelligence sessions 
usually result in both improved relations within the group and a set of products 
that are useful for the group. By engaging in structured dialogue, participants can 
develop new communication patterns that carry over into the workplace, and 
they may develop a higher level of trust among the group participants. However, 
the primary focus of the CI sessions is usually on the task outcome, helping the 
group gain a clearer understanding of the situation they are facing and designing 
an appropriate response to it. Depending on its purpose and goals, the group’s 
work could lead to a number of different products, such as collective vision 
statement, an agenda for research, a new curriculum, or a detailed plan of action 
to address the situation. The facilitator must keep the group on track toward their 
desired outcomes by implementing the planned methodologies, while making 
necessary adjustments in response to the continually evolving dynamics and 
changing needs of the group. This may involve interventions such as reminding 
the group of the context of their work, summarizing and synthesizing progress at 
various points along the way, displaying interim results, recognizing when the 
group veers off on a tangent and redirecting them to the task, varying the pace of 
the work to keep everyone engaged, and bringing the group’s attention to the 
objectives and goals of the session.     

 While many of the responsibilities described above are applicable to a wide 
range of approaches to facilitation, the AM/IM facilitator is also a cartographer, 
charged with implementing methodologies that allow groups to produce graphical 
representations of problematic situations, goals for the future, action priorities, and 
other structures that depict the group’s view of the connections among the issues 
that it is exploring. As such, the cartographer-facilitator must also give attention to 
the following imperatives.

    1.     Under-conceptualization must be avoided : Frequently, groups will fail to adequately 
explore all required dimensions of a problematic situation. This happens primar-
ily for two reasons: (a) the set of participants is missing key individuals, leaving 
the group without necessary expertise or points of view; (b) the methodologies 
utilized by the group fail in identifying all the relevant dimensions. The fi rst of 
these potentially fatal shortcomings is addressed by the facilitator’s initial work 
with the client to ensure that the relevant points of view and required expertise is 
represented around the table. The second is addressed by the AM/IM methodologies, 
which are designed to elicit all the ideas relevant to the situation and to incorporate 
the essential ideas in the fi nal products.   
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   2.     Information overload must be minimized : All too often, participants in meetings 
are asked to deal with too many pieces of information simultaneously. The 
methodologies in AM/IM help participants work with ideas systematically and 
in manageable chunks while building up a holistic view of the situation.   

   3.     The focus of the group must be kept on the larger picture that is emerging : Many 
meetings often become bogged down in small issues and details and the group 
loses sight of the larger picture. By implementing the AM/IM methodologies, the 
group maintains focus on the system of issues that characterize the situation.   

   4.     Efforts must be directed toward an integrated design product : It is common to 
see in group work a signifi cant amount of “jumping back and forth” between 
seemingly unrelated issues. AM/IM sessions are conducted as part of an inte-
grated plan for dealing with the situation, and each session builds on what came 
before and lays the foundation for what will come after.   

   5.     Meaningful documentation must be provided : Quite often meetings usually go to 
one of two extremes in providing a record of group work - they either provide 
sketchy minutes or they try to capture every word uttered by participants. AM/
IM sessions avoid both extremes by providing an “audit trail” that captures the 
products produced by the group and the rationales behind those products.     

 In addition to the skills and responsibilities described above, the cartographer- 
facilitator role also requires curiosity, refl ectiveness, and neutrality, qualities that 
are essential in working with groups that produce a large number of ideas. 
Curiosity implies maintaining an attitude of openness and interest to new ideas 
and lines of reasoning. Refl ectiveness implies a questioning attitude to the potential 
ambiguity and redundancy of ideas in the idea set, and the balance and soundness 
of arguments voiced during structuring. Refl ectiveness also implies the provision 
of feedback in relation to ideas and reasoning provided by the team and the coordi-
nation of ideas and lines of reasoning to facilitate the integration of team members’ 
perspectives and contributions. Finally, refl ective feedback is provided not only 
with an attitude of curiosity and openness – that is, promoting exploratory dialogue 
in the group (Mercer  2004 ) – but also with neutrality as regards the underlying 
motives for  particular ideas and lines of reasoning. In other words, ideas and logic 
are considered by the facilitator on the basis of key principles (e.g., clarity, non-
redundancy, soundness) rather than on whether or not they fi t with a particular 
political agenda. 

 Having said that, the facilitator must be aware that in many business and applied 
settings the political agenda of participants and potential confl icts between group 
members need to be negotiated and managed. In his work in Cyprus, Broome ( 2006 ) 
described how gaining trust, maintaining impartiality, sustaining commitment, and 
dealing with the pressure to show “tangible” results were critical factors in the 
success of the IM methodology in facilitating confl ict resolution between Greek and 
Turkish Cypriots. In this sense, the role of facilitator includes the exercise of skills 
that promote and maintain effective team dynamics. Again, this implies the need to 
provide suffi cient training for facilitators (Broome and Fulbright  1995 ).  
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18.6     Case Study – Using IM to Manage Cultural 
Issues Associated with Technological Change 
in the Automotive Industry 

 Organizations exist in turbulent environments, surrounded by constant change and 
competing organizations. Since the publication in the early 1980s of books such as 
 Corporate Cultures: The Rites and Rituals of Corporate Life  (Deal and Kennedy 
 1982 ), organizational culture has been recognized as a critical aspect of overall 
effectiveness in corporate life, and it is seen as a key factor in managing change. 
Cultures in organizations are multifaceted, complex, and constantly evolving, and 
although humans seek stability and often resist change, organizations that fi nd 
effective ways to bring about needed cultural change are more likely to succeed. 

 In the early 1990s, the automotive industry in the United States was undergoing 
rapid changes in response to increased international competition, particularly from 
Asian car manufactures. To remain competitive in both domestic and international 
markets, U.S. companies were faced with the need to incorporate new technology in 
the design and testing of new automotive systems. One large U.S. automotive manu-
facturer confronted that challenge by conducting a series of Interactive Management 
sessions over a period of several years. The company was planning for the develop-
ment and introduction of a new technology for automotive design processes (referred 
to in this paper as the AP program). The intention of the AP program was to integrate 
hardware and software into a system that would provide the means of sharing design 
and manufacturing information among all activities related to AP processes. 

 An implementation team was assembled to defi ne the system’s technological 
components and identify major issues that must be addressed in order to ensure the 
success of the program. IM was used to assist the group in developing infl uences 
structures, priority structures, and categorizations of ideas related to the AP 
program. The initial IM sessions produced a structure that mapped the overall set 
of issues related to the AP program. In the AP problematique, o rganizational culture  
emerged as a central aspect of many of the problems and issues identifi ed by the 
implementation team. 

 A series of IM workshops was then focused on the development of a cultural 
change program to support the introduction and acceptance of the new technologies 
and processes that would be required to move the AP product realization process 
toward the concurrent engineering process that is at the center of the AP vision. 
Attention to the cultural aspects of the AP program progressed through several 
stages including cultural problem identifi cation; problem structuring and consider-
ation of problem interactions; development of options for ameliorating the identi-
fi ed cultural problems; selection and structuring of options to build a preliminary 
event-sequence structure that forms the basis of a cultural change program authored 
by the AP program. 

 In the initial stages of the IM work on culture issues, a “cultural problem fi eld” was 
created by the implementation team that included over one hundred cultural issues in 
ten categories. These categories included: Short Term Focus, Hardware Focus, Trust 
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Issues, Unrealistic Expectations, Resistance to Change, Teamwork Issues, Motivational 
Issues, Discipline Issues, Business Process Issues, and Communication Issues. 
Twenty-eight high-priority issues, selected across the ten categories, were structured 
by the implementation team using an infl uence relationship of “signifi cantly aggra-
vates.” This resulted in the problematique shown in Fig.  18.7 .

   An analysis of this structure was performed by linking information from the 
cultural problem fi eld and the cultural problematique. This analysis showed that 
problems related to business process issues, unrealistic expectations, resistance to 
change, and hardware focus were providing the most negative infl uence on the 
overall system of issues. In order to effectively bring about cultural change in the 
organization, it would be necessary to address these categories of problems in a 
meaningful way. 

 The use of a graphical representation of issues (the problematique) allowed the 
implementation team to make signifi cant progress in developing a systematic plan 
to take steps toward the necessary changes in the organizational culture. Focusing 
primarily on the categories identifi ed in the structural analysis, the participants 
developed a “cultural options fi eld” for resolving these issues. The options fi eld 
consisted of over 200 possible options that, if pursued, could address the cultural 
problems and create an organizational environment in which the AP program would 
be more likely to succeed. From the options fi eld, the group identifi ed a subset of 
high-priority short-term options on which they believed signifi cant progress could 
be shown in a 6-month time period. The implementation team engaged in developing 
the task parameters associated with these options, including assignment of options 
to appropriate individuals and departments. Although not all of the options in the 
plan came to fruition, many of the highest-impact actions were implemented, resulting 
in signifi cant cultural change in the organization. 

 The key product of the IM design sessions was the problematique depicting the 
system of problems associated with organizational culture. This graphical por-
trayal of issues represented a broad and thorough understanding of the issues and 
their interrelationships, and using it as a primary reference point allowed the 
implementation team to identify a wide range of options and then select those that 
would have the highest impact on the overall system. Without the problematique 
and the associated problem fi eld as guiding structures for their options generation, 
the group might have been far less creative and thorough in their options generation, 
and they would have had no sound basis for selecting options for implementation. 
It has been our experience that groups obtain signifi cant value in systematically 
mapping infl uence relationships among the key issues they face and then using 
the graphical representation of the resulting structure as a basis for generating and 
selecting options for implementation. If corporations, government agencies, 
educational institutions, and community organizations could follow this path of 
decision making, we could make much better decisions about how to invest our 
limited resources, and we could go a long way toward developing a healthy and 
equitable society.  
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18.7     Next Steps: Knowledge Cartography 
for Systems Science Education 

 We have argued that cultivating collective intelligence within the pragmatic web 
requires that we move beyond thinking about collective intelligence as an exclusively 
algorithm-driven process. We suggested that cultivating critical thinking and 
systems thinking skills within individuals and teams is important – and while 
technology can support the development of these thinking skills, the social psychology 
of collective intelligence and collective action presents unique challenges that 
require both social-emotional intelligence and a new web infrastructure that is fi t for 
purpose. There are many challenges that we face as we seek to cultivate and apply 
our collective intelligence in response to adaptive demands. 

 In closing, we focus on the importance of developing a new strategy for systems 
science education, designing the pragmatic web in a way that facilitates quality 
knowledge cartography and quality collective intelligence, and training facilitators 
to support teams on the pragmatic web. 

 As past president of the International Society for the Systems Sciences, John 
Warfi eld (1925–2009) devoted most of his career to the task of building a viable 
systems science. However, his thinking as regards how systems science could be 
integrated into science education at school and university came later in his career 
and he died before any substantial progress could be made in this regard. Perhaps 
less well developed in Warfi eld’s thinking are: (a) strategies for importing the facts 
and relations of disparate descriptive sciences into group design efforts, (b) strategies 
for quantifying problematique model fi t by weighting and measuring discrete relations 
in matrix structures, computing statistical fi t indices, and further  integrating with 
system dynamics modeling tools (Maani and Cavana  2000 ); (c) teaching the critical 
thinking skills necessary for the analysis and evaluation of scientifi c evidence 
embedded in problematiques, and (d) cultivating domain-specifi c systems level thinking 
in students at school level prior to their entering university (Stein et al.  2010 ). 

 In order to advance Warfi eld’s vision of systems science education and further 
develop applied systems science, we are working to develop a tool and a teaching 
framework that integrates critical thinking and systems modelling in a broader 
pedagogical framework (Hogan et al.  2014 ). Central to our framework is the 
development of tools, talents, and teams (see Fig.  18.8 ), which set in context the IM/
AM approach detailed in this chapter.

   We believe that developments across these three levels are reciprocally reinforcing, 
in the sense that good tool design should facilitate the development of key individual 
talents while also promoting effective team dynamics, much like efforts to promote 
effective team dynamics should accelerate the development of individual talents and 
the development of tool use skills. Furthermore, we believe that systems science 
education needs to extend to cooperative action in the context of real-world social 
problems. Therefore, we have proposed that systems science education should 
include an action research and service learning component, whereby students are 
given the opportunity to work with community stakeholders on real world problems 
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(Hogan et al. 2014). In our framework, teams use their talents and tools to work on 
specifi c  tasks  focused on the resolution of problems within specifi c  territories . The 
notion of  tasks  is consistent with Warfi eld’s vision for applied systems science, 
which is rooted in the philosophical school of pragmatism (Warfi eld  2006 ) and is 
applied and task-oriented in its focus. The notion of  territories  is used to reinforce 
the idea that human problems function within an ecosystem, or territory of infl uence, 
and thus the resolution of these problems involves human action within a specifi c 
territory. Problem description and modelling only serves the purpose to facilitate 
understanding and perspective in relation to concrete adaptive action within a territory 
of infl uence (Vennix  1996 ). 

 In terms of the future development of our tool, we believe it will be useful to 
build a stronger bridge between the mathematics of logic and structure and the 
mathematics of content in Warfi eld scheme. This can be done by testing structural 
models or dynamic models that are analogues or extensions of the models generated 
by a group in an IM session (Chang  2010 ; Maani and Cavana  2000 ; Vennix  1996 ). 
Although detailed mathematical specifi cation is beyond the scope of this chapter, 
consistent with Vennix ( 1996 ) and Maani and Cavana ( 2000 ), IM modelling can be 
used as a foundational step for groups that seek to develop consensus-based compu-
tational models in a facilitated team setting using either structural equation modelling 
tools such as Amos 1  or Mplus, 2  or System Dynamics tools such as Vensim 3  or 

1   http://www.spss.com.hk/amos/ 
2   http://www.statmodel.com/ 
3   http://vensim.com/ 

Teams
Team orientation; Mutual performance monitoring; Backup 
behavior management; Adaptability; Leadership; Mutual 
trust, Shared mental models; Closed loop communication

Talents
Critical, Systems, Computational 

Thinking; Social Intelligence

Tools

IM, AM, SEM,
SysD

  Fig. 18.8    Three levels in a framework for systems science education – Tools, Talents and Teams. 
Note:  IM  interactive management,  AM  argument mapping,  SysD  system dynamics       
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Powersim. 4  These tools can be used in parallel or integrated more directly as part of 
a multi-component systems modelling and action planning tool. We are currently 
working on the latter software development strategy. 

 In this chapter we have used the term ‘the pragmatic web’ (Schoop et al.  2006 ), 
but in so doing we are aware that there are many ways to build a pragmatic web that 
promotes and facilitates collective knowledge cartography and problem solving and 
overlays systems modeling affordances upon existing semantic web technologies. 
In our framework, The Pragmatic Web is an ambitious project that seeks to enhance 
the power and potential of applied systems science by embedding an updated 
version of existing IM software into a Web 2.0 system with new, enhanced functional 
components that allow working groups to design problematiques and action structures 
that enhance their successful workings. More generally, we conceive the Pragmatic 
Web as a project of job creation and infrastructure development designed to regenerate 
society via the training of IM facilitators who will work across every sector of society 
to facilitate the successful workings of groups who are invested in the resolution of 
current economic, social, and environmental problems. 

 Warfi eld’s original IM software support tool was somewhat diffi cult to use and, 
as a consequence, only a handful of IM facilitators used the method (see Warfi eld 
 2006 ). We have worked to develop a user-friendly version of the software, 5  but we 
now face the design challenge of embedding IM into the Web. We anticipate many 
challenges, including how best to facilitate group dialogue online, how best to work 
both synchronously and asynchronously on model building and action planning 
efforts, how best to maintain group focus, motivation, and effective team dynamics, 
and how best to train users and facilitators in this unique approach to systems thinking 
and applied systems science. 

 In relation to the training of facilitators who will get the most out of the tools, we 
have documented the multi-component skill set, the sophisticated understanding of 
one’s role as a facilitator, and the performance requirements necessary for effective 
team dynamics and collective action. Facilitation skills need to be acquired both 
through training and learning from the experience of working with different teams 
in the context of many different problematic situations. We believe that the effective 
functioning of the pragmatic web requires expert input from facilitators. Given this 
requirement, there are a number of challenges moving forward, including the 
development of a deep understanding of how best to facilitate groups online, how 
best to train and prepare facilitators for online work, and how best to increase the 
effi ciency of working groups and possibly reduce the monitoring burden on facilitators 
using information technologies that support key processes (e.g., individual and 
group feedback) and the development of key products (e.g., models, simulations, 
reports, action agendas). Overall, we are very excited about the prospect for the 
development of a new pragmatic web that facilitates systems thinking, collective 
intelligence, and collective action focused on the resolution of an increasing variety 
of social problems. We also recognise that there are many challenges, but consistent 

4   http://www.powersim.com/ 
5   The software is available upon request. Please contact michael.hogan@nuigalway.ie 

18 Integrating Argument Mapping with Systems Thinking Tools: Advancing Applied…

http://www.powersim.com/


420

with Warfi eld’s view, we believe that these challenges and problems are the primary 
catalyst of creativity and the design of new solutions that provide an increasingly 
adequate fi t to the challenges we face together.     
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    Abstract     This chapter presents the Media Watch on Climate Change, a publicly 
available Web intelligence portal that collects, aggregates and visualizes large 
archives of digital content from multiple stakeholder groups (documents and 
user comments from news media, blogs, user-generated content from Facebook, 
Twitter and YouTube, corporate and NGO Web sites, and a range of other sources). 
An visual dashboard with trend charts and complex map projections not only 
shows how often and where environmental information is published, but also pro-
vides a real-time account of concepts that stakeholders associate with climate 
change. Positive or negative sentiment is computed automatically, which sheds light 
on the impact of education and public outreach campaigns that target environmental 
literacy, and helps to gain a better understanding of how others perceive climate- 
related issues.  

19.1         Introduction 

 Web intelligence applications have been built to analyze social media streams across 
various domains including sports (Marcus et al.  2011 ), politics (Diakopoulos et al. 
 2010 ; Shamma et al.  2010 ) and climate change (Hubmann-Haidvogel et al.  2009 ), 
focusing on specifi c aspects like event detection (Adams et al.  2011 ), classifi cation 
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(Hubmann-Haidvogel et al.  2009 ) and the analysis of video broadcasts (Diakopoulos 
et al.  2010 ). Such monitoring tools face two major challenges: (i) collect, analyze 
and structure very large document collections originating from sources that are 
heterogeneous in terms of their authorship, formatting, style (e.g., news article versus 
tweets) and update frequency (weekly, daily or minute-based); (ii) provide an inter-
active interface to select a relevant subset of the information space, and to analyze 
and manipulate the extracted data in real time. 

 The  Media Watch on Climate Change  (MWCC) addresses both challenges. It 
aggregates and enriches climate change knowledge and builds awareness  about the 
interdependency of ecological, economic and social issues. It is publicly available 
at   www.ecoresearch.net/climate     and provides integrated access to a range of rele-
vant information sources. This holistic view supports the shift from confl ict posi-
tions to shared meaning  , and from isolated knowledge to a mutual understanding of 
complexity , uncertainty  and risk (Oepen  2000 ; Wallace et al.  1996 ) . The integrated 
information space of MWCC allows investigating the social construction of mean-
ing. Scientists, policy makers, NGOs, corporations, and news media are confronting 
climate change with an increasing sense of urgency. An enhanced capacity to 
track the online coverage of these stakeholders helps decision makers to understand 
public attitudes and behavioral infl uences as they evaluate possible intervention 
strategies. 

 The remainder of this chapter is structured as follows: Section  19.2  outlines the 
goals and motivation behind MWCC. Section  19.3  describes the knowledge pro-
cessing platform and its capabilities to aggregate and manage environmental knowl-
edge from various sources. Section  19.4  provides general overview of the user 
interface and the synchronization mechanism employed to continuously update the 
portal. A detailed description of portal features in Sects.  19.5  and  19.6  covers the 
management and tracking of topics as well as visual means to investigate the knowl-
edge archive – using media coverage on  5th Assessment Report  of the 
 Intergovernmental Panel on Climate Change (IPCC)  to exemplify the various meth-
ods. Section  19.7  outlines the evaluation strategy focusing on usability, the accuracy 
of extracted knowledge, and the added value in real-world use cases. Section  19.8  
summarizes educational and entrepreneurial opportunities of MWCC technology and 
its analytical capabilities, before Sect.  19.9  summarizes and concludes the chapter.  

19.2      Goals and Motivation 

 Acquiring, managing and applying knowledge are crucial steps in addressing envi-
ronmental issues effectively, and ensuring that change is conceived and imple-
mented on both regional and society-wide scales (Bowman  2008 ). Climate change 
is a good example, characterized by diverse opinions of globally distributed stake-
holders with different backgrounds and expertise. Understanding the reach of the 
topics discussed and the opinions voiced by various parties is a complex task that 
requires knowledge on how specifi c topics and stakeholders relate to each other. 
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 MWCC aims to contribute to a more equal distribution of such knowledge, and 
to support participatory decision making. The following sections outline the goals 
and motivation of MWCC, structured in terms of application and stakeholder group. 

  Environmental Education     through educational institutions, advocacy  organi-
zations and the media are indispensable for achieving sustainability (Ahlberg 
 2005 ). MWCC provides access to credible information required by environ-
mental educators (Kassas  2002 ). Underpinned by science and technology as 
providers of such information, environmental education is a powerful tool for 
understanding natural and social processes and their complex interrelationships 
(Rose and Bridgewater  2003 ).  

  Science Communication     Environmental scientists have superior expertise in their 
focal activities and specifi c means of disseminating information among their peers. 
Breaking away from “the mono-logical habits of entrenched and specialized 
disciplines” (Meppem and Bourke  1999 ), however, often remains a challenge. Lack 
of awareness  regarding available scientifi c expertise remains a problem. MWCC 
represents a rich document repository for describing the complex phenomenon of 
climate change (Wilson  2000 ). The aim is to increase transparency  and give 
coherence to masses of scientifi c information (Bowman  2008 ,  2009 ; Keohane 
and Nye  1998 ).  

  Public Outreach     By providing feedback on outgoing and incoming fl ows of infor-
mation, MWCC can improve the effectiveness of public outreach programs, which 
depend on the quality, professional representation  and credibility  of communicated 
content. A long- standing collaboration with NOAA, the  National Oceanic and 
Atmospheric Administration , emphasizes this aspect of MWCC technology and 
shows that gathering feedback from social networking platforms can complement 
established methods of public opinion research. Such platforms offer a unique win-
dow into environmental attitudes, lifestyles and behaviors of large user groups. 
They shed light on individual decision making and document how opinions on envi-
ronmental issues develop. The analysis of social network data helps pinpointing 
opinion leaders and reaching specifi c target groups.  

  Stakeholder Coordination     For sharing environmental concerns and responsibili-
ties, individuals and organizations often lack coordination. The competition for 
budget, jurisdiction, and infl uence increases their insularity. MWCC addresses this 
problem by revealing stakeholder interests and enabling businesses, government , 
and civil society  to scrutinize each other in collaborative, consensus -building pro-
cesses (Doering et al.  2002 ). MWCC aims at improving the quality of decisions, 
building trust  in institutions, and helping resolve confl ict among competing interest 
(Foti et al.  2008 ).  

  Corporate Sustainability     Environmental collaboration platforms can spark inter-
est in redistributing environmental costs   more fairly throughout society. Fuelled by 
increasing environmental awareness and the still unresolved global fi nancial crisis 
that hit many economies in 2008, there is a growing trend towards accountability , 
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transparency  and stakeholder engagement across all levels, functions and operations 
(Held et al.  2007 ). This trend stimulates stakeholder interest in the sustainable allo-
cation of corporate resources.   

19.3      Knowledge Processing and Enrichment 

 The goals of MWCC go beyond providing climate-related information – the portal 
targets stakeholders working on climate change adaptation and mitigation, empow-
ering them to communicate more effectively. Text mining and state-of-the-art 
semantic technologies capture the human face of big data and allow an unprece-
dented level of transparency by identifying relevant information from various 
sources at the touch of a button, including emerging trends and the impact of stake-
holder discourse. 

 To process and enrich streams of information from unstructured, structured and 
social evidence sources, MWCC utilizes the  webLyzard  media monitoring and Web 
intelligence platform (  www.weblyzard.com    ), whose Web crawling and text pro-
cessing components have proven their scalability and fl exibility for many years. 
webLyzard draws upon expertise from a range of disciplines including human- 
computer interaction, information visualization, natural language processing and 
semantic technologies. Such applications shed light on the perceptions of different 
stakeholder groups, reveal fl ows of relevant information, and provide indicators for 
assessing the effectiveness of public outreach activities. 

  Data Sources     The system detects and tracks emerging topics that are frequently 
mentioned in a given data sample (e.g. an archive of crawled Web pages). MWCC 
harvests data from a range of sources including 150 Anglo-American news media 
sites, blogs, Web 2.0 platforms including Twitter, YouTube and Facebook, scientifi c 
outlets, and the Web sites of environmental organizations and Fortune 1000 compa-
nies. At any given time, only a subset of the vast document space is displayed, 
depending on the selected source, time interval and affective value (e.g., positive 
news media articles published in Q1/2014).  

  Knowledge Extraction     The platform’s data mining capabilities extract contextual 
features from the multidimensional document space. A portfolio of synchronized 
visualizations allows an overall insight into the evolution of the dataset along the 
dimensions defi ned by these contextual features (temporal, geographic, semantic, 
and attitudinal), and subsequent drill-down to analyze details of the data itself. 
A key strength of the interface is its use of  multiple coordinated views , also known as 
linked or tightly coupled views in the literature (Hubmann-Haidvogel et al.  2009 ), 
where a change in one of the views triggers an immediate update of the others (e.g., 
when a new document is viewed, the maps pan and zoom to the immediate context of 
this document). MWCC synchronizes geographic maps, tag clouds, keyword graphs 
as well as two- and three-dimensional information landscapes. These visualizations 
help users to understand the context of the extracted knowledge – processing 
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search queries and showing the most relevant documents in their regional context, 
for example, or comparing the online coverage about an organization by different 
stakeholders.  

  Dashboard     The MWCC user interface shown in Fig.  19.1  provides powerful ana-
lytical and visual methods to support different types of information seeking behav-
ior such as browsing, search, trend monitoring and visual analytics. The dashboard 
reveals dominant issues that are being discussed in conjunction with a selected topic 
(e.g., “climate science” as shown in Fig.  19.1 ) and displays them through a set of 
charts that show the frequency and sentiment of a topic, as well as the observable 
level of disagreement among stakeholders. The search results are also mapped on 
geographic and semantic maps to show the geographic distribution of the coverage 
(e.g., places most talked about) and its semantic context (e.g., number of documents 
reporting about a specifi c issue).

19.4          User Interface Design 

 The dashboard of MWCC is a real-time information exploration and retrieval 
interface that helps users to interactively identify, track and analyze topics across 
stakeholders and sources. It builds upon a comprehensive content repository 

  Fig. 19.1    Screenshot of the media watch on climate change, showing results for a query on 
“climate science” in Anglo-American news media between November and December 2013 
(  www.ecoresearch.net/climate    )       
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structured along geospatial, semantic and temporal dimensions (Scharl  2007 ). 
The dashboard is divided into six main content areas shown in Fig.  19.2 .

    Sources and Confi guration     Drop-down elements in the upper menu let users choose 
a time interval, the document source (news media, blogs, social media, etc.), and the 
global sentiment fi lter setting (unfi ltered, positive, negative).  

  Topics     The upper left window of the dashboard contains the topic management and 
content navigation. On mouse-over, users have the following options: (a) click on a 
term to trigger the full text search; (b) use topic markers (=small rectangles) to 
select the topics to be shown in the charts; (c) select the fi rst fi ve topics (or deselect 
all) with the ‘chart’ symbol next to a category name; (d) add/modify topics and 
email alerts with the topic editor.  

  Trend Charts     Below the source selection, interactive trend charts show (i) the fre-
quency of selected topics in the specifi ed time interval, (ii) the average sentiment 
regarding these topics, and (iii) the level of disagreement (measuring how polariz-
ing the online coverage about these topics is).  

  Search Results and Content View     The content view shows the search results in 
three different tabs: documents, quotes, and information sources. There are several 
interactive controls: (i) mouse-over allows previewing documents; (ii) a fi rst click 

  Fig. 19.2    Overview of the MWCC dashboard       
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selects a document and shows its content in extended form next to a yellow asterisk; 
(iii) a second click switches to full text view, which reveals the document’s annota-
tions including keywords, location, sentiment, and relevance.  

  Associated Terms     The lower left view of the dashboard displays a list of terms 
associated with a selected topic, based on the selected source and time interval. 
Visual means to investigate stakeholder associations with a search term are the keyword 
graph (hierarchical structure) and the adaptive tag cloud (alphabetical structure).  

  Maps and Visual Analytics     Other visualizations include geographic maps to show 
the regional distribution of search results, ontology graphs to provide a conceptual 
overview of the domain, and information landscapes to reveal major document clus-
ters. The maps are synchronized (see below for a detailed description of the mecha-
nism) and can be re- positioned using drag-and-drop operations.  

 The visualizations facilitate access to the underlying knowledge base. Clicking 
on the ‘maximize’ button increases the size of the maps and adapts the displayed 
content accordingly. Clicking on the ‘popup’ button opens the map in a separate 
browser window, which allows using the system in multiple-screen confi gurations. 
Maps can be rearranged by dragging them to the desired position, and switched on 
and off using the buttons in the top bar. 

 The various windows are tightly coupled – user actions in one window trigger an 
immediate update of all other displays – thus supporting an interactive exploration 
of the information space (Hubmann-Haidvogel et al.  2009 ). As an alternative to 
entering query terms to fi nd specifi c documents, users can click on any position in 
the maps (not only on the markers) to retrieve articles related to that particular loca-
tion, topic or domain concept. Hovering above a map previews the document closest 
to the current position of the mouse pointer, but does not activate it. When preview-
ing documents, their summary is shown instead of the trend chart window, and other 
visualizations automatically adjust to show their immediate context. Users who 
want to focus on a particular region can disable this default setting and freeze the 
currently displayed part of the map by pressing the ‘pause’ button. 

 Users can adjust the time interval and access historic data using the date selector. 
This is a global setting that not only affects the trend chart, as outlined in the next 
section, but also limits search queries and dynamic visualizations to the chosen time 
interval. The interval can be specifi ed by choosing a “from” and “to” date, or select-
ing the past [n] weeks or months.  

19.5      Managing and Tracking Topics 

 Topics are represented as regular expression lists; i.e., term lists with optional wild-
cards for matching arbitrary character strings. For computing the charts and ranking 
search results, a document is considered relevant to the topic if it contains at least 
one of the stated terms. The topic label (=the name to be displayed in the list of top-
ics) itself is not considered in the matching process. 
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 Registered users can add and modify topics through the topic editor, which 
provides the option to set customized email alerts. For each topic, users can specify 
a frequency value that will trigger an alert and choose to receive the notifi cations. 
A sentiment fi lter allows restricting alerts to positive or negative mentions. 

 The line chart in Fig.  19.3  shows the evolution of topics – it offers dynamic 
transitions, time series baselines and data export capabilities to facilitate the utiliza-
tion of the provided data in external applications. The vertical axis re-scales auto-
matically. This feature is particularly useful if a dominant keyword obscures the 
distributions of other topics. Hovering above data points displays tooltips with asso-
ciated keywords and daily statistics. This helps to identify emerging trends and 
shows what has caused a particular peak in the chart. Clicking on a data point 
retrieves the corresponding set of documents. The following data sets are available 
via separate tabs:

•     Frequency  (total, positive, negative) aggregates the number of occurrences in the 
last 7 days. The global sentiment fi lter allows restricting the data set to either 
positive or negative online coverage;  

•   Sentiment (mean) shows the average sentiment towards a certain topic;  
•   Disagreement (standard deviation of sentiment) refl ects how contested a topic is. 

The term “oil spill”, for example, has a low standard deviation since everyone 
agrees on its negative connotation.   

The four icons in the upper right corner of the trend chart window provide access to 
additional functions. The pie chart is only available in the frequency and sentiment 
tab. It is synchronized with both the topic management section and the line chart in 
a split screen confi guration. The pie chart provides adaptive tooltips with keywords 
per topic for the frequency tab, or most important positive and negative associations 
with the chosen set of topics if the sentiment tab is selected.

   The other three icons allow hiding and reactivating the grid lines, activating time 
series baselines (calculated as mean value over the selected interval, or as running 
average over 30 or 60 days), and maximizing the size of the trend chart window. 

 The integrated export function allows retrieving the full data set consisting of 
daily frequency, sentiment, and disagreement values for the selected time interval in 

  Fig. 19.3    Trend chart showing weekly frequency and percentage of coverage for the search term 
“ climate science ” in news media coverage in November and December 2013 – and comparison 
with “ adaptation ”, “ mitigation ” and “ climate policy ”       
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native MS Excel format, or as a comma-separated (CSV) fi le for various external 
applications – e.g., data warehouses, business intelligence tools, statistical packages 
such as R and SPSS, etc.  

19.6      Visualizing Context and Relations 

 The right side of the dashboard offers a suite of visualizations that aggregate 
information along two main context dimensions: semantic and geographic. The 
 Geographic Map  allows users to interact with the information space in terms of the 
geographic locations relevant for the documents (i.e., both that of the author and the 
target of the document). The semantic dimension of the information space is 
exposed by three different views that leverage increasingly complex semantics: the 
 tag cloud  is derived from the most frequently mentioned keywords in the informa-
tion space, the  information landscape  displays clusters of topically related docu-
ments thus depicting intrinsic semantic relations between documents, and, fi nally, 
the  ontology graph  displays an a-priori constructed semantic model of the domain 
and assigns each document to the best-matching concept. 

19.6.1     Geographic Map 

 The geographic map shows the locations of documents based on analyzing their 
textual content – a process typically referred to as “geo-tagging” (Amitay et al. 
 2004 ). The  Active Document  is highlighted by a yellow asterisk, and the letters [a-e] 
represent the fi ve highest-ranking documents in the search results view. If interested 
in a specifi c location rather than a topic, users can click anywhere on the map to 
activate the closest document (hovering above the map previews the document, but 
does not activate it). 

 After entering a search term, the locations referenced in the matching documents 
are visualized in the geographic map by means of circular markers. The geographic 
map in Fig.  19.4  shows the diameter of the marker represents the number of match-
ing documents referencing a given location, its color the average sentiment of these 
documents. Using a color range from yellow to green or red, trajectories link the 
source and target locations of an article (source = location of the publisher; tar-
get = geographic references in the document).

19.6.2        Adaptive Tag Cloud 

 The adaptive tag cloud in Fig.  19.5  uses dynamic transitions to adapt its content to 
the current search. It arranges the most relevant keywords alphabetically and adjusts 
font size according to their relative importance (=number of occurrences in the list 
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of search results). Based on Scalable Vector Graphics (SVG) and synchronized with 
the other elements of the webLyzard dashboard, the adaptive tag cloud supports the 
following interactive features:

•    A single click on any of the shown keywords triggers a new full text search;  
•   To adjust the display, users can zoom in using the scroll wheel of the mouse, or 

drag and pan to select a specifi c part of the tag cloud;  
•   Hovering over a document in the search result list highlights the corresponding 

keywords in the tag cloud to help users identify related topics at a glance;  
•   Maximizing the window generates a new, more detailed version of the tag cloud 

that uses the available screen space to show additional semantic associations 
with the search term.   

The color of each term indicates its sentiment (positive = green; neutral = black; 
negative = red), revealing the “spin” across sources (e.g., typically balanced news 
media coverage compared to the very positive slant characteristic for corporate pub-
lications found on the Web sites of Fortune 1000 companies). This provides instant 
feedback on how the query term has been perceived by a stakeholder group in the 
chosen time interval (Fig.  19.5 ).

  Fig. 19.4     Geographic Map  revealing global distribution of news media coverage about the 5th 
assessment report of the Intergovernmental Panel on Climate Change (IPCC) in the fourth quarter 
of 2013       

  Fig. 19.5    A comparison of term associations with the 5th IPCC assessment report using adaptive 
tags clouds processing the coverage of Anglo-American news media ( left ) and environmental 
organizations ( right ) in the fourth quarter of 2013       
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19.6.3        Keyword Graph 

 The keyword graph in Fig.  19.6  shows the search term together with its strongest 
associations within the search results. The resulting semantic network is a powerful 
tool to guide the development and ongoing adaptation of an organization’s commu-
nication strategies. The keyword graph allows investigating how different stake-
holder groups perceive brands or products, what negative and positive associations 
they have with a topic (the color of data points encodes their sentiment), and how 
the meaning of specifi c terms changes over time. 

 The computation of associations considers the selected source(s) and time interval, 
and whether the global sentiment fi lter is active. Changing any of these settings, 
therefore, triggers an immediate update of the graph (which can also be enlarged to 
full screen size). Additional options to manipulate the graph include:

•    Single clicking on a child node extends the graph with up to eight new nodes. 
The ‘+’ symbol in the upper right corner triggers this process for each of the 
displayed child nodes, thereby showing the next hierarchical level in its entirety;  

•   Single clicking on a parent node deletes all its child nodes, which allows fi ltering 
out unwanted sub-trees;  

•   Double clicking on any of the displayed nodes triggers a search for the keyword;  
•   ‘Edges’ refers to the number of connections to be considered when adding new 

elements to the graph. The default value is fi ve, which can be increased up to a 
maximum of eight connections.  

•   Clicking on the root node (=search term) resets the diagram;  
•   The ‘pause’ button freezes the display, allowing the analyst to manually re- arrange 

the position of nodes via drag and drop operations (Fig.  19.6 ).

19.6.4           Information Landscape 

 To show topical relatedness in large document repositories, information landscapes 
cluster and visualize massive amounts of textual data (Krishnan et al.  2007 ). They 
implement the concept of “location” in an innovative way that transcends the tradi-
tional geographic interpretation. The information landscape resembles a geographic 
map. Instead of geographic proximity, however, it represents semantic similarity 
between documents. At the time of map generation, its topography is determined by 
the content of the knowledge base. The peaks of the landscape shown in Fig.  19.7  
indicate abundant coverage on a topic, whereas valleys (lighter shades of green) or 
the ocean (blue) represent sparsely populated parts of the information space. The 
visualization projects the following interface elements onto the landscape topogra-
phy (Sabol and Scharl  2008 ; Syed et al.  2012 ):

•      Captions.  The keywords for each peak are calculated based on the content of 
nearby documents;  
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  Fig. 19.7    Example of an information landscape that summarizes news media coverage about 
 climate-related events in 2010       

  Fig. 19.6    Graph-based display of term associations with “Earth Hour” based on news media 
 coverage in March and April 2014       
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•    Document Symbols.  The symbols [a-e] indicate the position of documents from 
the search results;  

•    Search Results  are mapped onto the topography using the same representation as 
the geographic map (size of the markers indicates the number of results, the color 
their average sentiment);  

•    Document Selection.  Hovering above a location in the map previews the closest 
matching document in the active document window, clicking selects this document 
(small gray dots indicate the locations of the individual documents).     

19.6.5     Ontology Graph 

 Ontologies express shared meaning within a given domain and allow an effective 
integration of external structured data (Weichselbraun et al.  2010 ), for example 
Web-based linked data (Waitelonis et al.  2011 ). The ontology graph of Fig.  19.8  
displays a clickable domain model that matches documents and concepts to help 
users determine their current location in the information space. The domain model 
used to structure MWCC content has been developed in close collaboration with 
experts from the Climate Program Offi ce of NOAA, the U.S.  National Oceanic and 
Atmospheric Administration .

   The ontology graph depicts hierarchical relations as arrows. The active document 
is highlighted by a yellow asterisk, and the letters [a-e] represent the classifi cation 
of the fi ve highest-ranking documents in the search results view. Clicking on a 
concept activates the highest-ranking document for this particular concept.   

  Fig. 19.8    Partial display of the  Ontology Graph  showing relations between the concept “climate 
assessment” ( beige ) and its child nodes ( blue )       
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19.7      Evaluation 

 Following an evolutionary (Scharl  2000 ) and user-centered (Garrett  2011 ) 
development approach, rapid feedback cycles have been instrumental in 
MWCC conceptualization and implementation. Evaluation activities focused 
on usability, the accuracy of extracted knowledge, and the added value in real-
world use cases. 

 Initially we conducted usability inspections, asking colleagues and experts from 
partner organizations to assess the interface design against recognized usability 
principles – a process of heuristic evaluation to determine potential shortcomings of 
the user interface and the interaction design. In addition to the ten heuristics of 
Nielsen (Nielsen  1997 ), this assessment considered the seven factors of user- 
perceived quality (Dzida et al.  1978 ) of the ISO 9241-110 standard as well as the 
eight golden interface design rules of Shneiderman ( 1997 ). 

 More comprehensive usability testing in later phases of the project gathered 
feedback from actual users, including the employees of large organizations such 
as the NOAA Climate Program Offi ce (  www.climate.gov    ) and the Austrian 
Chamber of Commerce (  www.wko.at    ). The feedback of these users supported 
iterative, user- driven refi nements and the integration of new features early in the 
development cycle. Formative usability tests were carried out as well, observing 
users while working on realistic, predefi ned tasks (Dumas and Redish  1999 ) and 
recording their gaze data with a Tobii X60 Eye Tracker. 1  The explicit feedback 
from the usability testing was combined with implicit feedback from monitoring 
user activities – in 2012, for example, about 4,600 users performed more than 
13,000 searches. 

 Two workshops held in June 2010 and September 2012 helped to gather feed-
back from international climate change experts and environmental stakeholders 
from various sectors including research centers, non-profi t organizations, compa-
nies, and government agencies. Additional feedback was gathered through presen-
tations of the prototype at side events of the UN Conference on Sustainable 
Development (Rio+20) 2  and the UN Conferences on Climate Change in 2012 
(COP-18) 3  and 2013 (COP-19), 4  as well as the Swiss Innovation Forum 2013 5  and 
the Annual Meeting of the American Association for the Advancement of Science 
(AAAS-2013) with a Tobii X60 Eye Tracker (see Fig.  19.9 ). 6 

1   www.tobii.com 
2   www.uncsd2012.org 
3   www.cop18.qa 
4   www.cop19.gov.pl 
5   www.swiss-innovation.com 
6   www.meetings.aaas.org 
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19.8         Opportunities for Educators and Decision Makers 

 The technologies behind MWCC create both entrepreneurial and educational oppor-
tunities in the transition to a knowledge-based economy. By uncovering patterns 
and trends in online media and making them available through an interactive dash-
board, the webLyzard platform and its portfolio of semantic technologies helps to 
optimize communication strategies and reach target audiences effectively. The sys-
tem addresses the inherent ambiguities of natural languages and guides analysts in 
specifying queries and confi guring output services. 

 For effective decision making, organizations require such advanced systems 
for the creation, storage and retrieval of knowledge contained in their heteroge-
neous systems. The rapid evolution of this knowledge represents an economic 
imperative for organizations to adopt data integration and “content hub” facilities 
that provide fl exible and real-time access to various sources of digital content. 
This ensures a continuous supply of relevant information for decision makers, 
and a common knowledge base for communication among stakeholders within 
and across organizations. MWCC represents such a “content hub” and provides 
a unique empirical base to unveil the conditions that lead to the introduction, 
transfer, and uptake of climate research. Capturing the evolution of climate change 

  Fig. 19.9    Gaze tracking with the Tobii X60 Eye Tracker       
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knowledge addresses calls to exploit the potential of semantic systems and services 
in environmental informatics. 

 By offering a public showcase of the webLyzard social analytics platform, 
MWCC hopes to pave the way for organizations to adopt semantic technologies by 
lowering the costs of capturing, integrating and analyzing information. Since user- 
generated content signifi cantly infl uences environmental decision making, potential 
target audiences for webLyzard technology include market research providers, pub-
lic outreach departments, campaign organizers and policy advisors. These players 
were among the fi rst to recognize that the Internet is not just a medium to obtain 
information; it also facilitates communication between individuals who want to 
share their opinions, perceived threats and shortcomings, and suggestions for 
change. An increasing number of public platforms enable them to do so, but usually 
in an unstructured format. Treating such platforms as social evidence sources and 
transforming their repositories of user feedback into more structured representa-
tions provides real value for analysts and public relations experts who increasingly 
depend on the just-in-time processing of information hidden in public archives. 

 MWCC can serve a broad spectrum of different target groups, from corpora-
tions of varying size to non-profi t organizations, research centers, government 
organizations, public policy advisors, and news media outlets. webLyzard’s modu-
lar portfolio of analytical methods can be embedded into a dedicated Web platform 
such as MWCC, or be utilized through add-on services for existing applications. 
The extraction and interactive exploration of knowledge bears signifi cant commer-
cial potential not only for market research and business intelligence applications, 
but also for campaign management, product development, and monitoring the 
effectiveness of outreach programs. The gathered information creates feedback 
loops and shows how well an organization’s communication is received, under-
stood, and remembered.  

19.9      Summary and Conclusion 

 This chapter describes the  Media Watch on Climate Change  (MWCC), an interactive 
Web portal to assist environmental decision making by integrating and analyzing 
climate change knowledge from unstructured, structured and social sources. These 
sources include the publications of scientists, policy makers, educators, NGOs, news 
media and corporations – stakeholders who recognize the need for collective action, 
but differ in their specifi c worldviews, goals and agendas (Bowman  2008 ). The inter-
active dashboard of MWCC provides a portfolio of semantic search and visualization 
services to explore these documents, and to provide a real-time account of concepts 
that stakeholders associate with climate change. 

 Documents are often created through cooperation and social exchange. The 
MWCC acknowledges the importance of such social innovation processes. The 
DecarboNet research project (  www.decarbonet.eu    ) is a European initiative that not 
only provides new visualization services to identify opinion leaders, but also extends 
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the platform’s functionality with a collaboration tool for the concurrent editing of 
documents (Scharl et al.  2013a ). Effective collaboration depends on a synergy of 
skills, distributed decision making, and the dynamic maintenance of shared knowl-
edge . MWCC supports this process by providing automated classifi cation and con-
textualization services as well as a visual dashboard to access the underlying 
information space. 

 A well-informed public is more likely to support sustainable policies, and more 
capable of holding decision makers accountable. MWCC studies public discourse  
and critical debate that lead to a shared understanding of climate change issues on 
all political levels, ranging from inter-individual communication and local commu-
nities to international campaigns and treaties. By investigating communicative pro-
cesses between disciplines  and stakeholders, MWCC aims to increase transparency, 
unearth hidden assumptions and misconceptions about climate change, contribute 
to a mutual understanding of problems, and suggest priorities for research and pol-
icy development .     
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    Abstract     A semiautomated approach to evidential reasoning uses template-based 
structured argumentation. A template captures best analytic practice as a hierarchi-
cally structured set of coordinated questions; an argument answers the questions 
posed by a template, including references to the source material used as evidence to 
support those answers. Graphical depictions of arguments readily convey lines of 
reasoning, from evidence through to conclusions, making it easy to compare and 
contrast alternative lines of reasoning. Collaborative analysis is supported via 
simultaneous access to arguments through web browser clients connected to a 
 common argument server. This approach to analysis has been applied to a wide 
range of analytic problems and has been experimentally shown to speed the 
 development and improve the quality of analytic assessments.  

20.1         Introduction 

 We have been investigating the use of  template-based structured argumentation  as 
a means of capturing and guiding collaborative analysis. The idea is to capture best 
analytic practice for a given class of problems in a template and then use that 
 template as the basis for collecting evidence and drawing conclusions about specifi c 
situations. Unlike our earlier work that focused on automating human uncertain 
reasoning (Lowrance et al.  1990 , Lowrance  1995 ), this approach focuses on record-
ing and coordinating human reasoning. A key aspect of this has been the use of 
graphical depictions of arguments to rapidly convey the state of lines of inquiry, 
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from evidence to conclusion, highlighting information needs as well as the evidence 
that drives the conclusion. To support this approach, we created a collaborative 
 software tool called the Structured Evidential Argumentation System (SEAS) 
(Lowrance et al.  2001 , Lowrance  2006 ). Using this tool, contributing analysts directly 
manipulate depictions of arguments, adding and interpreting evidence relative to ques-
tions raised by the template, debate and draw conclusions based on the collective 
 evidence, and fi nally use these depictions to convey their fi ndings to decision makers. 

 Today most analytic efforts are conducted with minimal use of information 
 technology. Analytic products are typically recorded in text documents with mini-
mal structure, limited to the section headings that break up the document. As such, 
these analytic products are time-consuming to understand – one must read the text 
to fi nd the conclusions and understand how the evidence supports them. It is 
 diffi cult to determine how the conclusions should change with changes in the 
 supporting evidence. Given two products on the same topic, it is diffi cult to com-
pare and  contrast the conclusions, what drives them, and how the lines of reasoning 
differ. Finally, it is up to the reader to extract the analytic method, if it is to be 
employed in doing future analyses; best analytic practice is diffi cult to glean from 
these products. At worst, the information technology employed is limited to word 
processing  applications; at best, it is a collaborative document-authoring environ-
ment, with embedded links to documents used as evidence. While these collabora-
tive environments are good in supporting the development of comprehensive 
narratives on  well- understood topics, they do little to aid a group in collective 
 reasoning, i.e., determining and recording how information should be collected and 
interpreted as evidence relative to an issue under active consideration. 

 Many prior attempts to inject information technology into analytic efforts 
(including our own) focused on capturing and automating the reasoning done by 
analysts. Complex belief networks were engineered that attempted to capture the 
detailed interactions among all the interrelated variables that impinge on the topic 
of interest. Since these models were based on formal theories (e.g., logic, probabili-
ties), inference techniques could be used to automatically determine the ramifi ca-
tions of asserted new facts on related variables in the models. While such modeling 
techniques can be very usefully employed to address some analytic problems, they 
are not universally applicable. For some problems, they require more information 
than is available or obtainable, leading to the use of assumptions, estimates, and 
guesses that ultimately rob the models and their predictions of their legitimacy. 
Even in those situations where the information can be obtained to build  well- founded 
models, these techniques have often failed to gain acceptance. The introduction of 
such automated models reduces the job of the analysts to that of data entry, which 
they resent; the amount of data that must be entered before the model produces a 
justifi ed result can be overwhelming. Because the resulting lines of reasoning are 
diffi cult to understand or explain, decision makers are justifi ably reluctant to act on 
the results; because of the opacity of the models, they cannot be created or modifi ed 
directly by the analysts. 

 SEAS is our attempt to strike a middle ground between these two extremes. Our 
aim is to record the reasoning of analysts (not automate it), using simple structures, 
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making the results easy to understand and explain, quick to compare and contrast, 
directly modifi able by analysts, and making it easy to separate the analytic method 
from the product. SEAS introduces more structure into the analytic environment 
than is in use today but not as much as belief networks. The analytic method is 
 separated from the analytic products, resulting from its application. The analytic 
method is broken down into a set of smaller analytic tasks, with their interrelation-
ships captured. Methods for acquiring information in support of these analytic tasks 
are also broken out. In structure, analytic results parallel the analytic methods on 
which they are based, with links to the information that supports the conclusions 
retained, and to the interpretations of that information relative to each analytic task. 
The type of situation for which a method was designed and for which a result was 
produced is also captured. However, much of the knowledge captured remains in 
natural language. In fact, when one compares an analytic product produced using 
SEAS with a contemporary analytic product expressed in a text document, one fi nds 
that most of the text in the document is within the structured argument. The structure 
has not replaced the words as much as it has augmented them, making it possible for 
the machine to aid analysts in new ways. In short, we are attempting to establish a 
division of labor where the analysts do the nuanced reasoning and the machine cap-
tures and presents that reasoning in ways that make it more accessible. 

 Our original focus was on aiding intelligence analysts addressing issues 
 pertaining to national security. But we have since discovered that these same tech-
niques have broader applicability. In particular, we have applied these techniques to 
assemble and draw conclusions from evidence pertaining to detecting workmen’s 
compensation fraud, tax code compliance risk (Lowrance & Ragoobeer  2004 ), 
information collection/sharing among emergency fi rst responders, and other prob-
lems in government, industry, and the private sector.  

20.2     Capturing Analytic Methods as Argument Templates 

 Our approach is based on the concept of a  structured argument . While others before 
us were exploring structured argumentation concepts, particularly the notion of 
argument mapping (Wigmore  1937 ; Toumlin  1958 ; Kirschner et al.  2003 ), our 
approach generally departed from theirs in being template driven. Our structured 
arguments are based on a hierarchy of questions (a tree) that is used to assess a 
 situation. This hierarchy of questions is called the  argument template  (as opposed to 
the  argument , which answers the questions posed by a template). This hierarchy of 
questions supporting questions may go a few levels deep before bottoming out in 
primitive questions that must be directly assessed and answered. These primitive 
questions are multiple choice, with the different candidate answers corresponding to 
discrete points or subintervals along a continuous scale, with one end of the scale 
representing strong support for a given proposition and the other end representing 
strong refutation. Leaf nodes represent primitive questions, and internal nodes 
 represent derivative questions. The links represent support relationships among the 
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questions. A derivative question is supported by all the derivative and primitive 
questions below it. Figure  20.1  illustrates a thirteen-question argument template, 
with nine primitive questions and four derivative questions. Note that question 1 is 
answered based on the answers to 1.1, 1.2, and 1.3, and 1.3 is answered based on the 
answers to 1.3.1, 1.3.2, and 1.3.3.

   As pointed out by Morgan D. Jones ( 1995 ): “Structuring is to analysis what a 
blueprint is to building a house. Would you build a house without a blueprint? You 
could, of course, but there’s no telling what you’d end up with. Building a house, 
building anything, without a plan is, to say the least, ill advised.” An argument tem-
plate serves as a blueprint for the construction of arguments. It reminds the analyst 
of the full range of factors that should be included and how they relate to one 
another. As such, it can guide a novice in addressing an unfamiliar assessment task 
and it can prevent an expert from jumping to a conclusion before all aspects of a 
problem have been fully considered. In addition, if two analysts independently 
 construct arguments for the same problem based on a common template, they can 
be rapidly compared and contrasted, particularly through graphical renderings. 
Some templates are very abstract, serving more to organize a person’s thinking than 
to guide it. Other templates are quite specifi c, posing detailed questions that can be 
used to guide a novice, imparting best practice. For example, a template originally 
developed by U.S. intelligence analysts, to assess the threat imposed by a particular 
terrorist group, was brought into our laboratory. There it was successfully general-
ized and applied by non-experts to assess the threat imposed by a different terrorist 
group, demonstrating how novices can be quickly brought up to speed on an 
 unfamiliar problem, given a high-quality template. 

 Structuring of an argument template can be approached in two distinct ways: 
top-down and bottom-up. Using the top-down approach, one starts with the central 
question and attempts to break it down into a small set of supporting questions, each 
of approximately the same signifi cance; then one breaks down each of those 
 questions, attempting to break each into the same number of equally signifi cant 

Derivative
Questions

Primitive
Questions

Maximum

Yes, almost certainly
Likely, more likely than not
Even, about as likely as not
Unlikely, more unlikely than not
No, almost certainly not

1.1.1

1.1 1.2

1

1.3

1.1.2 1.1.3 1.2.1 1.2.2 1.2.3 1.3.1 1.3.2 1.3.3

1.3.1 - UNUSUAL TRANSACTION: Is there a
large, unusual, or questionable transaction?

1.3.2 - ECONOMIC REALITY: Does 
this entity lack economic reality?

1.3.3 - SPECIAL PURPOSE ENTITY: Is
this an apparent special purpose entity?

1 - ECONOMIC SUBSTANCE: Does the
entity lack economic substance?

1.3 - NORMAL OPERATING
BUSINESS: Do the component
entities operate abnormally?

Maximum

Maximum

Maximum

Multiple
Choice
Answers

  Fig. 20.1    Example argument template       
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 questions. An attempt is made to keep the number and signifi cance of supporting 
question equal so that the eventual template encourages equal attention to equally 
signifi cant aspects of the overall problem. This procedure continues until primitive 
questions are produced that can be directly answered or until the number of overall 
questions has become too numerous to include in a single template. In this latter 
case, the author might elect to limit the depth of the original template and then 
 capture those elements that fell below that depth limit in their own templates; each 
of these  cascaded templates  would share its root question with one of the primitive 
questions in the original template. The relationship of these cascaded templates to 
the original template can be captured by adding these to the original template as 
 discovery tools  (more on this below). As such, an analyst who is developing an 
argument based on the original template, and is confronted with one of its primitive 
questions, can either elect to directly answer the stated question or invoke one of 
these discovery tools to further break down the question. The cascaded templates 
defi ne useful subarguments that can support one or more higher-level arguments. 
The advantage of this approach is that the analyst determines which of these 
 discovery tools to employ, thus choosing where and where not to spend additional 
effort. An analyst might choose to delve deeper, using a cascaded template because 
of not being able to directly answer the primitive question, and thus needing guidance 
in breaking it down to questions that can be answered. Or, the analyst, believing that 
this is central to the problem at hand, wants to engage in very deliberate reasoning. 

 Using the bottom-up approach, one starts by enumerating the detailed conditions 
that should be considered. Once these are enumerated, one begins to cluster these 
into coherent collections of roughly equal size and signifi cance. One then clusters 
the clusters, again striving for clusters of equal size and signifi cance, and continues 
this process until a single cluster remains. Each cluster should give rise to a question 
in the resulting template, with the nesting of the clusters captured as supporting 
questions. 

 In practice, neither the top-down nor bottom-up approach is typically employed 
in its pure form. Instead, both are employed at different times, one after the other, 
until a satisfactory result is achieved. Once the overall skeletal structure has been 
established, the analyst’s attention should turn to writing the detailed questions and 
candidate multiple-choice answers for the template. In practice, we have found that 
analysts are capable of authoring templates after minimal training, but that  authoring 
high-quality templates is challenging and requires additional experience. 

 An  inference method  completes an argument template. It is used to automatically 
answer some questions based on the answers to other questions. The analyst answers 
the primitive questions in the question hierarchy, and the answers to the derivative 
questions are automatically calculated. A typical inference method might take the 
maximum, minimum, or average (i.e., worst case or best case or average case) 
answer as the conclusion when combining the answers to several questions assessed 
along a continuous scale. We favor such simple inference methods over more 
 complex methods (e.g., ones based on conditional probabilities) since they are 
 easier to follow and explain. This refl ects our goal to organize and record human 
reasoning rather than attempting to automate it. 
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 To facilitate the rapid comprehension of arguments, we use a traffi c light 
 metaphor relating answers to colored lights along a linear scale, from green to red. 
The questions in a template are typically yes/no or true/false; the multiple-choice 
answers for primitive questions partition this range, associating an answer with 
each colored light. Typically, a fi ve-light scale is used (green, yellow-green, yel-
low, orange, red). Here green might correspond to false, red to true, and the other 
three to varying degrees of certainty. No multiple-choice answers are associated 
with derivative questions; within arguments, answers are strictly summarized by 
lights indicating degree of certainty. Beside rapid comprehension, another 
 advantage in the use of such a scale is the avoidance of false precision (i.e., fi ne 
distinctions being made in the inputs and outputs that are not justifi ed by the avail-
able information). 

 A template author should establish a  situation descriptor , for a new template, 
that describes the type of situations for which the template is intended to be used. 
Unlike the other information provided by the user in defi ning a template, much of 
the information in a situation descriptor is chosen from a situation ontology rather 
than being free text. The situation ontology serves much the same purpose as a card 
catalog in a library; it establishes indices and terms that are useful for retrieving 
objects based on the type of situation to which they are applied. For national secu-
rity problems, these might include the part of the world being analyzed (e.g., the 
continent, region, or country under assessment), the principal actor (e.g., the leader-
ship, the government, or its people), the event (e.g., political, economic, fi nancial, 
or currency), and the time period. These descriptions, with the exception of time, are 
selected from hierarchies of terms that are established through traditional knowl-
edge engineering techniques. By indexing objects according to this situation ontol-
ogy, both exact and semantically close matches can be automatically retrieved based 
on a description of the situation of interest expressed in the same terms. These situ-
ation descriptors are augmented by free text fi elds where the specifi c aspects of the 
situation can be fully expressed; thus, the ontological terminology need not fully 
capture every distinction. 

  Discovery tools  can be associated with primitive questions in a template. In 
general, they are recommended methods for acquiring information relevant to 
answering the associated question. These might be links to web pages, queries to 
databases or search engines, parameterized launches of other analytic tools, or 
references to cascaded templates. They capture an important aspect of an  analyst’s 
knowledge, namely, where and how to go about seeking information relevant to 
answering questions. Knowledge of this form is one thing that distinguishes an 
expert from a novice analyst. Discovery tools are captured on primitive questions 
within a template by storing the URLs that will launch them along with short 
textual citations used to reference them. As such, an argument template can be 
viewed as a complex query that breaks down a diffi cult question into simpler 
questions, coordinates multiple searches for information relevant to answering 
those simpler questions, and interprets the results as the basis for answering the 
diffi cult question.  
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20.3     Capturing Analytic Products as Arguments 

 Arguments are formed by answering the questions posed by a template. Answers 
are chosen from the multiple choices given in the template. If the available informa-
tion does not allow the analyst to reduce the possible answers to a single choice, 
multiple choices can be selected bounding the answers that remain possible, given 
the available information. Upon answering each question, the template’s inference 
method is applied, deriving the answers to derivative questions. Using the traffi c 
light metaphor, arguments can be displayed as a tree of colored nodes. Nodes repre-
sent questions, and colors represent answers. Figure  20.2  shows one such tree. From 
such visualizations, one can quickly determine which answers are driving the con-
clusion. In this case, it is obvious that 1.3.1 is driving the answer to 1.3 and 1.3 is 
driving the answer to the root question (i.e., 1). Within SEAS, if the cursor is posi-
tioned over a node in such a visualization, a small pop-up window displays the 
associated question. Thus, by moving the cursor across the argument, the line of 
reasoning driving the conclusion can be quickly determined.

   When answering a question in an argument, the  rationale  for answering in 
that way is recorded in text with attribution given to the answering analyst and 
the time that that answer was given (Fig.  20.3 ). Information used as evidence to 
support the answers given in an argument is recorded as part of the argument. 
When information that is potentially relevant to answering a question posed is 
fi rst found, it is entered as an  exhibit . This can be any kind of digital document 
(e.g., text, image, video, audio, spreadsheet) or a simple reference to a paper 
document. An exhibit assigns a unique identifi er to the information, uploads the 
document for later access if it is in digital form, and records a  citation  (i.e., string 
of text) for referencing it (typically consisting of some combination of title, 
author, and date). When the   relevance  of the information to the question at hand 
is confi rmed, the exhibit is promoted to  evidence . The relevance is recorded in 
two ways: as text explaining the signifi cance and as the answer(s) to the question 
that would be chosen if the answer were to be based solely on this evidence. The 
analyst making this assessment and the time of the assessment are recorded as 
well. When evidence is present, the rationale typically explains how the collec-
tive evidence supports the answer(s) chosen, explaining away that evidence that 
contradicts the answer and weaving together the supporting evidence to arrive at 
the stated conclusion. If the evidence is later explained away (e.g., an alibi is 
provided), it can be demoted back to an exhibit and retained along with the 
 rationale for its demotion.

  Fig. 20.2    Example argument       
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   When a new exhibit is fi rst attached to an argument, a red signal fl ag is raised to 
indicate that analyst attention is needed to determine its relevance. These fl ags are 
shown in the graphical visualization of arguments until the exhibits are promoted to 
evidence or until the fl ags are dismissed. Dismissing a fl ag on an exhibit indicates 
that the exhibit was found to not be relevant to answering the associated question. 
Retaining the exhibit with its lowered fl ag provides a record of this determination. 

 When discovery tools are present, they can be used to aid in the collection of 
evidence. If the discovery tools are of the  auto-populating  variety, when triggered 
they automatically turn all the “documents” that they return into exhibits with raised 
fl ags. Within SEAS, all such auto-populating discovery tools associated with an 
argument can be triggered at once; then the signal fl ags in the graphical depiction of 
the argument guide analysts to the locations within the argument where new infor-
mation is waiting interpretation. When discovery tools are based on cascaded 
 templates, cascaded arguments result from their triggering. In this way, the analyst 
can choose where to do a more thorough analysis, delving more deeply in a targeted 
way. A cascaded argument’s conclusion can be automatically used as evidence in 
support of the higher-level argument. 

 The analyst also chooses a  fusion method  for combining all the evidence  gathered 
supporting a single question. The fusion method can be manual (i.e., the analyst 
answers the question based on understanding of the evidence and its relevance) or 

Argument

Question 1.3.1 UNUSUAL TRANSACTION: Is there a large, unusual, or questionable
transaction?

Answer

Answered by: John Lowrance On: 15 Jan 2007 16:45:30

Rationale: The bank transaction is sufficiently large to warrant strong
suspicion.

Evidence

Exhibits

Yes, almost certainly
Likely, more likely than not
Even, about as likely as not
Unlikely, more unlikely than not
No, almost certainly not

Bank Transaction Record - 15 May 2006
Entered by: Tom Boyce On: 17 Dec 2006 9:32:43
Relevance: This contains a large transaction that is out
of the ordinary for a business of this size.

Computer of Employee John Doe - 13 Mar 2006
Entered by: Eric Yeh On: 14 Nov 2006 10:19:43
Relevance: Deleted records on his computer included
references to a known problematic company.

Email Message from John Doe to Jane Doe - 5 Apr 2006
Entered by: Janet Murdock On: 18 Jan 2007 1:22:23

  Fig. 20.3    Information supporting primitive question 1.3.1 in an argument       
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automated (i.e., the answer is automatically reached by applying a fusion method to 
the relevance of the supporting evidence). When an automated method is in use, 
changes to the supporting evidence, including changes in supporting arguments, can 
ripple up through the argument that they support, changing the conclusions. Such 
changes are immediately visible in the graphical depiction of the argument. The 
simplest automated fusion methods correspond to worst-case, best-case, and 
average- case reasoning (Fig.  20.4 ). The consensus fusion method is similar to an 
arithmetic average, but it tends to favor the more emphatic answers over the less 
emphatic; emphatic answers are characterized by being precise (i.e., captured by 
few lights) and being at the extremes (i.e., green or red).

   Given that not all sources are equally credible, weights are useful in recording 
their presumed credibility. These are graphically depicted by circular symbols, 
fi lled to varying degrees, associated with each piece of evidence, the weight being 
proportional to the area fi lled (see Fig.  20.3 ). Within SEAS, clicking on one of these 
symbols permits one to choose from fi ve different weights. In addition, some auto-
mated fusion methods are sensitive to these weights; those answers given less 
weight have less impact on their respective conclusions (Fig.  20.5 ). When these are 
in use, a change to the weight associated with a piece of evidence causes the answer 
to the question to be recalculated, along with all the derivative questions that depend 
on it. However, using weights to capture estimates of source credibility has proven 
to be extremely useful even when questions are answered manually. In addition, 
weighted fusion methods can be utilized within the inference methods of argument 

Answer 1 Answer 2

Answer 1Answer 2
more emphatic

Answer 2 Average Consensus

Maximum Minimum Bound

  Fig. 20.4    Automated fusion methods       
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templates. Here they capture the idea that the answers to some supporting questions 
are more important than the answers to others when arriving at a conclusion. The 
weights associated with supporting questions are chosen by selecting from the same 
symbols used to weight evidence; if less than full weight is attributed to a question 
in an argument, its node is drawn proportionally smaller in the tree of nodes that 
depicts the argument (Fig.  20.14 ).

    All the arguments and templates thus far discussed consist of a single hierarchy 
of questions, designed to arrive at the answer to a single overall question, the one 
uppermost in the hierarchy. In many applications, we have found it useful to employ 
a coordinated set of such  unidimensional  arguments, where each addresses a com-
mon topic from a different perspective, without attempting to roll these into a single 
overall answer. We refer to these as  multidimensional  arguments. For example, the 
assessment of the stability of a nation state might best be addressed by several inde-
pendent assessments of the leadership, social, political, military, external, and 
 economic situations. 

 In a  starburst  graphic (Fig.  20.6 ), the answers to the component arguments are 
organized in a pattern resembling spokes on a wheel. Each “spoke” corresponds to 
one answer; answers are displayed as “traffi c lights” at the ends of the spokes; 
answers are also plotted as points along the spokes with the “hub” of the wheel 

  Fig. 20.5    Weighted automated fusion methods       

  Fig. 20.6    Starburst depictions of multidimensional arguments       
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typically corresponding to the green end of the linear scale and the “rim” typically 
to the red end; the points plotted on neighboring spokes are connected by lines, and 
the resulting polygon is fi lled. The result is a plot that visually conveys the argu-
ment, with the severity of the situation (typically) being proportional to the area of 
the plot. This technique invites rapid comprehension and comparison when multiple 
arguments are simultaneously displayed.

   The starburst can be customized in a number of ways. One can specify whether 
each segment of the starburst should be depicted as a ray, beginning at the origin and 
extending out to the appropriate position, according to which lights are lit, or as 
sectors, having only those areas fi lled whose corresponding lights are lit. You also 
can specify how different parts of the starburst should be colored: mono in blue, 
max with the color corresponding to the highest-valued light, min with the color 
corresponding to the lowest-valued light, own with the color that corresponds to that 
portion on the starburst (i.e., green at the center, yellow in the middle, and red at the 
perimeter). 

 A  constellation  is another way of graphically depicting a multidimensional argu-
ment (Fig.  20.7 ). Using the same radial layout as for the starburst, it depicts the tree 
of lights corresponding to each component argument within the corresponding 
wedge, placing the root node/light nearest the origin and growing out from there. 
Larger nodes/lights are used nearer the origin. Although this can result in a cluttered 
display, it has the advantage of depicting every question/answer of a multidimen-
sional argument within a single compact display. This is further enhanced by pop- 
ups, which appear when the cursor is positioned over any light, that display the 
corresponding question text. A further refi nement allows one to fi lter out lights 
based on their corresponding color. Thus, for example, you might elect to show only 
the red, orange, and yellow lights, or just the red lights (i.e., the high-value informa-
tion). Examples of this display appear in Fig.  20.7 .

   Yet another effect can be achieved by overlaying constellations on starbursts 
(Fig.  20.8 ). This allows the user to quickly grasp the overall argument through the 
starburst and the details through the constellation. While at fi rst glance, these and 

  Fig. 20.7    Constellation depictions of multidimensional arguments       
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the previous depictions of arguments might seem somewhat opaque, they have 
proven to be quite valuable, allowing one to quickly spot what is driving an argu-
ment, where one argument diverges from another, or what trend is developing across 
a sequence of arguments. This is particularly due to their compact nature, allowing 
multiple arguments to be viewed side by side, within a single screen/page.

   While trees, starbursts, and constellations are particularly useful depictions for 
investigation online, where the corresponding question for each node/light is 
revealed upon positioning the cursor over it, these are less useful offl ine where no 
such information is available. To better convey the content of an argument offl ine, 
while striving to remain as compact as possible, we have developed a tabular argu-
ment summary (Fig.  20.9 ). In a tabular summary of a unidimensional argument, the 
root question is captured by a single cell at the top that spans the width of the table; 
the questions that support it are each represented by a cell in the next row of the 
table; the questions that support each of those are represented by cells in the next 
row of the table, below the cell of the question they support; and so on. Each cell is 
labeled with the topic of its corresponding question and is fi lled with a color corre-
sponding to its answer. Multiple such tables are used to summarize a multidimen-
sional argument, and can typically be printed on a single page.

   Another very useful means for conveying the contents of an argument is through 
a textual summary (Fig.  20.10 ). Here questions are numbered and indented in out-
line style to refl ect their position in the question hierarchy. The lights corresponding 
to the answer to each question are shown adjacent to each. Primitive questions also 
include answer rationale, along with the associated evidence and exhibits, and all 
their attributes. All are annotated with the contributing analyst and the time of the 
contribution. Thus, these capture the full contents of an argument, suitable for 

  Fig. 20.8.    Constellation overlaid on starburst       

  Fig. 20.9    Table depiction of unidimensional argument       
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detailed review and as the starting point for a fully formatted textual report on the 
topic. Like constellations, one can choose to suppress the inclusion of questions 
whose answers are represented by certain colors. This provides a means to exclude 
the low-value information (e.g., near green) and focus on the high-value informa-
tion (e.g., near red), allowing one to reduce the textual summary to those aspects 
that are driving the overall conclusions.

   Like argument templates, arguments too have associated situation descriptors. 
An argument’s situation descriptor is like a template’s situation descriptor except 
that it captures information pertaining to the prevailing situation for which the 
 argument was developed. Like the situation descriptors associated with templates, 
they are used to fi nd arguments that address related situations.  

20.4     Supporting Collaborative Analysis 

 SEAS seeks to foster collaboration among analysts. In reviewing why analysts 
might seek out other analysts, we identifi ed six reasons:

    1.    To learn from others by reviewing their analytic methods and products   
   2.    To stimulate creative thinking by rapidly exchanging and generating ideas 

(i.e., brainstorming)   

  Fig. 20.10    Summary depiction of a portion of an argument       
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   3.    To gain insights by having others critique their work   
   4.    To share the workload, and thus to get results quicker and to get superior results 

by having different people do what they do best   
   5.    To improve their understanding by comparing and contrasting their results with 

the results of others   
   6.    To improve the quality of their results by combining them with the results of 

others     

 Note that most of these activities stress the need for asynchronous collaboration 
aids. The most important capabilities for supporting collaboration in SEAS are 
through tools that aid argument or template understanding, argument or template 
comparison, argument or template merging, and argument or template critiquing, 
and that support division of labor regarding the creation and editing of arguments or 
templates. 

 From its inception, SEAS was designed as a collaborative tool aimed at  supporting 
teams of analysts engaged in collective reasoning tasks. This is one of the reasons 
that it is architected as a web application, consisting of a web server with browser 
clients. All SEAS objects reside on the server. Users access these objects using a 
personal computer, equipped with an industry standard browser, connected to the 
server via a network (e.g., the Internet). In response, the server generates dynamic 
web pages that are rendered by the clients to provide depictions of SEAS objects, 
and/or modifi es these objects based on client actions. SEAS provides asynchronous 
to near synchronous read/write access to all accumulated objects, which allows ana-
lysts to work together on common arguments, as their time permits. 

 Since SEAS is meant to support a community of analysts, it must address issues 
of privacy and access. An analyst in the early stages of argument development 
might not want work to be accessible by others. During development, an analyst 
might want certain individuals or groups to aid the process by reviewing or contrib-
uting to it. Even when an argument is complete, the analyst will want to control 
who will be allowed to see the results. Further, when an argument is used as evi-
dence in support of another argument, then that argument serving as evidence must 
be guaranteed to persist in its current state to guarantee the integrity of the argument 
it supports. To address these issues of access control and stability of referenced 
objects, SEAS incorporates the concept of publishing. Three key attributes are 
related to the two states of publishing: unpublished and published. Published argu-
ments and templates are guaranteed to persist, that is, they will continue to exist; no 
such guarantee is made for unpublished arguments or templates. As a consequence, 
only published arguments and templates can be reliably cited, much as only pub-
lished works are (typically) included in bibliographies so that the reader has a real 
opportunity to obtain and read them. Unpublished arguments and templates are 
distinguished from published ones in that they are unstable, that is, likely to change 
in content. Published arguments and templates will not change. Finally, unpub-
lished arguments and templates are distinguished from published ones in that their 
authors are given write access, while published ones restrict both their authors and 
audiences to read access. 
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 All arguments and templates originate as unpublished works with a single author. 
While they remain unpublished, the author can add additional authors. Only the 
authors have access, and they are free to make modifi cations as they see fi t. It is 
through this means that an analyst can enlist the help of other analysts in directly 
contributing to the development of an argument or template. An analyst can 
 indirectly enlist the help of other analysts by linking arguments produced by them 
as evidence to support an argument, or by making use of templates developed by 
others as the basis for the arguments. Once a draft argument or template is ready for 
limited external review, the authors might add people or organizations to the audi-
ence. It is risky for this audience to link to this unpublished work since it might go 
away or be substantially changed in the future. When the authors decide that the 
argument is ready for external release, they publish it, giving read access to a speci-
fi ed audience in addition to themselves. These published arguments and templates 
can be reliably cited and referenced in other arguments since they are guaranteed to 
persist in an unchanging state. 

 Any author of an unpublished argument or template can change it at any time. 
In our most recent version of SEAS, the detailed history of changes is retained, 
allowing anyone with access to review the history of revisions. There is also a facil-
ity to spawn versions of an argument, that is, a copy of an argument in its current 
state, retained as a snapshot in its development. While the histories retain all the 
detailed changes, versioning provides a means to capture important waypoints in 
the development of an argument and, coupled with their graphical depictions, pro-
vides a convenient means to visualize the evolution of thinking, either by moving 
slowly from one depiction to the next or rapidly, producing an animation of its 
development. 

 When data is attached to an argument as an exhibit/evidence, if an individual has 
access to the argument, then SEAS will provide access to the attached data. However, 
if that data resides on an independent server from SEAS and has it own access 
 controls, then those access controls will prevail. For example, assume that two com-
panies wish to carry out a joint assessment that relates to a joint venture. One or 
more arguments might be established giving members of both companies read/write 
access. When data from the open Internet is attached via URL, then members from 
both companies can drill down to see it. However, when a company member attaches 
data using a URL that points to that company server, and that server is behind the 
company fi rewall, then although members of the other company can see the URL, 
along with the citation and any relevance given, if they attempt to follow the URL 
to see the data, the fi rewall will block them; of course, those in the home company 
that are behind the fi rewall will be able to open the URL and see the data. Those 
aspects of the data that need to be shared can be incorporated into the textual state-
ment of relevance, without revealing those aspects of the data that make it proprie-
tary. Should it be determined that the data should be fully shared, it can be moved to 
a server to which both companies have access (e.g., the SEAS server itself). 

 While the ability for co-authors to make direct changes to a developing argument 
is essential, at times they would like to annotate an argument with issues, without 
changing the argument itself.  Memos  are structured annotations that are attached to 
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objects within the SEAS knowledge base, including exhibits, evidence, discovery 
tools, questions/answers, arguments, and templates. Each memo includes text for its 
subject and body and a type selected from a preestablished set, including comment, 
critique, for review, to do, summary, instruction, and assumption. Like arguments 
and templates, memos have a designated audience that restricts their access by 
 others; only those who are members of the audience will know of their existence. 
One memo can be posted as a response to another, providing a means to imbed a 
threaded discussion regarding an element in an argument. As such, memos pro-
vide a means for private, semiprivate, or public discussion among analysts. 
Critiques are a way for contemporary analysts to contribute to each other’s work. 
Assumptions might be added so that analysts in the future will better be able to 
interpret a historical analysis. 

 Since collaboration in SEAS often proceeds asynchronously, analysts need to be 
made aware of memos that have been added, without having to actively search 
through argument or template details. SEAS makes the presence of memos known 
to analysts through its graphical annotation on its depictions of arguments and tem-
plates. The presence of a memo is indicated by the presence of a small yellow rect-
angle, meant to resemble a sticky note. Figure  20.11  shows memo annotations on 
argument icons in a list of multidimensional arguments. Drilling down on the third 
argument in the list displays the graphic on the left in Fig.  20.12 , indicating that a 
memo is located in the Build component of the argument. Clicking on the Build 
component reveals the underlying unidimensional argument, depicted on the right 
in Fig.  20.11 . The memo annotation indicates that a memo is attached to question 
1.3.3. Drilling down on this question displays the contents of the memo along with 
the exhibits, evidence, rationale, and answers for question 1.3.3. Within SEAS, 
memos can be selectively fi ltered (or not) based on their type, with graphical 

  Fig. 20.11    Memos 
graphically portrayed in list 
of arguments       

  Fig. 20.12    Memos graphically portrayed within an argument       
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 depictions indicating where they can be found, allowing the user to go directly to 
such memos without searching.

    SEAS includes another collaborative capability to handle the situation where 
multiple analysts have each developed their own independent assessment of a given 
situation, each capturing the assessment in a distinct argument based on a common 
template. Using starburst/constellation depictions of these arguments, one can quickly 
determine where there is agreement and disagreement in these assessments (Fig.  20.13 ), 
but this does not directly lead to a consensus. To do so, SEAS includes a technique for 
 joining  arguments, where a new argument is created, based on the same template, 
with each primitive question supported by one body of evidence for each of the 
constituent arguments. Each such body of evidence captures how that analyst 
answered the question with the rationale given as the relevance. When this joint 
argument is produced, a fusion method and optional associated parameters are 
 provided that are used to combine the disparate answers. That is, the fusion method 
(e.g., weighted average) and parameters (e.g., source credibility weights) are used 
to combine the collective answers for each primitive question to arrive at a consen-
sus answer, and these, in turn, determine the consensus conclusions for all the deriv-
ative questions. The result is a single argument that captures all the independent 
opinions as supporting evidence for a single consensus opinion (Fig.  20.13 ). Note 
that this form of collaboration takes advantage of the diversity of information and 
knowledge across a group, while limiting the risk of introducing bias or groupthink; 
no information is traded during deliberations, effectively eliminating the possibility 
of individuals infl uencing the thinking of others. The downside of this approach is 
that it is expensive, gaining no savings through division of labor.

  Fig. 20.13    Alternative assessments combined into a consensus assessment       
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   When deployed, we have seen the collaborative capabilities of SEAS used in 
 different ways, according to locally established business rules. For example, in one 
case, a group at a U.S. intelligence facility wanted to make a joint assessment of a 
potential threat. The group’s members established a multidimensional template to 
drive the assessment and created an argument, with all members of the team as 
 co- authors. However, they broke up responsibilities for creating the assessment 
according to experience. The junior members were tasked with searching for 
 potential evidence that they would attach to questions as exhibits; more experienced 
members were tasked to determine the relevance/irrelevance of those exhibits and to 
promote the relevant to evidence and to lower the signal fl ags on the irrelevant. Even 
more senior analysts would answer the questions based on the collected evidence; 
the most senior member would review the overall result, using memos to identify 
problems that needed to be addressed. Although there is a linear progression implied 
in this division of labor, members of the team could work on their parts of the 
 problem simultaneously. Coordination was achieved through signal fl ags and 
memos. However, it did suggest that SEAS might be enhanced to enforce such busi-
ness rules, limiting the type of modifi cations that any analyst is allowed to make 
according to a specifi ed plan of development. 

 In another case, SEAS was experimentally used to coordinate the collection and 
interpretation of information among fi rst responders to a public health emergency. 
A template was developed that broke out the information and actions needed for a 
coordinated response among police, fi re, hospitals, public health, and so on across 
city, county, state, and federal facilities. Upon a simulated discovery of a case of 
smallpox that could lead to an outbreak, an argument was established and made 
accessible over the Internet through a web portal. As various steps were taken (e.g., 
incident reported, communications established) and information acquired (e.g., 
identity and whereabouts of fi rst and second contacts), entries were made in 
the argument, checking off accomplishments and attaching information. As such, 
the argument constituted a status board for the coordinated response, detailing the 
current situation status and highlighting what remained to be done. 

 In other applications, multiple templates have been used: some for coarse 
 screening and others for detailed follow-up. For example, to address workers 
 compensation fraud, one template was developed for use by store employees. 
It consisted of a very limited number of simple questions meant to quickly sort out 
likely legitimate claims from those that warrant further investigation. If this initial 
screening resulted in a red light, it was to be passed to professionals who would 
make a more detailed investigation. The initial argument would help the medical 
and legal professionals understand the reason for suspicion. They would then con-
duct an investigation, contributing their collective fi ndings to a more detailed argu-
ment. Should a red light result from this more detailed analysis, it could be used as 
the basis for moving to litigation. 

 Another aspect for which business rules need to be established is to determine 
what actions are to be taken when lights of various colors come on. This helps 
directly in knowing how to respond given the current analytic results, but it also 
helps indirectly in better conveying the meaning of the lights. In one case, we found 
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that in practice, only the green and yellow-green lights were being used. When we 
investigated, we found that the individual analysts did not want to appear alarmist. 
But while not appearing alarmist, they had effectively reduced the fi delity of the 
results to where there was almost no differentiation among situations. To improve 
fi delity, we established rules that would determine the action to be taken:

•    Green: no action needed  
•   Yellow-Green: follow-up locally by revisiting the question and seeking  additional 

information  
•   Yellow: reach out to sister organizations, asking them to contribute any 

 information that they might have on the question  
•   Orange: conduct an in-depth study on the question, including a detailed trend 

analysis  
•   Red: report a warning condition up the chain of command    

 It is important to note that a red condition at one level in a hierarchically 
 structured organization should not necessarily be a red condition nor interpreted the 
same way at another level. However, in this case, one could imagine that the same 
set of business rules might be applied at the next level in the organization, determin-
ing when to move an issue up another level within the hierarchy (or as Paul Simon 
once said, one man’s ceiling is another man’s fl oor). We often have found it useful 
to defi ne the lights in terms of what form of communication/collaboration should 
ensue. For example, in a project management application, a yellow condition meant 
that a problem had been identifi ed, but the project manager was able to resolve it 
without assistance, while a red condition meant that upper management assistance 
was needed to address the problem (i.e., a cry for help that guaranteed a follow-up 
meeting to discuss options for assistance). We have found it useful to record such 
information directly in the arguments or templates, included directly in the multiple- 
choice answers and/or attached as an instructional memo. 

 As arguments, templates, and other SEAS objects accumulate within a SEAS 
server, a means is needed to organize these objects for ready access. To fi ll this need, 
SEAS includes  collections  that are named containers into which one can place 
SEAS objects on a common theme. That theme is partially expressed by the name 
given a collection and by the situation descriptor associated with it. The type of the 
collection can be used to further express this theme. A  sequential collection   indicates 
that the items in the collection are linearly ordered and constitute a series. One 
 element in the series does not replace a previous element, but adds to it, by address-
ing a different aspect of the theme, usually for a different time period. For example, 
a sequential collection is an ideal way to organize monthly arguments on a common 
topic, where each argument assesses the situation for a different month. On the other 
hand, each item in a  versioning collection  is meant to replace the previous item, 
typically correcting or enhancing it. Its items too are linearly ordered, but typically 
only the  current  item is in active use, while the items that came before it are retained 
to ensure the integrity of earlier assessments, and as a historical record. 

 Besides an item being designated as current, other items can be designated as the 
 previous  or  next  item. The next item is the one in line to become the next current 
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item, at which time the present current item will become the previous. A versioning 
collection is ideal for tracking improvements and enhancements to a template over 
time. The initial version is established as the current one while the next one is under 
development. When the next one is ready to replace the current, the role of the 
 current is changed to previous, the role of next changed to current, and a new copy 
of the next (now current) template is added to the collection and designated the next 
item. In so doing, arguments developed on earlier versions of the template are still 
based on the same versions, yet the versioning collection makes it clear that there 
are newer versions available and which is the best to build upon at the moment. 

 An  alternatives collection  captures the idea that its items are in competition with 
one another to be designated the best; the order in which the items are listed is of no 
consequence. This type of collection can be used to organize arguments that  represent 
differing opinions on a common topic. If all such arguments are based on a common 
template, then a consensus argument can be automatically produced through a join. 
A  miscellaneous collection  indicates that there is no additional theme and that the 
order in which the items are listed is of no consequence. Such a  collection might be 
used to collect exhibits on a common topic for later use in  support of arguments. 

 In general, collections can be used to organize objects for easy access. Each user 
has a  home collection . Opening this home collection immediately reveals all the 
items the user has placed in it. If it contains other collections, then those can be 
opened in hierarchy, revealing their contents. In this way a user’s home collection 
plays a role similar to that of a user's home directory in a computer fi le system, with 
embedded collections acting much like subdirectories. Unlike directories,  collections 
have situation descriptors, types, publication information, and (sometimes) roles 
making it even easier to fi nd and share information. Further, if a signal fl ag is raised 
or a visible memo is attached to an object within the user’s home collection, it is so 
annotated, as are the objects within it, making it easy for the user to quickly navigate 
to those objects needing attention.  

20.5     The Argument Markup Language 

 The Argument Markup Language (AML) was designed as an XML interchange 
language for structured arguments. It was intended to be both human and machine 
readable, and capable of representing many different forms of structured arguments. 
Its design goals included the following:

•    AML should support the representation of different types of structured  arguments 
developed by different tools and methodologies.  

•   Argument viewing/browsing tools should visualize AML arguments that were 
developed using argumentation tools.  

•   Argument editing tools should import arguments, modify them, and export the 
results.  

•   AML arguments should be self-contained in that they should be able to contain 
data used as evidence within an argument (e.g., in base64 encoding),    
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 The development of an XML schema for representing structured arguments was 
originally motivated by SRI’s (SRI International) involvement in DARPA’s Genoa 
program. This program included multiple structured argument development tools, 
argument viewers, and a corporate memory repository for retaining arguments, all 
to support the intelligence community in rapidly and systematically accumulating 
evidence, facilitating collaboration, and testing hypotheses that support decision 
making. While the structure of AML was infl uenced by SRI’s structured argumenta-
tion tool, SEAS, it was our intent for it to support the other tools in Genoa and 
beyond. While our goal was to represent the concepts common to all structured 
argumentation tools, different argumentation tools, developed to support different 
classes of problems and technical approaches, invariably have some unshared 
 concepts, making the interchange of arguments across tools necessarily imperfect. 

 The design of AML began by initially looking for common semantic concepts 
among argumentation tools and arguments, used to support different technical 
approaches and different fi elds of application. We captured these core semantic con-
cepts in a common argument representation. This representation distinguished 
between uninstantiated argument models (argument templates in our terminology) 
and instantiated arguments (arguments in our terminology). In addition, templates 
combine a question hierarchy (or network in Bayesian net terminology) and an 
aggregation rule attached to each question (node) in the question hierarchy 
 (network). AML also allows for collections of independent objects to be associated 
with one another (collection in our terminology), which has proved to be extremely 
 useful in practical use, where arguments produced by different people or arguments 
about different aspects of the same issue can be grouped together. 

 Rather than use technical terms for the elements of AML (e.g., variable, condset, 
node), we decided to use legal terminology that is more readily understood (e.g., 
argument, evidence, exhibit, rationale, relevance). Thus, while AML can represent 
Bayesian networks, it does so using very different terminology than other popular 
schemas for Bayesian networks [e.g., Microsoft’s XBN DTD (Microsoft  2007 )]. 
AML can represent the same things (and more), but is more easily understood by 
those not versed in Bayesian networks or probability theory. In addition AML is a 
relatively open XML schema that can be extended for use by other argumentation 
tools by incorporating tool-specifi c information. 

 The resulting schema went through several iterations, as we experimented in 
capturing different types of structured argument (e.g., capability model, Bayes net) 
using the schema. The latest version of the AML schema is available at the AML 
Home Page (Harrison & Lowrance  2006 ), as is an example AML argument gener-
ated using SEAS. In addition, an experimental XSLT style sheet was developed, 
with the aim of providing a platform-independent way of visualizing AML fi les, 
outside of the tool that was used to create the AML fi le. SEAS fully supports both 
the import and export of AML. 

 SEAS’s support of AML has provided additional opportunities for collaboration. 
In particular, the ability to export an argument template from one SEAS installation 
and then import it at another has been used to trade SEAS templates across govern-
ment agencies. In this way, if one agency is about to begin working a problem that 
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is related to a problem that has already been worked using SEAS at another agency, 
then rather than starting the template development process from scratch, the second 
agency can begin with the template developed by the fi rst agency, and modify it as 
needed. We believe that such trading in templates is an important way to codify and 
promulgate the use of best practices.  

20.6     Evaluation of SEAS 

 SEAS has been subjected to testing, in a number of experiments, by a number of 
different organizations, applied to a number of different problems. In general, the 
results have always suggested that the form of structured argumentation  implemented 
by SEAS shows promise; at the same time, there have always been suggestions for 
improvements, primarily focused on usability issues. We have attempted to build on 
the promise and make the improvements as resources have permitted. 

 In experiments conducted by DARPA, the ability of analysts to work counterter- 
rorism problems was assessed, with and without the aid of new information 
 technology tools (Popp & Poindexter  2006 ). SEAS was one of the tools employed. 
The experiment divided the analytic problem into three major steps broadly defi ned 
as research, analysis, and production. The results showed that analysts unaided by 
the tools spent far more time doing research and production than analysis; analysts 
aided by the tools were shown to reverse this, spending more time on analysis and 
less on research and production, allowing for more and better analysis in a shorter 
period of time. The signifi cance is that analysts spend a greater percentage of their 
time doing what is most important, that is, critical thinking. The results also included 
an impressive savings in analyst labor and an increase in the number of reports 
 produced – about half as many analysts created fi ve times as many reports in the 
same amount of time. SEAS was credited with letting analysts explicitly represent 
their hypotheses for comparison and assessment, and identifying evidentiary data 
gaps for focused research. 

 The Internal Revenue Service (IRS) tested SEAS as a means to detect, classify, 
and quantify high-risk compliance patterns in tax fi lings from larger businesses 
(Lowrance & Ragoobeer  2004 ). Some tax avoidance schemes use complexity to 
avoid detection and confuse IRS auditors, exploiting IRS stovepipes, cutting across 
multiple tax entities and multiple fi ling years. In this test, we worked with revenue 
agents on the analysis of a particular abusive tax avoidance shelter. A multidiscipli- 
nary team of IRS personnel was convened to analyze this current compliance issue 
and build an argument template for identifying its use. A prototype argument was 
later constructed for a particular case. Based on this, the IRS concluded that SEAS 
has good potential to assist in systematically assessing compliance risk, enabling 
collaboration among IRS experts to move rapidly in identifying and analyzing 
 complex schemes, providing access to evidence from multiple sources for 
multidiscipli- nary teams to weigh and agree on an appropriate response, and provid-
ing auditors with access to more current and comprehensive knowledge about 
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related entities and potential compliance issues that affect the entity that they are 
assigned to examine. 

 Other evaluations resulted in the following statements:

•    “The decision maker is able to access all information, consider the validity of the 
information and of the analyst, check the date of information to make 
 well- informed decisions using all of the information that is available and ensure 
that the information is germane and current to the problem set at hand.”  

•   “Currently … interactions between investigators, analysts, management and 
domain experts are … telephone conversations, … meetings, email correspon-
dence etc. most of which is fragmented and lost over time. The SEAS system 
will provide a more convenient way to centralize this information and … a record 
of … our decision-making process.”  

•   “SEAS, unlike many point-solution analysis tools, supports an extended analysis 
process with functions for problem formulation, information gathering, evidence 
handling, evidence assessment, and forming fi nal conclusions. Overall, the 
 analysts found the process clear and had no diffi culty adapting to it.”    

 While we fi rmly believe that structured argumentation and collective reasoning, 
as implemented by SEAS, has a signifi cant role to play in the general areas of 
 collective evidential reasoning, it is by no means a complete solution. Many aspects 
of the general problem require different approaches and supporting tools. Search 
engines, transaction analysis tools, natural language extraction and translation tools, 
link analysis tools, timeline analysis tools and statistical analysis tools, along with 
the more mundane email, instant messaging, teleconferencing, spreadsheets, word 
processing, and presentation development tools, all have a role to play. In addition, 
other approaches to structured reasoning need to be supported. SEAS is applicable 
when there is a given hypothesis that can be decomposed into its constituent 
 elements, and that decomposition can be exploited to guide the fi nding and interpre-
tation of evidence, to arrive at a conclusion regarding the validity of that hypothesis. 
In some situations, no hypothesis or too many hypotheses exist for this approach to 
be practical. Instead, hypotheses need to emerge as coherences in the available 
 evidence are discovered (Pioch & Evertt  2006 ; Rodriguez et al.  2005 ).  

20.7     Other Applications of SEAS 

 While SEAS was initially developed to address problems of national security (e.g., 
nation state stability assessment, terrorist threat assessment, infrastructure security 
assessment), it has since been applied to a wide range of problems in other domains. 
The one constant has been that whenever we introduce a new group to SEAS as a 
proposed solution to one of its problems, the group’s members identify several other 
problems that they think might benefi t from its application. 

 Early on within SRI, we applied SEAS to R&D project management. The ideas 
were to capture in a template all those things that an experienced project manager 
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knows are important to the long-term success of a project. While this included the 
usual elements of project management pertaining to how the project is progressing 
relative to plan, it also included elements pertaining to client satisfaction, the likeli-
hood that the results will successfully transition into operational use, and the quality 
and interest in the general scientifi c results being produced. We found that even 
 experienced project managers benefi ted because it provided them with a means to 
organize all the material that pertained to the project (e.g., fi nancial reports, corre-
spondence, technical reports, plans) and also alerted them to outstanding issues that 
they needed to address. For a junior project leader, the template served as an active 
tutor on project management best practice. In some cases, task leaders were assigned 
to complete portions of the assessment that pertained to their respective tasks, enabling 
the task leaders to communicate areas of concern to the project leader. When multiple 
projects were so managed, collections were established for upper management that 
included those projects for which they were acting as supervisors. When graphically 
depicted, these collections became personalized executive dashboards quickly 
 illustrating projects that needed supervisory assistance. 

 In another set of applications, SEAS was used to assess the quality and potential 
of various entities pertaining to business. One such application involved the assess-
ment of job candidates. A template was established that characterized the ideal 
 candidate in terms of key attributes. Each person who interviewed a candidate 
assessed these attributes in an independent argument based on this template, care-
fully recording the basis for the assessment. For any given candidate, the indepen-
dent arguments were graphically examined to determine if there were any substantial 
differences in the opinions; such differences in assessment might become the topic 
of a meeting where they could be resolved. Then the resulting arguments were 
joined to produce a consensus assessment. By comparing the graphical depictions 
of the consensus arguments across all the candidates, the stronger candidates could 
be easily identifi ed, along with their potential weaknesses. 

 In a related application, a template was developed for doing employee grade 
assessment. Each light on the traffi c light scale corresponded to a different job 
grade. The template characterized the performance for each grade across technical, 
interpersonal, and business development factors. Employees were asked to create an 
argument based on this template, where they assessed their own performance rela-
tive to all the factors. When possible, work products or correspondence were 
attached as evidence to back up their assessments. These assessments were reviewed 
by their managers and differences of opinion ironed out through meetings. Thus, the 
template became a communication channel between management and staff. The 
staff members commented that they thought this gave them a better understanding 
of career development paths within the company, where they stood within their 
selected paths, and what they needed to do to made progress. 

 Another application used SEAS to provide constructive feedback on business 
proposals. Here a template was developed that characterized the attributes of a 
 high- quality business proposal. Given a proposal, multiple reviewers would indepen-
dently assess it. The results were joined into a consensus assessment and  provided to 
the authors. In some cases, such feedback was done in near real time: the proposal 
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was pitched as a briefi ng. The reviewers each had a laptop connected to SEAS, and 
as the presentation progressed, they entered their remarks into their SEAS argu-
ments. Time was available immediately after the presentation for the reviewers to 
complete their arguments, and the resulting arguments were joined to produce a 
consensus. A summary of the consensus was printed and handed to the presenter. 
While we found that this rapid style of assessment tends to be less comprehensive 
and thoughtful, there is compensatory value in the immediacy of the feedback. 

 Product assessment is another application of SEAS. Here we established a 
 template that covered the various features that might infl uence the choice of auto-
mobile that a person would buy. We then assessed various automobiles against these 
criteria, making subjective assessments of things like “sex appeal” and objective 
assessments based on data for things like “safety” (Fig.  20.14 ). Once the assess-
ments were complete, a prospective buyer could then set the weights in the template 
associated with the various attributes to refl ect the importance of each criterion. 
As the weights were changed, SEAS automatically recalculated the conclusions for 
all the arguments (Fig.  20.15 ).

   Other applications have included:

•    Scenario signpost monitoring  
•   Balanced scorecard  
•   Competitor intelligence  
•   Technology assessment  
•   Investment risk  
•   Partnership evaluation  
•   SEAS template quality  
•   Prospect for economic assistance assessment  
•   Business plan assessment    

  Fig. 20.14    Product assessment argument       
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 Many of the templates for these applications can be found in the “SEAS Template 
Library” collection that is available to all users. However, one of the most powerful 
aspects of SEAS is that users can develop their own templates for problems of their 
choosing. In this way, SEAS is similar to a spreadsheet program, but instead of 
 focusing on supporting quantitative reasoning, SEAS supports qualitative reasoning.  

20.8     Conclusions 

 The structured argumentation methodology and SEAS were developed to aid those 
performing analytic tasks. In particular, we were not looking to automate the 
 analytical reasoning that they perform, but to facilitate it. This methodology

•    Encourages careful analysis, by reminding the analyst of the full spectrum of 
indicators to be considered.  

•   Eases argument comprehension and communication by allowing multiple 
 visualizations of the data at different levels of abstraction, while still allowing the 
analyst or decision maker to “drill down” along the component lines of reasoning 
to discover the detailed basis and rationale of others’ arguments.  

•   Invites and facilitates argument comparison by framing arguments within 
 common structures.    

 Today, intelligence analysts usually capture their knowledge in text documents. 
Typically, these documents have minimal structure, limited to section titles that 
break up the document. These intelligence reports are intended for human consump-
tion. However, because of their limited structure they are time-consuming to read 
and understand. To compare one report with another requires that both reports be 
read, and it is up to the reader to fi nd common and uncommon aspects of the 
 underlying reasoning. It is also up to the reader to extract the analytic method if it is 
to be employed in doing related analyses. Searching a collection of such reports to 

  Fig. 20.15    Comparative product assessments       
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fi nd ones that might be related to the current problem of interest is also time- 
consuming. Of course, word processing and search engines can help to speed this 
process, but the level of aid is fundamentally limited. 

 We believe that our structured argumentation methodology, as implemented in 
SEAS, has shown that the addition of even minimal structure into the analytic 
 process can aid analysts in developing, communicating, explaining, and comparing 
analytic results. An important aspect of this methodology is the retention of direct 
links to the source material and its interpretation relative to the conclusions drawn, 
allowing analysts to readily comprehend the thinking of others. This, coupled with 
a collaborative environment and a corporate memory of previously developed 
 templates and arguments, allows analysts to leverage the thinking of others both 
past and present. Finally, even though our methodology was originally motivated by 
the desire to help intelligence analysts, it has been shown to be applicable to a wide 
array of problems in government, industry, and the private sector.     
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  Abstract     This chapter aims to analyze the cognitive mapping method as a tool for 
supporting qualitative research, particularly to carry out literature reviews, concept 
analysis and qualitative data examination. The author uses his own experience in 
using the cognitive mapping method and in applying CmapTools software to understand 
the concept of partnership. The author highlights some advantages and disadvantages 
in employing cognitive mapping and CmapTools software. Speed, representation 
and consistency are advantages of this method. However, the author also shows that 
the possibilities of reductionism, simplifi cation of ideas and misinterpretation may 
take place when the method is applied.  
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21.1           Introduction 

 The aim of this chapter is to share an experience in the use of the cognitive mapping 
method in qualitative research. Particularly, this chapter is based on the author’s use 
of cognitive mapping methods (Okada  2004 ) and CmapTools software for litera-
ture reviews, conceptual analysis and qualitative data interpretation. This chapter is 
part of the author’s PhD research results on partnership between Local Organizations 
(community-based associations, co-operatives and workers’ unions) and govern-
ment in two areas of North-East Pará, Amazonia, Brazil. One of the research aims 
was to identify and to understand the meanings of partnership adopted by literature 
and by social actors involved in it. 

 The key questions raised in this chapter are: to what extent is the cognitive mapping 
method an effective tool for supporting qualitative research? What are its strengths? 
What are its weaknesses? 

 The chapter is divided in six sections. There are six sections to this chapter. It 
opens with a brief introduction, followed by an overview of the author’s understanding 
of a literature review. It also creates a link between the literature review and the 
cognitive mapping. The author’s literature review of the partnership concept is 
explained in the third section thru a mapping method. The fourth section outlines 
cognitive mapping in analyzing qualitative empirical research data. The fi fth section 
highlights the advantages and disadvantages in the use of cognitive mapping and 
CmapTools software. Finally, the last section revises the three key questions raised 
above and reveals the author’s conclusions.  

21.2     Literature Review and Cognitive Mapping 

 It is generally accepted by PhD students and inexperienced social science research-
ers that the literature review is one of the most diffi cult research phases. This is due 
to two main reasons. First, the amount of literature is often extensive. Secondly, 
there are usually cross-cutting analysis perspectives that may cause diffi culties in 
understanding ways of thinking. This is why there is a tendency, in many literature 
reviews, to emphasize “who said what,” to trace the historical evolution of a debate 
without taking into account the changes of thinking, and/or to describe a subject 
supported by many quotations. In these cases, the researcher may lose his/her 
interpretive capacity to criticize the literature reviewed and to fi nd a signifi cant 
research question. The researcher tends to investigate a subject or theme rather 
than a research question. The quality of a literature review is based on the identifi -
cation of books and articles, key ideas, a deep analysis of ways of thinking and 
concepts of interpretative consistency. 

 The key objective of a literature review should be an analytical summary of a 
question and the concepts involved in it. In order for this to be accomplished, it is 
necessary that the author analyzes the key bibliographical material ideas. 
Consequently, allowing the author to fi nd correlations and differences between 
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ideas and to understand the types and uses of books and statements in articles. 
Essentially, it is from the literature review that the researcher deals with subject 
discussions, identifi es different ways in which a subject has been debated, distin-
guishes the key issues and the main theoretical and empirical criticisms. It is in the 
literature review that the researcher identifi es knowledge gaps about a subject. 

 An effective literature review does not only depend on the researcher’s intellectual 
capacity, but it also depends on the researcher’s capacity and ability to apply suit-
able methods and techniques, which allow him/her to grasp ideas and knowledge. In 
addition to a high level of reading, the researcher needs to use techniques that allow 
him/her to visualize relationships among diverse debates, applied concepts and 
discussion fi elds. 

 While differences characterize the fi elds of a discipline, information systemati-
zation is a common fi eld of ability necessary to all researchers. In any knowledge 
fi eld, the volume of bibliographical material is often overwhelming. In order for 
information to be organized, section and subsections are required to connect the 
ideas from diverse articles, books, maps and others. Therefore, classifi cation is an 
important phase of an analytical literature review. 

 Classifi cation is essential because it facilitates the evaluation of ideas under a 
studied subject. It is diffi cult to systematically and progressively analyze a great 
volume of information without classifi cation. The classifi cation phase enables the 
researcher to visualize diverse contents, their peculiarities and relationships. 
Cognitive mapping is a useful tool to help the researcher classify and map out literature 
contents. Secondly, mapping out ideas from literature may take different ways, and 
different interpretative methods can be produced. This means that each researcher 
chooses and highlights connections between ideas and an author’s thoughts which 
may be unlike connections done by other researchers. Moreover, the researcher 
builds connections between concepts from the existent cognitive structures and sys-
tematizes his/her own cognitive knowledge (Ausubel  1968 ). Thus, classifi cation is 
not an automatic action; conversely it is a technical activity that depends on the 
researcher decision makings. The researcher becomes able to assess set ways in 
which ideas about a subject have been organized, therefore is able to expand the 
horizons, and to examine the subject with different perspectives. 

 In the social sciences, classifi cation is not just fi xed categories. Ideas, theories, 
concepts and arguments are not objects of fi xed and formal schemes of classifi cation 
(Hart  2001 ). On the contrary, they are part of the “research imagination” (Mills 
 1970 ). They are part of a researcher’s capacity and ability to form interpretative 
relations that introduce a new perspective of analysis. The cognitive mapping 
method brings together the researcher’s imagination and a network of conceptual 
relations system. The process of building cognitive mapping is a researcher’s way 
of thinking about a research question from knowledge already constructed by 
other authors. 

 Visual maps are interesting tools to support the literature review. These are 
mechanisms for knowledge acquisition and communication. Map building during 
the literature review is an interactive process that helps the researcher discover and 
make conceptual relations within the theoretical model that he/she is working on. 
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 The map models comprise boxes and lines. The boxes have key words and 
the lines signify the relations between these key words. The lines can be unidi-
rectional, bidirectional or multidirectional. The links may express causality, 
association, names and so on. The usual method is to describe themes from defi nitions 
of key words (sometimes a quotation from a text), and this facilitates a reduc-
tion of material into a matrix. The matrix helps the researcher identify from 
what fi elds the theory has been constructed and how the key concept has been 
dealt with. This is a tool which facilitates comparisons, contrasts and identifi ca-
tion of interactions. The supporting software for building cognitive mapping is 
CmapTools. This is an interactive and accessible software that does not require 
extensive IT knowledge. The software brings fl exibility to defi ne central ques-
tions, to create key words and to create various links among theories, concepts 
and cognitive abstractions. The following sections will demonstrate some map 
examples.  

21.3     Using Cognitive Mapping for Literature Reviews 
and Conceptual Examination 

 The reasons for using cognitive mapping as a tool for literature analysis and concep-
tual examination are linked to this research phase. A literature review often pro-
duces a great amount of bibliographical material which, in spite of the specifi c 
context in which it was produced, is presented in many different forms. An exten-
sive bibliographical material may result on the dispersion of a research focus. 

 A graphical visualization of different forms which a concept takes may help a 
researcher identify and understand its forms within each discipline. The following 
example illustrates a conceptual examination. It uses the concept of partnership to 
demonstrate the complexity of a concept and its diverse meanings within its fi elds 
of disciplines. 

21.3.1     The Meanings and Structures of Partnership 

 Similar to other concepts, the concept of partnership has also obtained a diver-
sity of meanings which McQuaid (2000:10) suggests a range along an infi nite 
spectrum). Literature about this subject indicates to have different notions about 
partnership. These notions are cooperation of (Robinson et al.  2000 ) trust 
(Harriss  2000 ), complementarity (Lan  1997 ) and synergy (Evans  1997 ). They 
(notions) are associated with diverse perspectives in which the concept has been 
debated. Two spectrums are dominant in the case of Partnership (Box  21.1 ). The 
fi rst spectrum is based on social actor and the second spectrum is based on insti-
tutional frameworks (Vasconcellos  2005 ). 
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 In the literature based on social actor the discussion of the concept of Partnership 
range from the forms in which the concept is structured to the ideal type of partner-
ship. Three themes are recurrent in the discussion that are: existence of trust, rea-
sons that motivate formations of cooperation and types of partnerships. In the 
literature based on institutions and organizations, the debate about the concept of 
partnership is concentrated on political structure of public and private organizations 
(Public–Private Partnership), the structure of laws, norms and governmental regula-
tions, complementarity of resources, and embebedness relationship between state 
and civil society for carrying out socio-economic programs and projects. 

 In rural development, partnership takes other various perspectives. However, at 
least two of them are more prominent. These are partnership as a form of participa-
tion (community/people participation and social participation) and partnership as a 
tool for development management. They, in their turn have been debated in diverse 
themes. In the debate of partnership as a form of participation, there are two streams: 
(1)community participation (equity, inclusiveness, power-sharing, mutuality) and 
(2)social participation (access to basic needs and basic human rights). In the man-
agement literature the discussion concentrates on (a) the relationships between 
Government and NGOs and also relationships between Donor and NGOs, (b) com-
plementarity of resources, (c) business alliance and (d) inter-organizational rela-
tions. Table  21.1  and Boxes  21.2  and  21.3  illustrate differentiation between the 
themes and streams.

   Certainly the above quotations about partnership are incomplete. However, the 
quotations give insights about author’s diffi culties in defi ning bibliographical issues to 
follow and consequently to defi ne precisely the concept used in his work. Despite 

   Box 21.1 A spectrum of partnership 

 At one end of the spectrum partnership is based on social actors. Partnership 
is debated as a form of organization in which the control of the partners 
enrolled depends on the existence of social actor trust (Brett  1993 ; Postma 
 1994 ; Fowler  1997 ; Harriss  2000 ; Dolny  2000 ) and self-organization 
Harriss  2000 ). In this context, partnership motives are not shaped by ideas of 
material gain or coercion of the enrolled partners, but by a sense of common 
purpose supported by trust between its actors. Partnerships based on trust 
evoke the notion of partnership as a prolonged process and as the result of a 
long-term relationship between the actors (Lewis  1998 ). 

 At the other end of the spectrum, partnership in based on institutional 
frameworks and governments (Tendler  1997 ; Evans  1997 ; DFID  2006 ; WB 
2004). This is because partnership is most commonly found in formal and 
political institutions (DFID  2006 ; WB 2004; Tendler  1997 ; Evans  1997 ; 
Lan  1997 ; Heller  1997 ). This perspective emphasizes partnership as shaped 
by the rules, regulations and governmental actions where it emerges (ibid.). 
(Vasconcellos  2005 ) 

21 An Experience of the Use of the Cognitive Mapping Method



476

   Table 21.1    Partnership perspectives for rural development   

 Rural development meanings 

 Participation  Management (effi ciency, effectiveness and 
responsiveness) 

 Community participation (equity, 
inclusiveness, powersharing, 
mutuality) 

 Relationships, Government–NGOs and donor–NGOs 
Complementarity of resources 

 Social participation (access to basic 
needs and basic human rights) 

 Business alliance 
Inter- organizational relations 

  Source: the author  

   Box 21.2 Partnership under participation meaning 

 In community participation, partnership is considered the most ethical 
approach to sustainable development and service delivery in rural areas 
(Chambers  1983 ,  1997 ). This is because partnership seeks to promote com-
munity participation in decisions that affect themselves (ibid.). However, this 
perspective, which is extremely normative, reveals a simplistic understanding 
of community as one of harmonious unity within which people share common 
interests and needs, and conceals power relations within communities (Guijt 
& Shah  1998 ; Cleaver  2002 ). In spite of the key intention, to ensure the full 
and active participation of community members in the rural programmes that 
affect them, evidence suggests that partnership, as a mechanism of participa-
tion, has not worked effectively towards social inclusion and power sharing 
(Cleaver  2002 ; Bowyer  2005 ). 

 In partnership, social participation, which emerged in response to the pre-
vious normative understanding of partnership for inclusion of the powerless 
and power sharing, is recurrently used as an instrument to involve different 
sectors of society. Social participation is deemed important for promoting 
access to basic needs and basic human rights for poor rural people (OECD 
 1997 ). Also under the rationale of participation, this perspective prioritizes 
enduring relationships for strategic issues such as combating poverty and cre-
ating sustainable livelihoods rather than “immediate problem solving” of 
issues such as water supply or combating diseases (DFID  2006 ). 

 This perspective can be found in international donor, governmental and 
corporate materials: mission statements, annual reports, strategic planning 
efforts, special reports, programmes and project documentation (DFID  2006 ; 
OECD  1997 ). According to these organisations, partnership is an appropriate 
vehicle to address social and economic needs with the involvement of all sec-
tors of society. It is the mechanism to promote the participation of the civil 
society in the planning and management of long term public programmes, 
minimising confl icts between divergent actors in favour of the society at large 
(DFID  2006 ). (Vasconcellos  2005 ) 
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   Box 21.3 Partnership under the meaning of development management 

 Under development management, partnership is an instrument to be used to 
reach more precise objectives typically correlated with effectiveness, effi -
ciency and responsiveness (World Bank  2003 ). The perspective of develop-
ment management is generally treated under the theory of New Public 
Management. Partnership is treated not just as an instrument of people partici-
pation in public actions, or as a broad way of committing to society through 
social and economic needs. Instead, it is viewed as a method to conciliate 
public and private resources to carry out effectively and effi ciently specifi c 
public programs. In spite of the instrumental view that partnership assumes 
under a development management perspective, there is a set of interconnected 
ideas that examine partnership in an analytical way. 

 One idea considers particular types of relationships and purposes. It 
focuses on relationships between governments, NGOs and donors, on 
advocacy- policy versus program implementation, and corporate citizenship 
(Lister  2000 ; Ahmad  2006 ). Its focus is on effective partnership. On a 
broader scale, it deals with the exercise of power and how it infl uences a part-
nership’s success. The government’s and donor’s power are criticized sug-
gesting the possibility of a zero-sum power relationship (Lister  2000 ; Ahmad 
 2006 ). In spite of insights about the infl uence of power on partnership, the 
pessimistic trend that this interpretation presents does not offer alternative 
ways to overcome negative issues in it or in any other development manage-
ment approach. It suggests neutral power relationships that in fact do not hap-
pen in any reality. 

 A second concept deals with partnership effi ciency. Here partnership is a 
strategic mechanism for resource complementarities between the public and 
private organizations (Sellgren  1990 ) and is also a cost-effi cient mechanism 
to carry out developmental projects with low costs and high performance 
(Bennet & Krebs  1994 ). Partners seek out ties with others who can help man-
age strategic interdependencies effi ciently. The rationales for a complemen-
tarity of resources and cost-effi ciency assume narrow characteristics because 
partnership is only used for budget enlargement (Sellgren  1990 ) or to balance 
economic costs with project outcomes. The rationales of complementarity 
focus on economic ends and view social aims as a consequence of resources 
effi ciency. 

 Also concerned with economic outcomes, another concept is derived from 
business alliance literature. Partnership terminology in this context is evolv-
ing, and increasingly refers to less formal exclusive relationships, as opposed 
to the limited, historical application of legal structures, mergers and contract-
ing relations. This concept addresses equality in decision making, the auton-
omy of the partner organizations and corporate citizenship to attain effi cient 
and effective outcomes (Jacobs  2000 ). However, it has a limited focus on the 

(continued)
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various concepts of analytical views, these are not linear and do not exclude each 
other. For instance, at the same time that partnership is based on institutions and orga-
nization suggests cooperation, synergy and complementarity between institutions, 
partnership does not occur without trust between social actors. However, the debate on 
trust is part of discussion on partnership based on social actors. Any analysis of part-
nership in the organizational context that does not take into account social actors is 
incomplete. This is because there is no organization without social actors. From the 
other perspective, trust relations between people and/or institutions do not emerge 
isolated from a socio-institutional context. They are not apart from laws, societal 
norms of behavior and people’s cultural background. Therefore, partnership analyses 
that do not take into account institutional aspects are also incomplete. 

 The map  21.1  shows that in spite of different analytical views. these are not iso-
lated. On the contrary, they are interrelated. The map shows that there is not a bib-
liographical and/or conceptual hierarchy. At this point, the map shows that cognitive 
mapping is a helpful tool for visual perception of diverse cognitive analyses and 
constructs by other authors and to support the researcher to construct his/her own 
set of relations from previously produced knowledge.

   Unlike the idea that hierarchical organizations facilitate concept understanding 
(Novak  1998 ,  2005 ), this author’s experience of building conceptual maps has 
shown that construction of non-sequential and multiple connection maps facilitate 
the organization of idea links that are not easily demonstrated. For instance, if the 

public–private relationship for market purposes. In spite of the importance of 
market orientation in partnerships with economic ends, the public sector is 
not pursuing purely commercial goals. A criterion for partnerships is that it 
involves public bodies in balance with social issues (McQuaid  2000 ). 

 A fourth set of analysis includes political economics and networking theo-
ries. This thread examines inter-organizational relations, particularly between 
the public and private sectors, including civil society (Gilchrist  2004 ). 
Although of a normative slant, this concept is the most analytic within partner-
ship literature. It deals with the most rigorous identifi cation and examination 
of inter-organizational coordination challenges, incentive systems, control 
mechanisms and structural alternatives (Kooiman  1993 ; Kickert  1997 ). These 
have emphasized the importance of the interrelationships between the political 
and the social context within networks. However, the theoretical and empirical 
validity of these views still need further analysis (McQuaid  2000 ). So far, 
there is no clear understanding about the behavior and policies of organiza-
tions involved in partnerships for economic development. Also, the nature of 
their relationships with networks and partnerships between other actors that 
are not directly involved in partnership at local level (including the fl ows of 
resources, power and information within these networks) is not included in the 
analysis. (Vasconcellos  2005 ) 

Box 21.3 (continued)
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bellow map was built from a hierarchical model, it would not demonstrate the two 
ways in which the concept of partnership has been debated. From this point of view, 
a hierarchical deconstruction of the concept is more interesting to generate new 
subject interpretations. Although it is important to follow specialists’ instructions in 
building cognitive maps from a “tree model,” the technical orientations should not 
prevail over the researcher’s intellectual abstractions. While certain authors’ books 
and/or articles do not always clearly, coherently and consistently present their ideas, 
the researcher needs to identify the key issues in each piece of bibliographical 
material and these are contributions to knowledge. The map  21.1  shows that the 
concept of Partnership cannot be constructed in a hierarchical form and that there 
are interrelations between the diverse fi elds of analysis.   

21.4     Use of Cognitive Mapping for Qualitative Data Analysis 

 The broad and diffuse spectrum on which a concept is debated in literature has 
automatic infl uence on a collection of empirical data. The researcher should have 
clear analytical discernment on how the data should be gathered. Otherwise, the 
data collection can be completely dispersed. 
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 Despite the methodological advantages that qualitative research method offers 
for some fi elds and particularly to social sciences, this method contains diffi culties 
for research validation. Here, research validation is different from validation in the 
natural sciences. In this latter, replication techniques in identical circumstances can 
be created in a laboratory. The social environment has elements that are generalized 
from relationships between facts that are specifi c to a particular phenomenon. The 
relationship between facts involves the inclusion of elements of interpretation that 
are not in the data; conversely they are part of the researcher’s cognitive work. 

 A great concern of the qualitative method researcher is data validation (Bloor 
 1997 ). Researchers look for tools that help them to collect and organize data that 
also enables interpretative insights. Triangulation has been used as an important 
method for qualitative data validation. In broad terms, triangulation is the use of 
different data gathering methods and cross-cut analysis (Bloor  1997 ) to examine a 
sole research question. For instance, researchers use (at the same time) interview 
methods, document analysis and observation and cross the results achieved from 
each method to check similarities and differences in outcomes. 

 However, a serious issue in triangulation use is the amount of data generated. If 
the interview (structured and semi-structured) method is used, this generates a large 
amount of data that is diffi cult to deal with. One hour of tape transcription is around 
fi fty transcription pages. Observation methods also generate a considerable number 
of notes, particularly ethnographic research. Documentary analysis needs to focus 
on data acquisition as documents have their own objectives and these are not like 
research aims. In addition, documentary analysis needs a context. Thus, the greatest 
qualitative research issue is data accuracy to confi rm empirical evidences. 

 In the last 20 years different types of software have been created to support quali-
tative research data management such as NUD*IST and Inspiration. However, this 
software has also been criticized. If on the one hand they facilitate data organiza-
tion, on the other hand they require an IT ability that is not many social researchers 
have (Durkin  1997 ). In addition, such software is time consuming in organizing 
data before effective data analysis can be done (ibid). For instance, complete tape 
transcriptions are required, documents must be translated into the same software 
language, as well as prior elaboration of concepts and creation of codes and code 
catalogues. An analysis of this software is not part of this chapter; however what is 
stressed is that in the use of software, cognitive work is dependant and/or subordinate 
to technical ability in data organization. 

 CmapTools is an alternative tool for data organization without requiring extensive 
IT ability. It facilitates visual data organization that in its turn helps cognitive inter-
pretation. CmapTools can be used in any language, does not require translation into 
a software language, and does not need prior elaboration of concepts. On the contrary, 
concepts emerge during the cognitive process of data interpretation. The issues 
considered here are CmapTools strengths and suggest an emphasis on cognitive 
interpretation rather than simply software techniques. 

 Field work research carried out by this author to understand two partnership rela-
tions between governments and rural communities showed that the CmapTools 
makes for easier data organization and facilitates cognitive interpretation. One of 
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the fi eld work research aims was to understand social actors’ concepts of the 
partnerships in which they were involved. The analysis was based on partnerships 
between government agents (departments of agriculture, environment and planning) 
and local organization representatives (rural workers’ unions, community based 
associations and cooperatives) in two  municípios  of Pará State, namely Ourém and 
Igarapé-Miri. These partnerships were established to create rural development com-
mittees and for the creation and execution of rural development planning. Research 
institutes’ concepts of partnership were also considered because of their infl uence 
on local organizations. 

 The main fi eld work research question was: what are the social actors’ concepts 
of partnership? Thus, the researcher interviewed agriculturists, community leaders, 
government, leaders of rural workers, agents and researchers working in these areas. 
Thirty fi ve interviews were carried out. These resulted in 1,500 transcript pages. 1  

 The answers were multivariate as a result of the research information that 
involved different elements. The social actors’ discourses were direct and indirect 
with connotative and denotative meanings. The examples below show some social 
actors’ perspectives on partnership and multifaceted discourses. 

21.4.1     The Meaning of Partnership 

 Commitment to partnership is accompanied by a different operational understanding 
of the partnership concept. Consequently there is a self-evident problem to translate 
partnership into practice when there is a diversity of organizations and a diversity of 
understanding of the meaning of partnership. In both Ourém and Igarapé-Miri, the 
community-based development associations (CBDA) and the rural unions under-
stand partnership as a coalition of interests between institutional actors as the quota-
tions illustrate.  

  (⋯) Partnership is established when everybody is together, when we build our project 
together (⋯). 2  

 (⋯) Partnership is a mutual relationship, where everybody speaks the same language for 
the achievement of a common aim (⋯) everybody is working for the same aim (⋯). 3  

   However, community-based associations (CBA), cooperatives and agents of the 
state understand partnership only as the transference of fi nancial resources from 
government to communities for the development of productive agricultural projects. 
Partnership is interpreted only as a method to maximize the use of resources to 
reach markets.  

  (⋯) we wanted to improve our production and to put our produce directly to market (⋯) 
and then we looked for partners who could support our ideas (⋯) then we looked at 

1   The interviews were copied prior researcher decision to use the CmapTools. 
2   CBDA leader, Ourém. 
3   Member of the Rural Workers’ Union, Ourém. 
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POEMA, BASA, Banco do Estado do Pará [Bank of Pará State plc.] and other partners to 
carry out our ideas (⋯). 4  

 (⋯) what kind of partnership is that, where they [NGO and state] come along and talk, 
talk, talk but they do not give us anything [money, fi nancing]? (⋯). 5  

 (⋯) this is the sort of partnership that does not work; when it is the time to put hands in 
the state pockets there is no money for the producers (⋯). 6  

 (⋯) they speak about partnership [state] but they do not ask us what we need, what 
projects we would like to create, if it is credit for coconuts, oranges ⋯ now they [regional 
state] have a project for cassava (⋯). 7  

   The study identifi ed that interpretations of CBA are linked to how most of them 
were created and how partnerships were established. The majority of the CBA came 
about as a result of credit policies. They were created with no clear understanding of 
the role of an association. In practice, this means that without a prior process of capac-
ity building, the creation of an association does not mean a creation for the collective.  

  (⋯) Before the FNO there were just three associations in Igarapé-Miri (⋯) they were cre-
ated with the support of the Catholic Church (⋯) we took account of the [socio-economic] 
situation, we would not go anywhere (⋯) then they [Church fathers] did a awareness-rais-
ing project ( conscientizacao ) (⋯) from 1993 to 1996 we had 28 associations, most of them 
created with local government support (⋯) local government invested in the creation of 
associations (⋯) the associations got money for the  município  (⋯) I think that around 15 
associations were created by the local government (⋯) and you know, local government 
was not concerned about people’s awareness (⋯) they [people linked to the new associa-
tions] do not even know the role of an association (⋯). 8  

 (⋯) in the last few years Ourém had many capacity building courses (⋯) there was a 
demand from the rural sector (⋯) we had many courses about associations ( associativismo ) 
and co-operation ( cooperativismo ) (⋯) we had many associations, but they [members of asso-
ciations] did not know the meaning of an association (⋯) the trouble was that just a few 
people came along to attend the courses (⋯) I do not see a [positive] impact from the courses 
offered (⋯). 9  

   Cooperatives’ commitments to achieve market and economic growth are the 
main reasons for their interpretation of partnership as transference of fi nancial 
resources from government to local organizations. However, what cooperative 
leaders call partnership was in reality, loans offered by the banks that have to be 
paid back.  

  (⋯) the [co-operative] COOPFRUT was created to support small-scale rural producers to 
reach markets without the middleman ( atravessador ), it was to improve rural producers’ 
income and eliminate the middleman (⋯) for that, we made partnerships with POEMA, 
BASA (Bank of Amazonia], Bank of Pará State (⋯) with this partnership we had access to 
credit and nowadays the cooperative is a reality (⋯). 10  

4   Former head, Igarapé-Miri. 
5   CBA leader, Igarapé-Miri. 
6   CBA leader, Igarapé-Miri. 
7   CBA leader, Ourém. 
8   Former head of Rural Workers’ Union, Igarapé-Miri. 
9   Former cooperative staff member, Ourém. 
10   Head of cooperative, Igarapé-Miri. 
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 (⋯) I do not think like that (⋯) people from [COOPFRUT] cooperative do not know the 
concept of partnership (⋯) the  prefeito  (mayor) paid R$48,000,00 to POEMA to create a 
project (⋯) the  prefeitura  (council) also paid for an offi ce for POEMA (⋯) then they got 
loans from BASA and Bank of Pará State(⋯) nowadays they [associations] owe a great 
debt to BASA (⋯) and they call this partnership (⋯). 11  

   Not surprising, it is a recurrent theme between external NGOs and research orga-
nizations that the use of partnership is to represent participation of the civil society 
to discuss ideas for project support and for governance. This reinforces the interpre-
tation that external institutional actors’ comparative advantage lies in the quality of 
the relationships they can create (Fowler  1990 ; Edwards & Hulme  2002 ).  

  (⋯) our concept of partnership is above all, to listen to everybody, to give an opportunity to 
everybody – all governmental and non-governmental organizations, business associations 
– in other words, to involve everybody in a broad debate to legitimate the process (⋯). 12  

 (⋯) partnership is when everybody works to reach a common aim (⋯) the objectives of 
the partners are the same or at least similar (⋯) there is a complement of resources, ideas 
(⋯) partnership helps in the management of projects (⋯). 13  

 (⋯) at that time, partnership was a way to combine efforts to carry out a collective proj-
ect (⋯) this helped in the improvement of use of resources from the government (⋯) it was 
also to control the use of resources by the  prefeitura  (council) (⋯). 14  

   Consequently, the CBDA and Rural Workers’ Unions’ collaboration with NGOs 
and research organizations has led to a much broader understanding of the concept 
of partnership.  

  (⋯) certainly, their presence [GESPAN project] has been fundamental in changing the con-
cept that we [farmers] are on the one side, rural producers [small-scale, family-based] are 
on the other side and the  Prefeitura  on another side (⋯). 15  

 (⋯) the job of PRORENDA was fundamental in expressing our [small-scale family- 
based, rural producers] relationship with the  prefeitura  (council) (⋯). 16  

   In spite of the change of attitude of the local state agents in working more closely 
with the communities, the assimilation of the partnership concept has not modifi ed 
the way in which the state interprets the communities’ role in rural development. 
The historical use of a top-down planning approach makes quick change diffi cult 
especially when considering communities’ participation in the entire system of rural 
planning and governance. The agents of the state still view communities as benefi -
ciaries of public funds and projects.  

  [How did the partnership work?] 
(⋯) from the ideas; the Department [ of agriculture ] asked them [associations, coopera-

tives, unions] what were their priorities and then we tried to build it up to a plan to meet 
their demands (⋯). 17  

11   Head of Farmers’ Union, Igarapé-Miri. 
12   Head of POEMAR, Igarapé-Miri. 
13   Head of GESPAN, Igarapé-Miri. 
14   Head of PRORENDA, Ourém. 
15   Head of Farmers’ Union, Igarapé-Miri. 
16   Head of Local Organisation, Ourém. 
17   Former head of the Department of Agriculture, Igarapé-Miri. 
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 (⋯) many associations depend on the government (⋯) we must be their partner 
because they need support, for example to prepare land for production; they need equip-
ment, seeds (⋯). 18  

   This interpretation of the concept of partnership by the state representative is 
similar to a consultation or the provision of a service. In practice, this interpretation 
means that government is more concerned with the implementation of its programs 
and actions rather than the governance of rural systems. 

 This uncertain understanding of concepts of partnership indicates that there is a 
gap between what is said and what is done in terms of partnership. Actors involved 
in relationships that range from credit loans and public service delivery to consulta-
tion and project management, all reproduce a discourse of partnership that in prac-
tice is diffi culty to identify in existence. To be carried out as a development tool for 
the achievement of collective goals in the rural sector, partnership requires at least 
an appropriate and common interpretation between all actors involved. Without an 
appropriate and common interpretation of partnership between all actors involved, 
it is diffi cult to promote. Equally, it is hard to gain conviction that partnership will 
work to conciliate interests and priorities and that it will also reach the historically 
excluded and powerless rural people. 

 Based on the various meanings that the concept adopted in the interviewees’ 
words, the map  21.2  was elaborated. Methodologically, the creation of maps from 
interview discourses combined verbal communication and cognitive construction.

18   Former head of Department of Agriculture, Ourém. 
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   The mapping method helped the simplifi cation of key ideas found in the long 
interviews. At the same time, the mapping method also linked empirical data with 
the theoretical model that was used in the research. 

 Natural expression is not the only form to give signifi ers to discourse. On the 
contrary, as was shown above, metaphors and proverbs are usually used to give real 
meaning to speech. The author had to analyze carefully all interviews to identify the 
forms given to the partnership concept and the elements used to signify diverse 
concepts. Thus, the mapping method impelled the researcher to understand the real 
signifi cation of partnership concepts without forcing the concepts into one sole 
model of interpretation. 

 There is no discourse out of historical, political and social contexts. Conversely, 
every discourse exactly reveals a historical, political and social infl uence on con-
cept interpretation. The analysis of the partnership concept inside the diverse 
social actors’ discourses corroborated with the researcher’s previous assertion 
that the 1990s socio-political environment infl uenced partnerships formation. 
Partnerships between government and local organizations are the results of a 
fi nancing public policy that was established in the 1990s. Before this decade, 
government and local organizations were placed on opposite sides. This is evi-
denced when the researcher created the map  21.3  with the historical, political 
and social factors that were subjacent to partnership formation in the rural devel-
opment of Ourém and Igarapé-Miri.
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   The mapping construction helped the researcher to link the empirical data and 
the two theoretical views about partnership identifi ed in the literature review that are 
institution-based and social actor-based. For instance, the combination of maps 
facilitated the understanding that partnership may emerge in short time to respond 
to a particular demand of an institutional structure despite a need for mutual trust 
between the social actors. The research ratifi ed that partnership is linked to institu-
tional structure where it is established and suggests that partnership is a strategy 
which social actors can see advantages to it. This can occur despite the different 
social actors’ meanings, aims and forms of collective work. Other conclusions 
emerged during the combination of maps and as such, are not within the scope of 
this article. However, it is important here to emphasize the interpretative possibili-
ties that the combination of maps (those from the literature review, historical 
 context, empirical data, and so on) afforded this research.   

21.5     Cognitive Mapping Advantages and Disadvantages 

 Many advantages of cognitive mapping and CmapTools are introduced in this chapter. 
One of the strengths of using the concept of mapping is that it allows for a drastic 
reduction of data, thus extremely facilitating the process of cross analysis. The use 
of maps enables to display the various meanings of a single term, phrase or concept 
of all the interviews on a single map. It also allows a visual identifi cation of linkages 
among the terms, concepts and events raised during the phase of the literature 
review, and/or events identifi ed during the research process. 

 The reduction of data was also a critical issue. The possibility of reducing com-
plex events and simplifying the respondents’ views into a single word, phrase or 
concept during the data analysis, could cause misunderstandings in the overall pic-
ture of the event. The author sometimes had to reduce the respondents’ views into 
phrases, in order to avoid misinterpretation. 

 Another strength of the use of concept mapping is that it permits a dynamic 
reassessment of interpretation in the appearance of a new event or fact. Concept 
mapping enables easy reconstruction of maps and consequently rebuilding of a 
concept’s meaning, signifi cance and relations over time. A problem arises when 
the researcher wishes to instantly reassess issues. In the author’s experience, it is 
always necessary to return to the previous format, thus slowing down the progress 
of the data analysis. 

 The main diffi culty in using concept mapping was its complexity in terms of the 
construction of linkages between events, terms and concepts. Some linkages were 
hard to build up when the maps got bigger and more complex in the cross analysis 
process. To overcome this bias, some maps had to be divided into two or three maps 
and regrouped later on. 

 As with any other research data management method, cognitive mapping should 
not be understood as faultless concerning literature reviews, conceptual understand-
ing and qualitative data analysis. 
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 During the literature review process and its conceptual understanding two 
issues emerged and challenged the researcher. First was how to build up non-
hierarchical maps. The majority of the literature on cognitive mapping indicates 
the construction of hierarchical maps as the best way to organize ideas. There is 
an automatic tendency to create hierarchical maps. Although the author was 
aware that theories and concepts do not necessarily need to be hierarchical, the 
instructions for mapping indicate that under cross lines of linking should be 
avoided (Novak  1998 ,  2005 ). This makes it more diffi cult to create complex 
relations between two or more key words. At this stage of map construction it is 
the technical aspect that dominates rather than the researcher’s cognitive work. 
To overcome this diffi culty, the author did not overemphasize map clarity or 
avoid complex matrices. When all the matrices were created, the author divided 
the complex matrices in smaller maps for better visualization. This initial diffi -
culty resulted in the creation of a great number of maps thus making their man-
agement harder. Some time was used to fi nd the best way to build up maps of 
complex topics. 

 Second, it took somewhat convoluted means to establish concept classifi cation 
and sub classifi cations. These are frequently arbitrary and may not exactly represent 
what authors really mean. Additionally, concept classifi cation and sub classifi cation 
induce concepts (and/or discipline) separation that makes for diffi cult dialectic anal-
ysis. Complex concept classifi cations and sub classifi cations are part of the hierar-
chical model suggested by supporters of the method. However, in social sciences 
concept classifi cation is not as valuable. Despite possible analytical consistency 
offered by the method, consistency is not in the maps but found in the researcher’s 
explanations of his/her classifi cation methods. 

 The main disadvantages in the use of cognitive mapping and CmapTools during 
examination of empirical data were defi nition of key words and linking words and 
also a tendency to build up cause–effect maps. Key words do not necessarily relate 
to the real signifi cance of what the author wants to say. In some cases the same key 
word has different meanings on the same map. In other cases, the complexity of 
expression used by interviewees did not enable a reduction of his/her ideas into two 
or three key words. In this case, the author used the entire interviewees’ sentences 
to keep interviewees’ real expressions and meanings. As a consequence of this, long 
and full word maps were constructed that made understanding harder. However, the 
researcher should avoid the reductionism tendency that cognitive mapping 
 instructions lean towards. If this tendency is not taken account there is a real 
possibility of idea simplifi cation. 

 A similar diffi culty was faced in the creation of linking words. These words took 
many forms such as verbs, preposition, names etc. Although linking words do not 
directly infl uence an author’s interpretation, their creation demands an effort that 
does not necessarily enable understanding of this linking. 

 The greatest problem faced when using mapping on interview data analysis was 
a tendency to build cause–effect maps. Although cause–effect relations exist, the 
researcher should be aware that in many cases these relations do not occur. If the 
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researcher builds a map with both cause–effect and non-cause–effect links, there is 
a tendency to read it in the same way and consequently leads to misinterpretation.  

21.6     Conclusions 

 Unlike two decades ago, researchers that work with qualitative research method 
have many opportunities to use software for data management and analysis. Among 
other options, CmapTools is an alternative method to support the researcher in the 
use of the cognitive mapping method. 

 However, qualitative research does not only use cognitive mapping method and 
CmapTools software. Each piece of research is carried out from a particular 
research perspective that leads to a specifi c methodology. Research particularities 
are determined by the researcher’s position and subjects. Cognitive mapping 
method and CmapTools software are options that may be applied with various 
perspectives and subjects. 

 In order to map out ideas, arguments and concepts of a body of literature are 
signifi cant techniques for a literature review. The mapping facilitates the researcher 
in fi nding out his/her way inside the body of existent literature, to identify studies 
and key words and at the same time to build up a relations-based image of existing 
work. Although the mapping method is not the only form of idea acquisition, it 
encourages the researcher to deal with substantial literature without getting lost 
between various interpretations about his/her subject. 

 The cognitive mapping method facilitates fi eld work data organization and 
reduction, particularly concerning data from interviews, documents, observation 
notes and ethnography. Three advantages were prominent in this author’s experi-
ence. First, it provided fl exibility in terms of data organization. This fl exibility 
encouraged the researcher to conduct multiple relations between diverse research 
questions. CmapTools software also facilitated constant data reorganization and 
questions relations. Such changes occurred during this researcher’s new refl ections 
without changing the author’s central ideas. 

 Second, the mapping method facilitated representation of ideas. The mapping 
made possible this researcher’s idea representation with its own dynamic and in real 
time. This resulted in substantial researcher theorization. The mapping also facilitated 
representation of theories, concepts and data. This helped the researcher to visualize 
to what extent his thinking about theories, concepts or data were represented while 
keeping the researcher’s trajectory and retaining information. 

 Third, the mapping method improved data consistency. The researcher could 
look back on representations from different times and in diverse ways and check the 
outcomes. In some cases, the researcher showed a set of maps to other researchers 
and they interpreted the maps in the same way. This made the researcher more com-
fortable with his research outcomes. 

 However, as with any other method that supports qualitative research, cognitive 
mapping has its limitations. The tendency towards hierarchical analysis and/or 
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cause–effect examination exists and may cause inconsistency and interpretation 
errors during the literature review and/or data analysis. The possibility of reduc-
tionism and idea simplifi cation also exists. In the literature review, the method 
instructions lean towards classifi cation and sub classifi cation of concepts. For data 
analysis, the method also suggests the creation of key words and linking words. 
These suggestions while aiming to reduce data volume may induce reductionism 
and a simplifi cation of ideas. Finally, while fl exibility may be a positive addition 
and a software benefi t, this fl exibility may be a problem for substantial researcher 
refl ections on his/her subject.    
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    Abstract     This chapter presents a strategy for collaborative knowledge modelling 
between experts and novices in order to support the transfer of expertise within 
organisations. The use of an object-typed knowledge modelling software tool called 
 MOT  is advocated, to elaborate knowledge models in small groups composed of 
experienced and less experienced employees within organisations. A knowledge 
model is similar to a concept map, except that it is based on a typology of links and 
knowledge objects. This technique is used to help experts externalise their 
 knowledge pertaining to concepts, principles, procedures and facts related to their 
work and to support the sharing of knowledge with novice employees. This chapter 
presents the rationale behind this strategy, the tool used, the applications of this 
method and the manner in which it can be integrated into a global knowledge 
 management strategy within organisations.  

22.1         Introduction 

 Over the last few years, economic and technological changes have sparked major 
challenges in the workplace. To remain competitive and effi cient, organisations 
must rely upon the competencies of their human resources. Indeed, organisational 
know-how is often intrinsically linked to the tacit knowledge acquired by  employees 
while working for the organisation. Hence, it is lost once the employees leave the 
organisation (Nonaka & Takeuchi  1995 ; Polanyi  1966 ). Jacob & Pariat ( 2001 ) 
claim that such tacit knowledge can represent up to 70 % of the organisation’s 
knowledge and competency assets. Since most Western societies will soon experi-
ence a substantial turnover of manpower, issues pertaining to the elicitation, 
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representation, sharing, validation, re-use and evolution of knowledge has become 
particularly critical for organisations in recent years (Beazley et al.  2002 ; De Long 
 2004 ). Consequently, many of them began to set up knowledge management (KM) 
strategies supported by information and communication technologies. 

 According to Apostolou et al. ( 2000 ), two approaches to KM can be  distinguished. 
The fi rst one, called a “product-oriented approach”, focuses on the creation, storage 
and re-use of documents. Such an approach aims to create an “institutional 
 knowledge memory”. The second one, called a “process-oriented approach”, 
addresses the social communication process and strives to transfer expertise directly 
among people: “in this approach, knowledge is tied to the person who developed it 
and is shared mainly through person-to-person contact. The main purpose of 
Information Technology in this approach is to help people communicate  knowledge, 
rather than store it. This approach is also referred to as the ‘personalisation 
approach’” (Apostolou et al.  2000 , p. 2). 

 Traditional strategies used in the process-oriented approach to KM in organisa-
tions include formal training in groups, as well as informal training on a one-on-one 
basis. For example, an experienced worker who is about to leave the organisation is 
asked to train his successor over a period of a few days or weeks. Some other 
 strategies include job sharing between senior and newer staff members, buddy 
 systems, mentoring, sponsorships, and communities of practice (McDermott  2001 ; 
Wenger  1998 ). 

 However, transferring one’s own knowledge to someone else does not constitute 
a simple task. Knowledge-transfer aptitudes and pedagogical competencies are not 
innate. Moreover, those who excel in their fi eld are not necessarily aware of the 
manner in which they perform their work. Tacit knowledge is diffi cult to  externalise. 
Most of the time, experts use their knowledge “live” and rarely have the opportunity 
to consciously refl ect upon what they are doing. They basically fi nd it hard to ver-
balise what they know or to explain their “action model” (Sternberg  1999 ). 
Cognitive psychology research conducted within the “mental model” paradigm 
indicates that expertise consists of a highly organised structure of different types of 
knowledge (Chi et al.  1981 ; Ericsson & Charness  1994 ; Glaser  1986 ; Sternberg 
 1997 ). A mental model is activated in the context of a specifi c task in an economical 
and situated fashion; specifi cally, the expert activates only the knowledge necessary 
to perform the task. Moreover, much expert knowledge becomes “encapsulated”. 
Consequently, it is diffi cult to express it into words (Chi et al.  1988 ; Gentner 
& Stevens  1983 ). Transferring one’s expertise thus requires that the profi cient prac-
titioners delve deeper into their knowledge and spell out for others what seems clear 
and easy for them to understand. Many studies have shown that experts have 
 diffi culties formulating concrete and detailed explanations of a task, even if they are 
aware that their explanations are intended for novices (Hinds et al.  2001 ). The lack 
of means available to deal with these cognitive and metacognitive diffi culties creates 
somewhat of a bottleneck for organisations that aspire to address expertise transfer. 

 A possible solution to approach this problem consists of creating situations 
where experts have to provide novices with a structured external representation of 
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their knowledge of the fi eld. This requires the integration of two aspects: (1) verbal 
interactions in the context of professional activity and (2) a means to trigger the 
externali-sation of the expert’s knowledge according to the novice’s needs and 
knowledge level. The co-construction of graphical representations of knowledge 
offers great potential for this purpose. Indeed, many studies conducted in educa-
tional settings demonstrate that creating graphical representations in groups, such as 
concept maps, is benefi cial to learning (Basque & Lavoie  2006 ). 

 This chapter presents a strategy to support the transfer of expertise in  organisations 
that consists of having small groups of experts and novices co-construct graphical 
knowledge models using an object-typed knowledge modelling software tool called 
 MOT  (Paquette  2002 ). The strategy has some similarities to the concept mapping 
technique used by Coffey and his collaborators to elicit knowledge (Coffey  2006 ; 
Coffey & Hoffman  2003 ). However, our strategy differs in that (1) knowledge 
 modelling here is jointly conducted with experts and novices (not solely with experts), 
(2) it is done within a KM perspective that is primarily  process -oriented, although it 
can also be integrated into a product-oriented KM program as discussed further on 
and (3) it is completed using a semi-formal graphical representational language. 

 The remainder of this chapter is organised as follows. The knowledge modelling 
software tool is described in Sect. 2, followed by a presentation of the knowledge 
transfer strategy in Sect. 3. Then, in Section 4, the rationale behind the strategy is 
addressed. In Sect. 5, we report fi rst applications of the strategy in two Canadian 
organisations. In Sect. 6, we explain how the strategy can be integrated into a more 
global knowledge management project within an organisation. Finally, to conclude, 
research issues emerging from our work are identifi ed.  

22.2     The Knowledge Modelling Tool 

 It is often said that a picture is worth a thousand words. This can be applied to 
sketches, diagrams and graphs used in various fi elds of knowledge. Concept maps 
are widely used in education to represent and clarify complex relationships between 
concepts (Novak & Gowin  1984 ). Flowcharts serve as graphical representations of 
procedural knowledge or algorithms. Decision trees are another form of representa-
tion used in various fi elds, particularly in decision-making and expert systems. 
All these representation methods are useful at an informal level, as thinking aids and 
tools to communicate ideas, albeit with limitations. One of these is the imprecise 
meaning of the links represented in the model. Non-typed arrows can have various 
meanings, sometimes within the same graph. Another limitation consists of the 
ambiguity around the type of entities. Objects, actions performed on objects, condi-
tions applied to actions and statements of properties about the objects are often not 
distinguished, which results in a missed opportunity to “disencapsulate” knowledge 
and makes graph interpretation imprecise and risky. Ambiguity can also arise when 
more than one representation is introduced into the same model. For example, 
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 concepts used in a procedural fl owchart as entry, intermediate or terminal objects 
could be given a more precise meaning by developing them using part-whole or 
class- subclass relationships in sub-models of the procedure. This also applies to 
procedures included in concept maps that could be developed as procedural 
 sub-models described by fl owcharts along with decision trees. 

 In software engineering, many graphic representation formalisms have been or 
are used, such as entity-relationship models (Chen  1976 ), conceptual graphs (Sowa 
 1984 ), object modelling techniques (OMT) (Rumbaugh et al.  1991 ), KADS 
(Schreiber et al.  1993 ), or Unifi ed Modeling Language (UML) (Booch et al.  1999 ). 
These representation systems were built for the analysis and architectural design of 
complex information systems. The most recent ones, such as UML-2, require the 
use of up to fi fteen different kinds of models so that links between them rapidly 
become hard to follow without considerable expertise. 

 The initial goals of  MOT  developers were different. They intended to develop a 
graphical representation system that was simple enough to be used by individuals 
without a computer science background, yet suffi ciently general and powerful to let 
them represent knowledge in a semi-structured way. 

22.2.1     Background in Schema Theory 

 The syntax and semantics of the  MOT  graphical modelling language are based on 
the notion of schema. The concept of schema is the essential idea behind the shift 
from behaviourism to cognitivism. Cognitivism, a dominant theory in the fi eld of 
psychology and other cognitive sciences for some years, is based on the pioneering 
ideas of Inhelder & Piaget ( 1958 ) and Bruner ( 1973 ). For Piaget, a schema is 
 essentially a cognitive structure that underlies a stable and organized pattern of 
behaviour. In the early seventies, Newell & Simon ( 1972 ) developed a rule-based 
representation of human problem solving activities on the same basis, while Minsky 
( 1975 ) defi ned the concept of “frame” as the essential element to understand 
 perception as a cognitive activity and a means of reconciling the declarative and 
procedural views of knowledge. 

 Schemata play a central role in knowledge construction and learning. They guide 
perception, defi ned as an active, constructive, and selective process. They support 
memorisation skills seen as processes to search, retrieve, or create appropriate 
schemata to store new knowledge. They make understanding possible by comparing 
existing schemata with new information. Globally, through all these processes, learn-
ing is seen as a schema transformation enacted by higher order processes. Learning 
is seen as schemata construction and reconstruction through interaction with the 
physical, personal, or social world, instead of a simple transfer of  information from 
one individual to another.  
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22.2.2     The Typology of Knowledge in MOT 

 In educational sciences, there is a consensus to distinguish between four basic types 
of knowledge entities (i.e., facts, concepts, procedures, and principles), despite 
some differences of opinion relative to the terminology and associated defi nitions 
(see for example, Merrill  1994 ; Romizowski  1999 ; Tennyson & Rasch  1988 ; West 
et al.  1991 ). All four types of knowledge are also considered in the framework of 
schema theory. The distinction between conceptual and procedural schemata has 
long been accepted in the cognitive sciences. Later, the third category, conditional 
or strategic schemata, was proposed (Paris et al.  1983 ). These schemata have a com-
ponent that specifi es the context and conditions required to trigger a set of actions 
or procedures, or to assign values to the attributes of a concept. These categories 
map very well onto the existing consensus within educational sciences. 

 This categorisation framework has been retained as the basis of the  MOT  graphi-
cal language for representing knowledge entities.  Concepts  (or classes of objects), 
 procedures  (or classes of actions) and  principles  (or classes of statements, proper-
ties or rules) are the primitive objects of the  MOT  graphical language. These objects 
are visually differentiated from one another through different geometric fi gures, as 
shown in Fig.  22.1 . Individuals from the three basic classes of knowledge objects 
are linked to them through an “instantiation” link (I), yielding three kinds of 
 individuals (or facts):  Examples ,  Traces , and  Statement . Each set of individuals is 
obtained by providing precise values to the attributes that defi ne a concept, a 
 procedure or a principle.

    Concepts  can be object classes (country, clothing, vehicles, etc.), types of  documents 
(forms, booklets, images, etc.), tool categories (text editors, televisions, etc.), groups 
of people (doctors, Europeans, etc.), or event classes (fl oods, conferences, etc.). 
 Procedures  are actions or operations performed by humans, systems or machines(add 
numbers, assemble an engine, complete a report, digest food, process students’ 
records, etc.).  Principles  can state constraints on procedures (the tasks must be 
 completed within 20 days), cause/effect relationships (if it rains more than 25 days, the 
crop will be jeopardised), laws (a suffi ciently heated metal will stretch out), theories 
(economic laws), rules of decision (advising on an investment), or prescriptions 
(medicinal treatment, instructional design principles, etc.).  

Classes

Individuals
Example

Concept Procedure

Trace Statement

Principle

C P P

  Fig. 22.1    Types of knowledge entities in  MOT        
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22.2.3     The Typology of Links in MOT 

 Graphs similar to UML object models could very well be used to represent the 
 attributes that describe a schema with different formats according to their type. 
However, the graphical  MOT  language (Paquette  2002 ,  2003 ) strives to improve the 
readability and the user-friendliness of graphs by externalising the internal  attributes 
of a schema into other schemata with proper links to the original one. 

 For example, in Fig.  22.2 , the link between the schemata “Triangle” and 
“Rectangular Triangle” is shown explicitly through a specialisation (S) link from 
the latter to the former concept. Links between the “Rectangle Triangle” concept 
and its sides or angles attributes are shown using a composition (C) link. The 
links from an input concept to a procedure and from a procedure to one of its 
products are both shown by an input/ product (I/P) link. The sequencing between 
actions (procedures) and/or conditions (principles) in a procedure is represented 
by a precedence (P) link. Finally, the relation between a principle and a concept 
that it constrains, or between a principle and a procedure (or another principle) 
that it controls, is expressed by a regulation (R) link. Using these links, this 
simple example on the rectangular triangle concept becomes a  MOT  model, 
where relations between knowledge entities are made explicit and where the 
types of entities (procedural, conceptual and strategic) are amalgamated in the 
same model.

   The  MOT  model such as this one includes different types of schemata whose 
attributes are all explicitly externalised and related to each other using six kinds of 
typed links that are constrained by the following grammar rules:

  Fig. 22.2    A simple MOT model to provide a defi nition of the concept of a rectangle triangle       
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    1.    All abstract knowledge entities or classes ( concepts, procedures, principles ) can 
be related through an  Instantiation  (I) link to a set of  facts  representing  individuals 
called  examples ,  traces , and  statements .   

   2.    All abstract knowledge entities (concepts, procedures, principles) can be 
 specialised or generalised using  Specialisation  (S) links.   

   3.    All abstract knowledge entities (concepts, procedures, principles) can be  decomposed 
using the  Composition  (C) link into other entities, generally of the same type.   

   4.    Procedures and principles can be sequenced together using the  Precedence  (P) 
link.   

   5.    Concepts can be inputs to a procedure using an  Input/Product  (I/P) link to the 
procedure or products of a procedure using an I/P link from the procedure.   

   6.    Principles can regulate, using a  Regulation  (R) link, any procedure to provide an 
“external” control structure, to constrain a concept or a set of concepts by a 
 relation between them, or to regulate a set of other principles (e.g., to decide on 
con ditions of their application).    

  The fi rst three links are based on traditional distinctions in the fi eld of Artifi cial 
Intelligence between instantiation (I: “is-a”), composition (C: “is part-of”), and 
 specialisation (S: “a kind-of”) links that are used to represent relationships between 
classes. The Input/Product (I/P) and Precedence (P) links are fundamental in 
 procedural or algorithmic representations. The fi rst one helps to represent data fl ows 
between information sources and operations, where they serve as input or product, 
while the second helps to represent sequences of operations or tasks. The Regulation 
(R) link consists of an essential innovation to relate principles to other types of 
knowledge. It is inspired by knowledge-based or expert systems where the control 
structure (usually conditional rules) is external to the task it controls. Typically, 
principles are processed by an inference engine that will apply these rules to trigger 
operations or to produce (other) objects. 

 Figure  22.3  summarises the grammar rules of the  MOT  graphical language in the 
form of an abstracted graph whose nodes illustrate types of knowledge objects with 
arrows that depict valid links between them. Based on these grammar rules, the 
 MOT  software restrains the types of links that users can create between two specifi c 
types of knowledge objects. For example, since a specialisation link can only be 
used between two objects of the same type, the user will be suggested a default link 
(the most probable valid one) if he tries to link two objects of different types with the 
“S” link. However, users can use the “untyped” links if they want to put their own 
labels on links. A specifi c shape is also provided for “untyped” knowledge objects.

   With this set of primitive graphic symbols, it has been possible to build from 
simple to complex representations of structured knowledge in graphical models. For 
example, we can build representations that are equivalent to concept maps, 
 fl owcharts (including iterative procedures), decision trees and other types of models 
such as models of processes, methods and theories. All of these types of models 
have been elaborated in a number of projects conducted at the LICEF Research 
Center (Montreal, Canada) since the publication of the fi rst version of  MOT  in 1996. 
Following are a few examples: a computerised school model (Basque et al.  1998 ), 
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an assistance model for distance learning (Dufresne et al.  2003 ), a troubleshooting 
model (Brisebois et al.  2003 ), a Web-based professional training model (De la Teja 
et al.  2000 ), a model of processes and methods in a virtual campus (Paquette et al. 
 2002 ), a knowledge base model (Henri et al.  2006 ), a learning objects’ management 
process model (Lundgren-Cayrol et al.  2001 ), skills and competencies models 
(Basque et al.  2007 ; Paquette  1999 ; Paquette et al.  2006 ), a self-management of 
learning model (Ruelland  2000 ), etc. 

 Among other  MOT  functionalities, we fi nd the possibility of creating a  sub- model 
for each knowledge object     1  represented in the fi rst level of the model and to link 
documents of different formats (with OLE or URL links) to each knowledge object. 
It is also possible to link a “comment” to a knowledge object or a link. The last version 
of the software, called  MOT Plus , adds functionalities to depict specifi c types of 
models (ontologies, fl owcharts, learning scenarios), enhanced exportation  facilities 
(HTML, XML, OWL, IMS-LD, etc.), navigation improvements into sub- models 
with hierarchical menus, etc.  The MOT Plus  interface is presented in Fig.  22.4 .

22.3         The Knowledge Transfer Strategy 

 As briefl y defi ned above, the knowledge transfer strategy essentially consists of 
 creating small groups of experts and novices for the purpose of co-constructing a 
knowledge model related to specifi c fi eldwork using the  MOT  software. The entire 
procedure used to implement this strategy in organisations includes different steps that 
can be operationalised differently from site to site. The main steps are the following:

1   Represented by the icon [Image] attached to knowledge objects developed further in a 
sub-model. 

  Fig. 22.3    The  MOT  metamodel       
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    Specifying the domain to model : This decision usually stems from head manag-
ers’ priorities. A systematic methodology can be used to identify, at a high-level, the 
most critical knowledge in the organisation (Ermine et al.  2006 ).  

   Selecting participants : This step consists of identifying the experts and novices 
who subsequently become involved in the project. Experts can be workers near 
retirement possessing strategic knowledge or individuals who possess rare knowl-
edge. They usually are explicitly recognized as experts by their peers. The term 
 “novice” is not automatically synonymous with new staff: this can be an employee 
who recently changed position within the organisation or an individual who needs 
to extend his knowledge on some work processes to be able to substitute other 
employees at times. In other words, the degree to which an individual can be con-
sidered a novice in a fi eld varies signifi cantly. Moreover, criteria other than degree 
of expertise (or apprenticeship) in the targeted fi eld need to be  considered to select 
participants: availability, willingness to share knowledge, familiarity with graphical 
representations, etc. This being said, the selected  participants do need to be well-
informed of the goal and the process of the knowledge modelling strategy. In order 
for the project to be a success, they must clearly be willing to become involved in 
the activity.  

   Knowledge modelling training session : Training will differ according to the role 
assigned to the experts and novices involved in the project. If they are to  manipulate 

  Fig. 22.4    The interface of the  MOT Plus  tool       
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 MOT  in order to create their own knowledge models (even if this is done with the 
assistance of a knowledge modelling specialist), training relative to the  MOT  soft-
ware and to its knowledge modelling language is necessary. In this case, an initial 
on-site 2-day session given to groups of 8–12 persons,  followed by individual and 
group consultations with the instructor, have shown to be effective for basic training. 
If the organisation asks that the software be manipulated by a knowledge modelling 
specialist, participants’ training for the  MOT  software will be minimal. Indeed, in 
such a case, a brief presentation of the typologies used in  MOT  suffi ces. Participants 
become quite easily and naturally familiar with the knowledge modelling language 
simply by observing a knowledge modelling specialist manipulate the software and 
use the representational language.  

   Collaborative knowledge-modelling sessions : The duration of the sessions can 
vary depending on the scope of the target fi eld and the availability of the partici-
pants. In our case, we propose starting with an intensive 2- to 3-day session that 
allows participants to elaborate a global, relatively stable and consensual represen-
tation of the fi eld. Additional sessions may be required in order to add details or 
 submodels to the initial model. Such sessions can take place in small groups of 2–4 
experts and novices. As already mentioned, two approaches can be used. In the fi rst 
one, experts and novices co-construct the model at the same computer, with on-
demand assistance of a knowledge modelling specialist whose role is essentially to 
provide feedback on the model and answer questions. Many small groups of experts-
novices (dyads or triads) can work simultaneously in a  computer room. In the sec-
ond approach, two knowledge modelling specialists worked with a single group. 
The fi rst one interviews participants in order to elicit overtly their knowledge, while 
another one creates the map on a computer. The map is projected on the wall so that 
all the members of the group could visualise it. In this second approach, it is impor-
tant that, prior to the session, the knowledge modelling specialist who moderates the 
session read some documentation supplied by experts. With this information, he can 
even develop a sketchy fi rst-level model, which will be suggested to participants in 
order to accelerate the knowledge modelling process and stimulate the negotiation 
of meaning at the beginning of the session. The fi rst level of the model usually rep-
resents the main procedure and major sub-procedures used by the experts in their 
work. Then, the procedures and sub-procedures inputs and outputs (concepts) are 
added  iteratively to the model, as are the principles that regulate the procedural 
knowledge.  Sub-models are also developed progressively, if and as required. 
Throughout the process, knowledge modelling specialists help participants to elicit 
their knowledge at the appropriate level of granularity. They are also invited to be 
specifi c and consistent when labelling knowledge objects. Careful attention is paid 
to explicit redundancy. Indeed, when the same knowledge object is used at different 
levels of the model, it is to be copied and pasted with a special  MOT  function that 
adds a visual (red dot) on the graphic shape and that allows users to search all sub-
models displaying the knowledge object and to propagate automatically any change 
made to its label. At any given moment during the session, participants or knowl-
edge modelling specialists can suggest a complete restructuration of the entire 
knowledge model, a task that is facilitated by the use of a software tool.  

J. Basque et al.



501

   Validation of the co-constructed knowledge model : Once the fi rst version of the 
model is produced, a fi nal validation can be performed by one or more experts who 
participated in the session and/or peer experts involved in the fi eld. Also, the valida-
tion process can intertwine with the participants’ real work practices. While “instan-
tiating” the knowledge represented in the model based on actual work situations, 
modifi cations to the knowledge model can be more easily  identifi ed. Electronic 
documents or URLs can also be attached to knowledge objects in order to provide 
them with a more detailed and contextual meaning.  

   Presentation of the models by the participants to managers and colleagues : The 
participants usually appreciate presenting and explaining their co-constructed 
knowledge model to their managers and colleagues. This acts as a means of 
 promoting their work, as well as allowing them to deepen their comprehension of 
the model.  

   Implementation of a maintenance strategy of the knowledge model : It is impor-
tant to consistently continue to improve the model. This task can be performed by 
an individual or (preferably) a group of people endowed with a suffi cient level of 
expertise in the fi eld, while also being suffi ciently familiar with the representational 
language used.     

22.4     Rationale for the Knowledge Transfer Strategy 

 How can the collaborative knowledge modelling strategies conducted with groups 
of experts and novices promote the transfer of expertise to the latter? To answer this 
question, three aspects of the activity are examined: (1) the cartographic nature of 
the representational language used; (2) the semi-formal nature of this language and 
(3) the collaborative dimension of the activity. These three components are addressed 
in the following sections. 

22.4.1     The Cartographic Nature of the Representational 
Language Used 

 The knowledge cartography strategy that we propose to support the transfer of 
expertise has some background in meaningful learning theory (Ausubel  1968 ), 
which is at the origin of the seminal work of Novak & Gowin ( 1984 ) on concept 
mapping in education. It is also based on cognitivist work on hierarchical structures 
of knowledge and schemata (Kintsch  1996 ; Rumelhart & Ortony  1977 ; Schank & 
Abelson  1977 ; Trabasso & van den Broek  1985 ). 

 Signifi cant learning is defi ned as an assimilation process of concepts in 
 proposi- tional networks (Ausubel  1968 ). According to Novak & Gowin ( 1984 ), 
concept maps allow students to externalise personal knowledge in the form of 
 signifi cant propositional networks. Creating concept maps would then favour 
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 signifi cant learning (Novak & Gowin  1984 ), allowing learners to clarify links 
between concepts that they establish implicitly (Fisher  2000 ; Holley & Dansereau 
 1984 ) and involving them in deep knowledge-processing (Jonassen et al.  1997 ). 
This will lead them to “learn how to learn” (Novak & Gowin  1984 ). Similarly, 
Holley & Dansereau ( 1984 ) argue that “spatial learning strategies” enhance deep 
knowledge-processing (Craik & Lockhart  1972 ), hierarchical structuring of propo-
sitional representations and schemata, and inference making, especially causal 
inference making (Trabasso & van den Broek  1985 ).  

22.4.2     The Semi-formal Nature 
of the Representational Language Used 

  MOT  can be described as a semi-formal knowledge representation tool. From an 
Artifi cial Intelligence perspective, a formal representation is defi ned as a represen-
tation that is machine-readable. Uschold & Gruninger ( 1996 ) describe four levels to 
formalisation of representations: “highly informal” (expressed in natural language), 
“semi-informal” (expressed in an artifi cial, formally defi ned language), “semi- 
formal” (expressed in a restricted and structured form of natural language) and 
 “rigorously formal” (meticulously defi ned terms with formal semantics, theorems 
and proofs on properties such as soundness and completeness). It was stated above 
that knowledge models created with  MOT Plus  are machine-readable to a certain 
degree. For example, they can be exported in XML or into a relational database. 

 We also use the term “semi-formal” from a cognitive perspective to express the 
idea that, compared to typical concept mapping tools,  MOT  imposes some addi-
tional constraints on the representational activity based on schema theory that forms 
the set of grammar rules defi ning a formal grammar of graphic symbols. 

 Some authors argue that a constrained or semi-formal approach to concept 
 mapping adds more precision, exhaustiveness and coherence to the knowledge rep-
resentation, thus facilitating its interpretation and communication between humans 
(Gordon  2000 ; Moody  2000 ). Others warn about the danger of reducing the com-
plexity of the knowledge domains. For example, Faletti & Fisher ( 1996 ) argue that 
“there are advantages in systematicity and ease of net generation associated with 
using a parsimonious number of relations […], but the price of parsimony is the 
reduction of potentially valuable distinctions. On the other hand, a tendency toward 
profl igacy can overwhelm” (p. 201). 

 However, although certain authors cite the fl exibility of expressiveness as a major 
factor to consider in the design of concept map tools for learning (Hereen & Kommers 
 1992 ), few studies have examined the specifi c contribution of the constraints associ-
ated with the use of semi-formal languages implemented in domain- independent 
digital tools dedicated to knowledge modelling (Alpert  2004 ). Many hypotheses can 
be formulated in order to guide future research on this issue. A fi rst hypothesis deals 
with the fact that typologies constitute some sort of meta-language which, if shared 
by members of a group, allows them to work on a common  representation of the fi eld. 
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Knowledge modelling that uses typologies of knowledge and links would force 
 participants to confront and recognise similarities and differences in their respective 
representation of the fi eld, while offering the advantage of making the model subse-
quently easier to read for other individuals who are familiar with the typology. 

 A second hypothesis states that knowledge modelling that uses a fi nite set of 
categories of types of knowledge and links would help experts make their knowledge 
explicit and guide them in representing knowledge as typical schematic  structures of 
work situations, that is, procedural models of production and of transformation of 
objects using artifact-mediated actions guided by rules, heuristics and norms. 

 In  MOT , procedural knowledge is represented by nodes rather than links, as is 
the case with other concept mapping tools. Such a strategy seems an interesting 
solution for issues pertaining to distinguishing generic from specifi c links in a given 
fi eld and to eliciting procedural knowledge. 

 Certain authors disagree with the use of canonical links by arguing that each fi eld 
possesses its own set of relations and, therefore, they cannot be predetermined 
(Fisher  1990 ). However, this researcher became more fl exible after eight years of 
observing students creating biology concept maps with the SemNet software (Faletti 
& Fisher  1996 ; Fisher & Moody  2000 ). The data collected indicates that three of 
the relations used in the maps account for over 50 % of all the relations in the fi eld. 
These included “is composed of”, “is a kind of” and “is a characteristic of”. Other 
relations are specifi c to a fi eld or a set of fi elds. For example, in the fi eld of repro-
ductive physiology, relations included “synthesises”, “secretes”, “stimulates”, 
“inhibits”, etc. For this reason, Faletti & Fisher ( 1996 ) compromised by distinguish-
ing between the generic and specifi c relations of a fi eld. According to this approach, 
Osmundson et al. ( 1999 ) include 21 predefi ned concepts and 14 predefi ned links in 
the menus of the concept mapping software developed for their research in the fi eld 
of human biology (respiration, circulation and digestion). Experts in the fi eld were 
consulted and the links that they identifi ed are composed of links that are generic 
links to all fi elds (e.g. “is composed of”) and links specifi c to the fi eld (e.g. “absorbs”, 
“digests”, “pumps”, etc.). 

 As mentioned above, in  MOT , fi eld-specifi c relations are represented in (proce-
dural) nodes rather than in links. Therefore, the links used in the model only 
 represent  generic  relations, resulting in a more economical and more parsimonious 
representational system. 

 It is noteworthy that, in  MOT , users can also put their own labels on links using 
the “untyped link” category of the typology. However, we observed that often, these 
labels are used to express links that are already defi ned in the typology. For exam-
ple, in a study conducted by Basque & Pudelko (2003), the label “results in” 
 introduced by university students as an untyped link in their model corresponds to 
the Input/ Product (I/P) link. The fact that users multiply labels for a single link type 
can actually indicate that it is diffi cult for participants to structure their own knowl-
edge and recognize that similar meanings can be hidden behind words. It also makes 
it more diffi cult or time-consuming for others to read the map, obviously resulting 
in a limitation in cases where such maps are subsequently made available to other 
employees in the organisation. 
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 We also believe that  MOT  language is a powerful tool to represent procedural 
knowledge (albeit in a declarative format)     2 . Current concept mapping tools essen-
tially enhance representations of declarative knowledge, that is, representations of 
objects and their attributes (Fisher  1992 ; Hereen & Kommers  1992 ).  MOT  offers 
the possibility of representing actions as “knowledge objects” that can be decom-
posed into sub-actions. Actions (procedures) can be linked to each other with 
 composition (C), precedence (P) or specialisation (S) links. The activity of repre-
senting knowledge can, therefore, be focused from the start on representing actions 
and, secondly, on representing objects and concepts used to perform actions and 
principles that guide actions. This is a value-added advantage because the experts’ 
schemata imply much  procedural  knowledge (the  know-how ), along with  knowledge 
regarding explicit conditions as to its applicability known as  conditional  or  strategic  
knowledge (the  know-when  and the  know-why ) and with object schemata that can be 
instantiated at will (the  know-what  or  declarative  knowledge) (Chi et al.  1982 , 
 1988 ; Ericsson & Charness  1994 ; Glaser  1986 ; Schmidt & Boshuizen  1993 ; 
Sternberg  1997 ). 

 Novice and experts then have the means to represent their fi eld work as their own 
procedural model, with structures staying consistent no matter which level of the 
procedure is represented. This characteristic of the representational language can 
also bring the novice to interrogate experts during the co-construction of the 
 knowledge model, the objects and principles linked to procedures in the model act-
ing as anchors for interactions.  

22.4.3     The Collaborative Dimension of the Strategy 

 Finally, the proposed strategy implies that experts and novices interact during the 
elaboration process of the knowledge model. As mentioned previously, some  studies 
conducted in educational settings have shown that, compared to individual concept 
mapping or other types of collaborative learning activities (e.g. producing an outline 
or a matrix representation), collaborative concept mapping is more benefi cial to 
learning (see Basque & Lavoie  2006 , for a review). Different socio- cognitivist and 
socio-constructivist theories can be evoked in order to explain these results. 

 According to social cognitive theory (Bandura  1986 ), observing an expert in 
action promotes learning. Learning cognitive skills can be facilitated by having 
human models verbalise their thought strategies out loud as they engage in 
 problem- solving activities. The covert thoughts that guide actions are thus made 

2   The term “declarative” when applied to the term “knowledge” comprises two different meanings 
which are often confused. In a fi rst sense, all knowledge that is overtly “verbalised” (that is, 
expressed with words) is said to have a declarative format. In a second sense, the term “declara-
tive” defi nes a specifi c type of knowledge (declarative knowledge), that is, knowledge about 
objects and on properties of objects (the  know-what ), as opposed to “procedural” knowledge or 
knowledge on actions (the  know-how ). Procedural knowledge can then be represented in a 
 declarative format. 
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observable through overt representation. “Modeling both thoughts and actions has 
several helpful features that contribute to its effectiveness in producing generalized, 
lasting improvements in cognitive skills” (Bandura  1986 , p. 74). Therefore, through 
 observation  and  modelling , learners develop internal rules that help them self- 
regulate their own behaviour. 

 Other researchers, working with the Vygotskian paradigm (Vygotsky  1978 ), 
emphasise the intrinsically social aspect of human cognition as well as the idea that 
cultural tools (symbols, rules, conventions, uses, etc.) mediate mental activities 
(Bruner  1987 ; Cole & Engeström  1993 ; John-Steiner & Mahn  1996 ; Wertsch & 
Stone  1985 ). An  internalisation  process takes place when a more competent person 
offers scaffolding to a less competent one. 

 Based on the piagetian theory, Doise & Mugny ( 1984 ) propose that situations 
most likely to generate  sociocognitive confl icts  between learners promote learning. 
The divergent points of view that emerge in social interactions may involve 
 individuals making efforts to coordinate their personal perspectives, in order to 
maintain a “cognitive equilibrium” in their own cognitive structure. Certain educa-
tional studies show that collaborative concept mapping constitutes a situation where 
sociocog-nitive confl icts would actually occur through argumentative discussions 
(Osmundson et al.  1999 ; van Boxtel et al.  2000 ). 

 Justifi cations for the use of a collaborative knowledge modelling strategy to 
 support the transfer of expertise can also be found in symbolic interactionist theo-
ries based on Mead’s assumption that meaning is the result of a social negotiation 
process that is based on verbal interactions (Mead  1934 / 1974 ). Basically, individu-
als are unable to interact in social situations when their mental representations differ 
too signifi cantly (Clark & Wilkes-Gibbs  1986 ). There is a need to establish mutual 
understanding, also called  common ground  or  intersubjectivity  (Rogoff & Lave 
 1984 ), which is negotiated throughout the interactions. This shared understanding 
requires a common focus of attention and a set of common assumptions. A number 
of authors have emphasised the role of external representations, such as concept 
maps, to support the negotiation of meaning in learning contexts (Osmundson et al. 
 1999 ; Roth & Roychoudhury  1993 ). Roth & Roychoudhury ( 1994 ) use the  metaphor 
of “social glue” to describe how concept maps can lead learners to develop a shared 
vision of tasks and meanings that they attribute to concepts and relations between 
these concepts. 

 Finally, in the situated learning paradigm, the  legitimate peripheral participa-
tion theory  (Rogoff & Lave  1984 ) states that novices should be given opportuni-
ties to participate regularly and actively in “communities of practice” in their fi eld 
in order to promote the development of their competencies. Mentoring and 
apprenticeship as well as elective discussions among practitioners in real-world 
or virtual spaces would be particularly benefi cial to learning (Wenger et al.  2002 ). 
Collaborative knowledge modeling could well complement these strategies. 
Indeed, Roth & Roychoudhury ( 1992 ) observe that collaborative concept map-
ping promotes the development of a “culture of scientifi c discourse” in  science 
classes.   
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22.5     Applications of and Research 
on the Knowledge Transfer Strategy 

 The collaborative knowledge modelling strategy was fi rst used in 2002 at 
 Hydro- Québec, the main producer, provider and distributor of electricity in the 
province of Québec, Canada (20,000 employees). By 2004, over 150 experts and 
150 novices from various departments (management, electrical engineering, civil 
engineering, etc.) had already participated in a pilot project initiated by this large 
company (Basque et al.  2004 ). Experts and novices were fi rst trained to use the 
 MOT  software. They were then asked to construct a knowledge model in dyads or 
triads. Based on anecdotal data collected by local representatives, Basque et al. 
( 2004 ) report that, in general, both experts and novices tended to show a positive 
attitude towards the strategy. Many commented that this tool helped them “organ-
ise” their own knowledge. However, the authors noticed a certain amount of 
 reticence, especially among experts who seemed to lack time to participate in these 
activities due to their heavy workload. Most participants found the software 
 user-friendly, although few mentioned they had diffi culties with the process of cat-
egorising knowledge, especially of identifying principles and of distinguishing 
them from procedures. Some experts lamented that collaborative knowledge model-
ling with novices slowed down their own modelling process; however, for others, 
the interaction with novices was essential to externalise what seemed obvious to 
them and  MOT  helped them capture a very large body of their knowledge in an 
economical fashion. Others recognised the inherent advantages of graphical repre-
sentations while adding that they remained more comfortable sharing their knowl-
edge by spelling it out in a written text or through live demonstrations. On the other 
hand, novices appreciated having a synthetic reference document that prevented 
them from constantly referring to the expert. 

 More recently, another public organisation in Québec began using this strategy. 
This time, a more rigorous research process was implemented, based on 
 action- research methodology.     3  This ongoing project has the following objectives: 
(1) to evaluate the feasibility and effi ciency of the strategy to transfer expertise, 
(2) to single out conditions that infl uence the effi ciency of the strategy and (3) to 
identify how the knowledge models can be exploited within the organisation in a 
global knowledge management perspective. A fi rst group of four employees     4  partici-
pated in a 3-day session of collaborative knowledge modelling with the help of two 
knowledge modelling facilitators: one manipulating the software and one  conducting 
the session, as described above. The knowledge model was projected on a wides-
creen. Participants included two experts and two “less expert” employees. These 
“novices” had already developed specifi c competencies in the targeted work fi eld 

3   This research project is supported by the CEFRIO ( Centre francophone de recherche sur 
l’informatisation des organisations ), which is a liaison and transfer centre that comprises 
 university, industrial and governmental members and researchers in Quebec, Canada. 
4   Two other groups recently participated in the study. 
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but lacked a global view of it. We videotaped the participants during the  collaborative 
knowledge modelling session. Screen-captures of the work performed on the com-
puter were recorded using the  Windows Media Encoder  software. Finally, individual 
interviews were conducted with each participant before and after the  session. 
Although data analysis is still on-going, some results are briefl y reported here, based 
essentially on the analyses of the model produced and the interviews conducted. 

 The fi rst-level of a knowledge model produced during this 3-day session is 
 reproduced in Fig.  22.5 . Although the model was not totally completed at the end of 
the session, it comprised over 500 knowledge objects, which are distributed among 
55 sub-models. All six types of links of the MOT typology were used. Procedures 
are the most numerous (217), followed by concepts (179), principles (123) and facts 
(11). These results confi rm that a procedural perspective was used and that much 
strategic knowledge, which is usually tacit, was elicited. Interestingly, participants 
attached 29 comments to various knowledge objects, reminders for a future comple-
tion of the model. These reminders specify needs for future elaboration in submod-
els, validation of information with other sources, addition of links to existing 
institutional documentation, development of new institutional documents or  addition 
of illustrating examples. We also found self-questioning comments for future 
 elucidation (e.g. “ Should we add this link here? ” “ Are these two terms equiva-
lent? ”). During the interviews and debriefi ngs, participants declared that they were 
quite satisfi ed with this model considering the short time they devoted to its devel-
opment. The knowledge modelling activity was also very positively evaluated by 
 participants, even though they found it quite  cognitively demanding. They  mentioned 
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that this activity (1) stimulated refl exive discussions and negotiation of meaning (2) 
lead them to simultaneously conceptualise the domain in “its totality and its 
 components” and (3) lead them to elicit knowledge that they initially judged 
“trivial” but that they fi nally admitted as being central to expertise in their domain, 
or knowledge that they considered, before the mapping activity, as being “not 
elicitable”. Indeed, some comments by the participants lead us to think that some 
tacit knowledge has actually been elicited. For example, one participant said: “ It is 
the fi rst time that we illustrate the mechanics of this procedure. We used to refer to 
the 5 phases of the process, but now we clearly see that there are many other things 
which underlie the process ”. Another one commented: “ It was interesting to 
 concretely describe things that were not defi ned anywhere else ”. It seems that the 
knowledge model is not a  simple repetition or a collection of knowledge already 
documented in the  organisation, but a real new creation that gives them new insight 
on the required expertise to perform the process described in the model.

   Participants suggested that the model, when completed, would be useful as a 
complement to coaching techniques, by quickly introducing a new employee to the 
targeted knowledge domain. It would give him/her an integrated overview of the 
activities and actors engaged in the process delineated in the model, as well as the 
main principles that regulate the activities. One participant noted: “ The model will 
not tell new employees what they must do, but it helps them fi nd their place in the 
larger process. When I began working for this organisation, it took me many years 
before I could situate my own activity in the whole picture. I think that maps can 
speed up the development of this knowledge .” An expert said that the model will 
help him transfer his knowledge to new employees: “ Instead of starting from 
scratch, at least, they would have a good basis from which to start. They can read 
documentation and study the knowledge model, providing them with a ‘big picture’. 
Then, they can ask more specifi c questions. This prevents us from having to spell out 
everything and frees us to concentrate on specifi c activities ”. 

 Some participants noted that since the model gives a clear representation of 
activities performed by several different actors, it can prevent the “silo” effect often 
associated with strong specialisation of the workers in organisations. Thus, by 
 providing the “big picture” of a contextualised professional knowledge, maps can be 
used as “boundary objects” (Star  1989 ) in the organisation, that is, entities shared 
by different internal “communities of practice” but viewed or used differently by 
each of them. All actors do not necessarily fully understand the detailed knowledge 
represented in the common entity, but they can situate themselves within the larger 
organisational context and thus give new meaning to their own activities.  

22.6     A Knowledge Management Perspective 

 The collaborative knowledge modelling strategy described so far is primarily a 
  process  -oriented strategy of KM. However, the knowledge models produced during 
this process can be subsequently integrated into a  product -oriented approach to KM, 
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with aims to share expertise with a larger audience within the organisation. Three 
types of usages can be identifi ed in the product-oriented approach. 

 Firstly, as mentioned above, knowledge models created jointly by experts and 
 novices can be made accessible to all employees within the organisation as  reference 
documents.  MOT Plus  makes it possible to export the knowledge models in HTML 
format to facilitate sharing on the Web. Each model serves as a kind of interface for 
navigation within a knowledge network to which documents of various fi le formats can 
be attached (text, audio, video, etc.). All individuals in the organisation could also be 
invited to annotate models, suggest additions or discuss the models in virtual forums. 

 Secondly, knowledge models can be used to design training sessions for  employees 
in the organisation. Indeed, the models provide instructional designers a clear idea of 
the targeted learning content to be addressed in training sessions. Several authors 
have already suggested using concept maps for instructional design (e.g. Coffey & 
Canas  2003 ; Inglis  2003 ). In his book entitled  Instructional Engineering in 
Networked Environments , Paquette ( 2003 ) proposes a method called MISA     5 , in 
which the object-typed knowledge modelling technique described in this chapter is 
proposed in order to specify the learning content and the target competencies of 
learning systems. This very technique is also suggested to instructional designers to 
help them elaborate the pedagogical (or instructional) model – which can take the 
form, in e-learning systems, of IMS-LD     6  compliant learning scenarios (Paquette 
et al.  2005 ) – , the media model, and the delivery model of learning systems. 

 Finally, the knowledge models co-produced by experts and novices can serve as 
input in the process of developing an “intelligent” digital knowledge management 
system that will hopefully be able to make inferences and be used with natural 
 language queries. We believe that having experts and novices interact during the 
knowledge acquisition stage of the expert system development process, represents an 
interesting alternative to classical approaches of knowledge elicitation. However, as 
models co-constructed with  MOT  happen to be semi-formal, they cannot be  interpreted 
by a machine. Indeed, ambiguities inherent to this level of knowledge modelling need 
to be removed. One way to achieve this is to transform the semi-formal models into 
ontological models. The advantage of formalising models as ontologies, using the 
standard OWL-DL format for example, is to make them  available for computer-based 
processing. The resulting OWL-DL format is an XML fi le for which there are an 
increasing quantity of software components that can process a fi le for different 
 purposes: describing documents in databases, searching for documents according to 
the classes of models, summarising or classifying documents, etc. 

 In the context of the  MOT  representation system, ontologies, particularly 
OWL-DL constructs, correspond to a category of models called “theories”. 
Ontologies can thus be graphically modelled using the  MOT  syntax with certain 

5   MISA is a French acronym ( Méthode d’Ingénierie d’un Système d’Apprentissage ), which stands 
for “Engineering Method for Learning Systems”. 
6   IMS-LD is a standardized language used for the specifi cation of e-learning instructional  scenarios 
(LD stands for “Learning Design”). These scenarios are machine-readable: they can be delivered 
on different elearning platforms that are compliant with IMS-LD. 
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extensions (see Fig.  22.6 , for example). A new extension of the  MOT  editor intro-
duces new graphic symbols acting as abbreviations, such as new links that replace 
one or two links plus a ruling principle or labels on knowledge objects that 
 correspond to stereotyped properties: for example, stating that the relation is transi-
tive or functional. Such an extension aims to simplify the graphic model when the 
goal is to build standardized models such as a learning design or an ontology 
(Paquette  2006 ; Paquette & Rogozan  2005 ).

22.7        Conclusions 

 The collaborative knowledge modelling strategy described in this chapter seems 
promising for the transfer of expertise within organisations. However, it brings up 
numerous questions that need to be addressed with rigorous research. The fi rst ques-
tion is obvious: Is this strategy effi cient? In other words, does it result in  transfer of 
expertise? 

 Another concern involves the factors that are likely to infl uence the effi ciency of 
the strategy. Briefl y, here are some of the factors that need to be investigated 
 according to our perspective. 

  Fig. 22.6    First level of an ontological model representing knowledge from the Learning Design 
domain       
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 First, a series of factors are related to the individuals involved. We wonder, for 
example, how individual variables, such as an expert’s level of motivation to share 
his/her knowledge and/or the individual’s spatial or verbal skills or his/her cognitive 
style affect the effi ciency of such an activity. The few studies that investigated these 
topics were conducted in school settings (Okebukola & Jegede  1988 ; Oughton & 
Reed  1999 ,  2000 ; Reed & Oughton  1998 ; Stensvold & Wilson  1990 ). It would be 
valuable to conduct such research with adult participants in professional settings. 
For example, Stensvold & Wilson ( 1990 ) have shown, in a study conducted with 
Grade 9 participants, that creating concept maps was more benefi cial to students 
with low verbal skills than to those with high verbal skills. We can thus hypothesise 
that concept maps representing knowledge would be particularly effective for 
 certain types of employees. 

 Second, some factors are linked to the organisation of the co-modelling  situations. 
For example:

•     The active contribution of each participant involved in the activity . A setting in 
which participants are jointly involved in the creation process has been shown to 
be more effective than a situation where only the results of the activity are shared 
(Stoyanova & Kommers  2002 ). It would be helpful to know more about the 
nature and types of interactions that correlate with successful expertise transfer. 
Also, sharing tacit knowledge can possibly detract the expert from his status as 
an expert. If tacit knowledge is at the heart of the expertise, individuals may wish 
to keep the knowledge tacit instead of participating actively to the elicitation 
process. Indeed, as soon as tacit knowledge becomes explicit and coded, it is no 
longer a source of individual differences and, consequently, no longer presents a 
competitive advantage for the individual (Sternberg  1999 ).  

•    The level of asymmetry of the partners’ expertise paired up for the activity . A gap 
that is too severe could be detrimental. According to various studies conducted in 
adult-children dyads, asymmetric relations tend to trigger relational regulation 
rather than sociocognitive regulation of the confl icts. Hence, for the interaction to 
be effective, problem-solving activities must be conducted on a sociocognitive 
level rather than on a social level (Doise & Mugny  1984 ). Moreover, once aware 
of this asymmetry, the participants’ representations of the relationship constitute a 
factor that can affect their partnership. Hence, participants with low self-esteem 
will tend to overestimate the competency of their partners, thus infl uencing their 
interactions.  

•    The knowledge modelling training method . Research conducted in the fi eld of 
concept mapping provides little indication as to the most effi cient method to train 
people for this type of activity. To what extent and how should people involved 
in collaborative knowledge modelling in a professional setting be trained in a 
knowledge modelling language in order to minimise the cognitive load of such 
an activity? How can we help them make links between knowledge in the most 
signifi cant and useful manner, an activity considered very diffi cult by many 
researchers (Basque & Pudelko  2003 ; Faletti & Fisher  1996 ; Fisher  1990 ; 
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Novak & Gowin  1984 ; Roth & Roychoudhury  1992 )? Are there any aspects of 
collaboration that should be the target of specifi c training?  

• The representation language and the representation tool used . Is the representa-
tion system  suggested by the tool appropriate for all fi elds and sectors? Does it 
allow the representation of a variety of knowledge structures that can be organ-
ised into temporal script, in causal diagrams, procedural models, etc.? Is it best 
to impose the use of knowledge and link typologies? If strategic knowledge is at 
the heart of expertise, can we say that expertise is mostly represented in the 
“principles” included in a model? How do we promote the expression of this 
heuristic and often idiosyncratic knowledge? How can we guarantee suffi cient 
freedom of expression to allow the representation of different knowledge struc-
tures to suit the needs of the knowledge modellers? How can we guarantee the 
convergence between the experts’ words and actions, since they can distort their 
knowledge  representations when they express it verbally? In other words, the 
externalised representation of actions may not refl ect what actually occurs 
(Wilson & Schooler  1991 ). It is  diffi cult to separate tacit from explicit knowl-
edge because these two types of knowledge are often tightly intertwined. An 
expert can describe rules which guide his action (explicit knowledge) without 
being able to describe which specifi c aspects of the situation triggered the appli-
cation of the rules. However, he will be able to use the rule appropriately in 
context (tacit knowledge). How can constraints imposed by the representational 
language promote the elicitation of such situated strategic knowledge?    

 Third, there are factors related to the global organisational environment. Among 
those, we fi nd, for example, the level of competition (between individuals or 
between various groups) that exists within the organisation, the level of hierarchy 
present in the organisation, the level of confi dence and safety that employees feel 
towards the organisation, the manner in which knowledge is shared within the 
organisation, the existence of incentives associated with expertise transfer (tokens 
of recognition, rewards, release time), etc. 

 We hope that further research will shed some light on the contribution of any, or 
all, of these factors to the success of the knowledge modelling strategy.     
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