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Basics of Technology Roadmapping 

Martin G. Moehrle, Ralf Isenmann, and Robert Phaal* 

Corporate technology managers are faced with a wide range of responsibilities: 
Apart from being in charge of the acquisition, preservation, protection and 
application of technological competencies, they are expected to attend to a 
preferably solid and market-oriented technological positioning of their company 
(for the scope of technology management see for instance Burgelman, Christensen 
and Wheelwright 2004). This accumulation of tasks has given rise to a need for 
the projection of a technology’s temporal development, including its prevalently 
heterogeneous connections as well as the derivation of activities which serve to 
support or even improve a company’s technological standing. Technology 
roadmapping represents an ideal method of dealing with the latter two of the 
abovementioned concerns in an integrative way. 

 
• The concept of technology roadmapping obviously takes its name from the 

metaphorical image of a roadmap. In effect, the business is seen as a kind of 
vehicle travelling through partly known, partly unknown territory, driven by 
somebody who might require navigational assistance. 

• Technology roadmapping is applied in many different forms, ranging from 
purely internal and in most cases highly confidential revisions to the 
competitively strategic publication of customer information.  
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1 Framework, Processes, Implementation and Links: Four 
Parts of the Book 

This book contains a description of technology roadmapping in four major parts, 
providing expert knowledge on (i) framing/embedding of technology roadmapping, 
(ii) processes of technology roadmapping, (iii) implementing technology roadmapping 
and (iv) linking technology roadmapping to other instruments of strategic planning 
(see Figure 1). 

• In part 1 of the book the institutional reference for technology roadmapping will 
be explored. We will show that technology roadmapping can be used in 
different contexts, at different company and industry oriented levels, and within 
different management frames. 

• In part 2 we will introduce several processes that have been established for 
successful technology roadmapping. To frame the processes we will use a 
starting point matrix of market driven versus technology driven and 
explorative versus directed approaches. 

• In part 3 promising ways are described how technology roadmapping could be 
implemented and institutionalized.  

• In part 4 we will link technology roadmapping to other planning methods. 
Especially interaction with corresponding methods along strategic planning 
and innovation planning are of specific interest. 

 
 

 
 
Fig. 1 Framework of the book  
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2 A Work of Art Inspires an Analogy 

If you have ever covered any greater distance by car, it is quite likely that this 
involved the use of a very special work of art: a roadmap.  Even the most 
commonplace edition shows: 

• the localities that are to be found in a certain region, 
• in how far these localities are connected by traffic routes, 
• the size and inner structure of localities, 
• the distance between a  locality and a defined point of reference, 
• which localities are close to and which remote from one another, 
• whether there is a direct route of access between two localities or an 

unavoidable detour, 
• the capacity of pathways between individual localities (according to road 

classification),  
• whether there are any obstacles to overcome in getting from one locality to 

the other (e.g. by ferry or rail-crossing), 
• interchanges between roads and other means of transport (airports, railway 

stations, harbours), and finally, 
• characteristics of the surrounding landscape (lakes and rivers, elevations, 

vegetation).  
 
Perhaps it is this practically tangible diversity of functions that motivates 
executives and experts alike to devise roadmaps for their particular fields of 
technology. After all, the similarities between the features of a roadmap and the 
requirements of medium-range control in technology management happen to be 
striking. And, of course, a technology manager needs to know: 
 
• what technologies (and thus options concerning new products and services as 

well as new versions of established products or services) are available in a 
certain area, 

• how strong the connections between existing technologies are, 
• how powerful these technologies happen to be and what their inner structure 

is like, 
• the distance (in terms of time and technical state) between a technology and a 

defined point of reference (e.g. a company’s actual technological level), 
• which technologies are proximate and which remote from one another, 
• whether there are any direct links between individual technologies or detours 

that have to be taken into account, 
• the capacity of connections between individual technologies, 
• what problems have to be overcome on the way to a certain technology, 
• whether there are any convergences with other meta-technologies, and  
• what characterizes the surrounding technological territory. 
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Accordingly, a technology roadmap is nothing less than a graphical representation 
of technologies, often relating objects like products or competencies and the 
connections that have evolved between them in the course of time. The activities 
required in generating and updating this kind of representation are referred to as 
technology roadmapping (see Table 1 for related terms). Both topics, i.e. the 
method of technology roadmapping and the qualities of its output, will be described 
in this publication.  

Table 1 Glossary – related terms (see porter and cunningham 2005, p. 18) 

 

3   ‘Technology Roadmapping’ or ‘Roadmapping’? 

The concept of technology roadmapping, which is central to this book, can be 
specified in two different ways: 

 
• On the one hand, there is a rather stringent definition including only 

roadmapping activities that focus on product- or process-related technologies. 
According to this interpretation of the term, product roadmaps, project 
roadmaps and function roadmaps are on equal footing with technology 
roadmaps. 

• On the other hand, the concept can be interpreted in a less rigorous manner, 
encompassing all roadmapping activities concerned with technologies, 
products, processes, functions, market agents, competencies, projects and 
further aspects. This perspective can be traced back to the multi-level model of 
technology roadmapping as presented by the European Industrial Research 
Management Association (1998). Some authors would rather refer to this 
comprehensive concept by means of the more neutral term ‘roadmapping’ 
(without the technology prefix). 

In this book technology roadmapping is primarily referred to in its broader sense. 
Nevertheless, the editors have accepted the stricter specification along with the use 
of the expression roadmapping as a generic term where authors mean to sketch out 
differences between roadmap types. 

 

Technology monitoring and 
technology watch …

… refer to operational activities that chiefly aim at identifying 
significant cross-business and often internationally oriented 
developments of the technological kind

Technology prognosis, technology 
foresight and technology 
projection …

… are closely related to technology roadmapping. Especially long-
range forecasts, like those contained in the Japanese Delphi-Report, 
provide a substantial orientation-aid to executives and experts 
concerned with technology roadmapping.

Technology efficiency analysis and 
technology impact assessment …

… extend beyond the business level to general economic aspects as 
well as social and individual phenomena connected with the 
implementation of new technologies. Corresponding surveys function 
as an important corrective in the context of operational considerations.
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4   Variants of Technology Roadmapping 

Several variants of technology roadmapping find application in operational 
activities today. The exact choice depends on what reference objects are involved 
as well as on the actual goal which can mostly be associated with certain interest 
groups or alliances of interest groups.  

Technology roadmapping may involve various reference objects. A threefold 
classification thus appears to be recommendable: (i) roadmapping for central pace-
setting and key technologies, (ii) roadmapping for application systems, and (iii) 
roadmapping for a company’s or an industry’s general productive output. 

Some technologies exert quite a compelling pull concerning their application. 
Of late, this has been particularly noticeable in fuel cell technology, genetic 
technologies and internet technology. Therefore, it makes sense to create 
roadmaps for such pace-setting key technologies, from which a company’s 
management is able to draw conclusions about the potential of different 
application systems. For instance, progress in fuel cell technology can have a 
revolutionary impact on the automotive industry as well as on minor or major 
electricity suppliers.  

Apart from pace-setters and key technologies, technology roadmapping may 
also focus on application systems. Subjects like tomorrow’s office, tomorrow’s 
vehicle, tomorrow’s building or even tomorrow’s internal professional training 
can just as well be dealt with by means of a roadmap. The fact that this kind of 
subject would naturally involve a variety of individual technologies accounts for 
the differentiation from the “basic” roadmapping definition.  

A company’s or an industry’s productive output represents a further possible 
focus of technology roadmapping. In this context the term productive output refers 
to the established and future range of products combined with services. Again, this 
may concern various technologies, so there is no restriction to one particular field 
of application; and in most cases this kind of technology roadmap would be 
complemented by a respective product roadmap. In spite of appearing less evident, 
the latter can also apply to type 1 and 2 roadmaps.  

5   Purposes of Technology Roadmapping 

These different reference objects of technology roadmapping account for much of 
its diversity, part of which can furthermore be attributed to interest group-related 
issues. After all, goals and purposes may vary, depending on which and how many 
interest groups are involved in the technology roadmapping process. 

Some technology roadmaps serve only one purpose: the supervision of intra-
corporate R&D units. In such cases it is necessary to differentiate between 
roadmaps which are drawn up by the unit itself to formulate a kind of self-
specified target, and those compiled on behalf of the management by internal or 
external consultants for the revision of the corporate R&D unit’s form and 
structure. Generally, both categories are treated as strictly confidential. 
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Technology roadmaps can also be used to facilitate the co-ordination of different 
staff functions. For instance, the wide-spread distrust between R&D and marketing 
units may be mitigated by means of a conjoint roadmap to which R&D contributes 
technological factors while marketing staff bring in a product-related perspective.      

Another field in which roadmaps prove to be helpful is that of competitive 
strategy. In this case, the interest groups involved are the company’s marketing 
unit and its customers. The strategic utilization of roadmaps is primarily reflected 
by the company’s announcement policy. A striking example of this can be 
observed in the computer industry, where the Microsoft Corporation regularly 
succeeds in deterring consumers from purchasing a competitive product by 
specifically announcing the upcoming launch of a similar article (so-called 
‘vaporware’).  

Furthermore, technology roadmaps enable the co-ordination of intra- and extra-
corporate R&D activities. This function especially presents itself where extensive co-
operations or a high level of external procurement are immanent. Eventually, 
individual companies have the option to join forces in devising a technology roadmap 
that supports their common orientation. This has happened very prominently in the 
semiconductor industry. Here, it is the international consortium SEMATECH that 
issues technology roadmaps for the entire sector (see Sematech, 2011).  

6   Limitations of Use 

Technology roadmaps are largely concerned with prognosticating technical 
developments and their interactions. On the whole, forecasts tend to be rather 
uncertain, and the dictum that “planning replaces accident by error” is not 
altogether unjustified. Hence, it makes sense to inquire what limitations of use 
apply to technology roadmapping.     

There can be no doubt that it is virtually impossible to prognosticate a 
fundamental technological break-through or findings of seminal importance with 
reliable exactitude. The discovery of x-rays, the exploration of genetics, or (to 
state a more recent example) the detection of fullerenes (i.e. carbon molecules 
consisting of 60 atoms each, which adopt a football-like shape) – who would have 
dared to predict all that with any claim to precision? As concerns this elementary 
question, even the Delphi Reports have no answers to offer.  

However, fairly reliable prognoses can be attained in the wake of such 
discoveries, regarding their further development. This is the stage at which 
technology managers make use of technology roadmapping. For instance, the 
documented existence of fullerenes could now be followed by the search for 
options of advancement and commercialization that might serve as the theoretical 
framework of a technology roadmap. 

7   New Aspects of Technology Roadmapping 

At the close of this introductory chapter it should be mentioned that the technique 
of roadmapping is not entirely a novelty. Practised corporate executives and 
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experts have been thinking in roadmaps for a long time without reverting to any 
graphical representation thereof. Nevertheless, the current discussion of 
roadmapping is marked by several new aspects:  
 
• The “extraction from the mind”, i.e. the physical documentation of technology 

roadmapping combined with a communicative purpose, 
• consequently, the generation of roadmaps across and beyond the boundaries 

of departments or, indeed, companies as well as other institutions, and 
• the use of intelligible tools such as scenario planning in technology 

roadmapping. 
 

These three aspects can practically be regarded as characteristic features of 
technology roadmapping. While the first feature listed above amounts to an 
explication of the implicit by way of organized documentation with specific 
communicative purposes, the second feature is concerned with the options of 
institutionalisation, i.e. the organisation of technology roadmapping, ranging from 
a “closed shop procedure” inside the corporate R&D unit to a more open and overt 
approach that includes the participation of suppliers, co-op partners and key 
clients as external stakeholders. The third feature mentioned here underlines the 
instrumental linking function that technology roadmaps are able to fulfil. 
Increasingly often roadmaps are methodically combined with other tools such as 
balanced scorecards, scenarios and portfolios, integrated into more comprehensive 
schemes of time-to-market-management or strategic planning concerning business 
areas, and linked to elaborate procedures of computer based analysis and 
evaluation. In this respect, technology roadmapping enables a connection between 
tools, concepts and organisational units. 

8   Recent Developments  

Over approximately the past thirty years, technology roadmapping has gradually 
outgrown its infancy. Since it first emerged in the late 1970s, Roadmapping has 
developed into an acknowledged method of futurological research (see: 
Technology Futures Analysis Methods Working Group, 2004; Burmeister, Neef, 
2005 including numerous examples from different industries). Moreover, it has 
become a stalwart tool of operational technology and innovation management 
(Moehrle, 2000, for the origins and early days of technology roadmapping see 
Probert, Radnor, 2003). In the course of its advancement, technology roadmapping 
has moved forward to various additional fields of application and generally 
expanded its scope of utility (see Bucher 2003 and DaCosta et al., 2003). 

 

• In many fields of industry, technology roadmapping has by now come to be a 
time-tested practical instrument. It is, in fact, an acknowledged component of 
the elementary “toolbox” employed in different functional areas. Moreover, it is 
put to use in terms of cross-company coordination, e.g. in value-added chains or 
client-supplier-networks, and for the supervision of technological developments 
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in an intersectoral context as well as for the promotion of research. For instance, 
technology roadmaps for a planning interval of ten years’ time were devised in 
the course of numerous so-called specific support actions of the European 
Commission’s 6th General Research Programme, including the MONA-Project 
for the integration of optics and nanotechnology, and for areas of 
nanotechnology application (see Holtmannspötter et al., 2006, p. 221). 

• In parallel with the establishment of technology roadmapping in companies 
and institutions of various dimensions and directions, a similar development 
has been observable regarding its scope of utility. Today, technology 
roadmapping is utilized in an increasingly wide range of planning activities 
and successfully combined with other tools and methods (see Phaal et al., 
2004). However, this expansion to other fields of application and the 
increasing scope of utility also lead to higher expectations concerning the 
performance of technology roadmapping. Applications are getting more and 
more complex. Consequently, there is a growing necessity to support the 
utilization of technology roadmapping by means of modern information and 
communication technologies (ICT).  

 
 

The demand for theoretical orientation as well as practical support in technology 
roadmapping continues - and continues to be strong. This has found corroboration in 
many talks between the editors of this book and representatives from science and 
industry. Technology managers, whether they are employed by industrial companies 
or academic institutions, long for a solid technology- and customer-related 
orientation and the suitable instruments for a direct operative implementation. And 
this is precisely what technology roadmapping has to offer. 
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Part 1: Institutional Reference for Technology 
Roadmapping 

It appeared early on that technology roadmapping is a method that can be used in 
different contexts, at both company and industry levels, and within different 
management frames. Many industry-level roadmaps have been developed, providing 
useful guidance for related companies to structure common precompetitive R&D 
and competitive R&D programmes. 

In part 1 of the book the institutional reference for technology roadmapping will 
be explored. First, technology roadmapping is a method for the strategic 
management of technology within a company. Technology roadmaps help as core 
documents for technology forecasting and evaluation, with technology roadmapping 
as a process for developing those documents. Technology roadmapping can also be 
seen as one of a set of methods for the management of network cooperation, helping 
the collaborating organizations to jointly define their aims and results and is also a 
tool to structure information in supply chains. Last not least, technology 
roadmapping can be applied on the state or public level, for instance to define 
coordinated lines of action within a specific field of technology.  

 
• Phaal, Farrukh and Probert first gives an orientation about the process of 

technology roadmapping at the firm level. Building on definitions of 
‘technology’ and ‘technology management’, the author presents a technology 
management framework that is used to position roadmapping in the business 
context. Then he shows how the framework could support communication 
and co-operative working across the organization as a key theme, with 
roadmaps providing a common structure and language for supporting 
innovation and strategy. The application of the theoretical framework is then 
illustrated by a case study describing how a medium-sized company 
implemented roadmapping over a period of several years. 

• Petrick provides a substantial account of how technology roadmapping can be 
used at the level of supplier networks. The process of roadmapping enables 
participants to develop a shared understanding, to structure diverse 
information, supporting discussion and decision making. By means of easily 
comprehensible examples the author demonstrates how roadmaps support 
coordination, collaboration and cooperation in networked innovation systems. 
Firms acquire a better understanding of their position within the network, 
their contributions to the goals of that network and how they can influence 
their network and the environment by developing their own roadmapping 
strategy. The author concludes that it is particularly important for firms to 
understand that they compete against other networks, and that excellence of a 
single firm does not automatically lead to success of the network. 
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• Nimmo explores the application of the technology roadmapping process at the 
industry level, as supported by the Canadian government. This involves a 
description of the Canadian Technology Roadmap Model, which comprises 
three phases: development, implementation and evergreening. The experience 
of technology roadmapping in Canada is illustrated with two different 
examples; first a high-impact technology roadmap introduced by an industrial 
network, and second a roadmap created in conjunction with government 
institutions. The author explains how technology roadmapping is not 
primarily concerned with predicting future breakthroughs in science or 
technology, but rather emphasizes the process of roadmapping bringing 
together different parties, for example from industry and government, helping 
to analyse future challenges and opportunities. 

• Kerr, Phaal and Probert focuses on technological roadmapping at the 
government level, interpreting it as a process for implementing government 
policy such as white and command papers, and for translating these 
documents into strategic plans. Using a case study, the author considers the 
future challenges and objectives of the Royal Australian Navy, prescribed by 
the government, and how this can be depicted visually in a roadmap. He 
explains in detail the individual steps of the process using a template. 
Roadmapping is presented as a tool which facilitates the decomposition of 
future visions into mayor projects which can transmitted in a political context.  
 

 
Fig. 1 Institutional references for technology roadmapping 
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Technology Management and Roadmapping  
at the Firm Level 

Robert Phaal, Clare Farrukh, and David R. Probert* 

Technology is a key resource in many firms, as a basis for generating competitive 
advantage, and as an enabler for many activities. Technology management 
frameworks, processes and tools provide the means through which this valuable 
resource can be managed to ensure that technological investments are aligned with 
business goals and systems. In this chapter a practical framework for technology 
management is presented, highlighting five key processes: identification, selection, 
acquisition exploitation and protection. Technology roadmapping is proposed as a 
key integrating framework and management method that supports the 
implementation of these processes in firms, bringing together technical and 
commercial perspectives to support innovation and strategy. 

1   Introduction 

Technology has been a fundamental driver for innovation throughout the 
development of human society. With advances in fields such as information and 
communication technology, biotechnology and nanotechnology, the pace of 
innovation and change is set to increase further in the 21st century. This poses 
multiple challenges, for individuals, society and organisations, where managers 
are faced with hard decisions concerning how best to allocate limited resources, in 
terms of the increasing cost, complexity and risk of technology investments, 
against a background of increasing global competition. Technology management 
is a field of practice and academic enquiry that seeks to address these challenges. 
Within this field, technology roadmapping has emerged as a key method for 
linking technology decisions and investments to business objectives, supporting 
both strategy and innovation in the firm. 

Technology management addresses the effective identification, selection, 
acquisition, exploitation and protection of technologies needed to maintain a 
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stream of products and services to the market (Gregory, 1995). It deals with all 
aspects of integrating technological issues into business decision making and is 
directly relevant to a number of core business processes, including strategy 
development, innovation, new product development and operations management. 
Healthy technology management requires establishing appropriate knowledge 
flows between commercial and technological perspectives in the firm, to achieve a 
balance between market ‘pull’ and technology ‘push’. The nature of these 
knowledge flows depends on both the internal and external context, including 
factors such as business aims, market dynamics and organisational culture. 

The meaning of ‘technology’ and ‘technology management’ is explored in 
Section 2, as a basis for the technology management framework presented in 
Section 3. The practical application of the framework is demonstrated in Section 4, 
with reference to roadmapping, which is widely deployed within firms to support 
strategy and innovation, linking technological choices and investments to business 
and market objectives. A case study is presented in Section 5 to illustrate the 
application of roadmapping within a printing company, as a means for improved 
strategic technology management. 

2   Technology and the Management of Technology 

While there are many published definitions of ‘technology’ in the literature (for 
example, Steele, 1989; Whipp 1991), for practical purposes it can be defined as 
the ‘know-how’ of the organisation. Technology, in the business context, can best 
be considered as an important type of resource, and hence there are considerable 
linkages with other resource-based views of the firm (Penrose, 1995; Grant, 
1996), such as competence and capability approaches (Hamel and Prahalad, 1994; 
Teece 1980), and the general knowledge management literature. A key objective 
of technology management is to ensure that technological resources are effectively 
linked to business requirements, which is the focus of the technology management 
framework proposed in Section 3, and a key benefit of the technology 
roadmapping approach. 

For the purposes of this paper the following definition is adopted, proposed by 
the European Institute of Technology and Innovation Management (EITIM, 
2011): “Technology management addresses the effective identification, selection, 
acquisition, development, exploitation and protection of technologies (product, 
process and infrastructural) needed to maintain a market position and business 
performance”.  

This definition highlights two important technology management themes: 
 

• Establishing and maintaining the linkages between technological resources and 
company objectives is of vital importance and represents a continuing challenge 
for many firms. This requires effective communication and knowledge  
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management, supported by appropriate tools and processes. Of particular 
importance is the dialogue and understanding that needs to be established 
between the commercial and technological functions in the business. 

• Effective technology management requires a number of management 
processes. These processes are not always very visible in firms, and are 
typically distributed within other business processes, such as strategy, 
innovation and operations.  

 
The framework described in Section 3 is primarily intended to support technology 
management in the manufacturing sector, at the firm level (although, owing to the 
generic nature of the framework, it is considered likely to have broader 
application). To improve understanding of the framework it is important to define 
the system within which it applies, in the context of technology management.  

The manufacturing business systems model that has been adopted is that used 
by the University of Cambridge Manufacturing Leaders’ Programme (MLP), 
which forms the basis for a company audit (Hillier, 2001). The MLP model is 
built up in three stages, or levels: 

 
• Level 1: a simple resource-based process view, where resources are identified 

as comprising people and facilities, which are combined with operational 
processes to transform inputs into required outputs. Based on the discussions 
above, the technology base of the firm can be considered to be a sub-set of 
these resources and processes.  

• Level 2: expansion of the model to the firm level, defining the manufacturing 
business, in the context of the value chain that links suppliers to customers, 
highlighting a number of important business processes. These processes are 
strategy development, supply chain management and new product 
introduction, supplemented by supplier and customer development processes.  

• Level 3: expansion of the model to include the business environment in which 
the firm operates: industry sectors, competitors and suppliers, current 
available technology, customers / consumers and liability, environment and 
economy. The broader trends that govern the evolution of this business 
environment are included in the model (such as industry, technology, general 
societal, political and economic trends). 

 
This type of model defines the system within which technology management 
considerations can be explored. The importance of defining the system, including 
its boundaries, interfaces and elements, and the relationships between them, is 
supported by general systems theory (Jackson, 2000). The ‘soft’ systems 
perspective (Checkland, 1981), where the importance of how people perceive and 
interact with the system, is of particular relevance to technology management, 
which requires co-operation between technological and commercial functions 
(Linstone, 1999). 
 
 



16 R. Phaal, C. Farrukh, and D.R. Probert
 
The concepts discussed in this section (technology as an important resource in 

the firm and the technology management processes that operate on the technology 
base, in the context of the manufacturing business system) provide the 
components on which the technology management framework is based.  

3   Technology Management Framework 

The overall aim of the framework (Fig. 1) is to support understanding of how 
technological and commercial knowledge combine to support strategy, innovation 
and operational processes in the firm, in the context of both the internal and 
external environment. The many particular activities and aims that are associated 
with technology management practice in firms depend on the particular context 
and objectives. Detailed frameworks have been developed to support decision-
making and action in specific areas – for example, open innovation (Chesbrough, 
2003) and technology intelligence (Kerr et al., 2006).  

Technology management processes: At the heart of the framework is the 
technology base of the firm, which represents the technological knowledge, 
competences and capabilities that support the development and delivery of competitive 
products and services, and other organisational goals. Five technology management 
processes (ISAEP) operate on the technology base (Gregory, 1995), which combine to 
support the generation and exploitation of the firm's technology base: 
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• Identification of technologies that are not currently part of the firm's 
technology base, but may be important in the future (for example, by 
attending conferences, reading journals, visiting trade fairs, questioning 
suppliers and conducting pure research). 

• Selection of those technologies that the firm needs for its future products and 
technologies (for example, by using portfolio-type methods, expert 
judgement, pilot studies and financial methods). 

• Acquisition of the technologies that have been selected (for example, by 
R&D, licensing, purchase of equipment, hiring of staff and acquisition of 
firms). 

• Exploitation of the technologies that have been acquired (for example, by 
incorporating into products and services and licensing). 

• Protection of the technological assets of the firm (for example, by legal 
means such as patenting, contracts, trademarks, copyright, together with 
security measures and retention of key staff).  

 
Business processes: The ISAEP technology management processes do not operate 
in isolation, and are generally not managed as separate business processes. The 
various activities that constitute these management tasks tend to be distributed 
within other business processes (for instance, technology selection decisions are 
made during business strategy and new product development). Three core 
business processes are of particular importance: strategy, innovation and 
operations (SIO), operating at different business system levels in the firm. The 
link to core business processes is important, as these are the focus of management 
and action in the business and the means for ensuring sustainable productive 
output of the firm. The aim of effective technology management is to ensure that 
technological issues are incorporated appropriately into these processes, to form a 
technology management system that is coherent and integrated across and beyond 
specific business processes and activities.  

 
Mechanisms for linking technological and commercial perspectives: The framework 
emphasises the dynamic nature of the knowledge flows that must occur between the 
commercial and technological functions in the firm if technology management is to 
be effective, linking to the strategy, innovation and operational processes. An 
appropriate balance must be struck between market ‘pull’ (requirements) and 
technology ‘push’ (capabilities). Various mechanisms can support the linkage of the 
commercial and technical perspectives, including traditional communication 
channels (for example, discussions and email), cross-functional teams / meetings, 
management tools, business processes, staff transfers and training. 

 

Context: The specific technology management issues faced by firms depend on 
the context (internal and external), in terms of organisational structure, systems, 
infrastructure, culture and structure, and the particular business environment and 
challenges confronting the firm, which change over time. 
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Time: Time is a key dimension in technology management, in terms of 
synchronising technological developments and capabilities with business 
requirements, in the context of evolving markets, products and technology. 
Although time is not explicitly depicted in the framework, it is implicit in SIO 
business and ISAEP technology management processes. 

The concept of ‘pull’ and ‘push’ mechanisms, which is a central feature of the 
technology management framework, is illustrated in Fig. 2 (Muller, 2000), which  
shows how ‘mechanisms’ such as people, information, documents, resources and 
processes connect key business processes, including commercial and technological 
perspectives. 

As noted above, technology management processes (ISAEP) do not exist in 
isolation, and tend not to be managed as explicit core business processes, but 
rather are distributed as activities within other business processes, the most 
important of which are strategy, innovation and operations. Effective technology 
management requires that these relationships be understood and supported by 
effective knowledge management systems (pull and push mechanisms). The 
following points illustrate the complex relationships between these business and 
technology management processes: 

First, the ISAEP technology management processes are not entirely linear in nature. 
While there is a logical flow from identification through selection, acquisition, 
exploitation and protection, some iteration and feedback is required. Broadly, the 
relationships between the processes can be described in terms of ‘upstream’ and 
‘downstream’ flows. In the ISAEP sequence, information and knowledge generated 
during each activity can be useful for downstream processes. For example: 

 
• Information gathered during identification of technology can be a useful input to 

the selection process. On the other hand, the identification of technology requires 
some form of ‘filter’ to direct efforts and to enable promising technologies to be 
recognised. This requires ‘pre-selection’, or a ‘light’ form of the selection process 
to be embedded within the identification process. Similar observations can be 
made for the other processes.  

• In terms of feedback, each process can benefit from the learning that is 
generated by the application of the set of processes, which requires a systems-
level perspective, with associated responsibilities for high-level technology 
management in the firm. The role of the technology management function 
includes the overall co-ordination of the activities that constitute the ISAEP 
processes and provision of the infrastructure for supporting their application, 
such as information and knowledge management, provision of management 
tools and training. 
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Fig. 2 Simplified decomposition of the business process (Muller, 2000) 

Second, while the main focus of each SIO business process is at the 
corresponding SIO ‘business system level’, these processes also operate at the 
other levels. For instance:  

 
• Strategy is primarily concerned with overall corporate or business objectives and 

direction, but also with innovation (for example, development of product and 
technology platforms) and operations (for example, how to best configure 
manufacturing and logistics).  

• Innovation is primarily concerned with the development of new products and 
services, but also has a role to play in improving strategic and operations 
processes.  

• Operations is primarily concerned with the flow of resources within the 
business system, but also with project management of the activities associated 
with strategy and innovation processes.  

Thus, a complex picture emerges when assessing the relationship between the 
various ISAEP technology management and SIO business processes. Technological 
considerations impact on all of the business processes, at all levels of the business 
system. The processes for understanding and managing technology and the wider 
business are not simple or independent, but complex and intertwined. A holistic and 
predictive view of how all of these elements behave as an integrated system is 
perhaps too ambitious, owing to the context-dependent nature of many specific 
technology management tasks. The relative simplicity and generality of the 
technology management framework described in this paper encapsulates  
the principles that underpin effective technology management, across the breadth of 
the organisation and its activities. 
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4   Roadmapping at the Firm Level 

Technology roadmapping has the potential for integrating processes and 
information across the span of the whole framework depicted in Fig. 1, and for 
supporting communication and co-operative working across the organisation.  

The development and application of the roadmapping technique has been a 
focus of the practical work that underpins the technology management framework 
(Phaal et al., 2010). There are many types of roadmap, in terms of purpose and 
format, with the most common (generic) type shown in Fig. 3. The roadmap 
comprises a number of layers and sub-layers, within which the evolution or 
migration of the business is charted (including market, product and technology 
perspectives) on a time basis, together with key linkages between the layers. 

Comparing the generic technology roadmap with that of the technology 
management framework (Section 3), it can be seen that there are some key 
structural relationships between the two, which highlight the importance of 
roadmapping for embedding the principles contained in the framework in 
industrial practice: 

 
1. The commercial and technological layers of the roadmap directly relate to the 

commercial and technological perspectives in the framework and the linkages 
between these can be readily shown on the roadmap.  

2. The linking (middle) layer of the roadmap (typically products or services, but 
more generally including other aspects such as business capabilities and 
systems) is closely related to the ‘pull-push’ linkage mechanisms in the 
framework. Generally, the middle layer of the roadmap can also be considered 
as a linkage mechanism, providing common ground for both the commercial 
and technological functions in the firm. For example, while staff in technology  
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and marketing functions may approach the business from different perspectives, 
both groups have a sound understanding of products. The process whereby a 
roadmap is developed brings together representatives from all relevant 
functions, directly enhancing communication and co-operation. 

3. The business processes (SIO) relate to the roadmap in a number of ways: 
• The operations, innovation and strategy processes are associated with 

different time horizons (short, medium and long, respectively), which are 
also closely related to the structure of the roadmap. The roadmap 
includes the temporal dimension explicitly, and tends to include short-, 
medium- and long-term perspectives, typically up to at least two 
innovation cycles into the future.  

• The strategy and innovation processes are often expressed at the business 
and product layers of the roadmap, respectively, in terms of strategic 
milestones, elements of strategy, new product introductions and service 
improvements. For roadmaps that are driven by technology push, elements 
of technology strategy may be incorporated into the technology layer.  

• The similarity of the roadmap structure to Gantt planning charts enables 
specific programmes and projects to be related directly to the roadmap, 
which are often used to monitor progress at a high level.  

 

In summary, technology roadmaps support integrated technology management in 
business, owing to: 
 

• The flexibility of roadmapping in terms of its application and structure (the 
approach can be used for supporting many planning-oriented activities, at any 
level in the firm). 

• The close relationship between the structure and use of roadmaps and the 
business (SIO) and technology management (ISAEP) processes.  

• The strength of technology roadmapping for supporting the linkages between 
commercial and technological perspectives in the firm. 

• Many tools and techniques may be used for supporting strategy and planning 
(for example, competitor assessment, market research, technology audit and 
forecasting). The information that is generated using these approaches is a 
valuable input to the roadmapping process, which has the potential to act as a 
focal point for these activities.  

 

Roadmapping is a scalable approach, enabled by the hierarchical taxonomy that 
defines the layered structure, and can be applied at various levels, ranging from 
products to firms and entire sectors. The original form of technology 
roadmapping, as developed by Motorola and other organisations focused on 
product-technology roadmapping – i.e. the technologies developments needed to 
realise a particular product strategy (Willyard and McClees, 1987; Phaal et al., 
2001). More recently roadmapping has been applied at the firm level (business 
unit and corporate applications), applicable to a portfolio of products and business 
strategy in general (Cosner et al., 2007; Phaal et al., 2007).  

The structure of roadmaps and the processes used for developing roadmaps 
need to be adapted to suit the particular purpose and organisational context.  
There is a close alignment between strategy and innovation processes and 
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roadmapping, and often roadmapping is integrated into these processes, with 
roadmaps updated for key review and decision milestones. A generalised 
innovation/strategy process is often represented as a series of phases and review 
screens, associated with an iterative process that progresses and down-selects 
options, depicted schematically as a ‘funnel’ (see, for example, Cooper, 2001, 
2006; Chesbrough, 2003). Roadmapping can be used throughout this process, 
although the content of the roadmap/s will change, and the process will be 
dramatically different on the left compared to the right. On the left the process will 
be inherently exploratory, helping to scope the challenge, identify, investigate and 
prioritise initial options to work on, progressing to a more controlled system on 
the right that shares some characteristics with project planning, at a strategic 
programme level, concerned with the delivery of complex projects. 

An example is shown in Fig. 4 for Lucent Technologies (Albright and Kappel, 
2003), which summarises the key steps associates with product-technology 
roadmapping. This involves completing a series of one-page templates covering 
various aspects that need to be included in a sound business case, starting with 
market considerations, then product and technology, leading to actions (a market 
pull approach). Notice that there are two roadmaps included in this process – a 
product roadmap and a technology roadmap. In contrast, the approach illustrated 
in Fig. 4 presents an integration of technology, product, market and other 
perspectives. This higher-level view was originally developed by Philips 
(Groenveld, 1997), and has the advantage that the important linkages between 
these perspectives are more clearly articulated. 

Many variations of roadmapping have been developed by different organisations 
for different purposes. As a reference point, the approach proposed by the Sandia 
National Laboratories (Garcia and Bray, 1997) provides a useful basis for assessing 
and designing roadmapping processes – summarised in Table 1. 
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Table 1 Sandia National Laboratories’ technology roadmapping process (Garcia and Bray, 
1997) 

 
Phase Step Notes 

I. Preliminary 
activity 

I.1 Satisfy essential 
conditions 

Success factors that should be considered at the start of the process include: 
 Perceived need for roadmapping and collaborative development. 
 Input and participation from all relevant groups (for example, functions, 

customers, suppliers, partners, government agencies, universities). 
 Clarity of the boundaries of the initiative how roadmap will be used. 

I.2 Provide 
leadership / 
sponsorship 

Committed leadership / sponsorship is needed due to the effort required in 
developing a roadmap and if it is to have impact, from key decision makers and 
those involved in implementing the roadmap. 

I.3 Define the scope 
and boundaries for 
the technology 
roadmap 

The context of roadmap needs to be understood, including definition of the vision 
for the organisation, the aims of the roadmapping initiative, scope and boundaries, 
level of required detail, and timeframes. 

II. Development 
of the 
technology 
roadmap 

II.1 Identify the 
‘product’ that will 
be the focus of the 
roadmap 

The product needs and focus must be agreed if buy-in is to be achieved and 
sustained. Garcia & Bray recommend the use of scenario planning if there is major 
uncertainty about the project needs (see Chapter 5).  

II.2 Identify the 
critical system 
requirements and 
their targets 

Critical system requirements need to be defined, including time-based targets 
(quantified if possible). These requirements relate to the functions and 
performance required from the product or system. These subsystems, functions 
and performance dimensions form core elements of the roadmap structure and 
process. 

II.3 Specify the 
major technology 
areas 

These are the main technical areas that can contribute to the critical product or 
system requirements. 

II.4 Specify the 
technology drivers 
and their targets 

The product or system requirements and targets need to be translated into 
technology drivers and targets for the major technology areas. These are criteria 
that can be used to evaluate the benefits of the technology, as a basis for 
differentiating the various options for selection purposes. 

II.5 Identify 
technology 
alternatives and 
their time lines 

Technology alternatives should be identified, which have the potential to respond 
to the technology drivers and achieve the targets. Breakthroughs in several 
technologies may be required for challenging targets, and particular technologies 
might address multiple drivers. The timeframes in which the technology might 
mature sufficiently to be implemented within the products and systems must be 
estimated. 

II.6 Recommend the 
technology 
alternatives that 
should be pursued 

The most attractive technologies need to be selected, which have the potential to 
achieve the desired targets, bearing in mind costs, development times, risks and 
the tradeoffs between these factors. Various tools and techniques may be helpful 
during this step, to support analysis and decision-making (see Chapter 5), although 
expert judgement is often a key factor, benefiting from a collaborative process. 
The output from this step is the graphical representation that is the focal point of 
the roadmap document or report. 

II.7 Create the 
technology roadmap 
report 

The information generated from the above steps needs to be pulled together into 
an integrated report, including the graphical roadmap, description of each 
technology and its current status, critical risks and barriers, gaps, technical and 
implementation recommendations. 

III. Follow-up 
activity 

III.1 Critique and 
validate the 
roadmap 

Development of the first (draft) version of the roadmap usually involves a 
relatively small group of key participants. Broader consultation is beneficial for 
validation purposes, to address key gaps identified and to build broader buy-in 
from those involved in or who influence its implementation. The roadmap should 
be updated as appropriate. 

III.2 Develop an 
implementation plan 

If the roadmap is to have impact then the recommendations need to be 
implemented, which requires activities and projects to be planned, resourced, 
coordinated and managed. 

III.3 Review and 
update 

Roadmaps should be reviewed and updated as appropriate, to reflect changing 
circumstances and learning. Typically this will be linked to business processes 
such as strategy and new product development or as events require. 
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5   Case Study – Aligning Technology and Product 
Developments 

This case describes how a medium-sized company (1,500 employees) that 
develops and manufactures printing solutions for industrial applications 
implemented roadmapping over a period of several years (Phaal et al., 2008). The 
T-Plan method was used as a basis for this initiative, which brings together 
technical and commercial staff in a four half-day workshop process (Phaal, 
2001a). 

The business is organised primarily around four business units, each focusing 
on a different product line, with some overlap in technology and markets. The 
company headquarters are in Europe, co-located with core design and 
manufacturing operations, with regional centres and sales and support 
organisations based around the world, in more than 150 countries. The company is 
30 years old, and has a strong technology heritage. As the company has grown in 
size and complexity, new technologies have been acquired and the product range 
expanded, with a need to establish methods to manage the effective acquisition 
and integration of technology into the core new product introduction process.  

As a technology-based company, the firm was particularly aware that 
developing new technologies (or other competences) could take a long time. The 
company had had experience of including new technologies in product 
development projects before they were fully tried and tested. The result had 
always been delay and disappointment. To avoid this it was clear that they needed 
a coherent product-technology strategy so that innovations could be developed in 
advance and then brought to market quickly and securely when required, and 
roadmapping was selected as the most appropriate approach. 

Roadmapping was first applied in the largest and oldest business unit, which is 
based on mature continuous inkjet printing technology. The main outcomes of this 
application were the recognition that too many projects were being pursued and 
that there was a lack of confidence that the market drivers were up-to-date. A 
market research study was undertaken, and the roadmap revised, and a series of 
new product initiatives followed. Based on this experience the method was rolled 
out to the other parts of the business.  

Figure 5 shows an example of the first roadmap developed in one of the 
business units, forming the basis of an iterative process for reviewing and 
updating the roadmap on a regular basis. Figure 6 shows a more recent version of 
this roadmap, illustrating how the method evolved over a period of several years. 

The roadmapping process was used in all business units in the firm, and proved 
an effective way to develop and articulate strategy efficiently and quickly. In all 
cases the first roadmap showed that the existing plans and intentions were too 
ambitious, and had to be scaled back – a valuable early result and a useful benefit 
from the work.  
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Nevertheless, managers and staff usually treated the first versions of the 
roadmaps with caution and only really trusted them after they had been through 
several iterations. These reviews, typically every six months, were crucial. They 
gave time for participants to gather extra data and to reflect on what had been 
done. Inevitably the maps evolved and stabilised with repeated discussion, with 
the process of debate cementing understanding and support.  

The roadmaps became a useful and valued tool for communicating the 
emerging strategy to the board and others in the company. Bringing the business 
unit roadmaps together helped to identify synergies that could lead to further 
efficiencies. 

6   Summary 

This paper has presented an overview of the development and application of a 
high-level framework for technology management. The framework is intended to 
be broad in scope, incorporating a number of key principles that underpin 
technology management. The framework, which is consistent with concepts from 
resource-based and systems thinking, provides a bridge between theory and 
practice.  

The technology management framework incorporates the following key 
elements, which are all important for the understanding and application of 
technology management in business: 

 
• The technology base of the firm, a key resource for many innovative 

companies. 
• The technology management processes (identification, selection, acquisition, 

exploitation and protection) that operate on the technology base to support 
innovation in the firm. 

• The core business processes of strategy, innovation (including new product 
development) and operations, which provide the means by which the potential 
value of technology can be realised. 

• The mechanisms by which the technological and commercial perspectives of 
the firm are brought together, to ensure an appropriate balance between 
market pull (requirements) and technology push (capabilities). 

• The internal and external factors that provide context to technology 
management in the firm, such as business purpose, organisational structure, 
culture and infrastructure, market environments and drivers. 

• Time is a key dimension in technology management; although not explicitly 
depicted in the framework, it is implicit in SIO business and ISAEP 
technology management processes. 

 
Technology roadmapping provides a means of addressing all of these challenges, 
with its use expanding both at the firm and sector levels as a core tool for supporting 
technology management. Its application to product-technology planning has been 
illustrated with an example for a firm in the printing sector, where the technique has 
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been applied across the business to coordinate technology and commercial strategy. 
Owing to the context-dependent nature of particular technology management 
challenges, business processes and management tools need to be flexible, and be 
able to be adapted or customised to fit the aims, needs, resources and culture of the 
particular firm. The technology management framework and roadmapping approach 
both accommodate this requirement for flexibility. 
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Networked Innovation: Using Roadmapping  
to Facilitate Coordination, Collaboration  
and Cooperation  

Irene J. Petrick* 

The nature of relationships between firms has changed from a supply chain to a 
supply network and increasingly toward an ecosystem. The demands of each of 
these are different, as are the resulting uncertainties. Roadmapping is a method 
that at its core is used to buy down uncertainty. To achieve value the firm must 
understand its role in the network, and the way that its goals are related to the 
network’s overall effectiveness. There are three aspects of the interaction between 
firms that are relevant to networked innovation: coordination (linking activity to 
time in a transaction-based relationship), collaboration (linking activity to intent 
in a co-creation relationship) and cooperation (linking activity to value creation 
across an ecosystem or platform). Ultimately, the way that roadmapping is 
approached should balance the goals of the firm and the network, the sources of 
uncertainty and the most likely types of interactions.  

1   Introduction 

Increasing product and service complexity suggests that few firms possess the 
entire production capability or knowledge base needed to design, manufacture and 
distribute most products or services. Instead, suppliers within networks add value 
to one another’s activities. These networks of competing firms find their 
competitive advantage in both their product and/or service offerings and in their 
ability to align their decisions and activities with one another in more effective 
ways relative to other networks. In supply chain management, researchers have 
long understood the importance of the efficient transfer of goods and materials 
across participating firms. What is less well understood are management practices 
that might promote the rapid recognition of emerging opportunities and the 
integration and leverage of inter-firm knowledge networks (Stock, Boyer and 

                                                           
Irene J. Petrick 
College of Information Sciences and Technology, The Pennsylvania State University, 
102T Information Sciences and Technology Building, University Park, 
PA 16802-6823, United States of America 
e-mail: ipetrick@ist.psu.edu 



32 I.J. Petrick
 

Harmon, 2009). This is particularly important in firms that pursue an externally 
oriented innovation strategy where partnerships, alliances and collaboration are 
essential ingredients (Wunker and Pohle, 2007). Success in interfirm networks is 
achieved through access to information, resources, market insights and 
technologies (Gulati, Nohria and Zaheer, 2000) where inter-organizational 
learning (Hult, Ketchen and Nichols, 2003) and adaptation (Pathak, Day, Nair, 
Sawaya and Kristal, 2007) are continuous and robust practices. 

This chapter identifies ways that roadmapping can be an important practice that 
facilitates inter-organizational network effectiveness. The discussion begins with 
the notion that roadmapping is an information organizing framework that helps 
create a shared understanding among participants. In networked innovation, this 
shared understanding then guides the choices that individual firms make  
about what and how to execute and when to deliver. There are three types of 
interactions that firms working within a supply network must address: (1) 
coordination – linking activity to time in a transaction-based relationship; (2) 
collaboration – linking activity to intent in a co-creation relationship; and (3) 
cooperation – linking activity to value creation across an ecosystem or platform 
relationship. As part of the discussion, I introduce the concept of supplier 
networks as complex adaptive systems. I suggest that the approach to 
roadmapping should be matched to the sources of the uncertainty and to the 
resultant needs for interaction between firms.  

2   Conversations in the New Product/Service Development 
Space  

Roadmapping has long been associated with technology roadmapping as a way to 
refine technology strategy and to align technology development with the critical 
path of a particular product launch (Kostoff and Schaller, 2001; Phaal, Farrukh & 
Probert, 2004). But this is only one of the conversations that must occur in the 
context of product or service innovation. In fact there are actually three separate 
conversations that should take place within a firm and for networked innovations, 
across firms, to envision and execute successful innovations around products and 
services. These three are conversations about: 
 
• Opportunity: What are all the things that we might do? 
• Possibility: What are all the ways that these things might be done? and 
• Action: What will we actually do? 
 
In essence, these three conversations reflect market pull, technology push and 
execution. Often, firms do not have these three conversations with the same degree 
of fervor, and the most time is spent in the Action discussion – what features should 
the product or service have; how will these features be reduced to requirements 
definitions; what is the timeframe in which this product or service will be launched; 
what are the underlying technical challenges we will have in bringing this product or 
service to market; and how will this actually happen? While these questions are all  
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very critical to the ultimate success of the product or service, they beg the more 
important issues, namely what problem is this product or service intended to solve 
and how will it achieve this in a way that is obviously superior to other options that 
the customer or end user may have? Is our intended new product or service the best 
alternative to pursue? A second issue that gets even less attention is how the 
collective resources and knowledge of the supply network can be leveraged to 
achieve this superior product or service in a way that is inimitable by other networks 
of firms. Here the solution space should be explored more thoroughly to better 
understand alternatives to the anticipated technical solution. 

2.1   Opportunity Conversations 

As part of nearly any discussion about innovation, the participants are urged to 
think “out of the box”. While this can result in unanticipated innovations, the true 
challenge is to redraw the boundaries of the collective box. Often this begins with 
a deeper understanding of that proverbial box by delving into the knowledge that 
is distributed within the network. To truly delight the market, the entire supplier 
network must come together to create compelling and unexpected products that 
immediately address an unmet need that the customer or end user did not even 
recognize. This requires a robust information gathering effort – particularly 
around users and the trends that drive their expectations. These nuggets of 
information are distributed across the supply network and are often tied to the 
domains or geographies in which the individual firms work. For example, in 
Figure 1 we can see that four facts when taken separately appear to offer little 
guidance in the way of specific product or service opportunities. When taken 
together, however, these facts combine to suggest a potential product and service 
opportunity, namely wirelessly enabled health monitoring clothing. 

 
Fact 1:  Baby boomers are 

seeking to take more control 
of their health and wellness 
and want to remain at home 

as they age 

Fact 4: In 2009 23% of US 
adults had wireless but no 

land line phone service 
(worldwide this trend is even 

more pronounced) 

Fact 3: Health care providers 
will become increasingly cost 
sensitive as reimbursement 

caps are established 

Fact 2:  The US military is 
experimenting with sensors 

that can be woven into fabric 
to monitor warfighter  health 

status 

 

Product and service 
opportunity:   

Wirelessly enabled health 
monitoring clothing 

 

  
Fig. 1 Linking facts to identify non-obvious product and service opportunities 
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As firms seek to be more competitive globally, sensing differences between 
global consumers and their wants and needs will require insights that can only be 
gained by those within the network who are operating in that locale. For example, 
it took Tata Motors, an Indian firm, to understand the opportunity for its Nano car. 
Priced at a lowly $2,500 when it was introduced, the Nano was just what the 
Indian market needed – a car designed to fit easily on the streets of the most 
crowded cities, that was designed in a modular way so that it could be shipped in 
kits and then assembled by third parties if needed, and that was really little more 
than an enlarged motorbike with a fixed weather shield. The Nano is a complete 
departure from the Western automobile. But it took the combination of several 
facts to become a reality: the Indian worker spends a large amount of time 
commuting to and from their workplace; the Indian weather is predictably wet for 
long and intense periods of the year; there is a growing middle class in India that 
wants and can now afford transportation solutions; the maximum speed on Indian 
roads is less that the maximum speed on Western roads; the Indian transportation 
infrastructure leaves little space for parking, which is at a premium; and the Indian 
consumer does not have the same expectation for standard features as their 
Western counterpart, thus eliminating the need for higher priced items like air 
conditioning and power brakes in the basic model. Insight for new product or 
service opportunities will increasingly come from global sources. 

2.2   Possibility Conversations 

Possibility conversations are almost always about how something might be done 
and generally fall to the technologists. Here is where networked innovation is even 
more important since so much of the understanding of the intricacies of one 
technology solution versus another lies with the experts. As supplier networks 
have become populated with increasingly specialized firms, the experts needed to 
understand the technology landscape rarely reside in a single firm. For example, a 
food company seeking to create a healthier snack food might require solutions that 
include alternate substitutes for sugar, how the new formulation might alter the 
consistency of the preprocessed and then processed foods such that current 
manufacturing or material handling processes cannot be used, how the sugar 
substitute might influence the shelf life of the food, and even how an altered shelf 
life might be augmented by new packaging materials. One of the biggest 
challenges in the possibility conversation is that most solutions are in reality a 
combination of technologies. 

Another important aspect of distributed expertise across the supplier network is 
understanding what technology substitutes are just “over the horizon” so to speak. 
For example, a car company may not be thinking about substitute manufacturing 
processes, but its suppliers may be weighing the advantages of casting and  
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machining versus powder metals manufacturing as they continue to push for lower 
cost and near net shape manufacturing options. Or their suppliers may be  
considering how to reduce weight by using novel materials that may then require 
alternative manufacturing processes. The car company benefits when it taps into 
this supplier’s knowledge. 

2.3   Action Conversations 

As noted earlier, action conversations are the most prevalent and get the most 
attention. It is the action conversation that drives individual firm planning within 
the larger networked innovation effort. Ideally, once the possibility and 
opportunity conversations have occurred, it is time to set common goals, articulate 
these common goals in terms of objectives for individual firms, and then to 
determine the timing of the various activities and tasks that must be undertaken. 
Action can be expressed as project plans, GANT or PERT charts, or through other 
execution management tools. This chapter is less concerned with the action that 
individual firms execute and is more interested in the way that this action gets 
initiated through the collective efforts of the network. 

3   Roadmapping as an Information Organizing Framework 

Within the context of these three conversations, roadmapping has a unique potential 
to support the underlying discussions because it offers the team a way to capture 
diverse information in a structured form. Figure 2 demonstrates the diversity of the 
information streams that need to be considered in the context of networked 
innovation where the capabilities of the supplier network are brought to bear. The 
goal of any roadmapping exercise should be to capture the external uncertainties 
within the market space and within the broader socioeconomic spectrum.  

The capabilities that the supplier network possesses are rooted in the 
manufacturing processes and intellectual property strategies, as well as in the 
expertise resident within each firm across multiple functional areas. With respect 
to the product or service portfolio offerings, the competitive advantage that the 
network possesses lies in the collective execution across technology creation, 
manufacturing and intellectual property, and in the way that these are embedded 
into the product or service offered into the marketplace.  

For both new product and service innovations, success comes to the firms and 
networks that can manage and/or leverage uncertainty. How uncertainty is 
managed and leveraged is directly related to the sources of the uncertainty in the 
first place. At its core, roadmapping is a method that is used to buy-down 
uncertainty by creating a shared understanding of the overall context and 
execution needs. Because of this roadmapping can be a very effective method 
when applied to the complexities of interfirm interactions needed to conceive  
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Fig. 2 The complexities of networked innovation 

of, launch and then deliver new products and services. The benefits of 
roadmapping have long been understood to include the alignment of actions across  
functional areas within a firm as activities are sequenced in time and as their 
interdependencies are established. Such a priori views help create a shared set of 
objectives that can then be translated into individual task assignments and 
activities across functional areas. As the locus of innovation for many products 
and services is shifting to suppliers, the benefits to roadmapping will be 
constrained for those firms that do not take a supplier network approach to this 
effort. 

Each firm that undertakes roadmapping in the context of networked innovation 
needs to consider the types of supplier relationships that will be needed to 
effectively and efficiently bring a new product or service to market. In networked 
innovations the nature of suppliers is strongly interconnected. In many cases we 
see that one or more firms within the network need to set direction about the 
product/service portfolio. From this a make versus buy decision must be made at 
multiple points within the supplier network. For those networks with distributed 
expertise, multiple roadmaps will need to be harmonized for success.  

Pathik et al. (2007) note that supply networks are being forced to take into 
account a growing diversity of information available both from the surrounding 
environment and from increasing and evolving supply network partners. In this 
sense, the challenges of supplier interactions far exceed the traditional view of the 
supply chain. Thus it is useful to link the conversations in the new product/service 
and roadmapping with one final piece of the puzzle – the firm interactions that 
actually produce harmonized action. 
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4 Coordination, Collaboration and Cooperation in Networked 
Innovation 

As individual firms have concentrated on their core competencies, the creation, 
manufacturing and delivery of goods and services has become an effort that can 
only be achieved through the combined actions of multiple firms. The nature of 
the interactions between firms acting in a network is contextual and can be 
described through an Interaction Continuum (see Table 1). Thompson (1967) first 
described task interdependency where he identified pooled dependency where 
different units use common resources but are independent; sequential dependency, 
where the output from one unit becomes the input to another unit and reciprocal 
dependency where units feed work back and forth. The ability of one unit to 
impact another unit is directly tied to the type of interdependence. From a supplier 
network perspective, both sequential and reciprocal dependencies introduce risks 
and uncertainties into underlying firm activities. 

4.1   Coordination 

The simplest form of interaction is coordination which is concerned with 
harmonizing tasks between more than one individual or between groups or firms. 
The intent is to avoid gaps and overlaps in assigned work and to enable the 
efficient transfer of outputs – in the case of a supply chain, the efficient and timely 
transfer of raw materials and components from one firm in the supply chain to 
another for further processing, assembly or distribution. In this sense, coordination 
is the act of managing interdependencies between activities performed to achieve 
an established goal. Here the interdependencies are understood, and the 
mechanisms used to achieve coordination can be a simple as establishing differing 
roles and responsibilities within the firm. Between firms, coordination happens 
through transaction-based contracts, and firms act as free agents in the 
marketplace. 

Within the supply chain, coordination is most often used to describe a linear 
buyer-supplier dyad that has sparse connectivity. These dyads operate in a static 
environment and where the buyer and supplier exhibit fixed and non-adaptive 
behavior (Pathak et al., 2007). In the context of new product development 
activities, coordination also occurs through well established processes such as 
project management and critical path management. Within the coordination realm, 
the individual, group or firm has little latitude in carrying out the agreed upon task 
in the agreed upon timeframe, and the interaction is more like a handoff between 
actors in a well-scripted activity. In new product or service development, 
coordination is focused on managing the timing of activities between firms. 

A good example of innovation that is the result of coordination is Motorola’s 
interaction with its battery suppliers in the early 2000s. As Motorola missed a 
critical new cell phone introduction window due to a lack of sufficient batteries 
for its offerings, given demand volume, the company sought to identify key 
suppliers that it could work with to guarantee the needed volume of future 
batteries. As part of their efforts, Motorola actually provided key suppliers with 
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additional capital to build molds to facilitate a higher production volume. This 
type of interaction required Motorola to share information about its intended 
production needs and to encourage its designers to reuse battery designs to insure 
enough demand to create the battery production volumes within its suppliers to 
achieve desired price points. In this example, Motorola and its key battery 
suppliers used advanced information to help stabilize the production and delivery 
schedule from the supplier to meet Motorola’s anticipated needs. To achieve this, 
Motorola was willing to change its approach to purchasing to go from a strict per 
part cost to a pre-delivery expense to the battery supplier firm. Here, the 
coordination is more than a simple contract for delivery, and implies a 
commitment between Motorola and its key suppliers to facilitate product 
introduction. 

4.2   Collaboration 

Moving through the Interaction Continuum, collaboration requires a systems view 
to solve problems in a complicated environment where firms, often referred to as 
agents, obtain mutual benefit through their interaction. Here the collaborating 
agents have one or more shared goals and because of this, develop shared 
objectives that guide their actions. Collaboration requires mutual trust and 
generally results in the partitioning of tasks across individuals and groups where 
individual actors have considerable leeway in how these tasks are carried out. The 
principles guiding agent choices are rooted in these shared goals and objectives. 

In the context of new product or service development within the supply 
network, collaboration results not only in efficiencies of activity, but in a savings 
of time and resources through the elimination of redundant activities. In addition, 
collaboration can result in novel approaches to solving problems as knowledge is 
shared through frequent consultation across a broad set of agents, many of whom 
possess unique expertise and capabilities (Petrick and Pogrebnyakov, 2005). 
Collaboration occurs as firms within the supply network seek to establish 
objectives, articulate needed action and match the timing of the actions with the 
shared goals of the network. 

The Boeing Commercial Aircraft (BCA) 787 program is a very good example of 
collaboration. In its conceptual design, BCA chose to replace its traditional metal shell 
with composite materials while also replacing hydraulic controls with electronics. 
Because of this, BCA needed to establish integrated design procedures that enabled its 
suppliers to translate these high level concepts into working components, 
subassemblies and assemblies. BCA’s intent was to leverage materials and electronics 
knowledge within its key supplier firms to co-create innovative solutions. Here, BCA 
was interested in both the timing of delivery and in the actual innovation contained in 
its suppliers’ products. The 787 represents the capabilities that are distributed across 
BCA’s 787 supplier network. Despite the delays, the 787 is likely to be Boeing’s most 
successful commercial aircraft offering to date if the preproduction orders are any 
indication. Figure 3 demonstrates a portion of Boeing’s 787 supplier network. Here, 
the careful reader will note both the dyad and triad relationships that helped support 
innovation for the 787.  
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Fig. 3 Portion of the Boeing 787 Dreamliner supplier network 

Another example of collaboration is General Motors (GM) use of Dupont’s 
lightweight plastic Zytel® PLUS nylon for its new 2.0-litre Turbo engine. Here, 
the innovation is the result of new materials developed at a GM supplier and 
translated into a solution by a second GM supplier, Camoplast Polymer Solutions, 
located in Quebec, Canada. This winning combination was recently recognized by 
the Society of Plastics Engineers “Most Innovative Use of Plastics” 2010 award. 
One of the most interesting aspects of this example is that the new Dupont 
materials were only introduced in March 2010, and 90 days later are part of a 
qualified solution for the acoustic cover on the new engines. Here, collaboration 
between designers, manufacturers and material specialists within the three firms 
clearly resulted in the co-creation of an innovative solution to the high temperature 
and lower weight needs of the new engine. 

4.3   Cooperation 

Anchoring the far right end of the Interaction Continuum is cooperation where 
goals are jointly established and then evolve through the actions of the agents 
interacting. It should be noted that the terms collaboration and cooperation are 
often used interchangeably in the literature. In this chapter, I distinguish between 
the two using the theory of complex adaptive systems (CAS). CAS was first 
applied to supplier networks by Choi, Dooley and Rungtusanathan (2001) to 
describe a non-linear and dynamic environment in which the participant firms co-
evolve with their environment. Here the relationships of the various agents cannot  
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always be anticipated in advance and there is a high degree of situated decision-
making that is context and time specific. Agents participating at one time period 
may be very different than those participating in a future time period, and in fact, 
these agents are responding to each other and to their environment. The 
experience that the collective participants have feeds forward over time to 
influence future activities and possibilities, often altering the scope or nature of 
the future environment. In this sense, cooperative interactions produce emergent 
behavior (Mintzberg and Waters, 1985). 

The feed forward aspect of complex adaptive systems in the context of the 
supply network is a clear differentiating factor between collaboration and 
cooperation. Whereas in collaboration, firms work together to achieve joint goals, 
in cooperation, firms are working together not only to articulate joint goals, but to 
also proactively influence their future environment. These types of interactions are 
often described as occurring within an ecosystem (Iansiti and Levien, 2004). 

There are several good examples of innovation that occurs as the result of 
cooperation within an ecosystem, including the iPhone and Facebook ecosystems. In 
both of these cases, the platform for development – the iPhone and its operating 
system on the one hand, and the social networking site’s infrastructure on the other 
hand – offered developers the opportunity to leverage the platform to launch their 
own innovations and products. The creation of applications (known as apps) for both 
of these platforms increases the value of the platform. As more users flock to these 
platforms, there is an incentive for developers to create even more apps. This value 
creation based on network effects has been modeled theoretically by Metcalf’s Law 
and has been described as a PIVA – platform of increasing value add (Gawer and 
Cusumano, 2002). To develop a successful PIVA, the creating platform firm must 
anticipate evolving future spaces where new combinations of technology and 
business models can create increased customer value. 

Platforms such as Facebook and the iPhone are leveraging the activities of far 
flung developers. These developers are both users and creators, and the platforms 
leverage their talents and their insights to create ever more targeted and diverse 
applications. Once a successful PIVA is established it is very difficult for firms to 
compete against them. According to David Kirkpatrick (2010), Facebook has 
more than 500,000 applications operating on its platform, with one million 
registered developers located in more than 180 countries. In addition, more than 
250 of these applications have at least one million active users. In fact the success 
of these and other platforms has led to the dominance of a single firm and its 
supporting ecosystem in several key sectors. Wu (2010) notes that Facebook owns 
social networking and Apple, maker of the iPod, iPhone and iPad and creator of 
iTunes owns on-line content delivery.  

In the more traditional product development world, cooperative interactions can 
be seen in the move toward open innovation (Chesbrough, 2006). Here firms such as 
Toyota and Procter & Gamble have a stated goal of basing up to half of their 
innovations on ideas that come from outside of their traditional pipelines. The open 
innovation movement is growing, and a key challenge for these firms is attracting 
the mindshare of potential developers to focus on specific problems of interest to the 
company. This will lead to increasingly more dynamic ecosystems over time. 
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Table 1 The interaction continuum 

 Coordination Collaboration Cooperation 

Structure  
 

   

 

       

 

 

Agents Dyads  Network Ecosystem 

Purpose Task harmonization Translation of shared 
goals into individual agent 
articulation of objectives 
and activities to facilitate 
co-creation 

Strategic initiatives within and between agents 
to create value and proactively influence 
strategic future space 

Mechanisms Contractually established 
schedule, cost and 
performance parameters 

Integrated design and 
development  

Platform approach   

Innovation 
Relevance 

Timing Activity planning to share 
capabilities and 
knowledge; Alignment of 
timing and approach 
across agents 

Creation of new markets through unanticipated 
combinations of technology, business models, 
and products  from diverse agents 

Examples Timing of delivery of a 
component or 
subassembly; Technology 
readiness appropriate for 
product launch 

New material advances 
integrated into a new 
technology solution with 
design modifications to 
the product 

Platforms of increasing value add (PIVA) 
where network effects drive value;  

Time 1 Time 2

Feedforward

 

5   Addressing the Interaction Continuum in Roadmapping 

In my experience, firms tend to believe that a single approach to roadmapping is 
sufficient for most of their innovation needs. This fallacy results in roadmapping 
efforts that fall short of hoped for benefits or that become a one-off with little 
sustainable value. Instead, firms should establish their roadmapping practices in 
the context of the particular new product or service development goals and in 
consideration for the role they play with respect to the network. Goals can be, and 
often are, established by the lead firm in the supplier network which has 
traditionally been perceived to be the Original Equipment Manufacturer (OEM). 
In recent years, these OEM’s have recognized the need to work with their key 
customers or suppliers to jointly envision and articulate these goals. Some 
example goals include: 
 
• To leverage supplier innovations around materials and manufacturing 

processes to create a lighter weight solution (for an engine, an aircraft 
fuselage, an automobile chassis, etc.) 

• To provide a food product that has a guaranteed freshness that consumers can 
recognize with smart packaging that uses sensors to monitor important 
environmental aspects (such as vibration, temperature, moisture, etc.) 
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• To develop and deliver a smart device that can automatically sense location 
(via GPS) and match location to nearby facilities and destination spots (such 
as restaurants, hospitals, shopping areas) and wirelessly offer coupons or 
other enticements to device holders 

 
Additionally, supplier firms with key intellectual property or with key capabilities 
have also been able to establish and drive these new product or service goals. 
Companies like Intel which provide key enabling technologies for many products 
have been able to effectively drive their ecosystem for more than two decades 
(Burgelman, 2002; Gawer and Cusumano, 2002). 

Regardless where the driving goal is established, once it is established, firms 
within the network must consider alternative paths to market, alternative 
technology solutions, and the diversity of the various global consumers and their 
operating contexts. Here is where roadmapping can facilitate these discussions. 
But a single roadmap is inadequate to capture the nuances of the interactions. 

5.1   Roadmap Sets 

In point of fact, many firms traditionally envision what I call the composite 
roadmap when they think about roadmapping. The composite roadmap (See 
Figure 4) has stacked horizontal swim lanes that include the high level elements 
that must be aligned to successfully launch a new product or service. This is the 
map that is intended to drive action across multiple functions and often across 
multiple organizations. In this example, several product or service offerings are 
planned (from P1 to P5) to be sequentially offered into two different markets. In 
its best case, this product or service portfolio takes into account both market pull 
and technology push. To support these new offerings, Technology Platforms will 
need to evolve from T1 through T3 for example, and these in turn are supported 
by basic and applied research efforts within the lead firm and within its supplier 
network. Here, we can see that often the make versus buy decision can be planned 
in advance to anticipate potential failure of a hoped for breakthrough within the 
lead firm, where BR4a has a backup plan of a substitute supplier innovation 
achieved through BR4b and AR3.  

Behind this composite roadmap for action, however, should sit assessments 
roadmaps for both the market and the technology solution space. Here is where 
various roadmaps can support the types of interactions that are needed to leverage 
the collective knowledge of the network and achieve new product or service 
innovations that will truly delight the market. The match of roadmap form and 
interaction type is detailed below. Not surprisingly, as we move from interactions 
around coordination to those of collaboration and cooperation, the deterministic 
nature of the composite roadmap needs to be augmented by environmental 
scanning and assessment efforts. 
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Fig. 4 A composite roadmap view of networked innovation for a new product or service 

5.2   Coordination 

Because coordination focuses on linking activity to time in a transaction based 
relationship, the composite roadmap is useful for alignment across functions within 
the lead firm or across key supplier firms. For example, as part of Motorola’s 
battery initiative described earlier, Motorola and its suppliers jointly undertook 
roadmapping, feeding each other’s maps, to share information about production 
volumes, feature needs and delivery timing based on supplier technology 
developments and Motorola’s feature set needs and anticipated volumes.  

5.3   Collaboration 

Collaboration emphasizes linking activity to intent in a co-creation relationship 
between firms in the network. Here composite roadmaps can support technology 
planning when there are alternatives that might be used to create a successful 
technical solution. Such was the case in the Figure 4 example, where the lead firm 
hoped to be able to create its own intellectual property, but had a supplier 
alternative identified in case of failure.  

In the Boeing example, assessing the technology landscape became a very 
important aspect of the 787’s planning because much of the technology expertise 
needed to create the composite and electrical solutions needed for the new airplane 
design rested in the supplier base. Boeing actually created collaboration roadmaps 
to help support its selection of key design partners. These collaboration roadmaps 
facilitated the sourcing of raw materials such as titanium and identified key 
manufacturers who were globally distributed to help design, develop and the 
manufacture critical structures.  
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5.4   Cooperation 

Cooperation is the most difficult to adequately support with a composite roadmap 
at the planning stages because the hallmark of cooperation is the coevolution of 
the network and the environment. Because of this, a composite roadmap can guide 
the platform creator’s activities, but the timing is much less strict and the fluidity 
of the events is much higher. In cooperation, the composite roadmap is more 
descriptive and less proscriptive. The composite roadmap does not drive action 
among the network firms as much as it describes the evolving interactions.  

Instead, the challenges of ecosystem and value creation innovation favor a 
robust market assessment roadmap that has inputs from a diverse set of agents 
who are working in niche markets and who possess niche knowledge. In the case 
of Facebook and Apple, each company has its own vision of the future. This 
vision of the future includes both the sourcing and creating of technology 
innovations and solutions, and so technology assessment remains an important 
consideration. However, the path forward in terms of features that end users see is 
determined by the apps that are created and the evolving way that users adopt 
these apps into new and unanticipated uses.  

6   Conclusion 

In a recent Bloomberg BusinessWeek Viewpoint, Dev Patnaik (2010) asserts 
 

“Innovation is about growth and growth takes empathy, creativity, and 
execution. Empathy, on an organizational scale, is a shared intuition for 
what people outside the company really need and value. Creativity is the 
ability to come up with new ideas for products, services, and businesses 
that are different and distinct. And execution is the art of getting things 
done. These aren’t feel-good ideas for easy times. They’re the secret to 
surviving the storm.” 

 
As firms face increasing competition and as networks of firms compete against 
other networks, excellence in execution by a single firm is no longer a guarantee 
of its success. Instead, each firm must understand its position within the network, 
its contribution to the overall goals of that network, and its ability to influence its 
network and environment (or not). When used properly, roadmapping is a 
framework that helps support the conversations that must occur to create 
compelling new products or services. This framework also facilitates the 
collection and organization of information that is possessed across a wide 
spectrum of participants in these conversations. Each firm should develop its own 
roadmapping strategy so that it supports the likely interactions that it will 
encounter over time as it participates in networked innovation. As the context for 
new product or service innovation changes, the firm may need to modify a 
previously effective roadmapping strategy to match the new conditions and the 
potentially different interactions that will be needed. 
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Technology Roadmapping on the Industry 
Level: Experiences from Canada  

Geoff Nimmo* 

Technology roadmaps in Canada are generally done on a sectoral level. Industry-
led and government-supported, these roadmaps are generated by company and 
academic representatives from the sector and provide a unique private sector 
perspective concerning future market demands for the sector, and a roadmap as to 
how and with what technologies companies within the sector will meet these future 
demands. The timeframe looking outwards is 5-10 years, long enough to get 
beyond what companies have in their pipeline, but not too long that the 
projections become fuzzy. The most recent Canadian technology roadmap is 
slightly different. The Soldier Systems Technology Roadmap, with a government 
department as the client, is an innovative industry-government collaboration 
aimed at engaging industry, academia and other research organizations at the 
front end of Canada’s soldier modernization efforts. 

1   Introduction 

Industry Canada, the Canadian government department responsible for industrial 
development, launched the technology roadmapping initiative in 1995 as part of 
its strategic plan to support and promote Canadian innovation. While several 
different types of roadmaps are existent, Industry Canada chose to focus on 
sectoral or sub-sectoral level technology roadmaps. The rationale for this decision 
was to spread the benefits of roadmapping as broadly as possible. Roadmapping 
on a sectoral level not only includes a wider spectrum of companies and 
academics, but it also provides a forum where companies in particular can meet 
and discuss mutual interests. 

Industry Canada’s technology roadmapping initiative had a single purpose: to 
strengthen Canadian competitiveness by helping industries to identify and develop 
the innovative technologies necessary for success.1 Since 1995, Industry Canada 
co-sponsored 39 technology roadmaps, with one under development, involving 
                                                           
Geoff Nimmo 
Roadmapping Consultant,  
16 Marlowe Crescent,  
Ottawa, Ontario,  K1S 1H6   
e-mail: geoff.nimmo@gmail.com  
 
1 Industry Canada discontinued technology roadmapping in June, 2011. However, other 

departments in the Canadian government are continuing roadmapping. 
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more than 2700 companies and more than 200 non-industry partners (universities, 
research institutions and associations). The formation of dynamic partnerships 
between public and private sector organizations is an important element for 
success in the evolving marketplace. By stimulating dialogue and collecting 
valuable information, the technology roadmap process encourages these 
partnerships and helps establish planning priorities for industry and government.  

The collaboration engendered by technology roadmapping extends beyond 
government and industry. The roadmapping exercise in Canada is a good example 
of inter-governmental cooperation, with each roadmap involving, on average, at 
least four governmental departments and agencies. The collaboration between 
government departments is particularly useful for the implementation of 
technology roadmaps. Although no single government program exists to assist in 
turning technology roadmap recommendations into actual projects, there are a 
number of government programs designed to provide funding across the 
innovation spectrum. Involving different government departments from the 
beginning of the technology roadmapping process helps spread knowledge of  
the roadmap and makes it much easier to interest government programs in the 
outcome of technology roadmaps. 

Within the Government of Canada is an active technology roadmap network, 
comprised of employees from a cross-section of federal departments who meet 
regularly to discuss roadmapping and share best practices. The technology 
roadmap network publicizes the latest developments in technology roadmapping 
and strives to ensure that the federal government makes the strongest possible 
contribution to technology roadmapping efforts. Another initiative to spread 
knowledge and expertise across government and private sectors is the ongoing 
technology roadmap training program, which seeks to educate government 
personnel as well as potential facilitators about technology roadmapping.  

The following sections outline the technology roadmapping process in Canada in 
more detail. In the first section, the Canadian technology roadmap process is 
examined. This includes an explanation of the Canadian technology roadmap model 
and a description of the three stages of technology roadmaps - development, 
implementation and evergreening. The next section focuses on the Canadian 
experience with technology roadmaps, including lessons learned from technology 
roadmapping. The third section provides advice on determining when and where to 
develop a technology roadmap. The final section highlights a new form of technology 
roadmapping recently adopted in Canada, where government is the main client. 

2   The Technology Roadmap Process 

Traditionally, technology roadmapping in Canada has occurred on sectoral level. 
The decision to develop sectoral technology roadmaps has much to do with the 
makeup of the Canadian economy. The vast majority of Canadian companies are 
small- to medium-sized businesses. While many larger companies conduct their 
own technology roadmapping or the equivalent because they have the financial 
and human resources to determine future requirements and solutions, this is not 
necessarily true of smaller companies who, despite their interest in determining 
future requirements, generally do not have the time or the resources to undertake 
such an exercise.  
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A key objective of this roadmapping approach is to involve the widest range of 

companies possible from within a particular sector. The most effective roadmaps 
include a representative cross-section of small-, medium- and large-sized 
companies. To gain a good range of companies involves a communications 
strategy, generally done in conjunction with an industry association (if there is an 
association for that particular sector). As the level of knowledge concerning 
roadmapping is likely to be relatively low the smaller the company, there will 
generally need to be presentations and discussions of both the benefits and 
commitment associated with technology roadmapping (see also the contribution of 
Phaal, Farrukh and Probert in this book). 

Canada’s technology roadmapping strategy creates a collaborative environment 
that gives smaller companies the opportunity to identify future requirements and 
‘rub shoulders’ with larger companies. The networking opportunities and 
partnerships that are established during the development phase are key benefits of 
the technology roadmap process. For example, larger companies within the 
aerospace sector are generally integrators, and look for companies to source their 
products. Smaller companies with good products can take advantage of the 
networking opportunities the technology roadmap process offers and gain 
visibility with larger companies. Up and down the supply chain, future business 
arrangements are discussed and implemented. For Industry Canada, whose key 
clients are Canadian industries, this is a desired outcome. All technology roadmap 
evaluations conducted by Industry Canada highlight this particular benefit.  

Workshops are a key aspect of technology roadmapping. Whenever possible, 
the workshops involve participants being seated around 8-10 person roundtables. 
During the one or two day workshops, conversations and friendships ensue and 
knowledge of other companies and their capabilities are greatly increased. A 
common occurrence with completed technology roadmaps is that companies have 
far more knowledge about other companies in their sector. 

The commitment being asked of companies for a technology roadmap are both 
fiscal and human resource-related. Technology roadmaps generally take 
approximately a year to complete, and involve about four workshops. While the 
overall costs of the technology roadmap are covered by government, industry 
participants pay in kind through their attendance and substantive inputs during the 
workshops. Particularly for smaller companies, attendance at all workshops is not 
an insubstantial cost. 

One might question why larger companies would want to be involved in 
roadmap development in the Canadian context, particularly if they already 
develop technology roadmaps internally. Canada has never experienced problems 
with larger companies not wanting to be involved in technology roadmaps. 
Roadmaps have been developed in some sectors where there are very few large 
companies, and many smaller ones. Even in these extreme cases, the larger 
companies did not hesitate to join the collaborative process. Although specific 
reasons for participating were not explored in detail, the driving factors could be 
the government’s involvement in the process, the desire to meet possible 
suppliers, and the company’s desire to be perceived as a willing participant. 
Another possible factor is that smaller companies tend to be more flexible and 
agile in their thinking, and this could be of interest to larger companies.  
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Regardless of an individual company’s motives for participation, it is essential 

to have larger players involved in the technology roadmapping process. While 
they cannot claim to possess all the knowledge and wisdom of the sector, larger 
companies do provide the weight and name recognition that can attract other 
companies and pique government interest.  

2.1   The Canadian Technology Roadmapping Model 

Figure 1 provides a graphical representation of how Industry Canada traditionally 
develops technology roadmaps. The left side of the diagram, Who? illustrates how 
government, academia and research organizations feed into the industry suppliers, 
manufacturers and end-users who are the key industry drivers in this process. The 
middle section, the What/How shows the three phases of the roadmapping 
process- the development of the technology roadmap; the implementation of the 
developed technology roadmap; and the evergreening of the technology roadmap. 
The right side of the diagram, Why, illustrates the anticipated benefits for 
industry, academia and government from the roadmapping process.  

Key to roadmapping in Canada is who does what. While government acts as a 
catalyst and process expert, it is industry that leads the technology roadmapping 
process and makes all major decisions. The roadmap is industry’s roadmap, which 
means that the substantive knowledge and recommendations contained within are 
industry’s inputs. What government wants is a roadmap that is a clear voice from 
industry - one that includes ideas and recommendations on what the sector needs 
to do to be more competitive in the future.  

It is made clear to industry at the beginning of the process that the technology 
roadmap is as the title suggests- a document that will provide clear direction as to 
the technologies that will be critical for companies in the sector to meet future  
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Fig. 1 The Canadian model of technology roadmapping 
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market demands. It is not intended to be a policy document, and developing a 
technology roadmap to achieve policy goals will severely lessen its value.  
While government policy may be influenced by the recommendations on future 
technologies and skill requirements, policy development is a by-product and not 
the primary purpose. 

2.2   The Three Phases of the Technology Roadmap 

Although the planning horizon for a technology roadmap will differ from one 
sector to another, depending on the speed of technology development, the steps for 
technology roadmapping remain the same. The technology roadmapping process 
consists of three separate phases: technology roadmap development, 
implementation and evergreening. 
 

Phase 1 - Technology roadmap development: Phase 1 begins with determining the 
feasibility of developing a technology roadmap within a particular sector. An 
overview study of the sector is first undertaken. The study provides current 
information on Canadian company capabilities, international market research, the 
state of technological innovation, emerging market trends, sector-specific 
productivity statistics as well as human resources and skills/training requirements. 
In order to project forward, it is necessary to know where the sector is at the 
moment- that is the intent of the overview study. 

The next step includes identifying and gaining the commitment from industry 
leaders who are well positioned to lead the process. Collaborating with industry, 
the task is then to bring together the right minds- industry experts, academics, 
technology researchers, analysts, economists, and government specialists- who 
will bring insights to the table. The commitment by industry to the roadmapping 
process is fundamental. Is the industry genuinely determined to develop the 
technology roadmap? Does commitment come from a representative cross-section 
of companies within the sector? Measures of industry interest could include the 
amount and level of resources and time committed by industry members and 
associations at this early stage - for example, individual companies stating their 
anticipated level of commitment in person-days. Another indicator is the number 
and relative “importance” of industry members involved at this stage.  

Technology roadmaps that have been least successful in Canada are those 
where industry interest diminished as the roadmap proceeded, leaving the final 
writing of the roadmap in the hands of government. This is not the intent of 
technology roadmapping, and can result in significant problems. The driving force 
and substantive knowledge for the roadmaps must come from industry. This is not 
to say that government does not fulfill valuable roles in the roadmapping process- 
government representatives help organize and facilitate the Workshops, report 
progress and assist in agenda-setting for next steps. They also, when requested, 
provide policy, regulatory and other industry-specific information that could 
influence the direction of the roadmap. Finally, government participation ensures 
that important information is brought back to policy makers and to R&D funding 
organizations about the progress of technology roadmaps, and how government 
can encourage greater innovation in Canadian industry. 
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The next step is the identification of an industry champion and his or her 
acceptance of the position. Industry champions are a critical part of the process, as 
they become the public face of the roadmaps and play a major role in its 
development and publicizing of results. Industry champions should have the 
stature and reputation in the industry to quickly resolve any issues - at times by 
making a single phone call - that might arise. These individuals are appointed 
Chair of the Steering Committee, which generally consists of 8 to 12 members, 
approximately two-thirds of whom represent companies from the sector. 

Creating a technology roadmap is a collaborative, iterative process. Although 
the planning horizon differs from sector to sector, the steps for technology 
roadmapping remain the same. Technology roadmaps are developed through a 
series of workshops (generally four) that take place over the course of a year. The 
first, a Visioning workshop, begins with recognizing and identifying that a 
problem exists, and understanding that it can be resolved through technology 
roadmapping. Working collaboratively, participating firms identify the markets 
and needs that will fuel the industry’s growth in the next three to ten years. This 
vision reflects the dynamic impact of market, technology, skills and regulatory 
drivers, and articulates key industry goals. This is a demand-side forecast, based 
on what companies and academics think that customers and markets will demand. 

The level of representation at this first workshop is important. Senior officials 
from participating companies should be present at this initial meeting. With the 
development process lasting approximately one year, the involvement and interest 
of senior management at the outset sends a clear message about the technology 
roadmap’s value to the company. While participation of more technical personnel 
is preferable for subsequent workshops, the raised level of participation at the first 
workshop increases the likelihood of continued participation. Senior personnel 
who attend the first workshop can be kept informed of all future meetings and 
technology roadmap progress by other, less-senior personnel involved in the 
process. The size of the company can also affect company representation- smaller 
companies having limited resources can impact their involvement.  

The participation of company executives - presidents and vice-presidents - in 
the Visioning workshop also makes sense from a content perspective. To 
effectively guide their companies, senior-level executives should understand and 
be able to communicate their vision of future market demands. Intellectual 
property is not an issue in the Visioning workshop- this is a forward projection 
that does not involve discussion of company products or technologies. 

All workshops, including the Visioning workshop, are guided by a lead 
facilitator. This individual, generally a consultant with strong knowledge of and 
experience in technology roadmapping, plays a key role in technology roadmap 
development. There are a number of experienced facilitators in Canada. These 
individuals use their experience to help develop workshop agendas and facilitate 
the sessions to ensure that all are heard and that consensus is formed. At the 
conclusion of each workshop, the facilitator records the results and evaluates what 
worked well and what should be adjusted for the next session. 

What is the profile of a facilitator? The facilitator should be an expert in 
process but not necessarily in content - although for certain technical sectors, there 
is a need for familiarity with the subject matter. The individual must understand 
the technology roadmapping methodology and be able to bring out the best 
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possible contribution from all participants. To successfully fulfill his or her role, 
the facilitator needs to remain impartial to the issues under discussion, keeping a 
distance from the content. The facilitator remains involved until the roadmap has 
been completed and approved. 

In addition to knowing the process, facilitators must be skilled communicators 
and listeners. Generally, workshop participants will not be familiar with 
technology roadmapping, and will not be accustomed to working and 
collaborating with other companies - some of whom might be their direct 
competitors. A facilitator must be able to explain workshop goals, and to impart 
the understanding that this is a process from which everyone can gain.  

Typically, the second workshop takes place two to three months following the 
Visioning workshop. The objective of this second session is to determine the 
characteristics of the products (supply side) to be developed by the industry in 
order for sector firms to compete successfully and meet future market demands. 
Given that this step could deal with proprietary information (as companies need to 
examine their next-generation products to determine need), participating firms 
need only disclose information they feel comfortable sharing. When firms are 
reluctant to share information, the government is considered an honest broker, and 
information can be shared with government but not competitor companies. 

The objective of the third workshop is to determine key or critical technologies 
that must be in place to competitively design, manufacture and support the 
proposed future products. Technologies should be described in sufficient detail so 
that sector firms can evaluate their current capabilities, identify their own 
technology gaps, and determine how to bridge those gaps. The technology 
descriptions do not deal with proprietary products or information and therefore 
can be shared. In effect, the technologies become the technology roadmap- the 
recommended actions to ensure that companies in the sector are prepared to meet 
the future market demands. 

Prior to the fourth workshop, the results of the previous workshops are pulled 
together, along with the initial sector overview, to produce a sectoral technology 
roadmap. The recommendations in the roadmap generally concern pre-competitive 
enabling research that will allow firms to innovate and generate next generation 
products. The fourth workshop is a testing exercise- the draft roadmap is presented 
to participants and is open for discussion. Following the meeting, the document is 
also sent to as many companies within the sector as possible- the technology 
roadmap is industry’s document, and it must be a strategy that applies to all 
companies within the sector. Phase 1 is complete upon the development of a 
formal technology roadmap - a document that reflects the commitment, decisions 
and directions of industry.  

 

Phase 2 - Implementation: Once the technology roadmap is completed, it becomes 
the basis for cooperative research, development and deployment activities that 
focus on new technologies and skills. The roadmapping process encourages 
participants to align their research and development efforts with the high-priority 
needs identified in the roadmap. This approach maximizes investments by 
ensuring the most strategic allocation of scarce resources while accelerating the 
research and development process.  
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For those companies or collaborative ventures that are looking for assistance in 

moving ahead with technology development, there are funding possibilities. While 
there is no specific funding program in place for technology roadmaps, there are 
government programs across the Canadian government to assist with innovation 
and technology development. A difficulty is that a number of the programs are not 
well known, particularly by smaller companies.  

The technology roadmapping implementation strategy employed by Industry 
Canada is designed to introduce the government innovation programs to industry 
members. A compendium of government programs and services for the 
advancement of technology roadmaps was developed listing 350 federal and 
provincial programs, prioritized by their relevance to technology development, 
that could assist in the implementation of technology roadmaps. Now, when a 
roadmap is complete, roadmap participants can attempt to align their technology 
requirements with the goals/requirements of innovation funding programs.  

 

Phase 3 - Evergreening: The third phase of the TRM process consists of 
periodically reviewing and updating the technology roadmap. Roadmaps will 
always be “works in progress”, and must be revisited - as market demands change, 
as Canadian industry expands into new market niches, as regulatory changes shift 
the technology focus, and as new technologies mature. Changes in technology will 
likely necessitate updating and altering the skills requirements for the sector. By 
this phase, industry partners have adopted technology roadmapping as a standard 
business planning tool. By keeping their roadmaps “ever green”, companies 
remain focused on future markets and the technological innovations that will help 
them compete and win. The evergreening process does not demand a new 
technology roadmap. Generally the updates can be done relatively quickly over 
one or perhaps two Workshops.  

3   Determining When and Where to Develop a Technology 
Roadmap 

There are always questions about how to determine if a sector or sub-sector is ready 
for a technology roadmap. Are there certain elements to look for in determining the 
readiness of a sector? How can you judge between competing sectors? 

Some key conditions that can help determine a sector’s need for a technology 
roadmap would include: 

 

• market demands are changing dramatically; 
• the industry has reached a strategic juncture regarding entering new markets, 

seeking out new technologies or acquiring new skills; 
• companies within the industry are losing or failing to increase market share as 

new markets emerge or the latest competitive threats arise; 
• companies have a vision of their place in future markets but no strategy to 

turn vision into reality; and  
• companies are uncertain about which technologies and applications future 

markets will demand - and when they will be needed. 

While the need for a technology roadmap may be apparent, there are still critical 
issues in order for a sector to be selected for a technology roadmap. 
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For industry: 
• The sector presents a clear need and shows significant interest in a roadmap;  
• the sector is facing critical challenges; 
• the potential for research and development is significant;  
• the commitment across the sector is real and substantial, and includes all size 

of company; and  
• the sector commits to active involvement in the implementation phase. 

 
For government: 
• The project scope is aligned with governmental priorities;  
• there are sufficient short- and long-term resources committed to the project 

both internally and externally; and  
• commitment to the roadmap exists at all levels in government and industry. 

4   Canadian Experiences with Technology Roadmaps  

As Figure 2 shows, roadmaps have covered vast areas of the Canadian industrial 
spectrum. From aerospace and oil sands to wireless technology, these examples 
prove that successful technology roadmaps can be developed when commitment 
and desire exist on the part of Canadian industry. With roadmapping beginning in 
1995, the first pilot roadmaps were completed in 1996.  
 

 

Fig. 2 Status of Canadian technology roadmaps 
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Technology roadmapping should benefit all participants. For companies, the 
roadmap is a strategic planning tool that identifies gaps between current 
technological capabilities and future requirements. It is also instrumental in 
helping firms make informed investment decisions to close gaps between current 
capabilities and future needs. For research organizations and educational 
institutions, the roadmap provides guidance for structuring future programs. For 
government, it provides a strategic direction for industrial development activities.  

Although termed “technology” roadmaps, in some cases the technologies were 
not always the key focus. For example, in 2003 four technology roadmaps were 
requested to be developed in areas that could lead to significant environmental 
improvements - mitigating emissions through the development and introduction of 
environmental technologies. One of the areas chosen was Fuel Cells. Given the 
significant size of the fuel cell industry in Canada in 2003, it was decided that a 
roadmap should be developed to determine the best way to move to commercialize 
fuel cell technologies. The traditional roadmapping process was followed: 
identifying where the fuel cell sector needed to be in five to 10 years; determining 
the gaps and challenges to move forward to commercialization; and determining a 
strategy to overcome the obstacles. The unique feature was that a 
commercialization path took the place of a technology development path. 

Technology roadmapping can also lead to useful collaborations with other 
future-oriented planning processes. In Canada, Human Resources and Skills 
Development Canada (HRSDC) is responsible for skills development. One of the 
tools the department employs are Sector Councils, which promote a sectoral, 
future-oriented, industry-driven approach to future workplace skills needs and 
development. Recognizing the similarities between the work of sector councils and 
technology roadmaps, the departments have collaborated on the development of 
five roadmaps (Wireless; Contact Centres; Printing; Digital Media; and Advanced 
Wood Manufacturing). With skills and technology being two sides of the same 
coin, the collaboration between the programs demonstrates that the process itself 
can be mutually reinforcing with multiple innovation/productivity objectives. 

On an international level, Canadian knowledge of roadmapping and technology 
foresight led to the development of the Future Fuels Technology Roadmap. This 
roadmap included over half of the APEC (Asia-Pacific Economic Cooperation) 
countries in a collaborative effort to determine a secure and sustainable energy 
supply for the APEC region for the foreseeable future (out to 2030). A staple of 
technology foresight, scenario creation, was used for understanding the role of 
emerging energy fuel technologies in energy futures. Once these technologies 
were identified, technology roadmapping was employed to identify critical steps 
in the development of these technologies.  

While no two roadmaps are exactly alike, one constant factor is the level and 
extent of collaboration - among participating companies; between industry and 
government in the preparation and implementation of the roadmap; among 
government departments; and between countries. The benefits of working together 
seem to be clear to participants, no matter the grouping. 
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4.1  Specific Examples of Technologies/Collaborations That 
Have Emerged through Technology Roadmaps 

There are numerous examples of concrete results from Canadian technology 
roadmaps. Two roadmaps, one from the manufacturing and one from the service 
sectors have been used to illustrate the tangible benefits that can result from 
technology roadmapping.  

The Canadian Aircraft Design, Manufacturing and Repair & Overhaul 
Technology Roadmap, completed in 1996, was developed to identify the critical 
enabling technologies the sector required to design, build, and maintain aircraft, 
aircraft systems and components to meet customer requirements in the period 
2001-05. Technologies were selected on the basis of their potential contribution to 
marketplace competitiveness and their strategic applicability across the industry 
sector. Completed in 1996, the roadmap delivered the following results: 

 
• Strategic planning - the Canadian National Research Council’s Institute for 

Aerospace Research used the roadmap to structure its 1999–2004 Strategic 
Plan; 

• Partnerships - the Aerospace Industries Association of Canada established the 
Office of Collaborative Technology Development to promote collaborative 
technology development; and 

• Collaborative R&D - a program was introduced to support collaborative R&D 
projects. 

 
The Lean Logistics Technology Roadmap was completed in 2003. The intent of 
the roadmap was to improve the productivity level and supply chain technology 
adoption of Canadian SME (small- and medium-sized enterprises) suppliers to 
large North American customers. The completed roadmap had the following 
recommendations and results. 
 
• Collaboration - the government department responsible for skills development, 

Human Resources and Skills Development, and industry committed more than 
$1 million to fund a national skills study that established the foundation for a 
Logistics Sector Council; 

• Policy - guidelines were developed to assist Canadian SMEs with outstanding 
border (Canada-United States) compliance issues; 

• Networking - a supply chain technology pilot project was introduced between a 
national grocery store chain and its SME suppliers (with financial support from 
Transport Canada); and 

• Horizontal impact - an annual report on supply chain e-technology adoption 
across all industry was initiated. 
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4.2   Lessons Learned from Technology Roadmapping 

1. All sectors are unique. Every industry sector or sub-sector displays different 
characteristics that will necessitate slight deviations in process. While all 
roadmaps adhere to an underlying framework (demand driven; workshops), 
sectors have differing structures and requirements which lead to variations in 
needs and process design. 

2. The value of the industry champion. While it is not always obvious where to 
find the ideal industry champion, there is no doubt of the valuable role the 
champion plays. These individuals can be selected from a small company, or 
from an industry giant. Regardless of where an industry champion is found, 
that individual must be a well respected figure within the industry and be on 
a first-name basis with large and small companies within the sector. Industry 
champions are also critical to the process after the roadmap is complete. At 
that point, the technology roadmap becomes a communication document that 
industry - usually through the champion - can use to approach and attract the 
interest of government. With the support of the roadmap, the champion can 
demonstrate how industry has come together in a collaborative venture to 
identify technologies that are critical to sustaining future competitive 
success. 

3. The importance of industry commitment. Industry leadership and inputs are 
critical to good technology roadmaps. While understanding how busy 
industry is, it is important to keep industry actively participating throughout 
the roadmapping process. Technology roadmaps that last longer than a year 
have a difficult time retaining industry participants.  

4. Technology roadmaps are not only about technology development. Key to 
improving the roadmapping process is understanding what has worked and 
not worked in earlier roadmaps. In the eleven TRM evaluations undertaken 
by Industry Canada, a constant theme is the value that TRM participants 
place on the Development phase workshops. When possible, the workshops 
feature 8-10 person roundtables. The roundtables lead to many discussions, 
which in turn lead to greater knowledge of other companies in the sector, and 
possibilities of acquisition and supply. This human contact has real benefits. 
Up and down the supply chain, companies can gain from the process. For 
small- and medium-sized companies, roadmapping provides a means of 
determining what larger companies are seeking; for large companies that 
operate as integrators, roadmapping provides a new source of possible 
suppliers. Greater knowledge leads to increased opportunities. 

5. The importance of skills. In determining what is required to meet future 
market demands and become increasingly competitive, the issue of future 
skills needs arises in all roadmaps. Skills are a natural complement to 
required technologies - in essence, two sides of the same coin. 

6. Difficulties of implementation. The most challenging aspect of technology 
roadmapping is implementation. Responsibility for implementation activities 
rests with the roadmap participants. The roadmap document should provide 
enough information to make technology selection and investment decisions. 
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Collaboration on technology development is preferred, but if a critical mass 
of companies is not prepared to collaborate on research and development and 
share the rights to the resulting new technologies, individual companies may 
undertake their own research and development projects. Regardless, roadmap 
participants are made aware at the beginning of the roadmap process that 
there is no funding program attached to the roadmap, and that they should be 
considering how to undertake implementation throughout the roadmap 
process. 

5   An Alternative Form of Technology Roadmapping in Canada 

Based on the experience gained through developing technology roadmaps, an 
alternative form of technology roadmapping was developed in Canada where 
government becomes the client.  The following description of the development 
and implementation of the Soldier Systems technology roadmap illustrates how 
traditional roadmapping methodology can be adapted in novel and exciting ways.   

5.1 Government as the Client – The Soldier Systems Technology 
Roadmap 

The traditional form of technology roadmapping will continue to exist in Canada. 
However, over the past four years, a technology roadmap has been developed  
that is different in scope and execution from previous roadmaps. Created in 
conjunction with the Department of National Defence (DND), this roadmap 
focuses on helping to equip the Canadian Soldier of the Future.  

The Soldier Systems Technology Roadmap is an innovative industry-
government collaboration aimed at engaging industry, academia and other 
research organizations at the front end of Canada’s soldier modernization efforts. 
The sharing of knowledge and exploring what is possible in soldier systems 
technologies is designed to help provide Canada’s Soldiers of the Future with the 
best and most practical equipment.  

The two-way communication with industry helps to ensure a better match 
between the Canadian Forces’ modernization goals and what industry can deliver 
over the next 5-10-15 years. In certain ways, the development of the Soldier 
Systems Technology Roadmap is similar to other roadmaps. It is being developed 
through a series of workshops, including an initial visioning exercise, followed by 
more technical and focused workshops, and concluding with a document that 
captures all the workshop results. The differences from the more traditional 
roadmaps, however, are significant. 

Traditional technology roadmaps are industry-driven, but in the case of the 
Soldier Systems Technology Roadmap, the Department of National Defence 
becomes the ultimate client. The roadmapping exercise is driven by what the 
Department of National Defence has determined for their future requirements. 
Having previously undertaken a large Mind-Mapping exercise, the Department of 
National Defence identified approximately 900 technologies needed to support 
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future requirements across a number of strategic areas. While the technologies had 
been identified, there was no easy way to prioritize them or identify the 
technology-readiness level. Knowledge was also lacking concerning which 
industries have understanding and capability in these areas.  

The Soldier Systems Technology Roadmap allows the Department of National 
Defence to gain knowledge and expertise from industry, and to develop insights 
into obtainable technologies and their maturity levels to guide the development of 
realistic and achievable Canadian Forces acquisitions requirements. The roadmap 
becomes a platform for the Department of National Defence to better align 
technology development with its needs by providing industry and other defence 
stakeholders with knowledge about the Department of National Defence’s 
priorities for the future. Overall, it provides a platform to better synchronize 
industry and government technology planning to leverage limited research and 
development funding and better meet Canadian Forces needs. 

It is important to understand that the Soldier Systems Technology Roadmap is 
not about procurement. Procurement and acquisition will occur in the future in the 
usual manner. The roadmap is about the exchange of information related to the 
Department of National Defence’s future requirements, and the research and 
development that will take place to position companies or academics for the future 
procurement opportunities. This exchange of information benefits all sides by 
providing intelligence about the Department of National Defence requirements, 
and in turn, receiving industry advice concerning these requirements.  

Implementation of the Soldier Systems Technology Roadmap will also involve 
government-industry collaboration. While the responsibility for implementation 
rests with the private sector, the government will provide the infrastructure to 
assist with implementation. Through the Workshops, the Department of National 
Defence informed industry and academia about their future needs. Companies and 
academics, individually or collaboratively, will develop proposals to undertake the 
R&D necessary to put themselves in a position to provide what the Department of 
National Defence is requiring in the future. In turn, government has created an 
interdepartmental Management Office to receive proposals and to respond quickly 
to the originators of the proposals as to the alignment of the proposal to the 
Department of National Defence’s future needs. 

5.2   Soldier Systems Technology Roadmap Enablers 

The Soldier Systems Technology Roadmap was a novel experience for Canada. 
Not only were there no previous technology roadmaps where government was the 
client, but there were no other technology roadmaps developed on such a vast 
scale. For this technology roadmap, there was a need for roadmap enablers to 
ensure that the roadmap was accessible to all. The enablers included the 
Workshops (Visioning and Technical Workshops) and a software collaboration 
tool called the Innovation, Collaboration and exchange environment (ICee). Each 
of the tools had a unique role to play in the Development Phase of the Soldier 
Systems Technology Roadmap. 
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Fig. 3 Technology roadmapping software solution 

5.3   Visioning and Technical Workshops 

The Soldier Systems Technology Roadmap is the largest and most complex 
technology roadmap that has been developed in Canada. With the active involvement 
of five federal government departments, industry and academia, the subject areas for 
the roadmap include Power/Energy; Lethal and Non-Lethal Weapons; C4I 
(Command; Control; Communications; Computers and (military) Intelligence); 
Sensors; Personal and Protective Equipment; and Human and Systems Integration. 

For each of the subject areas, there was a 2-day Technical Workshop. Split into 
four sections, the workshops were carefully structured to ensure that there would 
be clear deliverables at workshop’s conclusion. Each Workshop began with a 
series of presentations by Subject Matter Experts from the Department of National 
Defence explaining the future requirements for the particular area. With the 
registrants carefully arranged around 10-person roundtables (participants were 
arranged to ensure a good cross section of industry, academia and government at 
each roundtable), responses to the Department of National Defence’s future 
requirements were elicited. The second part of the Workshop concerned the 
gaps/challenges between the Department of National Defence’s future 
requirements and what was the situation at present. The goal was to determine as 
clearly as possible the gap that needed to be bridged. There was again a series of 
presentations by the Department of National Defence, and responses by  
the roundtables. The last two parts of the Workshops concerned what were  



62 G. Nimmo
 

the technologies that could bridge the gaps, and who was presently working on the 
most important of these technology areas. 

The Technical Workshops were very successful. Over 1200 industry, government 
and academic personnel participated in the workshops. Collaboratively, they 
identified 20 Theme areas across the subject areas. For each Theme area, there 
was a clear Theme objective (the specific change that has to occur within this 
theme area in order to contribute to the technical domain’s overall system goal and 
to address the identified gaps); Technical Challenges and Requirements (the 
technology problem that needs to be overcome to achieve the objective, including 
a description of the technical requirement); Enabling Technologies (the specific 
technology areas that need to be adjusted or improved to overcome the challenges- 
some of these are traditional technology areas and some are emerging 
technologies); and Research and Development focus areas (the specific areas of 
research and development that need to be pursued within the enabling 
technologies. which also includes a description of known research areas in the 
area). 

The results from all the Workshops have been compiled into a 404 page 
Capstone Report and Action Plan that has recently been made publicly available. 
The report provides a comprehensive analysis of future requirements and where it 
is hoped industry and academia will focus their efforts to meet those future 
requirements. Information on how to access the report, and other information 
about the Soldier Systems Technology Roadmap implementation, can be found on 
the Soldier Systems website (www.materiel.forces.gc.ca/en/sstrm.page). 

5.4   The Innovation, Collaboration and exchange environment 
(ICee) 

The Technical Workshops were a critical element of the Development Phase of the 
Soldier Systems Technology Roadmap. Because implementation will be stretching 
into the future, it was determined that software was needed to facilitate and 
continue the collaborative aspects of the roadmapping process. The ICee was 
developed to create an effective interface between industry, academia and 
government. Launched October 1, 2009, the ICee represents the Government of 
Canada’s first outward-facing Wiki. Developed in-house at Industry Canada (IC) 
and created through strong departmental cooperation, this innovative web tool is 
already attracting attention as a model for other applications. 

The ICee consists of two main components:  
 

1. The ICee database: a password-protected database used for collecting key 
information on roadmap items (e.g. information about technology needs and 
capabilities); and  

2. The ICee Wiki: a web-based forum for participants to comment and 
collaborate on technology roadmap items (e.g. a capability; technology 
project; product or service). This information is integrated into the 
roadmapping process.  
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Over a secure and password-protected environment, the ICee allows users to 
search and share technology information that can help Canada’s soldier 
modernization effort. The ICee is a web-based knowledge transfer tool that 
enables industry, academic and government participants to exchange information 
on emerging technologies and play an active role in developing the Soldier 
Systems Technology Roadmap. Another function of the ICee is that it levels the 
playing field for all of Canadian industry- while not all companies had the 
opportunity to attend the workshops, all have the opportunity to access the ICee. 
None of the material from the Soldier Systems Technology Roadmap is classified 
or confidential- all of the information from all of the workshops is included on the 
ICee. 

With well over 700 registered users, the ICee promotes collaboration, and 
extends the reach of the Soldier Systems Technology Roadmap by facilitating 
online participation and interaction- especially among experts from small-and -
medium-sized enterprises and research organizations located in distant or 
international locations. The ICee complements the normal formal exchange 
mechanisms of a technology roadmap (e.g. workshops; meetings; briefings) and 
will be an ongoing information/collaboration exchange tool now that the 
development phase of the roadmap has been completed. 

6   Conclusion 

Companies face tremendous business challenges today. Virtually all products, 
services and operations depend on rapidly changing technologies. Products are 
becoming more complex and consumers more demanding. Product life cycles are 
shortening and product time-to-market is shrinking. High-calibre, innovative 
competition abounds.  

It’s no secret that the companies with the greatest productivity and largest 
market share know how to forecast, analyze and plan. To remain competitive and 
ensure their long-term success, companies must focus on their future markets and 
apply a well-researched technology development strategy. This is where 
technology roadmapping comes in. 

The technology roadmapping concept is at heart a consultative process. Its 
primary objective is helping industry, its supply-chain, academic and research 
groups, as well as governments come together to identify and prioritize the 
technologies needed to support strategic R&D, marketing and investment 
decisions. For sectoral technology roadmaps, these are technologies that will be 
critical to an industry five to ten years into the future.  

The approach of the Soldier Systems Technology Roadmap is simple- to 
understand how the technologies of today, and the technological possibilities of 
tomorrow, can contribute to the individual soldier’s future capabilities. By 
focusing on the technology needs of the soldier as the center of a complex and 
integrated system, the Soldier Systems concept incorporates anything related to 
the life and work of a ground force combatant. Roadmapping is central to this 
approach by providing a proven approach for allowing industry, academia and 
government to work together to identify technology needs and a strategy for 
addressing those needs. 
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Through the first 17 years of Canada’s technology roadmapping initiative, 

lessons have been learned and alternative approaches adopted. The alternatives do 
not detract from the value of technology roadmapping; rather they show the 
adaptability and strength of this strategic planning process. The value of 
roadmapping as a tool to bring together industry, academia and government to 
collaboratively address challenges and opportunities has been clearly established 
by the ongoing and enthusiastic collaboration of the parties. This is, and will 
remain, the central feature of all forms of roadmapping in Canada.  
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Roadmapping as a Responsive Mode to 
Government Policy: A Goal-Orientated 
Approach to Realising a Vision 

Clive I.V. Kerr,1 Robert Phaal, and David R. Probert 

Government policy documents such as white/command papers embody a country’s 
future vision for its public services (e.g. defence, energy, health, transport). It is 
then the task of specific government departments/agencies to realise such visions 
through their strategic planning activities. To aid departments in their crafting of 
responses to newly issued policies, the use of roadmapping is proposed as a visual 
tool to facilitate the elicitation process of determining the most appropriate course 
of action. To demonstrate this goal-orientated approach, a case study based on 
the Australian Government’s Defence White Paper and the Royal Australian 
Navy’s fleet plan will be presented. The developed roadmap employed a new form 
of architecture, which consisted of a composite structure, in order to provide a 
logical decomposition of the government’s future vision against the major projects 
to be conducted as the route to policy implementation. The process to populate the 
roadmap will be outlined together with a description of the roadmap canvas with 
its associated visual objects. It is hoped that the roadmap presented in this chapter 
will act as a graphical datum/prototype for utilising roadmapping in a responsive 
mode to policy directives. 

1   Introduction 

A government’s vision for its public services are often outlined in white/command 
papers. This form of policy document provides a future end-state at a national 
level and it is then the task of specific government departments/agencies to 
implement these policies in order to realise the stated vision. In response to a 
policy vision, and thus shifting the emphasis to its actual implementation, a critical 
activity is the strategic planning that takes place between the different stakeholder 
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groups. Given that strategic planning is one of the most demanding tasks faced by 
managers, the work of Eppler and Platts (2009) on ‘visual strategising’ advocates 
the utilisation of graphical devices. Such management visuals provide a cognitive 
aid that supports communication and decision-making. This chapter will propose 
how roadmapping, as a visual-based management support tool, can be applied by 
government to translate policy documents into strategic plans that satisfy national 
objectives. 

To realise policy visions, a goal-orientated or ‘normative’ approach should be 
adopted. One such approach is outlined in this chapter which provides a logic-
based, top-down decomposition by bringing together concept mapping, 
backcasting and path dependency theory. This normative roadmapping process 
will be described along with its corresponding roadmap template that needs to be 
populated. To demonstrate its application, an illustrative case study based on real-
world data along the time horizon of 2010-2030 from the Royal Australian Navy 
and the Australian Government’s latest Defence White Paper (DoD 2009a) is 
presented. The policy paper was launched by the Australian Prime Minister Kevin 
Rudd on the 2nd May 2009 (DoD 2009b). It provided a rich case because 
“defence planning is, by its very nature, a complex and long-term business” (DoD 
2009a). Further, it is a very relevant case study with ample opportunities for 
learning because the defence domain is one area of public policy planning where 
decisions taken in one decade have the potential to affect, for good or ill, a 
government’s freedom of action for decades to come (DoD 2009a). 

2   Applying Roadmapping 

In Eppler and Platts’ (2009) conceptual framework for visual strategising, which 
recognises four distinct visual practices/genres, roadmapping is classified as a 
technique under sequencing methods within the planning phase. Visual 
diagrammatic-based representations, such as roadmaps, are “ubiquitous as aids to 
human reasoning” (Chandrasekaran et al. 2004). “If the definition of a roadmap is 
generalised to being a visualisation of strategy or strategy elements, then the use 
of roadmaps can be extended to support any decision process” (Whalen 2007). 
Thus, from a management tool perspective, roadmapping is indeed a powerful 
technique for supporting planning – especially when exploring the linkages 
between resources, organisational objectives and the environment (Phaal et al. 
2004a). It allows for an identification of gaps, prioritisation of issues and action 
plan development (Gindy et al. 2006). Roadmapping also provides a mechanism 
to link the strategic level of decision-making down through to the operational 
levels (Petrick and Provance 2005). However, roadmaps are as much a 
communications tool as a planning tool (Ma et al. 2006). This feature of 
roadmapping is very evident in the ‘strategic lens’ type of roadmap (Phaal and 
Muller 2009). 

Taking a social sciences perspective, Kerr et al.’s (2009) conceptual framework 
postulated that roadmapping and roadmaps provide a mechanism/vehicle to cogitate,  
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articulate and communicate. Under this psychosocial interpretative lens, the 
‘communicate’ verb represents roadmapping as an activity for participants to 
actively converse and a roadmap as a vehicle to convey the results of the activity and 
connect with the array of stakeholders. It is the visual patterns in the roadmap, 
through text/symbols/colour etc., that thus give meaning. Kerr et al. (2009) were the 
first to consider a roadmap as a boundary object since “it is a communication device 
that not only helps to share information to other parties for strategic dialogue but to 
more importantly mobilise action”. Star and Griesemer (1989) developed the 
concept of boundary objects for artefacts that exist at “junctures where varied social 
worlds meet in an arena of mutual concern” (Clarke 2005) – as is the case of 
roadmaps for communication and co-ordination in strategic planning activities. 
Borrowing from the domain of informal logic and argumentation theory for the basic 
principles of constructing sound arguments, the meaning embodied in a roadmap for 
communication purposes can be seen as an action-seeking type of dialogue. Mann 
(1988) defines this as a situation where the goal of one party is to steer another party 
and direct them to carry out a specific course of action. In this case, it is the 
Department of Defence directing the Royal Australian Navy to implement the 
Government’s defence policy. Under this type of dialogue the aim is to co-ordinate 
goals and actions (Walton 2008), i.e. how to implement the vision of national 
defence for ‘Force 2030’. Thus, the objective of the actual dialogue is to decide and 
depict the best available course of action (Walton 2008); hence, the rationale for 
proposing roadmaps as a visual tool to facilitate the translation of policy visioning 
documents into strategic implementation plans. 

To demonstrate the application of a roadmap as a tool for depicting and then 
communicating strategic plans in response to issued government policy, a reference 
case has been developed utilising real data on the national defence of Australia. To 
understand the context and challenges faced in the implementation of defence 
policy, consider Figure 1 which gives a visual depiction of the problem statement. 
At the macro level there are three principal stakeholder groups, i.e. the government, 
the military and industry. The government is represented by the Department of 
Defence; the military represents the end-user, e.g. the Navy; and, industry are the 
product-service-technology providers. To realise the vision embodied by the 
Australian Defence White Paper (DoD 2009a), there is the challenge of aligning 
current and potential future military capabilities to the specified future environment. 
This requires a balance/compromise being made between the operational needs of 
the warfighter, the budgetary constraints imposed by central government upon the 
Department of Defence and the availability of technological offerings from industry. 
Thus, there are fundamentally three issues that must be addressed by the strategic 
planners, namely: 

 

• Funding issues – Requiring trade-offs to be made between the operational 
needs of the military and the budget constraints of the government. 

• Requirements issues – Requiring trade-offs to be made between the budget 
constraints of the government and the technology availability from industry. 

• Maturity issues – Requiring trade-offs to be made between the operational 
needs of the military and the technology availability from industry. 
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From a market-pull perspective, a key driver at the moment is the changing role of 
military forces. The type of future military operations has become significantly less 
predictable with the knock-on effect being the increasing need for defence forces to 
be able to change the focus of their capabilities as threats evolve (Churchill 2004). 
From a technology-push perspective, another key driver for change is the rate of 
technology development. Such change is characterised by both rapid advances in 
science and technology and shorter lead-times from research and development to 
certification (Kerr et al. 2008a). It is acknowledged that “effective defence 
capability is critically dependent on having up-to-date equipment and systems that 
incorporate the latest appropriate technology” (Bennett et al. 2004). The decision to 
introduce new product platforms (e.g. ships and submarines) is very high on the 
agenda of strategic planners. However, given the current state of defence budgets, 
there is a trend in sustaining the operational capability of current in-service 
platforms for much greater periods (Kerr et al. 2008a). Future plans must address 
this dynamic in order to manage the transition of the current portfolio (or fleet) of 
products to a mix of both new and existing systems. It necessitates the periodic 
upgrading of platform functionalities and associated performance levels of the in-
service fleet. This directly translates to the introduction of new technology into 
legacy platforms to provide the needed capability for the swing in military 
operations (Kerr et al. 2010b). Thus there is the need to incorporate upgrades into 
platforms, as necessary, in order to respond to new threats (MoD 2005) and 
therefore the technology insertion activity has risen in importance within the 
defence community (Kerr et al. 2010b). It is within this context that the application 
of roadmapping must provide a clear and coherent visual summary of the Navy’s 
strategic plans for realising the vision of ‘Force 2030’. 

 

 

Fig. 1 Problem statement (Adapted from Kerr et al. 2010a) 
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3   Roadmapping Approach 

Figure 2 gives a visual overview of the roadmap that was created to depict the 
Royal Australian Navy’s contribution to realising the vision of ‘Force 2030’. This 
section will outline the approach taken in terms of the process for populating the 
roadmap together with the layout of the template. The underlying philosophy of 
the roadmap’s development comes from the planning paradigm of Ackoff (1981) 
– specifically, the idea of ‘ends planning’ whereby a desirable future is specified. 
Thus, strategic planning is “centred around the design of an idealised future” 
(Jackson 1990). In futures studies, this type of approach is termed ‘normative’ 
(Saritas and Oner 2004). A normative approach asks the question: How can a 
specific target be reached? (Börjeson et al. 2006). In this case, the vision of ‘Force 
2030’. It is worthy to note that this goal-orientated approach has much in common 
with the classic example of the Semiconductor Industry Association’s (SIA) 
Technology Roadmap (1992a, 1992b), which is now commonly referred to as the 
International Technology Roadmap for Semiconductors (ITRS). 

3.1   Process for Populating the Roadmap 

To generate the roadmap presented in Figure 2, the normative approach 
necessitated an overall top-down process that started with the objectives stated in 
the Defence White Paper (DoD 2009a). Through the application of concept 
mapping, a backcast was conducted to plot the principal tasks, future roles and 
military capabilities required of the Navy in 2030. An end-state visual depiction of 
the maritime force elements was generated using the strategic capabilities-based 
representation developed by Kerr et al. (2008b). From this end-state, the platform 
transitions of the various vessels (ships and submarines) was then mapped taking 
into account the path dependencies of the legacy fleet. Finally, the main projects 
to be conducted in order to deliver newly upgraded systems to in-service vessels 
was plotted over the medium-term to account for capability shortfalls/gaps until 
the newly introduced platforms obtain their full operational readiness. This 
process for populating the roadmap is shown in Figure 3 and will now be 
described. Following the process description, the construction and design of the 
template will then be given in Section 3.2. 

3.1.1   Top-Down 

The planning associated with carrying out a policy falls within the area of policy 
implementation (Montjoy and O’Toole 1979); as opposed to the process that 
creates the policy vision in the first instance. The officials responsible for  
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Fig. 2 Roadmap of the Navy’s contribution to Force 2030 

implementing policy are simply receptors of orders emanating from the vision 
(Crosby 1996). Authors such as Bardach (1977) have compared policy  
implementation to an assembly process which must be capable of producing the 
results called for. In this regard, planning and decision-making at this level is 
largely a top-down activity (Kahler 1989). Therefore in generating the Navy 
roadmap, the process is one of an overall top-down nature as depicted in Figure 3. 
From the field of public policy administration, the top-down orientated process is 
based on the body of work from Daniel Mazmanian and Paul Sabatier 
(Mazmanian and Sabatier 1983; Sabatier and Mazmanian 1979, 1980).  
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Fig. 3 Roadmapping process 

They provide a set of necessary conditions for effective policy implementation; 
two of which have a strong influencing effect on promoting the relevance  
and applicability of roadmapping to the implementation planning challenge, 
namely: 

• Clear and consistent objectives (van Meter and van Horn 1975) – These form 
the cornerstone of the roadmapping process as shown as Steps 1-6 in the top 
layer of Figure 3. 

• Adequate causal theory (Pressman and Wildavsky 1973) – The canvas of a 
roadmap can readily accommodate a visual portrayal of causal linkages (Steps 
1-12 in Figure 3). 
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The Navy’s roadmap (Figure 2) was initiated by a mapping of the future strategic 
environment. The steps of the top-down analysis are as follows: 

1. Depict the future context 
(i) Map the future conflicts 

(ii) Map the future roles 
2. Depict the government’s response 

(i) Map the strategic interests 
(ii) Map the policy stance 

(iii) Map the principal tasks 
3. Depict the military’s required capabilities 

(i) Map the key elements for the armed forces 
4. Depict the Navy’s required capability 

(i) Map the maritime vision 
(ii) Map the maritime force 

(iii) Map the maritime platforms 

The rationale for utilising concept mapping as a precursor to populating the top 
layer of the roadmap was that “knowledge can sometimes be more easily 
elaborated once its skeletal form is revealed in visual form” (Huff and Jenkins 
2002). It must be noted that there is a distinction being made in terminology; 
concept mapping was used since the source of data was from the government 
white paper whereas cognitive mapping signifies when an individual uses concept 
mapping to help clarify their own thinking, i.e. cognition (Bryson et al. 2004). 
Guidance on the technique can be found in the seminal text ‘Mapping strategic 
thought’ by Huff (1990) and the classic book written by Kane and Trochim (2007) 
entitled ‘Concept mapping for planning and evaluation’. The output from concept 
mapping was further codified and translated into a causal flow diagram. Thus, the 
top-down analysis starting from the strategic environment provides the ‘why’ 
context for the set of military capabilities that will keep Australia secure into the 
future. 

3.1.2   Backcast 

The top-down process through concept mapping was used to derive the ‘why’ 
context by encapsulating the likely future strategic environment. To translate this 
material into a form suitable for populating the roadmap, a ‘backcast’ was 
conducted and plotted onto the roadmap as illustrated in Figure 3. The idea of 
backcasting originated from Amory Lovins’ (1976, 1977) ‘soft energy path’ 
approach with its backwards-looking analysis. It involved describing a desirable 
future together with an assessment of how such a future could then be achieved 
(Anderson 2001). From a methodological perspective, the development of 
backcasting as a technique can be attributed to Robinson (1982). It was Robinson 
(1982) who translated Lovins’ principles of ‘looking backwards’ and ‘exploring  
 



Roadmapping as a Responsive Mode to Government Policy 75
 

pathways’ into a formal method (Mander et al. 2008). Backcasting is an approach 
where “a vision or image of the future is first created, and then the series of steps 
needed to arrive there is worked out backwards, as it were, from the future end-
state to the present-day starting point” (Voros 2006). There are three key attributes 
of backcasting that are of critical importance to the adoption and integration of the 
method onto the canvas of a roadmap, they are: 
 

1. Normative 
2. Design-orientated 
3. Sequenced 

Firstly, backcasting is explicitly normative (Höjer and Mattsson 2000; McDowall 
and Eames 2006; Robinson 1982, 1988, 1990, 2003; van Notten et al. 2003) 
because “the future is being chosen and not predicted” (Robinson 1990). In terms 
of asking the question of what future is desired (Höjer and Mattsson 2000), a 
backcast begins with a definition of the future goals and objectives (Robinson 
1988). These are plotted in the top layer of the roadmap (labelled ‘Context’ in 
Figure 2) across six points (Figure 3), namely: 

• Point 1 – Plot the defence policy stance 
• Point 2 – Plot the strategic interests 
• Point 3 – Plot the principal tasks 
• Point 4 – Plot the future roles 
• Point 5 – Plot the military capabilities  
• Point 6 – Plot the maritime force 

Secondly, backcasting is design-oriented (Robinson 1988) because it is driven by 
an explicit image of the future (Robinson 1982) and there needs to be “a clear 
picture of the nature of the future being aimed at” (Robinson 1990). Mander et al. 
(2008) term this image as the desired end-point. In the case of the Navy’s 
roadmap, such an end-point is given at Point 7 in Figure 3 and shows the end state 
maritime capabilities that are to be in place by 2030. It represents the vision for 
the Navy’s contribution to ‘Force 2030’ and defines the future warfighting 
elements, effects and complex product-service systems. 

Thirdly, backcasting involves sequencing or reasoning from the specified future 
end state (van Notten et al. 2003). The question evolves from what future is 
desired to that of how can this desirable future be attained (Höjer and Mattsson 
2000; Robinson 1982, 1990). Essentially it’s about how to get to where you want 
to be? (Mander et al. 2008). It involves taking the desired end-point as the starting 
point and working back in time to the present in order to elicit what must be done 
to realise the vision (Mander et al. 2008; Robinson 1982, 1990). The analysis can 
be thought of as exploring and identifying the pathways to arriving at the desirable 
future situation (Dreborg 1996; McDowall and Eames 2006; Robinson 2003; van 
Notten et al. 2003). It is “a kind of reverse evolutionary form of thinking which  
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starts with a vision and works backwards at the level of things-which-need-to-be-
done or events-which-need-to-be-made-to-happen” (Voros 2006). The sequencing 
part of backcasting starts at Point 7 of Figure 3 and works back through two 
pathways: 

• Point 7 to Point 8 – This considers the fleet-level transitions that must take 
place to arrive at the Navy’s end state capability vision. 

• Point 8 to Point 11 – This considers the technological-based projects that must 
be delivered into the fleet during the interim. 

These pathways are focused on the new systems, i.e. the introduction of new naval 
vessels into service and breakthrough technologies. However, account must  
also be taken of the pathways related to the legacy systems. This perspective is 
treated in the next section where path dependency theory is applied to 
roadmapping. 

3.1.3   Path Dependent 

The future state of an organisation such as the Royal Australian Navy is heavily 
influenced by its current situation. Accordingly, it can be considered what 
Bruggeman (2002) terms as a path dependent organisation. The concept of path 
dependency originated from the economics field (Lynch 2006) to recognise that 
certain elements do constrain the future (Teece et al. 1997); as in the case of the 
Navy’s investment in its current fleet of ships, submarines and helicopters. The 
significance of path dependency in resource commitment was established by both 
David (1985) and Arthur (1989). This concept “has played an important role in 
building the theoretical pillars of the resource-based view – the intellectual root of 
the capabilities approach” (Masrani and McKiernan 2009). The resource-based 
view of strategy development (Wernerfelt 1984) stresses the importance of the 
individual resources of the organisation in delivering competitive advantage” 
(Lynch 2006). Teece et al. (1997) acknowledged that “the notion of path 
dependencies recognises that history matters” and therefore “where a firm can go 
is a function of its current position and the paths ahead”. Thus given the nature of 
the Navy’s current fleet as a large fixed asset base, it will constrain future choices 
over the medium-term until the transition is made to newer vessels through the 
Department of Defence’s procurement process. As noted by Davies (2008), “the 
Navy will look much as it does today until the middle of the next decade, when 
the air warfare destroyers and amphibious ships are delivered”. To account for 
such a limiting factor, the roadmapping process has two pathways that deal with 
how the legacy fleet constrains the Navy’s future over the period 2010-2020. They 
are shown in Figure 3 as: 

• Point 9 to Point 10 – This considers the present day fleet as the start state and 
determines whether a particular class of vessel will be maintained, upgraded, 
replaced or phased-out. 
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• Point 11 to Point 12 – This considers the upgrade projects that will be 
necessary to sustain the operational capabilities and associated readiness 
levels of the systems on the older vessels. 

3.2   Template for Presenting the Roadmap 

A roadmap provides a visual canvas upon which a depiction of strategic plans can 
be articulated and shared both within and between organisations (Kerr et al. 
2010c); but for it to effectively function as a boundary object, a roadmap should  
be developed taking into consideration graphical design principles for clear 
communication. The sub-domain of information design is specifically relevant to 
roadmapping. Information design focuses on “visually structuring and organising 
information to develop effective communication” (Watzman and Re 2008). “One 
of the great assets of graphical techniques is that they can convey large amounts of 
information in a small space” (Wainer 1984), therefore the graphical design intent 
for a roadmap should be to “condense a large amount of information into an 
intuitive format” (Ma et al. 2006). In roadmapping, the most fundamental 
graphical depiction is the single-page, high-level strategic view. According to 
Phaal and Muller (2009), such a condensed visual format of a roadmap constitutes 
a ‘strategic lens’ on the problem. Phaal et al. (2008) recommend single-page 
visualisations as they ensure that “the key issues are focused on”. Additionally, 
“one-page views can also be updated more easily, enabling the process to be more 
agile, enabling the roadmaps to keep pace with the rapidly changing business 
situations” (Phaal et al. 2008). Such ‘single-pagers’ have a high degree of 
graphical equivalence with information dashboards (Kerr et al. 2010c); 
specifically, they share two key aspects: 

• Dashboards must be customised – The design “must be tailored specifically to 
the requirements of a given person, group, or function; otherwise it won’t 
serve its purpose” (Few 2006). 

• The single-page presents a graphical challenge – “The first and toughest goal 
of a dashboard designer is to squeeze the information onto a single screen. All 
relevant information should be instantaneously viewable” (Eckerson 2006). It 
involves “squeezing a great deal of useful information and often disparate 
information into a small amount of space, all the while preserving clarity” 
(Few 2006). 

In this regards, roadmaps can be a powerful graphical canvas for communicating 
strategic implementation plans by achieving an appropriate balance between the 
combination of two factors – (i) the structure that is embedded on the canvas and 
(ii) the appropriate set of visual objects that are then overlaid to represent 
informational content. Phaal and Muller (2009) were the first to explicitly  
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recognise the distinction between the underlying information-based structure and 
the overlaying graphical style. This section will deal with the configuration of the 
layout, i.e. how the information contained within the roadmap is organised (Phaal 
and Muller 2009). 

In management science, modelling involves framing the problem (Pidd 2003). 
Goffman (1974) introduced the term ‘framing’ to refer to a scheme of 
interpretation, i.e. a framework, as a means to making sense of situations. From 
this perspective, roadmapping provides a “framework within which all the time-
based business strategies of an enterprise can be aligned on a continuous basis in 
support of the business goals” (Whalen 2007). The framing in a roadmap refers to 
how information is organised on the canvas (Petrick and Provance 2005).  
Phaal et al. (2004b) terms this aspect of structuring a roadmap as its 
‘architecture’. At its most basic level, the architecture of a roadmap consists of 
two dimensions: (i) the horizontal axis, which is most commonly a timeline, and 
(ii) the vertical axis, which consists of a number of layers that relates to how the 
business is conceptually or physically viewed (Phaal et al. 2004b) with each layer 
providing input into the next level (Cosner et al. 2007). According to Phaal and 
Muller (2009), a roadmap at its most elemental should be comprised of three 
broad layers. Probably the most profound framing mechanism for any roadmap is 
Kipling’s wise men of ‘Who, What, Where, When, Why and How’. These come 
from a famous verse in Rudyard Kipling’s ‘The Elephant’s Child’ (part of the 
‘Just So Stories’ collection): 

I keep six honest serving-men 
(They taught me all I knew); 

Their names are What and Why and When 
And How and Where and Who. 

Phaal et al. (2004b) give a generic roadmap architecture consisting of three layers 
across the two-dimensional space of the canvas: 
 

• Horizontal axis – Time, the ‘know-when’ dimension 
• Top layer – Purpose, the ‘know-why’ dimension 
• Middle layer – Delivery, the ‘know-what’ dimension 
• Bottom layer – Resources, the ‘know-how’ dimension 

This generic form was further elaborated upon by Phaal and Muller (2009), who 
state that the: 

• Top layer – “Relates to the trends and drivers that govern the overall goals or 
purpose associated with the roadmapping activity”. 

• Middle layer – “Relates to the tangible systems that need to be developed to 
respond to the trends and drivers (top) layer. Frequently this relates directly to 
the evolution of products (functions, features and performance)”. 
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• Bottom layer – “Relates to the resources that need to be marshalled to develop 
the required products, services and systems, including knowledge-based 
resources, such as technology, skills and competences and other resources 
such as finance, partnerships and facilities”. 

The generic architecture forms the starting basis for constructing the roadmap 
layout; in this case, Figure 4 shows the customised architecture that was generated 
for the Navy roadmap. 

 

Fig. 4 Roadmap architecture 
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The top layer, which focuses on the ‘know-why’ dimension, consists of a flow 
chart scheme. The flow chart is actually causal in the sense that there is a causal 
connection between the concepts (Jenkins 2002), i.e. “the arrows indicate how one 
idea or action leads to another” (Bryson et al. 2004). In Huff’s (1990) 
categorisation of mapping, this type falls within the category of “influence, 
causality and system dynamics”. This visual scheme is useful “where effective and 
logical communication is needed” (Bryson et al. 2004). Additionally, Phaal et al. 
(2004a) have identified that the pictorial representation of a flow chart is typically 
used in roadmaps to relate objectives, actions and outcomes. A good example is 
NASA’s Strategic Management System Roadmap (NASA 1998) which used a  
flow chart scheme to illustrate the relationship between its vision, missions, 
fundamental scientific questions and contribution to national priorities. Thus, the 
top layer provides what Schön (1982) refers to as the contextual framing for 
reflection. 

The middle layer, which focuses on the ‘know-what’ dimension, is composed of 
two parts. On the right-hand side is the capability visualisation which is used to 
depict the end state vision for the Navy; whereas, on the left is the pictogram-
based schedule which illustrates the fleet transitions from the start state (2010) 
over the medium- (2010-2020) and long-term (2020-2030) to arrive at the end 
state (2030). The pictogram-based schedule is essentially a fleet plan that shows 
the in-service dates (ISD) and out-of-service dates (OSD) of the various vessels 
together with delivery of important technology enhancements during the in-
service periods. Given the top-down goal orientation of the roadmap, the 
capability visualisation is a key component of the template (Figure 4). It provides 
a visual summary of the Navy’s strategic capabilities and acts as the linking point 
in the backcast down from the top layer (Figure 3). For transformation to be an 
effective process, there must be a clear and common understanding of the  
military capability required (Kerr et al. 2006). In order to provide a clear vision, 
the capability visualisation adopts the representation developed by Kerr et al. 
(2008b). 

The bottom layer, which focuses on the ‘know-how’ dimension, has two 
interconnected visual elements – Gantt chart and ratings table. This layer is the 
next level down in granularity and it aims to provide planners and programme 
managers with high-level metadata relating to the upgrade projects over the 
medium-term as the legacy fleet is phased-out and transitioned to newer classes. 
As such it is graphically aligned with the pictogram-based schedule directly 
above; such an architecture, of course, fully acknowledges that alignment is one of 
the universal principles of design (Lidwell et al. 2003). The Gantt chart in the 
bottom layer identifies the timing of the phases (proposal, contract, delivery) for 
each project. Alongside the Gantt chart is a ratings table which provides a scoring 
mechanism for each of the projects against six attributes (ANAO 2008; DoD 
2009c), namely: 
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• Acquisition cost – What confidence do you have in the project cost estimate? 
• Project management complexity – How well do you understand the solution? 
• Schedule – How realistic is the schedule? 
• Technical difficulty – What is the technical complexity in delivering the 

solution? 
• Operation and support – What is the impact on the existing operating and 

support environment? 
• Commercial – What confidence do you have that industry can deliver the 

solution? 

4   Summary 

A roadmap can be a very powerful visual medium for depicting strategic plans. 
When it is used to function as a boundary object, an appropriately constructed and 
designed single-page roadmap has the ability to convey a large amount of 
information in an intuitive format for communication both within and between 
organisations. This chapter demonstrated how roadmapping can be applied to the 
challenge of developing and displaying implementation plans in response to the 
goals articulated by government policy and how such future visions can be 
realised. The example given looked at the case of the Royal Australian Navy and 
how it could visualise its plans for contributing to the national defence force 
required to be in place by 2030 as embodied in the Australian Government’s latest 
Defence White Paper. The content was focused on transitioning the fleet to fulfil 
this new vision and therefore the roadmap was orientated to the product platform 
view and associated technological-based project perspective. 

In terms of process, the overall approach was normative, i.e. goal-orientated to 
realising the vision of ‘Force 2030’. Thus a top-down process was developed that 
started by concept mapping the future context, the government’s response and 
strategic interests, the key elements for the armed forces, and then articulating the 
required contribution to military capability from the Navy. This information was 
plotted onto the canvas of the roadmap through backcasting in order to provide a 
causal linkage down from the defence policy stance and strategic interests, 
through to principal tasks and future roles, and then down to the military 
capabilities and maritime force elements. Additionally, given the Navy’s current 
set of in-service assets, path dependencies were plotted to take into consideration 
the present day fleet to determine whether a particular class of vessel would be 
maintained, upgraded, replaced or phased-out. Also, consideration was made in 
regards to the upgrade projects that would be necessary to sustain the operational 
capabilities and associated readiness levels of the systems on the older vessels 
until the next generation replacements materialised. 
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In terms of graphical depiction, the roadmap canvas was constructed using a 
three layer architecture. The top layer representing the ‘know-why’ dimension  
used a causal flow chart to display the strategic requirements. The middle layer 
representing the ‘know-what’ dimension used a bespoke capability visualisation to 
display the end-state vision of the future naval force and a pictogram-based 
schedule to display the fleet transitions from the current start state over both the 
medium- and long-term. The bottom layer of the roadmap, representing the ‘know-
how’ dimension, used the combination of a Gantt chart and ratings table to display 
the projects constituting the technological resource-base. For each project, the 
Gantt chart gave the proposal, contract and delivery phases along with their 
associated decision gates; whereas, the ratings table provided measures for 
acquisition cost, complexity of project management, schedule constraints, 
technical difficulty, operation and support readiness, and commercial 
arrangements against each specific project. 

It is hoped that this chapter provides practitioners with a guide through the 
method and its visual output, and additionally acts as a key reference case that 
demonstrates what can be achieved from adopting roadmapping. 
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Part 2: Processes of Technology Roadmapping 

Many processes have been proposed for developing technology roadmap(s), in a 
range of application contexts. The basic dichotomy of exploratory and normative-
driven approaches provides an initial way of positioning roadmapping initiatives. 
Exploratory approaches can be differentiated further to define a triangle of market 
driven, technology- driven and normative-driven approaches. In addition, these 
processes may differ according to the level of application; technology 
roadmapping processes in networks will normally differ from those in firms. Six 
key process models are introduced in this part of the book, illustrating a variety of 
processes across these dimensions: 

 
• Phaal, Farrukh and Probert focus on a process model for ‘fast-start’ 

technology roadmapping, based on multifunctional workshops. Two 
approaches are described, suitable for application at product and business 
level to support innovation and strategy. Product level technology roadmaps 
depend on a keen understanding of customer needs and market conditions. 
Business level initiatives often involve large groups of stakeholders, 
considering both the broad organizational context and specific opportunities 
and issues of interest.  

• Schuh, Wemhoener and Orilski’s technology-driven view takes as its starting 
point the evolutionary trajectory of a technical system, the most famous of 
which is Moore’s law for the development of semiconductors. In this case the 
roadmapping method is applied as a management tool which enables enterprises 
to systematically identify and evaluate technologies, aligning technologies with 
business strategies. This roadmapping method shows how enterprises can 
successfully identify and use market opportunities at an early stage. 

• Geschka and Hahnenwald adopt a market-driven view as the starting point for 
explorative technology roadmapping, based on environmental scenarios. In 
this process model the well-known scenario technique is applied to build an 
understanding of possible future situations. Based on this, technical ways of 
achieving these situations are developed, supporting strategic technology 
planning in the firm. The approach of Geschka and Hahnenwald gives 
decision makers a tool to react to changing external influencing factors that 
determine the development of a given technology. 

• Moehrle provides a contrasting technology-driven perspective of TRIZ based 
technology roadmapping. This approach benefits from exploiting the field of 
technologically inspired opportunities, adding a market based view in a later 
stage. 
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• Kanama integrates different views, market- as well as technology-driven, in a 
Delphi based technology roadmapping approach. In this process model, 
results of a Delphi process (as often performed by a state agency such as 
NISTEP in Japan) form the starting point for technology roadmapping. 
Kanama discusses the strengths and weaknesses of the Delphi and technology 
roadmapping methods, and how a new approach can take advantage of the 
strengths of both methods. 

• Abe presents a comprehensive business-oriented process model for normative 
technology roadmapping. The starting point is a vision of what can and 
should be achieved in the future, not necessarily a prognosis of the future. His 
Innovation Support Technology (IST) model integrates business modeling 
and roadmapping methods, supporting enterprises decision makers to increase 
corporate value through better exploitation of R&D outputs. 

 
These six process models illustrate that there are different ways of creating 
roadmaps. For companies or decision makers this means that they need to know 
which visions of the future they want to develop, e.g. a technology-driven or more 
commercially driven vision (see Fig 1). The process has to be selected and/or 
adapted to suit the particular business and industry context. 

The contributions are positioned against the framework shown in figure 1. 
Exploratory oriented process models encourage the identification and 
development of further opportunities, while goal directed approaches enable 
strategic planning at a more detailed level. Technology-oriented process models 
enable exploitation opportunities to be explored, while market-oriented 
approaches help to ensure that appropriate technological capability is available. 
Roadmapping is a knowledge intensive activity, encouraging dialogue between 
commercial and technical groups, as a learning process. 

 

 

Fig. 1 Processes for successful technology roadmapping 
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Fast-Start Roadmapping Workshop 
Approaches 

Robert Phaal, Clare Farrukh, and David R. Probert* 

Roadmaps support strategic alignment through the creation and use of structured 
visual representation of the various perspectives needed for successful business 
and innovation. The process of roadmapping is crucial to achieving this goal, as a 
means of involving the various stakeholders. Workshops often form a key element 
of the roadmapping process, providing an opportunity for participants to share 
and capture views in a creative environment. Workshop methods for supporting 
such dialogue are described, focusing on product (innovation) level roadmapping. 
A reference schedule is presented as a basis for designing workshops that bring 
together cross-functional groups to create a first draft roadmap in a short period 
of time, leading to consensus-based actions. 

1   Introduction 

This paper focuses on ‘fast-start’ workshop techniques, including the ‘T-Plan’ 
method for product-technology roadmapping, and the more general ‘S-Plan’ 
approach for strategy and policy applications. These approaches use interactive 
workshops to bring together diverse groups of participants to capture and discuss 
perspectives, focus and explore options and opportunities, make decisions and 
agree actions, and to develop preliminary roadmaps (a typical workshop is shown 
in Fig. 1). The methods have been developed over a period of 10 years, involving 
more than 200 wide-ranging collaborative applications in industry, government 
and academia. 

There are two principal variants of the fast-start approach that apply similar 
concepts and techniques to address different application classes, although each 
case requires some degree of customisation depending on goals and context: 

 

• S-Plan focuses on general strategic challenges, typically at business, 
corporate, sector and policy levels. The process brings together large groups 
of diverse stakeholders in 1-2 day workshops to explore and prioritise 
strategic issues, develop and align innovation and research strategies, and to 
agree the way forward (Phaal et al., 2007). 
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Fig. 1 Typical roadmapping workshop activity 

• T-Plan focuses on product-technology roadmapping, bringing together 
medium sized groups of cross-functional stakeholders in four half-day 
workshops to explore and plan a product-based innovation (Phaal et al., 
2001). The T-Plan process is described in detail in Section 3, including a case 
example. 

 

The two methods may be combined, although either method can be used in 
isolation, including particular modules, or as part of other business processes. S-Plan 
has the capacity for covering a very broad scope (typically business, corporate or 
sector levels), rapidly capturing perspectives, identifying and prioritising key topics 
for exploration and action planning. If one of the topics relates to product, service or 
process level innovation, then T-Plan provides a more detailed method for 
developing aligned market, product, technology and resource strategies and plans. S-
Plan can be used as a starting point, associated with the left-hand side of the funnel, 
with T-Plan more suited to a slightly later phase (second iteration), once there is 
confidence on where to focus innovation efforts.  

2   Fast-Start Workshop Methods 

The fast-start approach uses multi-functional and multi-organisational workshops 
as a means for the rapid initiation of roadmapping. The methods are designed to 
be agile, in the sense of being flexible, rapid, efficient and scaleable. Focusing on 
immediate issues of concern and interest delivers quick benefits, while taking the  
first step on what can be a long roadmapping journey. The main outputs of the  
first iteration in this rapid prototyping approach are decisions and agreed actions, 
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together with process learning from a pilot application of roadmapping. The 
general fast-start workshop approach is summarised in this section, with more 
detail of the T-Plan approach provided in Section 3, including examples. 

2.1   Role of Fast-Start Workshops 

The way in which a roadmapping initiative supports strategy, policy or innovation 
in the organisation should be considered carefully during the design phase, as 
inputs and outputs to and from the roadmapping activity will often be linked to 
milestones within these business processes, as indicated in Fig. 2 (for example, 
review points in a new product development process). Individual workshops 
support the broader roadmapping initiative, as a microcosm of the overall process, 
requiring planning, implementation and follow-on, with inputs and outputs aligned 
with the overall roadmapping initiative. Support is required in terms of 
facilitation, steering and project management, and further work is typically needed 
before, between and after workshops to collect data, analyse results, develop 
roadmap representations and associated reports, and to ensure that actions are 
taken forward.  

There is no single universally applicable roadmapping method, with a need to 
adapt and customise the approach to suit the particular circumstances. 
Roadmapping initiatives can be separated into three broad elements: preparation, 
implementation and follow-on. Also shown in Fig. 3 are the key success factors 
identified by de Laat & McKibben (2003) for supra-company (network / sector) 
level applications, most of which also apply to company initiatives.  

 

- Link to policy & strategy 
- Network / participation 
- A sense of urgency  
- High-level commitment 
- Vision and goals 
- Involvement and ownership 
- Link to decision makers 

   - Customise to fit problem  
   - Sustain momentum with process 
   - Maintain flexibility 
   - Culture of openness 
   - Appropriate resources 

 

- Iterate, review and update 
- Monitor outcomes 

Preparation Implementation Follow-up 

Roadmap 
initiative 

Roadmap 
workshop/s 

 
 
 
 

 Preparation Implementation Follow-up 

Business process (strategy, innovation) 

Milestones and 
decision points 

(strategic review, 
stage gates) 

 
Fig. 2 Position of roadmapping initiatives and workshops within strategy and innovation 
processes, highlighting key success factors identified by de Laat & McKibben (2003) 
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Fast-start roadmapping workshop techniques enable key stakeholders to 
address strategic issues efficiently using the visual structure of roadmaps to 
capture, discuss, prioritise, explore and communicate issues. Focusing on current 
concerns, using the approach as a problem-solving tool, improves the likelihood of 
quick benefits, and provides a valuable learning opportunity and first step towards 
a sustainable process.  

Roadmapping used in this rapid prototyping way can act as a useful diagnostic 
tool – mapping available knowledge and views will very quickly identify gaps in 
knowledge, together with issues and risks that require action. This ‘agile’ approach 
avoids the danger of over complicating and bureaucratising the process, which is a 
common pitfall and a reason why many roadmapping processes flounder. Moving 
forward, individual roadmaps, and the roadmapping system overall, can be 
developed as appropriate for the organisation, in terms of approach and the degree of 
formality required, to fit with its structure, culture and business processes. 

When designing a roadmapping process it is important to consider the desired 
qualities of the output (the roadmap): what constitutes a ‘good’ roadmap? how 
should ‘quality’ be assessed? Clearly, confidence and accuracy of commercial and 
technological forecasts are helpful, and it is important to use the best available 
knowledge, information and expertise. But, recognising that such forecasts are 
often highly uncertain in the longer term and that there will be may gaps and 
questions associated with the first versions of the roadmaps produced, other 
outputs of the process provide a better measure of utility – primarily the decisions, 
consensus and actions that arise.  

Treating a roadmap as a fixed project plan is dangerous, unless the purpose is to 
govern a set of projects to implement a complex programme. Rather, a roadmap 
should be considered as a type of ‘radar’, looking forward in order to improve 
understanding, enhance communication, build networks, capture knowledge, make 
decisions, agree priorities and take actions, steering the organisation into the future.  

The S-Plan and T-Plan methods provide reference processes that can and 
should be adapted as required, based on a clear understanding of the issues being 
addressed. This can involve incorporation of other tools and frameworks, such as 
valuation techniques or scenario planning. Modules within the methods can be 
used independently to support other processes and workshops if helpful.  

2.2   Planning a Fast-Start Workshop 

It is important to start planning well in advance of the workshop. This includes a 
collaborative design process, as shown in Fig. 3, involving both the roadmap 
owner (the person or group who want to use roadmapping to address their 
strategic issues) and the process owner (the person or group who will manage and 
facilitate the process). Collaboration is important due to the need to customise the 
roadmapping approach to address the particular organisational context and goals.  

Management and governance of the process should be considered. In 
companies this will usually involve a small team of senior managers, together with 
the process facilitators, to steer and review progress and outcomes, while for 
sector-level foresight initiatives more formal mechanisms may be required. 
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Focus, 
scope, aims 

Process Architecture 

Roadmap 
owner 

(Business 
knowledge) 

Process 
owner 

(Roadmapping 
knowledge) 

Business need Plan 

 
Fig. 3 Planning for roadmapping involves collaborative design 

It is important to define objectives, focus and boundaries, to design the 
roadmap architecture and process, and to plan the logistics of the event. Key 
issues to consider include: 

 
• What are the critical goals?  
• What questions and issues are important to address? 
• What are likely to be the most interesting and important topics? 
• What timeframes need to be considered?  
• What is already known?  
• What other processes, methods and systems should the initiative link to? 
• What might the outputs look like? Will these meet the aims? 
• What unit of analysis is appropriate (a balance between breadth and depth)? 

What is the scope and where are the boundaries? 
• How should the topic be structured?  

 
Defining the architecture of the roadmap is a key step, as this provides  
the structure that guides virtually all activities in the process and workshop, 
providing a common visual language. The roadmap structure captures (and 
constrains) boundaries and timescales, allows pre-population with existing 
information and enables efficient population of roadmap in the workshop and  
subsequent reporting. The following six fundamental questions can be useful for 
designing the roadmap architecture, which relate to the horizontal (time) and 
vertical (layered) axes, respectively: 
 
1a) Where do we want to go? 1b) Where are we now? 1c) How can we get there?  

 
2a) Why do we need to act? 2b) What should we do? 2c) How should we do it? 
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For S-Plan the architecture of the roadmap is generally designed prior to the 
workshop, as part of the planning process, while for T-Plan the structure of the 
roadmap is developed during the workshops. The layers and sub-layers need to be 
defined, to represent all of the key perspectives and system elements 
appropriately, with the amount of space devoted to each layer reflecting the 
relative importance and likely density of information. It is sensible to ‘test drive’ 
the architecture before use in a workshop, confirming that key content can be 
positioned within the structure, and that the logical connections between the layers 
can be expressed. 

Appropriate timeframes should also be considered, including the past, current, 
short-term, medium-term, long-term and vision. The actual time that is 
represented depends on the industry and associated rate of change. Roadmaps of 
between 2 years (software) and 100 years (national energy systems) have been 
observed, but for many businesses the following timeframes are appropriate: 
short-term 1-year budget horizon; medium-term 3-year strategy horizon; and long-
term 10-year ‘radar’ horizon. A non-linear scale is often used to represent these 
time horizons, with more space devoted to the short and medium term, where the 
density of information is likely to be greatest. 

The quality of the roadmap is largely dictated by the breadth and depth of 
expertise and knowledge of the participants in the workshop, and so careful 
consideration should be given to this during the planning phase. It is important to 
have a healthy mix of commercial and technical representation, and external views 
are helpful. The process benefits from diversity of perspectives, and the facilitation 
techniques need to be able to deal with the potential conflicts that may arise. 

The structure of the roadmap provides an initial checklist for ensuring that all 
important perspectives are represented in the workshop. For company applications 
this will generally include participation from business, market, application and 
technology functions. Senior management support is vital if the process is to have 
impact, and to ensure participation is given appropriate priority. Workshop dates 
may be dictated by key participants’ diaries, often resulting in lead-times of 4-8 
weeks. Participants should be sent joining instructions, briefing material and any 
required pre-work approximately two weeks prior to the workshop. 

For sector level foresight applications a range of industrial, academic and 
government participation is typical. Recruitment of workshop participants is more 
of a challenge for these situations, and considerable effort may be required to 
ensure success. Suitable participants should be identified early in the process, and 
as a rule of thumb one can expect 30-50% recruitment success, with personal 
contacts and follow up communication improving the response. It can be expected 
that a few participants will not turn up on the day, and so it is prudent to plan for 
several additional participants for this contingency. 

A suitable venue is required, with the key requirement being sufficient space 
for activities, including breakout sessions. Plenty of floor and wall space is needed 
to accommodate the interactive nature of the workshops. For the plenary sessions 
the room should ideally be approximately double the size required for a traditional 
conference meeting involving the same number of participants. It is helpful if the 
room is reconfigurable, allowing tables and chairs to be moved for different 
activities. The room should be arranged with tables in either a ‘U’ shape or as 
‘islands’, to facilitate interaction. It is advisable to view the room arrangements 
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prior to the workshop, and to book the venue well in advance. It is essential that 
charts can be stuck up on the walls – if the venue does not allow this, suitable 
poster-boards should be sourced. 

Roadmap-inspired structures are used to guide the overall process and most of 
the workshop activities, although other tools and frameworks can be used to 
enhance or supplement the method. For example, a portfolio selection matrix can 
support topic prioritisation if appropriate. Professional printers can be used to 
produce the workshop charts, in colour if useful – allow enough time for printing 
and checking templates, as these are critical for the workshop process. 
Alternatively, charts can be created using flip chart paper, sticky tape and pens, 
which ensures flexibility during workshops if there is a need to refocus or adapt 
the process. 

In addition to structured templates, a range of other stationery is required for 
roadmapping workshops: 

 
• A plentiful supply of sticky notes, in a range of sizes, shapes and colours. 

Colours can be used for specific purposes (for example, if different business 
units are represented); although the main reason for using a range of colours 
is to help participants to navigate the content on the charts more easily. 
Different shapes (for example, arrows) are helpful for highlighting specific 
topics and issues during workshop activities. 

• Sticky dots are useful for quick voting processes. Again, colour can be 
helpful, for example to rank options in terms of both reward and risk. 

• Sticky tape, to construct charts from flip chart paper if required, and to secure 
all sticky notes at the end of the workshop. 

• Masking tape or other devices to stick charts on walls. 
• Miscellaneous stationery, such as flip chart paper, scissors and felt-tip pens 

for ease of writing on sticky notes. 

2.3   Running a Fast-Start Workshop 

The facilitation approach is fairly light, in the sense that the main focus of the 
workshop is on group-based activities, where it is the participants’ experience and 
knowledge that is key, with interaction supported by the provision of structured 
frameworks (charts), clear steps and the means to capture, share and organise 
perspectives (sticky notes). The overall workshop agenda needs to be designed to 
meet the agreed aims, with the time available broken down into logical steps.  

The ways in which sessions are facilitated, and what can be achieved within a 
given time period, depend on the size of the group: 

 
• Small groups (< 5) can generally self-organise, with fairly minimal 

facilitation support. There is a trade-off between coherence and diversity. One 
person can draw a very neat roadmap, but it is only their view. Incorporating 
additional perspectives is hugely valuable for addressing complex and open-
ended topics, although it becomes much more of a challenge to develop a 
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coherent and agreed output. Small groups can be relied on to deliver a result, 
with periodic review and support if required. Groups of 5 or more will find it 
difficult to proceed without active facilitation or guidance. 

• Medium sized groups (5 ~ 10) require facilitation, supported by some 
knowledge of the topic of interest to enable active engagement. For this size 
of group the roadmap framework enables the topic to be tackled in a 
structured and logical way, with discussion guided by the facilitator and 
captured on wall charts. 

• Large groups (> 10) require more formal and specialised facilitation 
techniques, with the activities orchestrated and managed professionally, often 
by a team of facilitators for workshops with 15-20 participants or more. Large 
group activities can be somewhat mechanistic, and so should be balanced 
appropriately with smaller group activities. 

 
From a facilitator’s perspective, timing is a key aspect to manage. Such 
workshops are very interactive and intense, and owing to the complex issues being 
considered and the large number of participants it is very easy for sessions to 
overrun. Larger groups invariably take longer to perform activities. It is vital that 
tight control of timing is maintained, while at the same time allowing for some 
flexibility, due to the inherently exploratory nature of roadmapping. It is vital that 
a satisfactory conclusion is reached by the end of the workshop, and every effort 
should be made to finish on time.  

Considering these issues during the planning phase allows for contingencies to 
be built into the process. Breaks in the agenda provide natural review points to 
ensure that the process is on track, and if required, short unscheduled breaks can 
be used to address key issues that arise. Judgement must be exercised concerning 
how much time can be devoted to discussion of issues as they arise. Once the 
nature of the issue is clear, if it is not critical to the logic of the workshop process, 
then it is generally advisable to note the issue on a flip chart sheet maintained for 
this purpose, for review at a later stage. Be aware that the pace of activities tends 
to be slower at the start, as participants familiarise themselves with the process, 
and then to speed up.  

Having two facilitators available is very helpful, in terms of splitting and 
rotating roles, allowing more complex group activities to be managed. Having a 
small supporting team available is useful, to review progress during breaks  
and to deal with unanticipated issues that may arise. This team would typically 
include the organisational sponsors of the roadmapping process, and /or their 
representatives, together with the facilitation team.  

2.4   After a Fast-Start Workshop 

An immediate task after the workshop is to transcribe all of the outputs as a full 
record of the event, and to interpret and summarise the outputs to create a report 
for circulation to participants for comment. For companies, it is recommended that 
the group work be captured and summarised by the groups themselves, as an 
immediate action, using templates provided for consistency, while for sector level 
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applications the facilitation team would normally undertake this task. It is 
recommended that presentation software (e.g. PowerPoint) be used for reporting 
in the first instance, as this encourages an appropriate level of synthesis and 
summary, content can be extracted for presentation purposes, and it can be used as 
a resource for more formal reporting if required. The report can also be circulated 
and presented to a wider group for validation and dissemination purposes. 

It should also be recognised that the workshop is one (critical) step within a 
wider process, even if it is being used as a one-off problem solving technique. 
Consideration should be given to the actions required to move forward and 
whether and how the roadmap will be updated as an element of this process (part 
of the final review discussion during workshops). For companies this is often 
linked to other core business processes, such as an annual strategy / budget cycle, 
or review points within research or new product development processes. 

3   Product Level Roadmapping (T-Plan) 

The T-Plan approach focuses on integrated product-technology strategic planning. 
The process brings together 8-12 participants from across the organisation to 
develop a draft roadmap for a product (or product family), in four half-day 
workshops: 
 
1) Market: external market and internal business drivers are identified, 

categorised and prioritised for key market segments. Business strategy is 
reviewed and knowledge gaps identified. 

2) Product: potential product features, functions and attributes are identified and 
prioritised with respect to how strongly they address the drivers. Product 
strategy is reviewed and knowledge gaps identified. 

3) Technology: potential technological solutions for developing the product 
features are identified and prioritised and knowledge gaps identified. 

4) Charting: based on the outputs from the first three workshops, the initial 
roadmap is developed, linking market, product and technology perspectives, 
decisions are made and actions agreed. 

 
The T-Plan process is summarised below, including two company examples to 
illustrate the approach. For detailed guidance, including facilitation aspects, the 
reader is referred to the T-Plan guide (Phaal et al., 2001). 
 

3.1   T-Plan Process 

The underlying roadmapping principles are common to both the S-Plan and T-Plan 
processes, although the focus is more specifically at the product level (including 
associated market and technology perspectives). The main differences are: 
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• The focus on a single product or closely related product family requires 
greater granularity than for S-Plan, particularly in terms of market drivers 
(customer purchase motivations) and product functionality, performance and 
features. For large-scale complex products an S-Plan type approach may be 
appropriate in the first instance. 

• Workshop participants should be selected for their expertise in relation to the 
product area of interest. Typically this might involve 8-12 experts, including 
commercial and technical perspectives, with participants taking part in all 
four workshops. 

• The process is separated into four half-day modules, covering market, product 
and technology aspects in turn, before developing the draft roadmap in the 
final workshop. 

• The structure of the roadmap is developed as part of the workshop process, 
and so does not need to be defined during the planning stage. 

• Linkage analysis grids are used as a key part of the process, to explore the 
relationships between market, product and technology perspectives, and to 
prioritise efforts. 

The T-Plan approach is summarised in Fig. 4, with workshop agendas and 
activities described in more detail in Table 1. 

 

Fig. 4 T-Plan process for product-technology strategic planning 
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3.2   T-Plan Case Example – New Product Development 
(Software) 

A small software company based in the UK was considering a major re-development 
of an older software product, aimed at a new niche market in the pharmaceuticals 
industry (Phaal et al, 2001). Technology roadmapping provided a means for 
supporting product planning, to assess the viability of the proposed development. 

The standard T-Plan process was followed, with four half-day workshops 
attended by about 12 senior members of staff from both technical and commercial 
functions. Figure 5 shows the main outputs from the second (product) workshop – 
the market-product linkage grid. This summarises the customer and company 
drivers and the main product areas, and the relationships between these. A 
weighted scoring system enables product areas to be prioritised on the basis of 
their contribution to the market and business drivers. A similar grid is used to link 
product to technology areas. 

Figure 6 shows a transcription of the outputs from the final workshop, where 
the commercial and technical views are brought together to define the product 
strategy in detail, together with the associated technology developments. A key 
part of the debate within the workshop related to the timing of features in terms of 
software version release dates. This revolved around the tension between the 
desirability of a feature (market pull) and the capability and effort required to 
develop the feature (technology push). The outputs from the first three workshops 
provide a basis for addressing this issue, to help prioritise feature development, 
and achieve an alignment between market, product and technology strategy. 

On the basis of this roadmapping activity it was decided not to proceed with the 
product development, because the required investment in staff and facilities was  
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Fig. 6 First-cut roadmap (schematic) 

too great a step change for the company given its size. This was considered to be a 
positive result, avoiding the large waste of effort and management attention that 
might have resulted if they had proceeded. The company subsequently applied the 
roadmapping approach again within another part to their business, to support the 
development of a core product. 

4   Summary 

Fast-start workshops provide an efficient means of using roadmapping thinking to 
facilitate strategic dialogue. Wall charts provide structure, used as templates to guide 
activities, capture perspectives, explore concepts and summarise outputs (see again 
Fig. 1). Participants are empowered to contribute and interact through the use of 
sticky notes within facilitated group work sessions. The process is tolerant to 
diversity, enabling rapid progress in complex business and organisational contexts.  

The S-Plan and T-Plan methods support initiation of roadmapping at strategic 
and product-technology levels, and can also be used as one-off problem solving 
tools. Fast-start workshop approaches are designed to be agile, in that they are 
flexible, rapid and problem-focused, suitable for application in both small and 
large organisations. A light-touch approach to roadmapping can provide an 
efficient and effective solution, aimed at strategic concerns of immediate 
relevance and encouraging a focus on the most important issues. 

The process learning from the first pilot and subsequent applications can be 
used to plan the way forward, in terms of both strategy implementation and the 
roadmapping process itself.  
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Technological Overall Concepts  
for Future-Oriented Roadmapping  

Günther Schuh, Hedi Wemhöner, and Simon Orilski* 

Rapid technology growth and globalization have led to an increase of complexity of 
technology management. The roadmapping process supports technology manage-
ment by providing a way to identify, evaluate and select strategic alternatives to 
achieve a specific technological objective. The ensuing dilemma is that the devel-
opment of a roadmap requires information about future events which at an early 
stage may be questionable. In order to resolve this dilemma, the semiconductor  
industry for example uses a technological overall concept, referred to as Moore’s 
Law. This technological overall concept serves as a Self-fulfilling Prophecy and is 
considered to provide orientation in the roadmapping process. This chapter refers 
to two different types of technological overall concepts – a sector-wide and an en-
terprise-specific one. The objective of this chapter is to describe the benefits, driv-
ers, development processes, applications and successful practices of these concepts 
with a view to making them usable in different types of enterprises. 

1   Challenges for Future-Oriented Roadmapping 

The competitiveness of technology-oriented enterprises depends upon technolo-
gies. In order to achieve sustainable success, enterprises cannot allow themselves 
to be taken by surprise as concerns technological changes and market develop-
ments. This appears to be particularly difficult in times of rapid technological  
development and changes, globalized markets and increasing technological  
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complexity. Hence, the early detection of medium to long-term trends and devel-
opments which enable an identification, evaluation and derivation of concrete 
technological opportunities and potentials represents a major challenge. The de-
velopment and introduction of new technologies can be regarded as long-term 
strategic tasks (Gassmann and Sutter, 2008). Therefore they have to be in line with 
the overall business strategy. Consequently, the inclusion of technological consid-
erations in strategy and planning activities becomes an even greater necessity. 

Roadmapping is a process that aims at identifying, evaluating and selecting 
strategic alternatives which can be utilized to achieve a desired technological ob-
jective. The respective challenge is rooted in the fact that – while the roadmap is 
being developed – the strategy has to be aligned with potential future events. Fur-
thermore, relevant boundary conditions may change. Due to the long-term direc-
tion of planning, the reliability of the information on which decisions are based is 
bound to be questionable; so the longer the range of planning has to be, the less re-
liable the information that influences decisions becomes. Which means that while 
the time horizon expands, planning security decreases. Concrete planning is no 
longer possible. The semiconductor industry for example, resolves this dilemma 
by use of a technological overall concept known as Moore’s Law. Moore’s Law 
refers to a Self-fulfilling Prophecy which provides orientation for market cycles 
for new products as well as new production technologies within the industry. The 
technological overall concept is considered to provide long-term orientation in the 
roadmapping process. The individual enterprise’s activities and strategies can  
respectively be aligned with these demands. This chapter means to discuss the  
development and use of such technological overall concepts within an entire  
industrial branch as well as in specific enterprises. 

2   Deployment of Technological Overall Concepts 

Roadmapping involves the integration of two different objectives: the forecasting 
of future developments and the planning of own approaches and actions (Kappel, 
2001). This brings up the problem that strategic decisions depend on prospective 
outlooks which are based on present-time knowledge. Thus, the reliability of this 
information is anything but guaranteed in most cases.  

Related to a short or medium-term perspective, concrete information, such as 
established market and customer requirements, can be used to define the demands 
a company’s technology strategy has to meet. In contrast, the requirements which 
a technology strategy has to conform to in the long run are difficult to identify and 
may change dramatically in the course of time. As illustrated in figure 1 by means 
of the example of market demands, there is a certain point in time at which the 
planned strategic and technological flexibility does not suffice to grant a success-
ful reaction to changes in market needs. 

The described uncertainty of long-term information does not only apply to 
market demands, but to practically all information that is relevant to the technol-
ogy planning process – such as future technologies and the prospective scope of 
products offered by the company. This uncertainty gives rise to the question how a 
long-term orientation for the technology planning process may be attained. 
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• How does the market develop? 
• Which technology emerges? 
• Which strategy should be pursued? 

Current 
demand 

Discontinuity  

Planned 
demand  

Investment decision 
-yesterday- 

Market 
demand 

-yesterday- 

Market 
demand 

-tomorrow- 

 
Fig. 1 Market uncertainties within the roadmapping process 

The impact of uncertain long-term information and thus the necessity of long-
term orientation within the technology planning process can be seen in the develop-
ment of video systems. This example from industrial history proves that objectively 
superior technologies are not necessarily more likely to penetrate the market. In the 
market the VHS system prevailed over the video system Betamax, although in direct 
comparison, the VHS system was technologically inferior. The success of a technol-
ogy may thus not only be based on objective advantages but on the definition of a 
Self-fulfilling Prophecy within the industry. This means that all market participants 
can have a strong influence on the penetration of a technology if they invest in the 
same direction. Generally each party invests in a research area that strategically suits 
its enterprise best. When market demands change as depicted in figure 1, enterprises 
have to make significant investments to correct the adopted course (see figure 1). If 
all enterprises of a particular industry agreed on a coordinated approach – as in the 
given example from the semiconductor industry – and formulated an overall techno-
logical concept, they could significantly heighten the effectiveness of their techno-
logical and strategic decisions. By means of devising technological overall concepts, 
enterprises are able to focus on a common target or a consistent strategy and thus 
achieve an optimally coordinated performance. 

Technological overall concepts are like landmarks to enterprises as they help to 
make strategic long-term decisions in line with the overall business and technol- 
ogy strategy. Since technology roadmaps represent the operationalization of a  
technology strategy, technological overall concepts support the roadmapping  
process. In fact, technological overall concepts are apt to compensate for missing 
and uncertain requirements in long-term technological forecasts. Furthermore,  
technological overall concepts provide orientation to evaluate technological options 
in the context of strategic technological objectives. The chief advantage of techno-
logical overall concepts is their ability to give enterprises a direction without restrict-
ing their innovation processes (Koolmann, 1992). In the following chapters,  
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two different forms of technological overall concepts will be discussed. In the first 
part, sector-wide technological overall concepts will be explained, while the sec-
ond part will focus on enterprise-specific technological overall concepts. 

3   Sector-Wide Technological Overall Concepts 

Sector-wide technological overall concepts are characterized by being formulated 
and pursued by a large number of enterprises in a particular field of industry. The 
semiconductor industry may serve as a prominent example: Based on Moore’s 
Law, five different associations from the USA, Europe, Japan, Korea and Taiwan 
developed the International Technology Roadmap for Semiconductors (ITRS) 
which provides orientation for the coordination of research and development ac-
tivities in private and public institutions. Moore’s Law states that the density of a 
transistor on a chip doubles each 18 months (Intel, 2005). The semiconductor in-
dustry has been operating along these guidelines for many years. This implies that 
if the use of sector-wide technological overall concepts were transferred to other 
branches, substantial win-win situations could be achieved for all involved parties. 
The respective enterprises would be in a position to influence the dynamics and 
objectives of their industry’s development. Benefits for individual enterprises and 
the entire sector that may result from the implementation of sector-wide techno-
logical overall concepts will be described in the next chapter. Furthermore, drivers 
will be taken into account, followed by a practical example from the aerospace  
industry and a brief review of successful implementations shall round up the pre-
sented findings on sector-wide technological overall concepts. 

3.1   Benefits of Sector-Wide Technological Overall Concepts  

There are three major benefits that can be attributed to sector-wide technological 
overall concepts: 
 
• Increased effectiveness of technological and strategic decisions  
• Coordination of research and development activities 
• Alignment of life-cycles across the entire branch including customers and suppliers 

 
Increased effectiveness of technological and strategic decisions: By aligning 
strategic and technological decisions concerning sector-wide technological overall 
concepts, enterprises ensure that their planned flexibility is sufficient for meeting 
future requirements (see figure 1). The reliability of information increases and the 
effectiveness of strategic decisions increases accordingly. 
 
Coordination of research and development activities: By the implementation of 
sector-wide technological overall concepts, the research and development activities 
of all enterprises in a particular sector are oriented towards the same direction.  
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This enables the realization of a comprehensive technological cooperation as all 
involved enterprises are guided by the same objectives. Coordinated research and 
development activities do not only facilitate cost-intensive and difficult projects but 
also reduce research and development expenses. Moreover, the conjoined approach 
clears the path for projects that depend on coordination for success, e.g. the setting 
of technological standards to enable mass production, low production costs and the 
market success of new technologies, particularly in competitive conditions. 
 
Alignment of life-cycles across the entire branch, including customers and 
suppliers: Figure 2 illustrates how sector-wide technological overall concepts 
influence the definition of technology life-cycle phases and the benefits for 
involved enterprises. It depicts several product life-cycles over a certain period of 
time. Enterprises are faced with the question, when and for what reason 
established products should be replaced by new products. The curve of costs 
(= costs per piece) is outlined as well as the curve of performance 
(= performance standard of the particular product). The question of how long a 
product lifecycle lasts depending on costs and performance cannot be answered 
unequivocally. Technology-oriented branches of industry are marked by the 
tendency to replace recent products by innovative ones, even though their 
technical standard still meets current requirements. Consequently, enterprises are 
forced to improve their latest technologies in functionality and performance in 
order to maintain competitiveness. This is all they can do to convince consumers 
of the necessity to replace a recent appliance by a new acquisition, regardless of 
the fact that the old one still serves its purpose. The enterprises of a branch have to 
consider what type of technological factor could be utilized for motivating the 
consumer to buy a product of the new generation, and – consequently - in what 
kind of performance feature or technological facility they ought to invest. Further 
questions to be taken into account are: When should those features be available? 
And what would be an appropriate price? 
 

Product sales, 
costs, 

performance Product x 
Product y 

Time Today Forecast 2015 

Product lifecycle 

Market 
cycle 

Costs 

Performance 

- Costs 

+ Performance 

Product z 

Overall 
concepts 

 

Fig. 2 Effects of sector-wide technological overall concepts 
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In the example shown in figure 2 a reduction in costs (-ΔCosts) causes the re-
placement of product x by product y (new product). The product change is thus 
motivated by financial reasons. However it might be advisable not to base product 
changes only on economic effects but on significant performance improvements. 
A specific characteristic of the implementation of sector-wide technological over-
all concepts is that the technology life-cycles are not defined by individual enter-
prises. The effect of sector-wide technology overall concepts lies in the definition 
of costs and performance for a certain period of time. Also, the guidelines of this 
concept help suppliers and end consumers to orient themselves within a branch. In 
the semiconductor industry, for instance, the life-cycles of semiconductor manu-
facturers are aligned with those of customers (e.g. computer manufacturers) as 
well as those of suppliers (e.g. lithography technology manufacturers) by means of 
the technological overall concept defined in the International Technology Road-
map for Semiconductors (ITRS). 

3.2   Drivers of Sector-Wide Technological Overall Concepts 

Sector-wide technological overall concepts can emerge from different drivers. In 
the following chapter, the main drivers and the different applications resulting 
from them will be observed: 
 
Technological dependency of the enterprises within a sector: If the enterprises 
belonging to a particular industrial sector are marked by a high degree of 
dependency upon one another, the implementation of sector-wide technological 
overall concepts helps to coordinate life-cycle phases as well as research and 
development activities. By coordinating these activities, significant technological 
development can be achieved within the branch. This is of particular importance if 
the branch comprises a high quantity of small companies which separately are 
unable to set technological standards or ensure the market penetration of a new 
technology. Here, technological and market development can only be influenced 
by joint efforts. For instance, a strategic process for the development of a 
technological overall concept has been established in the German biotechnology 
branch (Biotechnologie, 2010). 
 
Consistency of technological evolution: The aim to influence the technological 
evolution within an industrial sector in order to achieve a consistent long- 
term course is a typical motivation for the application of sector-wide technological 
overall concepts. A perfect example of this can be found in the semiconductor  
industry. 

Shared sector-wide interests: This refers to the need for a sector-wide 
cooperation to promote a certain direction of development or to achieve specific 
objectives. Said objectives may consist in the fulfilment of legal requirements, the 
setting of standards or the desire to influence political or social conditions 
(lobbying). Interests of this kind can only be enforced if the various parties of a 
sector cooperate and focus on the same direction. 
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3.3 Development and Application of Sector-Wide Technological 
Overall Concepts 

Subsequently, a practical example from the European aeronautic industry will 
serve to explain the creation and application of sector-wide technological overall 
concepts. 

In the aeronautic industry a sector-wide technological overall concept was de-
veloped by the Advisory Council for Aeronautics Research in Europe (ACARE). In 
the year 2000, the European Commissioner for Research Philippe Busquin invited 
the starting group, which consisted of 15 high-ranked experts from the airport, air-
line and air traffic sectors, regulators and airframe, engine and equipment manu-
facturers to map out an intermediate to long-term vision of future aeronautics. As 
the aeronautic industry comprises a large quantity of interdependent companies on 
various supplier levels, the common objective was to align the research and devel-
opment activities of all involved players. Through collaboration and guided by a 
shared vision, Europe was to become the world’s number one location for  
aeronautics. 

In 2001, this task group produced the Vision 2020 - a 26 - paged manuscript, is-
sued for the interest of industrial stakeholders, European policy-makers, national 
institutions and the broader public alike. This manuscript displays a vision of the 
European aeronautical sector in the year 2020, with regard to consumers’ choice, 
comfort and costs (Acare, 2001). In order to materialize this vision and its goals, a 
Strategic Research Agenda (SRA) was launched in 2002. Two years later, a more 
detailed second edition (SRA 2) was elaborated. The group was joined by an ever-
growing number of new members, including representatives of various European 
states, the commission, the group of stakeholders, the manufacturing industry, air-
lines, airports, service providers, regulators, research establishments and the aca-
demic field.  

As shown in figure 3 the SRA is divided into five main categories: Quality and af-
fordability, Environment, Efficiency of the air transport system, Safety and Security. 
 

Efficiency of  
the air transport  

system 

Challenges and objectives for the european aeronautics industry 

Environment Safety Security Quality and  
affordability 
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<30 min (long flight) 
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Noise reduction 
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16 mio. flights p.a. 
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hijacking and 
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Fig. 3 Organization of the Strategic Research Agenda  
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Fig. 4 Contents of technology cluster in the aircraft sector 

Each of these five categories of the SRA is in turn sub-divided into three differ-
ent sectors, namely Aircraft, Airport and Air traffic management (ATM), and ten 
technology fields, such as propulsion, flight mechanics, human factors and others. 
Within these sectors, the goals of the SRA are detailed according to concrete tech-
nologies, clustered in technology roadmaps. A technology roadmap for the aircraft 
/ propulsion sector is outlined in figure 4. 

The aim to reduce CO2-emissions (in the environmental category) is substanti-
ated by the projected development of a geared fan engine until 2015 (see figure 4) 
(Acare, 2002 and Acare, 2004). The gear enables a slower rotation of the fan in 
comparison with a turbine. Thus, it becomes possible to utilize larger fans and at-
tain a higher bypass ratio. The result is a highly energy efficient engine that re-
duces fuel consumption by 15% and is also characterized by a significantly lower 
noise-level. Despite their obvious merits, geared turbofans used to be a niche 
product. In this case, the ACARE and the Strategic Research Agendas instigated a 
cooperation of several machinery component manufacturers, guided by Pratt & 
Whitney and under participation of MTU Aero Engines GmbH, which brought the 
geared turbofan technology to series-production (Schuh et al., 2009). 

The Advisory Council (ACARE) possesses a structure of governance in which 
a plenary council and an integration team review strategic options, priorities and 
objectives. Supporting groups provide forums for communication. By pointing out 
the need for research, the ACARE effectuates a joint commitment of different par-
ties within a sector in spite of competition. European as well as national programs 
and other initiatives also refer to the need for research and initiate ambitious pro-
jects. One example is the Clean Sky Initiative. The formation of private consorti-
ums and co-operations without involvement in European or national programs also 
happens. In the framework of such programs and consortiums, different enter-
prises have the opportunity to collaborate. The mutual commitment of otherwise  
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competing companies is based on the fact that the ambitious and complex objec-
tives of the research programs rely on united efforts. However, each involved  
enterprise can still accomplish individual sub-objectives. Beyond that, the enter-
prises of the aeronautic sector strive to attain the goals set by the ACARE, as 
nearly all of them have a representative in the ACARE council. According to the 
bottom-up principle, the goals of the ACARE are transported into the enterprises. 
The formation of the ACARE council was, on the one hand, driven by legal regu-
lations, e.g. the reduction of CO2-emissions, and on the other hand, by the com-
mon desire to strengthen European aeronautics (Acare, 2011). 

3.4   Successful Implementations 

The question arising now is what factors happen to support a successful imple-
mentation of sector-wide technological overall concepts. In the following, some of 
the chief success factors will be summarized. 
 
Innovation space for enterprises: Each enterprise that participates in the process 
of developing a technological overall concept has to perceive an individual 
benefit. The attainment of the technological overall concept’s objectives must 
never interfere with the competitiveness of the individual enterprise. Thus, 
technological overall concepts typically refer to pre-competitive research areas. 
 
Time horizon: The formulation of sector-wide technological overall concepts has 
to involve a time restriction. Moore’s Law sets a time frame of 18 months and the 
ACARE’s Vision is deadlined to 2020. This time horizon must be suitable for the 
sector in which the technological overall concept is intended to find application. 
As regards the aeronautic industry, 20 years seem to be appropriate, according to 
the length of research, development and manufacturing phases. For the 
semiconductor industry, 18 months are a feasible time horizon. 
 
Combination of technological and economic aspects: The formulation of the 
sector-wide technological overall concept should also take economic aspects into 
account. The consideration of economic aspects is of particular importance as it 
ensures the commitment of the process participants to defined technological 
objectives. Furthermore, the economic perspective links the technological overall 
concept to environmental market conditions.  
 
Stakeholder Commitment: The stakeholders’ commitment to the technological 
overall concept is an indispensable precondition of its success. In order to attain 
this commitment, the technological overall concept has to effectuate significant 
economic benefits for the individual stakeholder without endangering competitive 
advantages. A high acceptance can only be achieved, if the technological overall 
concept’s development is based on the cooperation of all involved stakeholders. 
Additionally, the overall concept has to be expressed in a concrete, transparent and 
action guiding form. 
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Suitable starting groups: As mentioned above, the starting group has to comprise 
representatives from the most important participating enterprises or institutions. 
The example of the ACARE Vision shows that a group size of 15 members is 
suitable for devising a complex concept. The representatives should be of a 
sufficiently high rank to generate support in their respective enterprises or 
institutions. Diversity within the team is the basis of objectivity. 
 
Realistic and challenging objectives: The objectives set by the sector-wide 
technological overall concept need to be ambitious, but realistic. On the one hand, 
the objectives must be challenging enough to not allow realization by a single 
company, as this underpins the benefit of the technological overall concept. On the 
other hand they have to stay feasible and achievable. 
 
Appropriate degree of concreteness: In order to implement the technological 
overall concept within the sector, the objectives have to be formulated precisely, 
but without going too far into detail, as that would deprive the individual 
enterprise of innovation space. 
 
Actuality: The SRAs have to be kept up-to-date. Otherwise, their action guiding 
potential and acceptance will suffer. Consequently, technological overall concepts 
require revision on a defined regular basis. 

4   Enterprise-Specific Technological Overall Concepts 

Contrary to sector-wide technological overall concepts, enterprise-specific techno-
logical overall concepts are characterized by being formulated and pursued  
individually by every enterprise of the sector. They are used to align technology 
development and technology deployment within the enterprise. This addresses the 
problem of uncertain information in long-term planning. In the long-term perspec-
tive, enterprise-specific technological overall concepts supersede the concrete in-
formation that provide landmarks in short- and medium-term planning, e.g. market 
and customer demands, defined future products or specific technological informa-
tion. They support the alignment of technology development and technology de-
ployment in long-term planning.  

4.1   Benefits and Drivers of Enterprise-Specific Technological 
Overall Concepts 

Enterprise-specific technological overall concepts help to coordinate overall tech-
nology deployment with a long-term horizon. If a technology portfolio does not 
dovetail with the overall concept, the gaps are pointed out and can be filled ac-
cordingly. Thus, enterprise-specific technological overall concepts facilitate the 
identification of white spots in the technology portfolio of an enterprise. 
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Furthermore, they serve to assess technological ideas at an early stage and align 
them with the strategic orientation of the enterprise. In the automotive industry, 
for example, the technological overall concept economic lightweight construction 
supports the orientation of technology pre-development (Schuh et al., 2008). 
Every technological idea is assessed with regard to its contribution to the techno-
logical overall concept before pre-development. Having passed the pre-
development process, the feasibility of these ideas is assured, so they can undergo 
further development and find application in future automotive projects. The  
challenge of technology pre-development in the automotive sector lies in the lack-
ing allocation to actual vehicles. In the early phases of technology pre-
development, it is not yet clear which particular technology will be utilized in 
which particular vehicle. Consequently, there are no concrete requirements dis-
cernible. Enterprise-specific technological overall concepts compensate for these 
missing requirements and thus help to align pre-development with the objectives 
of the technology strategy. 

4.2 Development and Application of Enterprise-Specific  
Technological Overall Concepts 

For the development of an enterprise-specific technological overall concept the 
following steps have to be considered: 
 
Step 1 - Defining objectives of enterprise-specific technological overall 
concepts: First of all, the objectives and the purpose of the enterprise-specific 
technological overall concept have to be defined. In general, enterprise-specific 
technological overall concepts help aligning technology development and 
deployment. In detail, enterprise-specific technological overall concepts can, for 
example, be used to assess the contribution of new technological ideas to a defined 
technology strategy on the whole, or to coordinate the timing of technological 
developments. In the following step, the technological overall concept’s content 
depends on its objectives. 
 
Step 2 - Specifying the content and elements of technological overall concepts: 
The content and the elements of enterprise-specific technological overall concepts 
have to be specified. This specification depends on the overall concept’s 
objectives. In case of the example from the automotive industry this means, that 
the technological overall concept economic lightweight construction must address 
the technology clusters and fields to be processed as well as the technological 
objectives of the enterprise as a whole. This ensures an orientation of pre-
development according to the technological objectives of the enterprise and the 
appropriate technological fields.  
 
Step 3 - Detailing of enterprise-specific technological overall concepts: The 
basis of the development of an enterprise-specific technological overall concept is 
formed by the enterprise’s technology strategy. As mentioned before, the 
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technology strategy includes significant statements regarding technology fields to 
be considered, the performance level at which technologies are employed within 
these fields, the time at which these technologies are to be launched on the market, 
the source they are obtained from and the possibilities of their profitable 
application. These statements have to be taken into account while the enterprise-
specific technological overall concept is being developed. The terms in which a 
technological overall concept substantiates the technology strategy have to be 
specific enough to enable its realization in concrete applications. 
 
Step 4 - Communication and application of enterprise-specific technological 
overall concepts: The enterprise-specific technological overall concept must be 
communicated to the relevant business units and divisions of the enterprise. Like 
the sector-wide technological overall concept it must be kept up-to-date and be 
adapted to environmental changes on an adequately regular basis. 

4.3   Successful Implementations  

The question that was asked in the chapter on sector-wide technological overall 
concepts also applies to their enterprise-specific counterpart, i.e.: What factors 
support the successful implementation of enterprise-specific technological overall 
concepts? Again, some of the chief success factors will be summarized in the  
following section. 
 
Alignment with technology strategy: The enterprise-specific technological 
overall concept has to be aligned with the enterprise’s technology strategy. It must 
substantiate the most important elements of the strategy.  
 
Operationalization and applicability: The technological overall concept requires 
concrete description in order to be practically applicable in technology 
management. Typically, a technological overall concept is more concise than the 
technology strategy. Also, it does not include all aspects of the technology 
strategy, but focuses on those that are relevant in regard to the concept’s purpose. 
The enterprise-specific technological overall concept has to be action-guiding and 
easily comprehensible. Furthermore, it has to facilitate the assessment of 
technological ideas in terms of their contribution to the realization of the 
technological overall concept. 
 
Process integration: It is necessary to embed the enterprise-specific technological 
overall concept in the technology management process. The aforementioned 
example of the economic lightweight construction concept for technology pre-
development in the automotive industry provides a guideline for the assessment of 
technological ideas, which may be transferrable to technology pre-development. 
Thus, technological ideas can be assessed concretely with regard to their 
contribution to the realization of the economic lightweight construction.  
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Liability: The enterprise-specific technological overall concept has to be adhered 
to at all times. For instance, this includes a consistent utilization thereof in the 
roadmapping process.  
 
Stakeholder commitment: As is the case of sector-wide technological overall 
concepts, relevant stakeholders have to get involved in the development of the 
enterprise-specific technological overall concept. This helps to promote the 
acceptance as well as the future utilization of the concept. Accordingly, 
management, production, research and development, marketing etc. have to be 
taken into account. 

5   Conclusions 

Using the roadmapping method as a technology management tool enables enter-
prises to systematically identify and evaluate product, material and production 
technologies, and to align them with their overall strategies. For enterprises, 
roadmapping is a prerequisite of maintaining competitive capability within the 
sector. In order to apply the roadmapping method successfully, enterprises require 
the velocity, agility and flexibility that enables them to identify and utilize market 
opportunities at an early stage.  

The inherent dilemma of the roadmapping process results from the fact that in-
vestments as well as strategic decisions rely on prospective outlooks that are based 
on present-time knowledge. Hence, the reliability of this information can hardly 
be taken for granted. 

Technological overall concepts support a flexible adaptability to prospective 
technology requirements and market needs. Furthermore, they significantly in-
crease the capacity to identify future technologies at an early stage. Sector-wide 
technological overall concepts coordinate the research and development activities 
of an entire sector and thus help to accomplish complex and ambitious project ob-
jectives. Enterprise-specific technological overall concepts substantiate and opera-
tionalize the technology strategy of an enterprise and help to align the enterprise’s 
technology development and technology deployment.  

Accordingly, enterprises should not only generate their own enterprise-specific 
technological overall concepts but also contribute to the implementation of sector-
wide technological overall concepts. In any case, the successful creation of a tech-
nological overall concept involves the observance of various influential factors.  
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Scenario-Based Exploratory Technology 
Roadmaps – A Method for the Exploration  
of Technical Trends 

Horst Geschka and Heiko Hahnenwald* 

Scenario-based exploratory technology roadmaps are a profound and comprehensive 
basis for the concrete planning of technologies and innovations. In comparison to 
other approaches of technology roadmapping a particular focus is put on an 
intensive analysis of the technology’s non-technical influences. This concept assumes 
that the development of a technology is influenced by market-related, societal and 
economic factors as well as by technical factors outside the technology under 
consideration. Another characteristic of this approach is that the development of the 
technology does not follow an evolutionary path. The future development of the 
impact area is established in the first place. From this future picture of exogenous 
influencing factors, the performance requirements applying to the technology and the 
pathways of technological development are derived. Scenario-based technology 
roadmaps are an instrument of technological forecasting; they are not yet a planning 
instrument.  

1   What Are Scenario-Based Exploratory Technology 
Roadmaps 

In contrast to other approaches to technological forecasting and technology 
roadmaps, the investigation of the non-technical fields of influence plays a major 
role in the approach of scenario-based roadmaps. This is based on the thesis that 
the development of a technology in principle is on the one hand subject to certain 
inner dynamics, however on the other hand these dynamics are significantly 
influenced by exogenous factors (e.g. social trends, market trends, laws). Thus, the 
description of the future development of the technological environment forms a 
corridor in which the technology roadmap unfolds. The development status of a 
technology is therefore a result of the exogenous framework and the inner 
dynamics of the technological development (see Figure 1). 

                                                           
Horst Geschka · Heiko Hahnenwald 
Geschka & Partner Unternehmensberatung, Guerickeweg 5, 
64291 Darmstadt, Germany 
e-mail: {hg,hh}@geschka.de 



124 H. Geschka and H. Hahnenwald 

 

Autonomous technology 
development 

(endogenous influences)

Environmental (non-
technological) influences

on technology
(exogenous influences)

Present
technology 

situation

Forecast for 
the technology 

in the year X 

 

Fig. 1 The non-technical impact area of the technology under investigation 

In this connection the development of the technology does not follow an 
independent evolutionary path. An evolutionary development is often directed by  
intermediary results and short term views, i.e. without orientation. But a long range 
perspective cannot turn up through short term steps; this approach is therefore 
misleading. For this reason, scenario-based technology roadmapping starts with a 
comprehensive depiction of the influencing factors in the envisaged future year. 
Then the technological developments are laid down under these external conditions.  

Exploratory technology roadmaps are an instrument of technology forecasting. 
They show how a technology may evolve. They do not contain concrete planning 
elements, but they supply a solid basis for in-house technology and innovation 
planning. By comparing the company's existing technology skills and plans to the 
technology pathways projected in the roadmap, deficits in know-how and 
resources as well as improvement potentials in terms of the technology could be 
identified. 

2   Basics of Technological Forecasting 

Subsequently, we present a method to elaborate scenario-based technology 
roadmaps as instruments for technology forecasting. They show how a technology 
may evolve. They do not contain concrete planning elements, but they supply a 
robust basis for in-house technology and innovation planning. 

2.1   Delimitation and Definition of the Technology Field 

Above of all, technology forecasting requires a clear delimitation and precise 
description of the respective topic. A technology is best described by means of three 
parameters: 
 

• Description of the basic principles: outlining the technical principles and the 
functional interrelations of structures and processes in a form that is adequate 
for the specific discipline (technical delineation, proof of function, chemical 
formula, process diagram, etc.). 
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• Technical performance indicators: e.g. efficiency, scrap rates, throughput, 
velocities, fuel or electricity consumption, density, quality characteristics. 

• Diffusion characteristics: e.g. number of products in use (absolute figure), 
number per capita, per household, per companies; percentage of new products 
based on a new technology of the total market. 

 
The technology of a product or system is embedded in a technological 
environment. Only this integration guarantees that this technology can be 
produced, the end-product works without failures and fulfills its final economic 
purpose (for the following: Geschka, 1994a). If the focus is set on product 
technology, the following elements of a technological system can be differentiated 
(see Figure 2): 

 
• Upstream technologies are incorporated into the product, in particular 

commodities, materials, accessories and components. 
• Complimentary technologies are used jointly with the product, i.e. paints and 

brushes, engine and fuel, camera and film, hardware and software. 
• Production technologies influence performance indicators, the styling of the 

product and production costs. 
• Downstream technologies are systems in which the product is integrated or in 

which it is used, i.e. a navigation system built into a car compatibly, or a test 
device integrated into a production process. This means that the product has 
to fulfill certain requirements in order to be compatible. 

• Substitutive technologies fulfill basic requirements by a completely different 
technology; a substitution process takes place. Examples: CDs replace vinyl 
records, adhesives replace welding, email substitutes surface mail. 

 
 

Complementary technologies 
e.g. operating materials 

Competitive systems 
i.e. technologies fulfilling the same  

function (close substitution) 

Downstream  
systems 

 
Systems, products 
and applications in 
which the product 
technology is used 

Upstream 
technologies 

 
e.g. 

components, 
raw materials 

Downstream systems of different 
technological base  

(wide substitution) 

Examined technology 
 
 
 
 
 

e.g. hydrogen technology,  
transport telematics, 
micro system technology 

Product 
technology 

Production 
technology 

Needs 
development 

in sales  
channel and 

markets 

Other upstream technologies 

 
Fig. 2 The technical impact area of the target technology - The technology complex 
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The technology of a product or a system is incorporated in a relationship of 

influences ranging from various sub-technologies to process- resp. production-
technologies required for manufacturing. This relationship cluster is called 
technology complex. In the specific case of technological forecasting, the field of 
investigation has to be delimited clearly and carefully. Its characterization depends 
on the intent of the forecast as well as on technological circumstances. On the one 
hand, it might make sense to consider the technology of the product and that of its 
production simultaneously. For instance, an increase in performance could depend 
on higher purities of raw materials, which in turn depend on the production 
process. On the other hand, however, it might be preferential to include the 
manufacturing of raw materials, as the ecology and the design of the application 
technology depend on it. 

2.2   Knowledge Base of Experts 

For the process of technological foresight knowledge of experts is required. 
Experts possess comprehensive knowledge of the actual situation and the 
developments and plans for the future in their particular working field. The 
involvement of experts is of essential importance for the delineation of the topic, 
the description of the present situation and for the detection, interpretation and 
projection of future developments.  

How exactly expert knowledge can be incorporated, depends on the study’s 
design. There are various options of involving experts in prognostic studies 
(Geschka, 1994a): e.g. by participation of one crucial expert; by interviewing 
several experts independently; by getting a group of experts to interact with one 
another in a workshop; by the anonymous participation and communication 
between a number of experts in a Delphi study; or, possibly, by combining any of 
the aforementioned approaches. 

2.3   Environmental Analysis 

Many technologies possess certain inner dynamics; in addition they are strongly 
affected by non-technical influencing factors (exogenous influences). We 
distinguish direct and indirect influencing factors. Substantial direct influencing 
factors are market factors (demand, competition) as well as laws and standards, 
which have an immediate impact on a product or a production process. Indirect 
influencing factors are basic trends in society, politics and economy. Figure 3 
shows a general concept of direct and indirect non-technical influences; however, 
the specific selection of relevant influencing factors always depends on the 
technology under investigation.  
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Fig. 3 Input factors for a technology forecast 

For the analysis of the external impact area of a certain topic, the scenario 
technique is well established (Geschka, 1999). By means of this method, predictions 
of the impact area’s future are developed. 

The process of the scenario technique consists of three main steps: 
 

1. Identification of exogenous influencing factors on the investigated topic; 
2. Projections of the most relevant influencing factors along with arguments for 

the projection; alternative projections are possible. 
3. The alternative projections have to be combined in such a way as to form 

consistent bundles of projections (scenarios). 
 

The bundling of the alternative projections is achieved with the aid of a so-called 
consistency matrix: All projections are confronted with one another and it is 
assessed whether they are fitting well together or are contradictory; this is done 
according to a scale ranging from “+3” (fits perfectly, is a must) to “-3” (does not fit 
at all, completely contradictory). The scale value “0” is chosen, if the alternative  
projections are regarded as coexistent or extraneous to each other. Influence  
factors that have only one projection are included in this step, because they might 
influence the selection of alternative projections in other descriptors. Using  
an algorithm1, those combinations of projections marked with a particularly  
high consistency are selected. By way of this procedure a number  
 

                                                           
1 E.g. The scenario software INKA3, developed by Geschka & Partner Unternehmensberatung, 

was designed for the development of scenarios and based on the consistency approach. 
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of alternative scenarios of the topic’s influencing area are created. These scenarios 
of the external impact area - usually only two or three are selected - describe the 
future situation of the topic. 

Applying the scenario technique is a complex and work-intensive process. One 
of the reasons for this effort is that usually between 20 and 30 descriptors have to 
be elaborated; in order to generate differentiated prospects of the future it is 
recommended to describe alternative projections - if substantiated - for most of the 
influencing factors. 

3 Developing Scenario Based Technology Roadmaps (with 
Examples) 

The process for the elaboration of scenario-based exploratory technology-
roadmaps consists of three major stages (see Figure 4): Stage 1 and 2 refer to  
the basic principles, stage 3 refers to the development of the technology  
pathways.  
 
Stage 1: Identification of the technology field 
 

The starting point of the roadmapping process is a description of the state of the art of 
the topic technology as well as of all identified elements of the technology complex 
(see chapter 2.1) (upstream and downstream technologies, complementary and 
substitutive technologies, production technologies). The actual state of knowledge is 
examined, especially the state of research and development, patents, pilot products 
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Fig. 4 Process of scenario-based technology roadmapping 
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and products that are already on the market, etc. Additionally, all established 
limitations and barriers regarding the various elements of the technology complex 
are highlighted. If different materials and commodities in an upstream technology 
are known to exist and possess potential, all alternatives and their respective pros 
and cons have to be explored and described. Other limitations, such as legal 
regulations (e.g. emission rate limits), physical and technical limits and cost 
limitations (e.g. expensive materials) also have to be taken into account. 

The description of the current situation is crucial for an exact definition of the 
technology under investigation. It has to include the distinction of the product 
technology from other technologies belonging to the identified technology 
complex as well as the required structure of the technology in the sub-
technologies. The delimitation may require the structuring of the technology into 
sub-technologies on equal levels. Figure 5 shows the delimitation of the topic 
(marked grey) for the photo-voltaic technology complex. 

However, it is not always recommendable to divide the topic into sub-
technologies. Technological differences and, in consequence, different application 
areas suggest that the roadmapping process should be limited to a close field of 
application. A delimitation of one significant sub-technology is often more 
informative than a parallel study of diverging sub-technologies. 

The description of the technology complex should also cover the 
interdependencies between the various technology components. This is achieved  
by means of a so-called impact matrix. In the impact matrix, the different 
technologies are compared with each other, and impacts (conducive or 
impedimental) and interdependencies are determined. 
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Fig. 5 Technology complex for the photo-voltaic technology 
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Stage 2: Scenarios for the influential environment 
 
In addition to the impact area that has been identified for the examined technology 
complex, the non-technical impact area should also be analyzed by determining 
and describing the impacting factors. This process-stage aims at developing an 
accurate picture of all interdependencies within the impact area, in order to enable 
a deduction of consequences for the technology. 
 
Exogenous influencing factors: The list of influencing factors contains some 
elements which have an effect on the product technology or sub-technologies 
within the technology complex. These include legal regulations, demographic 
development, purchasing power, availability of resources, market trends and 
changes in the competition pattern, as well as the requirements of users and 
consumers. It is important to select only those factors that have a direct impact on 
the technology (or the technology complex). The more indirect the impact of the 
factors is, the more difficult it becomes later to deduce consequences and 
requirements for the technology. Examples of such non-technical (i.e. technology-
specific) influencing factors in the field of fuel cells include: the state of 
development of drive technologies, user preferences regarding mobility or 
limitations of local emissions for traffic (see Figure 6). Examples from photo-
voltaic field are: the law of reimbursement for renewable energy, the cost of non-
renewable energy production or the efficiency of photovoltaic in comparison to 
other renewable energies. 
 
Describing the state of the art: Once the relevant impact factors have been 
defined, the next step is to describe the state of the art and to develop projections 
into the future. It is crucial to base these projections on given reasons. If the 
development of an impacting factor is uncertain, possible future situations should 
be specified (e.g. prices of raw materials may develop differently, laws on 
limitations of local emission may change, subsidy grants may be extended or 
terminated.) However, it is not necessary to formulate and delineate projections 
for all conceivable developments - only for those that differ significantly from 
each other. For the development of scenarios the number of projections per factor 
should not exceed three. 
 
Scenario building: The alternative projections are compared with each other in a 
consistency analysis and grouped into consistent sets. Theses bundles form the 
scenarios for the non-technical impact area. For the development of a roadmap it 
does not make sense to analyze several scenarios. In general, one or two scenarios 
are considered (see Figure 7a). It is recommendable to select the most  
consistent scenario and perhaps the most “optimistic” scenario in order to depict  
the decisions and measures that would lead to a desirable future situation. As a 
“counter scenario” the most pessimistic scenario could be chosen, in which 
decisions are postponed or certain features are not implemented. 
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Fig. 6 Technology complex and external impact area on the technological field “fuel cell” 
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Generating interim scenarios: Long term scenarios should be divided in time 
sections; interim scenarios are generated backwards to the present situation. The 
number of interim scenarios differs according to the given time horizon. However, 
for a differentiating roadmap two to three interim scenarios should be elaborated 
(see Figure 7b). To define the time-span of the interim scenarios one should refer 
to the company’s (mid-term) planning periods. The interim scenarios facilitate the 
later alignment within the strategy development. 
 
Impact analysis: Apart from their influence on the examined technology, some 
factors in the impact area significantly influence one another. In order to identify 
the interdependencies existing within the technology complex, as well as within 
the non-technical impact area, the factors and their relative influences are analyzed 
by means of an impact matrix, equivalent to the analysis of interdependencies in 
the technology complex. All relations between the projections of impacting factors 
are reviewed in terms of whether they support or impediment one another. This 
analysis does not only facilitate judging which of the factors are the most 
important “drivers” in the system and thus essentially determine the development 
of the impact area, but also identifies the factors having a strong impact on the 
technology while being rather “driven” by the system. 

The evaluation of the interdependencies regarding all impacting factors, and the 
elaboration of the respective projections in addition to the consistency matrix is 
very time consuming. In order to simplify the work one should not consider all 
projections in the impact matrix, but only those scenarios that are selected as a 
basis for the roadmaps. 
 
Stage 3: Developing a roadmap  
 
In the course of this stage, detailed requirements concerning the technology 
complex and the product technology are derived from the previously established 
scenarios of the non-technical impact area.  

For each scenario corresponding technology roadmaps are developed (Saritas 
and Aylen, 2010). For this purpose based on the development in the exogenous 
influencing area, the impact concerning the technology complex is described and 
specific requirements on the product technology are elaborated. According to this 
input, the actual state of the product technology is described for the interim point 
in time. This description also includes the upstream, process and complementary 
technologies that are required for the entire product technology.2 

 

                                                           
2 Due to the fact that there are alternative developments in the non-technical area, one 

could also describe alternative projections. In this case a consistency analysis should be 
carried out regarding the technical impact area for a defined interim-point. Combined 
with the impact analysis in- and outside the technology complex, the most consistent 
“technology scenario” serves as the basis for the development of the next interim-
scenario. 
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This procedure has to be repeated for every single interim scenario until the 
target scenario is reached. This means that for each interim scenario a “new” 
technology complex has to be described. Technology-specific impacts have to be 
established and requirements concerning the product technology should be 
defined. 

The development of technology paths starts with the present. The technology 
pathways are derived from the requirements. There is a sequence of different 
developments of technologies to fulfill these requirements. Differences in the 
possible development of the technologies may lead to a ramification of technology 
paths. In this case the solutions of each branch should be analyzed separately.  
The time segmentation by interim scenarios determines only cornerstones of the 
technological developments. If, for instance, the given forecasts concerning  
the availability of certain technologies are rather uncertain, a time-span should be 
provided. Thus, the technological developments follow a specific chronological 
structure differing from that of the interim scenarios. 

However, it is important to consider only a few branches. Moreover, the 
technology pathways should neither include the latest technical developments nor 
the earliest possible time levels, but it is important to integrate the technology 
paths into the external impact area. It should be elaborated in detail how the 
external impact area effects the technology development. Hence, each scenario 
should be considered separately (Specht, Mieke 2005). 

The results obtained in the previous steps are visualized by means of clear 
graphic illustrations. The main qualitative and quantitative trends of the non-
technical impact area which characterize the basic conditions of the scenario are 
visualized. The depiction of the main performance and diffusion indicators with 
concrete numbers follows. Finally, the cross-links, i.e. the roadmap itself, are 
drawn. All indicators are shown in the map in their chronological order. In this 
final step, the results of all analyses are summarized. The development of the 
technology at the micro and macro level should clearly be separated.  

Figure 8 presents a possible technology roadmap for a fuel cell on the micro 
level. Each bar corresponds to a development level of the respective technology, 
drawn in chronological order. The white bars represent the development period of 
the technology. The grey bars mark the time-span during which the technology is 
available for utilization. The black bars show the period in which the technology is 
terminated, e.g. when it becomes obsolete. The arrows stand for structural 
relations between the technologies, i.e. a technology from which an arrow starts is 
urgently needed by the technology it points to. In addition, it is possible to 
visualize outstanding or trend-setting developments (projections) in the non-
technical impact area (e.g. introduction of impacting laws).  

During the entire process of developing the roadmap, all new findings are 
constantly compared with the results that have already been produced, in order to 
attain a consistent picture of the development road. The roadmapping process is 
not a linear one but rather a permanently iterative process. 
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Fig. 8 Technology roadmap for fuel cell application on a micro level 

4   Summary 

The development of scenario-based technology roadmaps is a very laborious 
process. Besides, this type of roadmap does not even produce concrete technology 
and project plans for the company to work with. These remain to be elaborated 
subsequently to the roadmap. Furthermore, the roadmap has to be reassessed in 
regular intervals and, if necessary, adapted to the current situation and new insights. 

Nevertheless, scenario-based technology roadmaps provide a profound and 
comprehensive basis for specific planning of technologies and innovations. They 
represent a method of technological forecasting which enables a company to 
analyze technologies in a very dynamic environment, for instance, or technologies 
with high potentials, but not yet well-known. Since the development of  
scenario-based technology roadmaps is very expensive, SMEs should preferably 
produce them in form of co-operative projects. 

The analysis of interdependencies and dependencies between external 
developments in the impact area and the progress of a technology also provides a 
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monitoring instrument for strategic technology planning. Roadmaps allow a 
continuous identification and survey of external influencing factors that determine 
the development of a given technology (in particular drivers), and thus, if 
necessary, enable appropriate reactions to actual changes. 
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TRIZ-Based Technology Roadmapping 

Martin G. Moehrle* 

In companies there are many different variants of technology roadmapping in use 
(see the different chapters in this book). Each variant requires a specific process, 
in order to forecast future technologies concerning content and time. For this 
purpose tools from the theory of inventive problem solving are suggested in the 
following essay, in particular trends of technical systems evolution. They do not 
replace conventional creative thinking, but supplement it, and lead it in promising 
directions. Combined with a comprehensive process for the technology 
roadmapping they unfold their full effect.  

1 Technology Roadmapping as an Important Field  
of an Interdisciplinary Technology and Innovation 
Management  

Technology roadmapping constitutes an important field of an interdisciplinary 
technology and innovation management. Within such a management a suitable 
connection needs to be created between potentials, which are offered by the 
technologies, and needs, which are denoted by markets. 

Different functional areas of a company have to be included, starting with 
research and development (R&D) and marketing, but also production, purchase and 
finance. Beyond that, it is more and more necessary to build up networks between 
companies to connect special know-how profitably (see Figure 1; see Rothwell, 
2002 about the challenges of innovation management of the fifth generation).  

A connecting link between all the outlined instances is built by technology 
roadmapping, as it is seen in recent time. It can be used in different situations, e.g.  

 
• to coordinate the tactical planning in marketing and R&D of a company, 
• to discuss co-operation with another company, 
• to develop long-term relations with customers. 
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strongly parallel and company-overlapping process of 
innovation activities

strong implementation of simulations and expert-systems 
(„front-loading“)

market- and customer-focus before start of the project 

strategic integration of suppliers: common development, 
connected CAD-systems, strategic R&D-alliances

horizontal R&D: research communities in the pre-competition, 
R&D-joint ventures

flexibility and time-orientation commanding in the company

fifth
generation of 

innovation 
management

(since beginning of 
the 1990’ies)

  

Fig. 1 Challenge to an innovation management of the fifth dimension. Source: content from 
Rothwell (2002), own diagram. 

In any case the forecast of technical systems is a critical point. Usual approaches 
for this task are associative and systematic creativity techniques, frequently based  
on analogical formation to well-known systems, or the exhaustion of the  
employees’ know-how of a company as well as of external experts. In the 
following a basic approach of technology roadmapping is introduced. Additionally 
to the mentioned approaches this one contains a process developed on the theory 
of inventive problem solving (commonly shortened as the Russian word TRIZ). 
This contribution contains two aspects:  
 

• Firstly, parts of TRIZ relevant for technology roadmapping are outlined. In 
doing so some characteristics of TRIZ are mentioned: (i) its comprehensive 
cover of inventive problems, (ii) the underlying approach as well as (iii) the 
extensive experience-based knowledge, it offers.  

• Secondly, the link between TRIZ and the process of technology roadmapping 
will be described. Most notably, trends of technical systems evolution help 
forecasting future technologies. Derived from this they also help to gain 
product, process and service ideas.  

2   Theory of Inventive Problem Solving   

Technical applied sciences, e.g. electronics, thermodynamics, process engineering, 
mechanical engineering, air and space technology, provide theoretical basics, 
models and methodologies to solve problems in its fields. With his Theory of 
Inventive Problem Solving the Russian researcher Genrich S. Altshuller (1926 to 
1998) tried to generalize over all these applied sciences i.e. to find theoretical basics, 
models and methodologies, which are used in all technical applied sciences.  
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2.1   Basics of TRIZ  

In common of all technical applied sciences – and therewith as a central term of 
TRIZ – the invention abounds in terms of a novel solution of a problem. Altshuller 
examined numerous of such inventions on the basis of patents and similar property 
rights. He came to two conclusions:  

Firstly, all inventions can be characterised by the contradiction, which they help 
to overcome. Thereby a contradiction on technical level consists of two functions 
working in opposite directions: One function is required, but in the moment, in 
which the desire is achieved in conventional way, the other function changes 
inadmissible. The contradictions can be standardized by a classification of the 
desired functions, an analogous classification of the unwanted functions as well as 
the combination of both.  

Secondly, despite all varieties of technical inventions substantial similarities 
can be identified. Altshuller (1998, p. 186-193) established among others eight 
very abstract formulated laws of technological system evolution. He also 
formulated forty substantial more concrete inventive principles (Altshuller, 1998, 
p. 131-149) and furthermore he developed a multiplicity of separate tools (see the 
overview in Moehrle, 2005, Mann, 2002, and Pannenbäcker, 2001). From the laws 
of technological system evolution and the inventive principles evolutionary 
patterns, suitable for technology roadmapping, aroused later (Figure. 2).  

In the first instance the Theory of Inventive Problem Solving has describing 
character, only in a small measure the character is explaining. Nevertheless the 
cognitions gained can be transcribed in a constructive way, so additionally an 
action-leading character results.  

2.2   Laws of Technological Systems Evolution  

Technical systems follow certain lines of evolution. If these lines of evolution are 
pronounced over all ranges of technical applied sciences and if necessary also 
refutable in the sense of Popper, one can call them laws of evolution. 
 

Altshuller Ideation/Invention 
Machine

extensive 
analysis of 
inventions 

using 
patent

literature

eight laws of 
technological 

system 
evolution

evolutionary 
patterns of technical 

systems
40

invention 
principles

 
Fig. 2 Coherence of laws of technological systems evolution, the inventive principles and 
evolutionary patterns of technical systems 



140 M.G. Moehrle 
 

Naturally such laws of evolution must be formulated very abstractly. Altshuller (1998, 
p. 186-193) entitles eight of such laws, by which two are picked out exemplarily:  

 
• Law of uneven development of system parts: "The development of system parts 

runs unevenly; the more complicated a system, the more unevenly is the 
development of its parts"(Altshuller, 1998, p.191). The law can be reconstructed 
by the development of television sets in a descriptive way.  

In the 1980er years a television set consisted of different electronic units, a 
high voltage unit, a picture tube together with deflection elements and a box. 
Since then the electronic units have moved in the direction of higher integration 
and fulfilment of new functions, while the other units remained more or less 
unchanged. Recently the display unit will change the picture tube will be 
replaced by flat screens. 

• Law of transition to a super-system: "After exhaustion of its development 
possibilities a system becomes part of a super-system: The further development 
occurs on the level of the super-system " (Altshuller, 1998, p.191). For this law 
the cellular phone is a current example. After years of continuous improvements 
now the time seems to have come, to enhance cellular phones on the level of 
super-systems, e.g. PDA’s (personnel digitally assistants) or multi-
communication devices. The laws of technological system evolution, like many 
other tools of TRIZ, rather inspire to ask, than to give ready-made answers. 

2.3   Invention Principles  

The 40 invention principles are essentially more concrete and closer to application 
than the laws of technological systems evolution. They are often arranged in up to 
five sub-methods (see Altshuller, 1998, p. 131-145). These are heuristics, which 
intuitively have been used again and again by inventors, in order to solve technical 
problems. In that a single invention principle does not constitute an outstanding 
surprise and less than ever no "magic charm" (which sometimes is suggested by 
advertisement of software producers). Nevertheless with the intuitive use of the 
invention principles - and mainly with the unconscious use – only few methods 
turn out, which are used in a company several times (see Moehrle and Lessing 
2004 with a relevant comparison between three companies). So the use of the 40 
invention principles insists in their comprehensiveness: The use of invention 
principles being less common so far, activates to break out from conventional 
thinking habits and assists thinking in different invention perspectives. Two 
examples may represent the invention principles:  
 

• Principle of conversion from harmful into useful, sub-principle b: "A harmful 
factor has to be eliminated by overlaying with other harmful factors (Altshuller, 
1998, p.139). The active noise damping is an example, where this method is 
applied. Disturbing noise is antagonised in the following way: (i) nearly the 
same noise is produced again, (ii) this noise, compared to the original, is 
displaced out of phase (i.e. delayed temporally) and (iii) the original noise is 
overlaid by the new one. The result is a clear decrease of the original noise. 
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• Principle of feedback, sub-principle a: "A feedback has to be introduced" 
(Altshuller, 1998, p. 139). One can find numerous examples of this principle, 
for example the automatic brake system in the automotive engineering, by 
which the traction of a car is optimised by a feedback of each road condition.  
 

Linde and Hill (1993) extended the list of 40 invention principles, suggested by 
Altshuller, by six further invention principles; whereas Zobel (2001, p. 167) made a 
containment of 15 universal principles and subordinated the remaining invention 
principles to these universal ones. Newer descriptions can be found in Herb, Herb and 
Kohnhauser (2000) as well as in the module "Principles" of Invention machine (2000).  

2.4   Evolutionary Patterns of Technical Systems  

Evolutionary patterns of technical systems seize beyond the heuristics of invention 
principles, however they by far do not have the requirement on irrefutability like 
the laws of technological system evolution have. They are used particularly in 
software products of Invention machine (2000) as well as Ideation (2000) and 
were discovered by expansion of invention principles and by concretising some 
laws of technological system of evolution. Two examples of such evolutionary 
patterns are mentioned in the following:  
 

• Mono-systems have been developed over the years to bi- and poli-systems 
(Figure 3). For example by-and-by a stitching head of a sewing machine was 
upgraded by a folding arm and later by a cutter up to a universal head.   

 

Stiching head 

Mono-system Bi-system Polysystem Combined polysystem 

Source of light 

As engineering systems are being improved, the problem arises when components they comprise in principle 
are not able to perform the required functions. In this case, one or several new objects are incorporated in the 
design to perform these functions. As a machine is further improved, a set of combined into a single universal 
system performing all the functions. 

With a needle  With a folding arm With a cutter With a universal head 

Built-in reflector Frosted dome 

Reflector Frosted 
surface 

Reflecting  
layer 

Lighting fixture 
with reflector 

Electric bulb 
without a dome 

 
Fig. 3 ”Creation of bi- and poli-systems from mono-systems” as an example for an 
evolutionary pattern of technical systems. Source: Invention Machine (2002), module 
”Prediction”. 
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Actuator 

Automobile brake drive 

The designers improving machines try to achieve an objective where most of controlling operations could be 
performed without an operator‘s involvement. An operator only starts an actuating machanism that moves 
elements of the engineering system. In advanced systems, most controlling operations are performed 
automatically without the involvement of an operator. 

Semi-automatic 
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Slide bar 
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Action through 
actuating mechanism  

System with feedback Controlling action 
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Fig. 4 ”Increasing regulation extent” as example for an evolutionary pattern of technical 
systems. Source: Invention Machine (2001), module ”Prediction” 

• The regulation extent in technical systems rises (Figure 4). Think of the 
braking of a car. Today the driver has to brake manually, but if one have an 
appropriate control variable (e.g. distance measuring by radar beams) a 
control will be possible by a correcting variable (e.g. brake pressure).  

 

The derivation of the law of technological systems evolution of the transition to a 
super-system can easily be recognised by the evolutionary pattern of the formation 
of bi- and poli-systems. Contrary to this the evolutionary pattern of increasing 
regulation extent directly ties in with the invention principle of feedback. Of course 
evolutionary patterns of technical systems are not irreversible, leaps in the opposite 
direction, for example from a poli- to a mono-system, are absolutely possible. 

The evolutionary patterns, contained in software products, seem elaborate 
concerning structure and composition, so in many companies they are used 
frequently. Nevertheless just here the lack of explaining theory becomes especially 
apparent. In this respect one cannot speak of a final assembly at all, and the 
technology roadmappers are held to design and insert further patterns if necessary.  

3   Approach to TRIZ Based Technology Roadmapping  

The just outlined TRIZ and above all the evolutionary patterns of technical systems 
can help technology roadmapping in a substantial way. In the following a process is 
suggested, which contains five steps and it can be processed by department-internal 
as well as department-external or company-overlapped groups (Figure 5): 
 

• Step 1: Definition of the investigation field  
• Step 2: Functional abstraction of the considered system  
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Fig. 5 Approach to the TRIZ-based technology roadmapping 

• Step 3: Projection by application of evolutionary patterns of technical systems 
as well as evaluation of relevant technologies  

• Step 4: Creation of technology roadmaps  
• Step 5: Derivation of product-, process- and service-ideas by technology 

roadmaps  
 

A continuous example from the sanitary sector may illustrate the approach.  
Both, step 2 and step 5 in parts form an application of morphologic thinking 

according to Zwicky (1989). This will be described explicit. 

3.1   Step 1: Definition of the Investigation Field 

Firstly, the investigation field for technology roadmapping has to be specified. 
Therefore three starting points are differentiated:  
 

• Is there a certain technology, which one can focus on, independent of the 
providers in this field? If so, technology roadmaps giving an orientation about 
possible chances and risks to the management of a company will result (see 
the examples to the photovoltaic and gas cell in the contribution of Geschka 
and Hahnenwald in this book).  

• Shall be focused on several technologies, which occur together in a certain 
application system, also independent of the providers in this field? If so, 
technology roadmaps giving orientation over possible chances and risks to the 
management of a company will result in the same way. 

• Or should the power spectrum of a company or a division be considered? In 
this case product-roadmaps are necessary beneath technology roadmaps (see 
the integrated example in the contribution of Specht and Behrens, 2002).  

 

In each case the actual state of the selected system should be documented firstly.  
In the example of the sanitary sector a conventional shower cubicle, how it can 

be found in nearly each household, is selected as investigation field. The object of 
technology roadmapping is to create ideas for a certain company, which widely go 
beyond the pure improvement of today’s products. These ideas are derived from a 
forecast for the entire application system, which is relevant to companies of 
different industrial sectors. The today's condition of a shower cubicle can be 
characterised roughly with eight points:  
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• Water running constantly, likewise water temperature, after initial cooling 
shock, 

• Water requirements and temperature calibration by manual controls  
• Base consisting of coated metal or plastic tub,  
• Lining directed to the bathroom made from glass or plastic,  
• Lining towards the wall tiled,  
• Bought cleaning supplies for person and items within the room,  
• Drying process of persons by towels,  
• Manual cleaning of fittings, tub and cubicle necessary. 

3.2   Step 2: Functional Abstraction of the Considered System  

In step 2 the considered system has to be split up into its current functions and the 
functions that are desirable in the future. This step is based on morphologic 
thinking according to Zwicky (1989, p.116): by splitting up an item into stand-
alone components creativity can already be stimulated (also see Pahl et al., 2007 
for the deployment of morphologic thinking in the design of engineering and 
Moehrle 2010 for the combination of morphology with TRIZ). While Zwicky, 
being an astrophysicist, might rather have had technical problems in mind, his 
ideas were adopted to the marketing especially the conjoint measurement and they 
were enriched by a customer-oriented perspective (see Gustafsson et al., 2007 
regarding the aspect of conjoint measurement). Insofar a functional abstraction 
from customer view should be aspired, in order to achieve marketable solutions. 
The suitable question is: "Which functions do customers expect from a system 
respectively a technology?" and not "Which (technical) function does the system 
respectively the technology cover?" For the technology roadmapper this also 
implies an imagination about the question which customer groups should be 
addressed today and in future.  

Again applied to the example of the sanitary sector this quickly leads to the 
main function of certain "wellness"-feelings wished by the customers: At cold 
outdoor temperatures they want to feel well-warmly-cleanly after taking a shower, 
at warm outside temperatures they want to feel freshly-cleanly. The main function 
then can be subdivided into further functions (Figure 6). 

3.3 Step 3: Projection by Use of Evolutionary Patterns  
of Technical Systems  

For the individual functions extracted from the overall system in step 2 now 
projections have to be generated. This also is usual to the morphologic thinking 
and in the simplest case it is done by brainstorming of experts (see the overviews 
of Geschka and Dahlem, 1996 as well as Hauschildt and Salomo, 2010; 
furthermore Isaksen et al., 2010 to a recommendable form of brainstorming). 
Additionally to the brainstorming it is proposed in this essay to use evolutionary 
patterns of technical systems already outlined in this essay. The intention is to 
focus the creativity of the technology roadmapper precisely at important 
technology-overlapping trends. 
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Fig. 6 Functional abstraction (exemplified with the example of a conventional shower) 

In the operational conversion step 3 of the suggested process covers a mini 
loop, which can be passed by the technology roadmapper in two variants.  

 

• Variant a: The technology roadmappers select a first function of the 
application system and apply to it different evolutionary patterns of technical 
systems. Then they select the next function and repeat this process, until all 
functions are processed.  

• Variant b: The technology roadmappers select a first evolutionary pattern and 
apply it to all functions of the application system. Then they select the next 
evolutionary pattern and repeat this process, until all evolutionary patterns are 
processed.  

 

Hybrid forms from both variants are also conceivable, of course. In each case it is 
advisable to consider two aspects: on the one hand the evolutionary patterns should 
be deliberated completely. If using the evolutionary pattern of increasing regulation 
extent in technical systems for example, the technology roadmappers shall not only 
mention possible correcting variables, but also underlying controlled variables (see 
example below). On the other hand the technology roadmappers should describe and 
evaluate ideas, arising by appliance of evolutionary patterns, concerning three main 
and two deepening aspects (Figure 7).  

As a result of step 3 a list is developed. This list contains customer weighted ideas, 
their technical problems to be solved, the time horizon, up to which the appropriate 
technologies will be available, and finally the competence of the own company.  

A small section of the shower example should help to illustrate step 3. Further 
cut-outs can easily be considered on the basis of laws of technological system 
evolution (Figure 3 and 4), already mentioned. The function "skin excitation by  
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Fig. 7 Criteria for evaluation of the ideas in Step 3 of technology roadmapping 

warmth" is projected into the future on the basis of the evolutionary pattern of 
increasing regulation extent in technical systems (Figure 4). In a testing phase 
concrete ideas appeared, for example: depending upon outside temperature the 
temperature transmitter puts up or off the water temperature by two degrees, 
whereby the scale on the temperature transmitter does not contain degree numbers, 
but symbols. In addition, more unusual ideas are possible: depending on the 
cleanliness of the drain water more or less cleaning supplies are given to the 
shower water. Here from technical view an interesting question is, how to measure 
the cleanliness of the drain water physically or chemically - and in relation to this 
how to measure the cleanliness of the person taking a shower. This is a central 
point in the evaluation, as technical problem to be solved or as an invention to be 
made (Figure 7). For this it now applies to measure both, a realistic temporal 
perspective and the company-own competence. Likewise it is to be analyzed to 
what extent a benefit is recognized by the customer by solving this problem. 

3.4   Step 4: Formation of Technology Roadmaps   

Step 4 results on the list developed in step 3. Now the technology roadmappers 
should cluster the technical problems to be solved respectively the inventions to be 
made to technology fields (in the following called technologies). For these 
technologies two kinds of information need to be requested: 
 

• On the one hand realization times have to be indicated. For this it can be 
fallen back to approximations of the technical problems to be solved. 
Frequently economic aspects get involved here. Thus it is not sufficient that a 
technology is present in principle (think on space flights). It also has to be that 
kind of beneficial to be used in considered application system yet (for 
vacation trips etc.). The indication of the realization times requires large 
investigations, by asking technology suppliers, research institutes and other 
suppliers of know-how.  
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Fig. 8 Part of a technology roadmap 

• On the other hand functional dependences between the different technologies 
have to be specified. Depending on investigation field a relative small number 
of such functional dependences can occur here. 

 
With the mentioned data the technology roadmappers can produce a technology 
roadmap now. In doing so further technologies still can be supplemented. 
Furthermore, from such a technology roadmap it quickly becomes evident, in 
which aspects the technology roadmappers have to intervene actively by activating 
R&D projects, and in which aspects they depend on third. Concerning the 
showering example the technology of active noise control (see the section about 
the invention principles) was recognised as substantial. This technology will be 
applicable in some years, though still a technology for water areas has to be 
developed (Figure 8). Here the responsible persons of a company can intervene 
actively. Whereas house control systems, whose next generations are already 
foreseeable, seem little promise to adopt an active role. Here co-operation with 
leading manufacturers seems to be more promising, the integration of the sanitary 
area can be designed together.  

3.5 Step 5: Derivation of Product -, Process- and Service Ideas 
from the Technology Roadmaps  

Finally, different ideas for new products, processes and services can be derived 
from the technology roadmap developed in step 4. For this it is a good solution to 
let fall a perpendicular in the graphic at different times to determine which 
technologies will be available up to then. Thereafter ideas can be produced by 
creative combination. This step also ties in with morphologic thinking. With each 
perpendicular the technologies being presumably available up to then are 
considered as idea dispensers. Then the strategic R&D as well as marketing 
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planning of a company can be supplied with these ideas (see Burgelman, 
Christensen and Wheelwright, 2004; Ahmed and Shepherd, 2010).  

In the example of the shower cubicle the perpendicular shall be placed at five 
and eight years, counted from the starting point of operation (midyear 2000) 
(again see Figure 8). Two product ideas step out:  

 
• In approximately five years the "wellness-shower" will become more and 

more common. This “wellness-shower” offers different medically prepared 
showering programs, which the user selects depending upon desire, e.g. a 
refreshment program, a relaxation program or an energising programs for 
special parts of the body to support the care of physiotherapists. Such 
"wellness-shower" requires technologies like electronically steered actuators 
for water temperature, water pressure and applying place, furthermore sensors 
for simple parameters (e.g. outside temperature, size and shape of the 
showering person). Finally, a control unit operating commensurate to 
medically secured conclusions is needed. 

• In approximately eight years communication media also becomes part of the 
shower, so a chat between the showering person and an outside standing 
person (equal, if from the same room, from an adjacent room or from the 
telephone) becomes possible. The water noises such as a pattering or bubbling 
are faded out to a large extent by means of "active noise control". A 
connection to the house control system controlling different equipments 
would also be advantageous.  

 
Of course, ideas for processes and services aid the product mentioned ideas. Thus 
interesting perspectives for medical supply arise from the first idea. Interesting 
prospects concerning conversation result by the second idea and one can find new 
ways of maintenance and renewal of the new showers respectively re-fitting of 
conventional showers by both ideas. 

4   Summary 

Technology roadmapping in the outlined form is an effective tool for the 
conversion of a functional-overlapping and interdisciplinary innovation 
management. It generally helps the involved persons by consensus identifying and 
common adjustment in a substantial way. Technology roadmapping can be used in 
different ways and at different effort. The spectrum ranges from one person a day, 
i.e. if a director of a R&D unit applies the technology roadmapping to the domain 
of his unit, up to several person months, if several companies of one industry want 
to agree on a common technology roadmap for technology-political reasons.  

In form suggested here technology roadmapping is based on the Theory of 
Inventive Problem Solving. From this in first instance the evolutionary patterns of 
technical systems get applied. Whether working with or without evolutionary 
patterns: the outlined process in this essay arranges the subtasks of technology 
roadmapping into five steps, which ensure a systematic completing and 
comprehensible results. 
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Development of Technology Foresight: 
Integration of Technology Roadmapping  
and the Delphi Method 

Daisuke Kanama* 

This study examines the integration of the Delphi method with technology 
roadmapping as a new technology foresight process. The Delphi method and 
technology roadmapping have developed in different ways, and these two 
foresight methods are now attracting attention from both national governments 
and private companies. However, each method also has limitations when 
attempting to deal with accelerating technological complexity and sophistication 
and latent markets. This study reviews the merits and demerits of the Delphi 
method and technology roadmapping, and proposes a new method of technology 
foresight, which takes advantage of the strengths of both methods. 

1   Introduction 

In recent years, the importance of innovation in socio-economic development has 
become widely recognized. Today’s innovation research devotes attention not 
only to R&D in universities and private companies, but also to the importance of 
constructing a national innovation system that effectively generates innovation in 
comprehensive systems incorporating market and social needs, institutions, and 
the regulatory system (Goto and Odagiri, 2003; Goto and Kodama, 2006). At the 
same time, various issues have arisen, such as latent markets, social needs, and the 
emergence of more sophisticated and complex technology. 

Recent years have seen that the distinction between science and technology 
become less pronounced. According to Stokes (1997), research can be categorized 
into three types (see Figure 1). Bohr-type indicates theory oriented pure basic 
research because Niels Bohr, born in 1885 and won the Nobel Prize in physics 
1922, contributed to the theoretical investigation in the development of quantum 
physics. Application oriented research is called Edison-type since Thomas Edison 
was a great inventor and businessman who developed many devices that influenced 
life around the world. Louis Pasteur was a chemist and microbiologist to be 
                                                           
Daisuke Kanama 
Department of Business and Information Systems, Hokkaido Information University, 
Nishinopporo 59-2, Ebetsu, Hokkaido, 
069-8585, Japan 
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remembered for his remarkable works in the causes and preventions of diseases. 
Pasteur-type is considered as use-inspired basic research, introducing the features 
from both Bohr-type and Edison-type. Pasteur-type research has gained in 
importance recently because innovation has become increasingly science-based in 
recent years (Kondo, 2009). In other words, the most advanced technology cannot 
be realized without science-based knowledge, and consequently, this fact affects 
research in universities and public research institutes. On the other hand, even basic 
research in universities cannot be performed without considering social needs. 

The broad aim of technology foresight is to identify the emerging generic 
technologies, which are quite likely to yield the greatest economic and social 
benefits. During the 1990s, technology foresight became much more widespread 
(UNIDO, 2005). Since 2000, most advanced technologies have become 
progressively more sophisticated and complex, and as such, the risks inherent in 
those technologies have also increased. Many firms that had previously conducted 
R&D internally are now outsourcing all of their R&D tasks and the associated 
risks, except for their core technologies (Chesbrough, 2003). Complex 
technologies are now narrowing the distance between science and technology. In 
universities and national research institutes, for example, public R&D strategies, 
which were previously considered pre-competitive research, are now influenced 
by the needs of large firms and market strategies. In these circumstances, 
technology forecasting has become more difficult. A wide range of foresight 
methods are available; some are specifically designed for future work, while 
others are developed in management and planning. It is important that the methods 
chosen from the available range be suitable for their intended purpose. Exploring 
possible, probable, and preferable futures relies on assumptions about the future 
and how we relate to it, which in turn will influence the choice of methods 
(UNIDO, 2005). However, technology roadmapping, scenario planning, and the 
Delphi method are the most common and available processes. As methods, 
roadmapping and scenario planning are more qualitative than quantitative, while 
the Delphi method uses statistical techniques to quantify forecasts.  

The development of foresight has occurred as a response to changes in the 
world economy. Some of the main drivers of change in the global economy over 
the coming decades (Martin, 2001) are expected to be: 

• Increasing competition 
• Increasing constraints on public expenditures 
• Increasing complexity 
• Increasing importance of scientific and technological competencies. 

These factors also underlie the upsurge of interest in technology foresight, giving 
rise to its emergence as a global concept and policy tool (UNIDO, 2005).  

Technology roadmapping has been performed using the Delphi survey, as 
exemplified in the ‘EU Nanoroadmap’ and similar projects. Methods relating the 
Delphi method and scenario writing have also been proposed (Kameoka et al., 
2004; Banuls and Salmeron, 2007). However, these approaches tend to be shallow 
and limited to specific fields, and numerous issues arise when attempting to  
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Fig. 1 Three types of categorization of R&D (Based on Stokes, 1997) 

integrate multiple technology foresight methods (Caldwell et al., 2005; Kanama, 
2007). This chapter examines the potential for integrating the Delphi method with 
technology roadmapping and enhancing its process to support decision-making, 
both in public policy and in the management of private companies. 

This chapter consists of these sections; Section 2 briefly shows what is needed 
for technology foresight and how technology foresight should be. Section 3 
reviews how the Delphi method has been developed in Japan. Section 4 reviews 
methodology and function of technology roadmapping, and discusses limitations 
of technology roadmapping. Then, merits and demerits of Delphi method and 
technology roadmapping are discussed in Section 5. This section also explores the 
possibilities of integration of these two methods. Section 6 presents brief overview 
of the EU Nanoroadmap project as a case study on how technology roadmapping 
and the Delphi method could be integrated. Finally, integrated foresight guideline 
is showed in Section 7. 

2   Essential Conditions for Technology Foresight 

The outcomes of scientific and technical research have implications for society 
and exert a strong mutual influence on each other. On the other hand, questions 
have arisen as to the achievements of the science and technology. As a result, 
technology foresight is no longer simply a technique for forecasting the future of 
technology, but has also become a tool for creating a vision of the social future, 
including the ideals and goals of the society, economics, government, etc. (Preez 
and Pistorious, 1999; Landeta, 2006). From this viewpoint, technology foresight 
should include the following three elements. 

First, technology foresight should include not only technical feasibility, but also 
a variety of social changes and related elements, for instance, institutional 
arrangements, global competition, environmental problems, culture, educational 
systems, etc. (Karube, 2001). To give one example, nanotechnology is a typical 
field of research involving the most advanced technologies and has attracted great  
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expectations and attention as a next-generation technology. However, owing to the 
opacity and hyper-reality of nanotechnology, many people have misgivings about 
products using nanotechnology as the core technology and will not readily accept 
such products. Without considering this social condition, it would be almost 
meaningless to forecast the achievement time from a strictly technical viewpoint. 

Second, in view of the closer relationship between science and technology and 
society in recent years, technology foresight should encompass a wider range of 
stakeholders and thereby build a consensus among them. In other words, 
technology foresight must include a vision of the future society. This implies that 
the many stakeholders should have an interest in realizing the aimed future 
society. Whether or not a consensus of stakeholders exists will make an especially 
important difference in the implementation phase. In particular, the investment 
requirements for science and technology have risen dramatically in recent years, 
requiring the participation of stakeholders. Therefore, the necessity of this kind of 
investment must be clearly understood by stakeholders. 

Third, various forms of prior social consensus for technology foresight are 
required in light of the increased technological uncertainties associated with 
progress in science and technology, and particularly the increasingly complexity 
of technology. It is also desirable to maintain a high degree of flexibility after the 
initial technology forecast. The construction of a technology foresight tool, which 
enables repeated upgrades of technology forecasts, is needed, given global 
competition and the extremely high pace of change in international society. 

3   Development of the Delphi Method in Japan 

The Delphi method is a methodology of repeatedly conducting the same 
questionnaire survey with a large number of samples, and having the respondents’ 
opinions converge. After the second questionnaire, the respondents are given 
feedback on the results of the previous survey. One of the main characteristics that 
differ from usual questionnaires is that the respondents reevaluate their own 
answers by looking at the overall trend of the opinions (NISTEP 2005a). The 
survey process chiefly starts from making the Delphi topics, which are matters 
concerning the science and technology that should be achieved in the future, and 
questionnaire items like the time of technological realization, the importance, etc. 
(Eto, 2003; Kuwahara, 2001). 

Another characteristic of the Delphi method is the anonymity of the respondents. 
Information on the details of respondents and their individual answers is not given 
to the respondents, though they learn the overall trend of the answers from the 
second time onward. Therefore, an intentional bias resulting from recognizing 
specific respondents can be excluded (Wounderberg, 1991). The Delphi method 
usually forecasts technology trends in 20–30 years’ time. Normally, the only source 
that can be relied on for making a forecast for such a long-term span is said to be 
the opinions of specialists in each field (Wounderberg, 1991). 

The Delphi method is used more frequently than before and the methodology 
has been repeatedly improved in the past ten years or so (UNIDO, 2005). It is no 
exaggeration to say that Japan has the longest experience in the Delphi method. 



Development of Technology Foresight: Integration of Technology Roadmapping  155
 

The technology foresight survey in Japan originated in the investigation conducted 
for the first time by the Science and Technology Agency in 1971 (Kuwahara, 
1999, 2001). It has been conducted periodically every five years or so since then.  
The survey methodology follows the Delphi method, which a USA think tank, 
RAND, developed in the 1950s. However, the Delphi method that had been used 
in the USA at that time was relatively small in scale, with about a dozen 
specialists in specific technological areas participating. When adopting the Delphi 
method, the Science and Technology Agency introduced the methodology of 
having several thousand specialists who basically cover all technology fields 
participate in the investigation to reach a consensus (Kuwahara, 1999). From the 
1970s to the 1980s, technology foresight was chiefly used in Japan to examine the 
common goal to be achieved from a long-term viewpoint, with the involvement of 
the industrial world. 

The Delphi survey in Japan has the feature of having been conducted 
periodically for 30 years at intervals of about five years, maintaining a basic 
survey design, which has not been seen anywhere else in the world. In the 1990s, 
major countries in Europe such as Germany, Britain and Finland started 
technology foresight (NISTEP, 2001, 2005b). For instance, Germany adopted 
Japan’s methodology and Delphi topics for technology foresight immediately after 
the union of East and West Germany, and translated the questionnaire of the 5th 
technology foresight survey conducted in Japan into German (NISTEP, 1994). 

On the other hand, in the 1990s, the meaning of technology foresight gradually 
changed in Japan too. The reasons were as follows: 

 
• The importance of science and technology increased in line with economic 

globalization and the intensification of competition 
• As Japan’s position in the world changed from catch-up to top-runner, there 

were calls for innovations based on science and technology 
• Along with the slowdown of economic growth, increased expenditures 

including medical care expenses pressed the government budget, and stricter 
evaluation of the validity of science and technology investments came to be 
demanded. 

 

In addition, given the situation described above, a change took place in the system 
for planning science and technology policy. The Science and Technology Basic 
Law was established in 1995, providing the framework of Japan’s science and 
technology policy. The Science and Technology Basic Plan, which is a five-year 
plan, was formulated, starting from the year after the enforcement of the law. The 
establishment of this basic plan had a strong influence on technology foresight. It 
is necessary for policymakers to know the specialists’ consensus beforehand, 
because the system of policymaking changed from a bottom-up process to a top-
down process. In the examination of the third Science and Technology Basic Plan 
in particular, a more evidence-based policymaking system was requested, 
resulting in an increase of the importance of technology foresight. The National 
Institute of Science and Technology Policy conducted the 8th technology foresight 
survey project for two years from 2003 (NISTEP, 2005b), and the results of the 
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project were periodically offered to the Council on Science and Technology 
Policy, which is the organization creating the Science and Technology Basic Plan. 

Moreover, in 2006, the ‘Innovation 25’ project was mounted in order to show 
the desired vision of Japanese society in 2025 and the route leading to that vision. 
The 8th technology foresight results contributed useful information to this  
project (NISTEP, 2007). Consequently, this experience clarified the need for 
mission-oriented technology foresight that deals with not only technological issues 
but also social issues. In the 8th technology foresight survey project, the question 
about the time for realization was divided into the “Technological realization 
time” and “Social application time”, to emphasize the social aspects. 

4   Technology Roadmapping 

The purpose of technology roadmapping is to visualize technological issues to be 
solved, products, and markets along a time axis (Phaal et al., 2004, 2005). In this 
section the development, background and diversification is presented. 

4.1   Development of Technology Roadmapping 

Roadmaps originated as a management tool for R&D strategy in private 
companies. The first roadmap that was widely known in society was a roadmap of 
the company’s own technology, which Motorola Inc. published at an academic 
conference in the late-1980s (Willyard and McClees, 1987). However, the 
roadmap with the greatest impact was created by the semiconductor industry. This 
was the International Technology Roadmap for Semiconductors (ITRS), which is 
the most well-known roadmap in the world. This roadmap was created by an 
international consortium of the USA, EU, Japan, Korea, and Taiwan, and is now 
updated every six months and completely modified every two years. 

The development of roadmaps in the semiconductor industry implies two 
important aspects of technology foresight. One is that we can apparently confirm 
the increasing importance of roadmaps as technology foresight and a vision of the 
future society. The above examples show the evolution of technology roadmaps 
from a strategy tool for private companies to an R&D management tool at the 
national level. The second aspect is that increasingly specific knowledge is needed 
to build a technology roadmap. This originates from progress in technology and 
diversification of social needs. Technology roadmaps must be considered as a type 
of technology foresight, which includes various social elements. 

4.2   Background of the Expansion of Technology Roadmaps 

There seem to be three major reasons why the roadmaps are now needed by both 
governments and private companies. First, because of the rapid increase in 
technological complexity and diversification of market needs, it has become 
necessary to grasp technological trends and market needs strategically based on 
technology foresight (Yasunaga and Yoon, 2006). In other words, more efficient 
and strategic R&D management is needed to survive global competition. 
Moreover, because of the increase in converging technologies and boundary 
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research areas, more selective and concentrated R&D strategies are needed. This 
increases the importance of technology roadmapping as an R&D management tool 
(Petrick and Provance, 2005). 

Second, due to the increasing complexity of technology in recent years, it is 
more difficult to conduct all R&D in only one company or one country 
(Chesbrough, 2003). As a result, strategic selection and concentration of R&D and 
greater focus on core technologies is necessary, especially in the semiconductor 
industry and biotechnology industry, where growth of R&D investment is 
particularly rapid.  

Third, recent global competition in creating innovation now requires clear  
cost-effectiveness in R&D investments. This is not limited to private business.  
In national government R&D policy, society also demands a clear estimation of 
the cost–benefit performance against the budgetary investment. This has also 
increased the importance of technology roadmapping and foresight (NISTEP, 
2010a; NISTEP, 2010b). 

4.3   Diversification of Technology Roadmapping 

Technology roadmapping is based on specific technological knowledge. As 
technological complexity increases, the search range of technology seeds becomes 
wider, which means it is necessary to collect not only publicly available 
information such as published academic papers and patents, but also essentially 
confidential information such as know-how and knowledge in industry. However, 
even if it were possible to obtain all the relevant technological information, 
building a roadmap would still involve a certain amount of uncertainty and risk 
owing to the increase in unexpected complexities, interdisciplinary nature of 
technological areas, and growth of competitive technologies. Furthermore, market 
needs have become not only more complicated, but also more important. Users’ 
preferences in the market cannot be predicted accurately in advance. Another 
important consideration is the problem of ‘self-fulfilling predictions’. In other 
words, the roadmap may actually affect the forecasted future trends in both 
technologies and markets. 

Based on the factors that affect roadmaps, as described above, the formula, shape, 
and components of the roadmap will depend heavily on the purposes of roadmapping. 
National governments, industry consortiums, and private companies can all be 
builders of roadmaps. However, even in the same area of technology, these respective 
entities will use different roadmapping elements, including the timeframe of the 
roadmap, the scale of investment, and the R&D organization. For example, if a 
government or public community builds a roadmap, it has to consider national 
competitiveness and the reasonableness of public investment, and ultimately, the 
roadmap will be long-term rather than short-term. Table 1 shows major technology 
roadmaps worldwide. As shown here, in addition to the semiconductor industry, a 
wide variety of entities at various levels are building roadmaps. Technology 
roadmapping is beneficial in technology foresight, but certain limitations should be 
recognized. As many researchers have pointed out, technology roadmapping involves  
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Table 1 Major technology roadmaps in the world 

 
 
the following two dilemmas: As the purpose of the roadmap becomes more general, 
the roadmap itself becomes less strategic. Conversely, as strategic characteristics 
become more prominent, the roadmap will have a narrower technological search 
range and may not be published. Many published roadmaps are based on the ‘highest 
common factor’ to avoid conflicts of interest. 

Because most technology roadmaps have a timeframe extending from the 
present to 10–15 years in the future, it is easier to consider roadmapping by linear 
thinking. This means that securing ‘after-the-fact flexibility’ in advance is a 
necessary process. Establishing a ‘self-organizing’ technology roadmap may be a 
future challenge for the technology foresight research community (Martin, 2004). 
Consideration of the fact that recent R&D uses a more non-linear process is also 
necessary. These two dilemmas are discussed in detail in the following. 

5 Interdependence between Technology Roadmapping  
and the Delphi Method 

The transition in the Delphi survey in Japan and technology roadmapping has been 
discussed in Sections 3 and 4, respectively. In the following the interdependence 
between technology roadmapping and the Delphi method will be discussed. 

5.1 Merits and Demerits of Technology Roadmapping  
and the Delphi Method 

One of the largest merits of technology roadmapping when compared with the 
Delphi method is that roadmapping includes R&D targets, an image of the society, 
a vision of the future, and concepts. The creation of a roadmap begins from the 
establishment of the concept. The issues are gradually broken down and linked to 
the element technology topics necessary to achieve the projected timing of 
realization of a technology. As a result of this process, a consensus among the  
 

Name R&D field Organization Time 

International Technology 
Roadmap for Semiconductors 
(ITRS) 

Semiconductor 
International Association of Europe, 
Japan, Korea, Taiwan, and the 
United States 

Every 2 years since 1999 

Chemical Industry Vision2020 
Chemical Industry R&D 
Roadmap  

Chemistry American Chemical Society  1996 

NIH Technology Roadmap Life science  National Institute of Health 2005 

US Biomass Technology 
Roadmap  Biomass energy US Government  2003 

NanoRoadMap Nanotechnology European Comission 2005 

Technology Roadmap 24 R&D fields Japanese Government 2005 
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Fig. 2 Ubiquitous networking from the Delphi topics  

stakeholders in various fields is obtained. The roadmap can predict technological 
difficulty and the global competitiveness of each technological element. However, 
it is difficult to measure these items empirically and quantitatively. 

On the other hand, the Delphi method can give a quantitative knowledge of the 
realization time and the degree of importance of technologies, based on 
predictions by scientists and other experts. In this case, the accuracy of the results 
depends on the scale of the survey and the number of respondents. However, with 
Delphi results, it is difficult to grasp the connection of the technological topics or 
the future vision of the society that those technologies will create. This is easier 
with roadmapping. As one example, the results of a Delphi survey by the authors 
are shown in Figure 2. This figure is an arrangement of technological topics 
concerning a ubiquitous network in order of the forecast realization times of the 
technologies. Even though all these technological topics concern ubiquitous  
networks, it would be difficult to arrive at the image of the society that would be 
achieved if all the technologies were realized. Similarly, it is impossible to guess 
the connections between technological topics and the function of topics as turning 
points. Moreover, as described in the Introduction, there is a need to consider three 
aspects when conducting technology foresight in the future. That is, it is necessary 

 
• To consider not only the realization of technologies, but also the social 

elements that require attention in the process of their realization. 
• To bring as many stakeholders as possible into the process of technology 

foresight, because the necessity of a shared vision among stakeholders 
increases as technological uncertainties increase. 
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• To maintain high flexibility in the results of technology foresight as a 
management tool. Increased technological uncertainties imply an increase in 
the demand for after-the-fact revisions and modifications in technology 
foresight results. 

 
Therefore, the following will examine integration of the Delphi method and 
technology roadmapping, considering the merits and demerits of both survey 
techniques and the above-mentioned three aspects (especially the third aspect). 

5.2 Integration of Technology Roadmapping and the Delphi 
Method 

As mentioned earlier, technology roadmapping includes a social vision or R&D 
concept, for example, the gradual miniaturization of semiconductor devices, 
development and spread of energy-saving fuel cells, and so on. The connections 
and relationships among individual technological topics, products, and markets are 
also visualized. However, roadmapping does not provide detailed information on 
each technology, such as the technological difficulties or R&D benchmarks in 
major countries.  

This is the key point of one of the most beneficial aspects of integration of the 
Delphi method and roadmapping. That is, integration of the two techniques makes 
it possible to input various and quantitative detailed information from the Delphi 
data into roadmapping (see Figure 3). This means that informative contrasts can 
be obtained by multiplying the technological data from the Delphi survey in ‘two-
dimensional’ roadmaps, thereby making the roadmaps more ‘three-dimensional’. 
Because the Delphi data are an evaluation by scientists and other experts in the 
technological area concerned, this is extremely useful information for execution 
and achievement of the R&D strategy obtained by roadmapping. Moreover, these 
Delphi data may also become a factor in reviews of the roadmaps. The expert 
panel method, which is often used in roadmapping, is limited in terms of 
recognizing technological search areas. The Delphi results may even be able to 
influence the realization of the products and services at which the roadmaps aim. 

As mentioned above, the recent increase in technological uncertainties makes it 
necessary to maintain high flexibility in the results of technology foresight, 
including roadmapping. In a set of Delphi topics, topics recorded in the roadmap 
coexist with those not recorded. These topics include technologies that exist in a 
rival relationship and never appear on the same roadmaps. Therefore, when 
correction of a roadmap is necessary for ex post facto reasons, substitution with 
other technologies such as rival technologies is possible (see Figure 4). In current 
roadmaps, unexpected ex post facto reasons might demand the revision of the 
whole roadmap, and this revision work may require a return to the Ver.1 
roadmapping process. However, if the background of the roadmapping contains 
the Delphi method, the Ver.1 roadmaps would implicitly include rival 
technological topics as ‘alternative options’ when ex post factor revision becomes 
necessary. Thus, prior preparation of this ‘alternative option’ will function as a 
‘hedge’ against the risk of unexpected ex post facto revisions. 
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In addition, a quantitative understanding of the strengths and weaknesses of a 
country on the roadmap is possible by referring to the Delphi results. Although this is 
difficult in the current roadmapping process, this is useful information. The 
technology roadmaps created by METI in Japan have a basic style, which is premised 
on the concept that all technology seeds and resources should be produced or secured 
domestically in Japan. However, with the increasingly advanced and complex 
technological systems of recent years, this kind of ‘national self-sufficiency’ has 
become rare, even in specific industries. Information on quantitative R&D 
benchmarks that shows the strengths and weaknesses of respective countries obtained 
by the Delphi method will facilitate thinking about cooperation with other countries. 

 

 
Fig. 3 Integration of the Delphi method and technology roadmapping (1) 

 
Fig. 4 Integration of the Delphi method and technology roadmapping (2) 

Markets, policies, 
systems, etc.

Quantitative data of Delphi results

•Current R&D level
•R&D level 5 years ago
•Technological difficulty
•Leading edge country
•Necessity of gov’t involvement
•…

Technologies
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Products/
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International 
cooperation Standardization

International joint 
research

Technologies matched
to Delphi topics

Time

Characteristics of Delphi methods 
 

• Can be exchanged into TRMs 
since technologies on the 
roadmaps are corresponded to 
Delphi topics. 

• Include various quantitative data 
such as technological difficulties, 
R&D benchmarks and 
technological realization times. 

• Exist both on and off the 
roadmaps. 

• Include competitive technologies 
which cannot appear on the same 
roadmap at the same time. 

Advantages 
 

• Delphi topics complement the 
technology roadmaps with 
quantitative data, and give some 
informative contrasts on the “two 
dimensional” roadmaps. 

• Delphi topics give in advance 
possible options to exchange 
technologies with competitive 
technologies of Delphi for 
unexpected demands or issues. 

• Since the strength and weakness of 
countries can be quantitatively 
recognized by Delphi data, it would 
be easier to consider collaboration 
and partnership with other countries. 

TRM1 

TRM2 

TRM3 
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5.3 Strategic Characteristics of Technology Foresight; Difference 
between Technology Roadmapping and Delphi Method 

Finally, this section will discuss the relationship between technology foresight and 
the participation of various stakeholders. As mentioned earlier, bringing as many 
stakeholders as possible into the process of technology foresight is necessary 
because the necessity of a shared vision among stakeholders increases as 
technological uncertainties increase (Rip et al., 1995; Wilsdon and Willis, 2004). 
However, the authors’ investigation implies that, if a larger number of 
stakeholders are brought into the technology foresight process, the foresight 
results tend to become all-inclusive (and indiscriminate) as the foresight process 
becomes more selective and strategic. On the other hand, when the technology 
foresight process uses a more inclusive and objective method, the foresight results 
will be more selective and strategic. 

We will explain this again using an example of the Delphi method and 
technology roadmapping. Technology roadmapping begins with an R&D target, 
image of society, vision of the future, then gradually breaks down the issues and 
connects to the element technologies and the topics that should have the highest 
possibility of realization to achieve the technological realization time. The R&D 
strategy for reaching the final goal is also established.  

However, as described here, in technology roadmapping, the panelists have 
already made quite selective and strategic judgments at this stage. That is, the 
technologies put on the roadmap are selected strategically from innumerable 
technology seeds based on the possibility of realization and other criteria. These 
technology seeds are identified by the panelists. Listing the technologies would be 
impossible without highly strategic judgments. Ironically, if various stakeholders, 
who may number in the hundreds including experts from industry, government, 
and universities, join the foresight process, the eventual roadmap is most likely to 
become extremely inclusive owing to the lack of a single coherent strategy. This is 
a natural result of the fact that stakeholders have different backgrounds and 
incentives concerning the roadmap. An attempt to narrow the range of these 
opinions will inevitably result in the ‘greatest common factor’. At this point, the 
lack of a strategy becomes a problem, defeating the original purpose of 
establishing a strategy. 

On the other hand, the forecast process in the Delphi method is both highly less 
subjective (less biased) and inclusive. It is no exaggeration to say that this is the 
most important feature of the Delphi method. First, scientists and experts in a 
certain specific field are identified. Next, each of these respondents evaluates the 
R&D benchmarks, technological importance, realization time, etc. anonymously 
and without weighting by affiliation or position. In the second round of the 
questionnaire, the respondents can refer to the other evaluations but cannot 
identify the respondents responsible for other answers. 
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This again excludes bias based on personality, position, and authority. 
Consequently, the results are very strategic and selective. Information on the 
technological realization time, degree of importance, and R&D benchmark data 
are listed by technological topic. Data which can be used as a strategic 
management tool is obtained, such as ranking data on the most important 
technological topics and Japan’s strength in the technology. As a result, the 
selectiveness and strategic characteristics, which were excluded from the 
investigation design, are obtained in the results. 

When designing integration of these two methods, sufficient consideration must 
be given to the purpose of technology foresight. Is the aim to contribute to policy 
making, or to build a strategy for an R&D consortium? The required results may 
not be obtained if technological forecasting is not based on a firm recognition of 
the purpose of the forecast. 

6 Case Study of Integration of Integration of Technology 
Roadmapping and the Delphi Method: EU Nanoroadmap 

As part of its Sixth Framework Programme (FP6), the European Commission (EC) 
created a roadmap for nanotechnology (the EU Nanoroadmap), and published it on 
a website in January 2006 (AIRI/Nanotec IT, 2006). The roadmap’s purpose is to 
provide a medium- to long-term projection and outline for nanotechnology in 
three research fields (materials, health and medical systems, and energy) through 
2015. This section introduces the EU Nanoroadmap as a case study of integration 
of technology roadmapping and the Delphi method. 

6.1   Goal 

Europeans engaged in R&D created the EU Nanoroadmap with the goal of 
providing knowledge in order to grasp the impact of nanotechnology on society 
and the economy and more effectively disseminate the results of R&D to the 
economy and society at large. Therefore, while the roadmap’s users include 
managers and researchers in each sector, its messages for industry are particularly 
significant. It also emphasizes that small and medium businesses and venture 
firms are also targeted. The following are also goals of the roadmap: 
 
 

• Strengthened international competitiveness and expanding markets in the 
nanotechnology field 

• Improved selection, focus, and efficiency of R&D projects 
• More effective training and education in the nanotechnology field 
• Strengthened national and international collaboration in Europe 
• Sustainable development and better quality of life in Europe. 
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6.2   Methodology 

Creation of the roadmap took place over two years from 2004 to 2005 in the 
following two stages. The first stage was carried out during the initial year. It 
primarily involved the collection and analysis of information regarding nanotech 
policy and technology trends in various countries and sought to identify the fields 
where nanotech could be applied based on the results. The second stage involved  
the actual work of creating the roadmap. The results of each stage can be 
downloaded as reports from the project’s website. In addition, international 
conferences were held each November to introduce survey results and gather the 
opinions of participants. An international consortium comprising technology 
consultants in different areas of expertise from eight EU countries and Israel was 
formed in order to carry out the survey.  

The roadmap itself was created using the Delphi method. The number of Delphi 
panel respondents was about 230 (65 percent response rate). There were two 
question cycles, with the following main processes: 

 
• Selection of leading international experts (Delphi panel) 
• Creation of questionnaires for each technology field (including not only 

questions directly related to technology, but also many questions about 
examples of applications in society, the economy and industry, barriers to 
practical use, and technological benchmarks in various countries) 

• Implementation of the first questionnaire (first cycle) using the Internet 
• Collection of completed questionnaires and interviews conducted in relation 

to some of them 
• Feeding back the results of the first cycle to the Delphi panel and 

implementation of the second questionnaire (second cycle) 
• Creation of the final roadmap based on questionnaires, interviews, and 

international conferences. 

6.3   Structure 

The roadmap can be roughly divided into the following seven reports. Preliminary 
reports were created and published as Sectoral Reports for the three fields 
(materials, health and medical systems, energy), while technology roadmaps were 
created and published as the Synthesis Report for each of the three fields. 

The technology roadmaps predict and analyze characteristics of various 
technologies as well as their advantages and disadvantages, and present their 
future applications over the coming 10 years. Preparation of the roadmaps centers 
on the applications of these technologies. The horizontal axis is the development 
phase (basic research, applied research, etc.) rather than time. The time axis 
concept is expressed in three maps for five-year periods beginning in 2005 
(materials field). Subsequently, technological and social issues and bottlenecks are 
discussed. The international competitiveness of technology, accessibility of the 
integrated research infrastructure, need for integrated research facilities, and so on 
are broadly examined. 
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Fig. 5 Roadmap for the nanoparticle area in 2010 (Willems & van den Wildenberg, 2005) 

The most characteristic feature of the roadmap is that the roadmap’s horizontal 
axis represents four R&D phases (basic research, applied research, first 
applications, and mass production) rather than time. The time axis concept is 
expressed in three maps for five-year periods beginning in 2005, 2010 and 2015 
(see Figure 5). 

Figure 6 depicts estimated market growth over the next 10 years (vertical axis) 
and technological and economic risks accompanying R&D (horizontal axis) for 
feasible nanoparticle applications. Rather than risk per se, the horizontal axis can 
perhaps be thought of as depicting the “depth” of issues and “height” of barriers 
on the path to practical application. Returning to the example of solar cells, risk is 
moderate, while estimated market growth is highest of all. 
As is shown in these figures, the data needed to build the roadmaps were 
effectively accumulated by the Delphi method. The technological characteristics  
such as R&D phase and Technological risk involved with R&D could not be 
obtained without experts’ knowledge. This roadmap project also has examined the 
EU’s international competitiveness by type of organization and necessity of 
establishment of multidisciplinary centers for nanotechnology industrial 
application based on the results of Delphi. 
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Fig. 6 Risk involved with R&D and estimated market growth for the nanoparticle area 
(Willems & van den Wildenberg, 2005) 

7 Guideline on How to Manage Integration of Technology 
Roadmapping and the Delphi Method 

Ideally, integration of technology roadmapping and the Delphi method is thought 
to be very effective. However, the actual process must be a based on a plan that 
can be executed naturally. One example of an action plan for integration of 
technology roadmapping and the Delphi method is shown in Figure 7. It is 
necessary to complete all this work within a limited time of a few years to avoid 
the influence of changes in the social environment, political needs, or remarkable 
technological development. 

First, a technology foresight committee is necessary to organize the survey as a 
whole. This committee should lay out alternative visions of the future society on 
which the survey will be based. Not only technological experts, but also 
policymakers, managers, and journalists must be encouraged to join. Technology 
roadmapping expert panels should be held based on the visions of the future 
society and short scenarios drawn up by the committee. An outline of the 
technology roadmap is built based on each vision. Respective roadmap working 
groups take over these outlines and construct detailed sub-roadmaps. 

The Delphi panels are held simultaneously with the roadmapping work. It is 
necessary to identify the technological topics comprehensively in each 
technological field. Therefore, the Delphi panels should be held by technological  
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Fig. 7 Guideline of an integrated project using the Delphi method and technology 
roadmapping 

field, such as information and communication technologies and life sciences. As a 
standard, fewer than 100 technological topics are identified by each Delphi panel, 
resulting in a total of several 100 topics. These topics and the results of the Delphi 
survey are given to the roadmap working groups at any time and are reflected in 
the roadmaps. It is preferable that each panelist participates in both the process of 
the roadmap working groups and the Delphi process to improve efficiency in 
exchanges of information between the two processes. 

Each technology roadmap, which consists of Delphi results, is eventually 
integrated at the technology foresight committee. These are used to establish R&D 
strategies or in investment planning. The integrated technology roadmaps properly 
reflect the progress of changing social conditions and technological development, 
and should be revised accordingly. 

Many people in this field may already have experienced with both processes. 
Nevertheless, execution and integration of both surveys will be a major challenge, 
since the Delphi surveys are implemented in various conventional technological 
fields, while roadmapping is implemented based on a vision of the future society. 
Whether information with these different characteristics can be shared effectively 
in the short term, and how the survey system is to be constructed, will be key 
points in this challenge, even though the panelists participate in both processes to 
ensure efficient sharing of information. 
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8   Conclusions 

The interaction between society and science and technology, and between 
industrial competitiveness and Science and technology, is becoming closer, while 
increased technological complexity and sophistication are increasing technological 
uncertainties. Given this situation, technology foresight is no longer a simple 
forecast of future trends in technology, but also includes the establishment of a 
vision of the future society that the government, industry, and society hope for and 
aim to achieve. From this viewpoint, technology foresight must include the 
following three aspects: 
 
1. Technology foresight must consider and include not only technological topics, 

but also social issues which must be solved in the application of those 
technologies. 

2. It must be possible for various stakeholders to participate in the foresight 
process. 

3. High flexibility must be maintained in the foresight results when using 
technology foresight as a management tool. 

 
In particular, finding a solution for 3 is a challenge for the research community. 
The establishment and proposal of a more efficient and effective R&D 
management tool to decision-makers will have enormous significance for Science 
and technology policy. 

The Delphi method was originally devised by a US think tank. However, it has 
been developed mostly in Japan, where the linkage between the Delphi method 
and policy-making has been especially strong, being used to determine the priority 
research areas in the country’s Third Science and Technology Basic Plan. On the 
other hand, technology roadmapping is one of the most developed R&D 
management tools in the world. Today, technology roadmaps are likely to imply a 
social vision or concept, based on which connections of technological topics, 
products, and markets are visualized. Integration of the Delphi method into 
technology roadmapping provides quantitative Delphi data for ‘two-dimensional’ 
roadmaps, and thereby makes them ‘three-dimensional’. These ‘information 
contrasts’ can have an obvious benefit. 

Implementation of integrated technology foresight is a difficult challenge. In 
this chapter, the authors proposed a possible action plan. Numerous problems 
must be solved considering the limited time and human resources available for 
implementation. A repeated trial-and-error approach to the detailed process and 
appropriate modification of the plan are necessary. Finally, both strong internal 
and international collaboration are required. 
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The Innovation Support Technology (IST) 
Approach: Integrating Business Modeling  
and Roadmapping Methods  

Hitoshi Abe* 

The purpose of this paper is to report the integration studies of business modeling 
and roadmapping methods for the “Innovation Support Technology” (IST) and the 
Innovation Support Technology's practical application to real-world cases. The 
Innovation Support Technology is conducted for the purpose of offering a 
convenient tool for engineers and researchers in order to enhance corporate value 
from R&D outputs. “Japan’s lost decade” has forced companies to change R&D 
management and R&D operation style, especially regional industries. We propose 
the framework for revitalization of regional industries by using the strategic 
technology roadmap made by the Ministry of Economy, Trade and Industry 
(METI-TRM) with business modeling. We applied this innovation support 
technology method to several real-world cases to show its effectiveness. 

1   Introduction 

Challenges to solve social problems such as environmental issues, the falling 
birthrate and the aging population are continuously demanding. Moreover, product 
life cycles have become shorter and shorter by globalization and acceleration of 
technological innovation. The speed of value migration and the degradation of 
existing product values are accelerating. Product innovation becomes more 
important for companies, especially R&D driven companies, to maintain and 
accelerate their growth. 

As R&D driven companies are adapted for rapidly changing economical 
circumstances, they need to clarify what to make and to accelerate to create business 
value from R&D outputs. With progress in open innovation, engineers and 
researchers need to communicate more and more frequently with people not only 
in-house but also outside the company and the investors in order to create business 
value from R&D outputs. 

                                                           
Hitoshi Abe 
Japan Techno-Economics Society 3-3-1,  
Iidabashi, Chiyoda-ku, Tokyo 102-0072,  
Japan 
e-mail: abe@jates.or.jp, abeh@muc.biglobe.ne.jp 
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For fulfilling those needs, we have started a study on the business modeling 
method in a group at JATES1 (Japan Techno-Economics Society) since autumn in 
2002. The business modeling method for engineers and researchers has been 
theoretically studied, developed to solve such problems, and applied to the 
real-world cases. Results from these case studies were fed back to the modeling 
theory and the implementation of the modeling processes. An easy-to-use business 
modeling method for practitioners has been developed (Abe et al., 2004; Abe et al., 
2005; Ishida et al. 2006) 

In order to form a framework of the business model for our study, we mainly 
referred to the studies by Chesbrough (2003), Hamel (2000), Slywotzky (1998, 
1997, 2002), MacMillan (1995) and Ikeda and Imaeda (2002). 

After Slywotzky, a business model (BM) is described as follows: the totality of 
how a company selects its customers defines and differentiates its offerings, defines 
the tasks it will perform itself and those it will outsource, configures its resources, 
goes to market, creates utility for customers, and captures profit. It is the entire 
system for delivering utility to customers and earning a profit from that activity. We 
use, on the one hand, business model to support engineers to envisage “what”, 
“who” and “how” are conditioned for their innovation, and to draw “how much” 
cost and value are required for its financial model. 

On the other hand, we used strategic roadmapping (SRM) enabling the various 
functions and perspectives to be aligned. Strategic roadmapping is a well known 
and commoditized method that comprises a time-based, multi-layered chart.  

In preliminary studies conducted in 2006 (Abe et al., 2006) we analyzed a new 
strategic business planning method for integrating the BM and the strategic 
roadmapping by supplementing the weak points of the business modeling method 
(see Table 1) with the strategic roadmapping method (Bucher, 2002; Kameoka, 
2003; Phaal et al., 2005; Tschirky et al., 2003).  

Table 1 Comparison of business modeling (BM) and strategic roadmapping (SRM) 

Pros of Business Modeling (BM) Cons of Business Modeling (BM) 

1. To know how to create company value from R&D 
Outputs and provide an operation model. 

2. Modeling tool to create Business Concept from 
Business Idea 

3. Modeling of the competitive strategy: how, what, or to 
whom you provide the Service/product, how to win 
competition. 

1. Difficult to find out market trends and opportunities 
2. Difficult to make a decision of investment  timing 
3. Difficult to judge the choice of an alternative 

technology 
4. Difficult to know by when & what technology should 

be developed 

Pros of Strategic Roadmapping (SRM) Cons of Strategic Roadmapping (SRM) 

1. Roadmap consists of layers, such as market, business, 
products, technology and resources, that are 
systematically expressed on a time-axis and provide a 
landscape. 

2. It can be utilized as a strategy planning tool, which 
supports and opportunities, choice of an alternative 
technology, and associates the elements between layers. 

3. Knowledge creation for a better action: discovery of 
gap, discovery of bottlenecks, discovery of 
technological defects and promotion of development, 
estimate of required resources. 

1. Difficult to evaluate business value 
2. Difficult to express a business attractiveness of R&D 

outputs 
3. Difficult to express a business system or operation 

model 
4. It takes more time to create and maintain Roadmap 

under satisfying comprehensiveness 
 

 
                                                           
1 JATES is a public-interest membership society mainly for companies involved in 

research, development and innovation in support of their business activities. IRI and 
EIRMA are counterparts of JATES in the U.S. and in EU, respectively. 
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The purpose of this paper is to report about the integration studies of the business 
model and the roadmapping methods for the Innovation Support Technology (IST) 
and also about the practical application to the real-world cases of the latter. We 
propose the framework for revitalization of regional industries and medium-size 
companies by using the Strategic Technology Roadmap made by the Ministry of 
Economy, Trade and Industry (METI-TRM) (2006) with the Innovation Support 
Technology (Abe et al., 2007). 

2 Concept Value and Utility of the Innovation Support 
Technology 

The concept of the Innovation Support Technology which is based on the best use 
of the pros of business model and strategic roadmapping is present in this chapter. 

2.1   Concept of the Innovation Support Technology  

By integrating business model and strategic roadmapping, the Innovation Support 
Technology is a methodology that manages to integrate the two concepts of 
technology push and market pull in one and the same approach. While business 
model is a tool that focuses on technology push, strategic roadmapping covers the 
concern of market pull. 
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Thus, Innovation Support Technology is a methodology that promotes corporate 

value creation from R&D outputs, without leaving out of sight the market 
perspective of each technology-based innovation. In this study strategic 
roadmapping and business model methods are further supported by METI-TRM 
(the METI-Strategic Technology Roadmap). The implementations scheme of the 
Innovation Support Technology is shown in Figure 1.  

The Innovation Support Technology method can offer quicker decision-making, 
better exploration of innovation opportunities as well as better business plan than those 
by the conventional methods, because the Innovation Support Technology method 
multilaterally examines the plan by both time and resource axes. Thus, the operation 
plan can be firmly established by the Innovation Support Technology method. 

Furthermore, one can develop technology development and product development 
plans based on social trends and the resource situation, and it becomes easy to make 
adjustments on the time axis in investment timings.  

Moreover, the followings are obtained by using METI-TRM as a technological 
knowledge data base that contains the mass of specialists' wisdom: 

 
1. The proof of technological trends is executed, and the business scheme 

becomes more visible; 
2. Explore the possibility of new product/market development based on the 

understandings of technology trends and different technical fields. 

2.2   Value and Utility of the Innovation Support Technology 

The value and utility of the Innovation Support Technology is to create customer 
value and to solve customer problems, which are achieved by the planning process 
itself and the outcomes, namely the integrated strategic roadmap (ISRM). The 
strategic planning procedure by the Innovation Support Technology is important 
because the quality of the business plan and new product planning depends on the 
process. The milestone management of business, product, function, technology and 
resources could be made by the integrated strategic roadmap. 

The business model and the roadmap created by the Innovation Support 
Technology are used as communication tools that offer a common language and 
share the whole image of a strategy and a new business with people of different 
standpoints. Recognition and understanding is deepened in the Innovation Support 
Technology design process. Detecting of a gap and resetting of the problem are 
made visible by an arranged simple diagram. The quality of the solution and the 
decision-making can be improved as a result. 

The use of the Innovation Support Technology lets the participants understand 
the future from what tried at random together. In addition, by using business model 
and strategic roadmapping, one can see what one didn't see before. 

Business model and strategic roadmapping can divide possibility and risks and 
show how we should act. Furthermore, in the case of a new business, we extract an 
uncertain factor by the business model and strategic roadmapping work. When one 
doesn't well understand what is correct, one can use the integrated strategic 
roadmap as a trial plan to make unclear and ambiguous things visible. 
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2.3   Benefits of the Concept 

The Innovation Support Technology method can provide quicker decision-making, 
better exploration of innovation opportunities as well as better business plan than those 
by the conventional methods, because the Innovation Support Technology method 
multilaterally examines the plan by both time and resource axes. Thus, the operation 
plan can be firmly established by the Innovation Support Technology method. 

2.4   Profiling Specific Approaches 

The Innovation Support Technology method is useful not only for R&D driven 
companies but solution and service oriented companies in technology-intensive 
sectors. In organizational size and structure, however, the Innovation Support 
Technology method can be more suitably applied for the development team and 
division rather than for corporate level, and for business planning in business unit 
and project planning in R&D level rather than for communication tool in corporate 
level. In business life cycle, this method demonstrated the real powerful planning 
tool for the second start-ups of the medium size corporation and the division of the 
large scale company. 

The Innovation Support Technology is specially recommended as a tool to plan 
and discuss and finally determine the new business target related with 
multi-business divisions of the big company and/or related with plural medium size 
companies, namely many stakeholders involved. Planning should be down by the 
cross functional team. 

3 Framework and Work Procedure of the Innovation Support 
Technology 

Framework and workshop procedure of the Innovation Support Technology are 
schematically shown in Figure 1. The planning of the Innovation Support 
Technology starts the pre-workshop before conducting workshops which are 
divided into three steps. The workshop is carried out in group work style.  

In the pre-workshop, the leader should design a guidance program including the 
purpose, the goal, working image and necessary knowledge. It is recommended that 
the leader is empowered by the top management to select participants from cross 
functional fields and control assistant staffs to prepare required data base and 
support the workshop. 

3.1   Workshop 1 

The product concept and the business idea based on R&D outputs are described. 
Based on this product concept and business idea, the market and the customers are 
pictured and determined. The business idea based on an existing its own business 
system is expressed by the business model framework as an “as is model”. A 
business concept as “to be model” is led and expressed by a corporate strategy, a 
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business strategy or “my vision & my will” from researchers and engineer's desires. 
The gap between the “as is model” and the "to be model” should be found and 
clarified in phase 1. Then, reasons for the gap and the solution approach are 
discussed and oriented. The next working procedure is to make a technological 
scenario. Product functions and technologies related to the product concept drawn 
with “my vision & my will” are pulled out from the METI-Strategic Technology 
Roadmap (METI-TRM) database and arranged for the purpose, and then a 
technological scenario is made. By this method the technological scenario can be 
easily obtained by use of the METI-TRM database, not by zero-base. 

3.2   Workshop 2 

Next, planning of the business scenario is made. Industrial value chain analysis, 
PEST (political, economic, sociological, technological) analysis, and business 
environment analysis by using five forces after M. Porter are executed as a start of 
the business modeling procedures (Porter, 1980, 1985, 1998). Then we create profit 
modeling by utilizing Slywotzky's 22 "profit patterns" in business activities 
(Slywotzki, 1998, 1997, 2002).  

The work step of the business scenario plan is detailed in Ikeda and Imaeda 
(2002), Abe et al. (2006), Heijden (1996) and Robert and Smith (1990). Scenario 
drivers are extracted from PEST analysis as a function of influence and uncertainty 
to its company. The business concept and the product concept obtained from “my 
vision & my will” are carefully expressed and designed by the business modeling 
method to make the target clearer in the future. 

1. The purpose of the business scenario plan is to design and to obtain the 
business target of the company in the future.  

2. The company's business unit technology roadmap can be obtained by 
roadmapping of the product function and the enabling technology to achieve 
the business target in the future. 

3. This work is the key of the Innovation Support Technology work process. 

3.3   Workshop 3 

Contents of the business unit technology roadmap and discoveries through these 
roadmapping workshops are reflected in the business model in the future. The target 
customers, the value propositions, the supply method, and the profit model 
according to scenarios are confirmed before the business model is completed. Then, 
the business model and the company technology roadmap are integrated into the 
integrated strategic roadmap. Milestone gaps between layers, discoveries such as 
bottlenecks and the investment timing are investigated and verified by this 
integrated strategic roadmap. The business strategy is also evaluated. Evaluation 
results are fed back to the start-up business model if there is an imperfect part. 
Procedures of the Innovation Support Technology are repeated until the business 
model and the company technology roadmap reach the required level. The business 
model, the business unit technology roadmap and the integrated strategic roadmap 
are completed. 
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3.4 Innovation Planning Process by the Innovation Support 
Technology in Practice 

The Innovation Support Technology meeting will be executed in every two weeks 
dividing into five times. The workshops are held three times from the 2nd to the 4th. 

At the first meeting, a guidance program is introduced to participants by the 
program leader. The purpose is shared, the goal is confirmed, a work image and 
necessary knowledge are confirmed, and the promotion system of work is decided. 
At the second meeting (workshop 1), “my vision & my will” is presented by the 
leader of this workshop. All participants join in a group to examine the business 
model to find gaps between the “as is model” and “to be model” and the related 
technology roadmaps to obtain a technology scenario. At the third meeting 
(workshop 2), the improved business model and its business unit technology 
roadmap are developed as a group project. At the fourth meeting (workshop 3), the 
business model, the business unit technology roadmap and the integrated strategic 
roadmap are completed. At the fifth meeting, outputs of the workshop are reported 
by the leader to the stakeholders of the business strategy. Comments are fed back to 
the integrated strategic roadmap.  

4   Case Study  

In this chapter, we report a real-world case study, that is, the second start-up 
business plan for welfare service business in Ikeno Tsuken Co., Ltd. 

4.1  Outline of Welfare Service Business in Ikeno Tsuken Co., Ltd. 

Ikeno Tsuken Co., Ltd. is doing telecom-related business, electric-related business, 
engineering enterprise, solution business, and welfare service business. Its total sales 
amount in fiscal year 2005 is 15.6 billion yen, and that of its welfare service business 
is 400 million yen. The welfare service business provides visually impaired people 
walking support equipment/system, and construction / maintenance for the system. 

There are two types of the support system, the stick method and the radio-wave 
method (see Figure 2):  

 
1. The system of the stick method is outcome of the R&D which NEC started in 

1982 for the purpose of effective utilization of by-product ferrite from 
industrial goods, sponsored by JST. When exclusive use stick comes near to 
magnetic marker zone guide path, top-end of the stick vibrates and informs 
where the guide path is. When visually-impaired person passes through on fork 
in a road or room entrance, ground-buried antenna catches movement of 
exclusive use stick and voice guide comes on the air. This system is composed 
of installed “voice guide equipment” and “exclusive use white stick” carried by 
a user. The system supports safety (other disabled people are also considered) 
and ease of mind (specific information about the destination is obtained). 
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2. This system of the radio wave method leads the way for a visually-impaired 
person, using voice emitted from a target which catches weak radio wave from a 
signal aid. This system is composed of installed “voice signal guide equipment” 
and a “signal aid” carried by a user and he/she can get voice guide when and 
where needed. This system provides information about location (direction to the 
target), voice loudness (distance information to the target) and contents (specific 
information about the target, to a visually-impaired person, since the target itself 
emits the voice). 

 

Stick method  
(magnetic signal guide system) 

White stick 

Voice guide speaker 

Buried antenna 

Radio-wave method  
(voice signal guide system) 

Voice signal guide system  

Signal aid 

 
Fig. 2 Outline of welfare service business of Ikeno Tsuken Co., Ltd. 
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Table 2 The business modeling results 

B to G B to B ( to G )  B to G to C 

Market &customer 
 

•
•
•

•
•

•

•
•

Products &services 
supplied 

•

•

• •

•

Enterprise operation 
system 

•
•

Profit model 
 

•
•

• •

Growth 
model 
 10 years later 350 million yen 200 million yen 10 million yen

Gap
Measures

 

4.2   Workshop 1 

“My vision & my will” based on corporate managerial strategy of Ikeno Tsuken Co., 
Ltd. is as follows: "From visually impaired person walking support system to 
community support system. Make it to 10 times bigger business (4 billion yen scale) 
in 10 years". 

In our initial business model, 10 years later sales amount of B to G (Business to 
Government) business is predicted 350 million yen, that of B to B (to G) is 
predicted 200 million yen, and that of B to G to C (Consumer) is predicted 
10million yen (see Table 2). As a consequence, sales amount in 10 years will 
become 560 million yen in total. Therefore, we faced a big gap between “my vision 
& my will” of corporate managerial strategy and predicted results that were done 
mainly by the person in charge of this business. 

Then, we invited an executive of the company to join our examinations, and 
searched new business opportunities together to fill the sales amount gap. We began 
with developing technology scenarios, referring to the METI-Strategic Technology 
Roadmap (METI-TRM). From “usability-related roadmap”, we found out that 
sensor technology, communication technology and recognition-related technology 
will be developed by 2012, and they will be put into practical use. In the case of the 
technology for this business, for example, the people sensor and environmental 
sensor will be completed by 2012. 

4.3   Workshop 2 

On the basis of the technology scenarios extracted from the METI-Strategic 
Technology Roadmap (METI-TRM), industrial value chain analysis, PEST 
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analysis, and Michael Porter’s five forces analysis were executed. The factors 
from PEST analysis are as follows: 
 
1. Political factors: Legal revision (barrier-free new law, etc.). 
2. Economic factors: Changes of population profile (the aging of the 

population), changes of social consciousness (growing concern about the 
barrier-free environment, universal design, and safety and security). 

3. Sociological factors: The trend of national projects such as city planning. 
4. Technological factors: Appearance of the new Internet based systems, 

ubiquitous and nanotechnology. 
 

Then, we moved on to scenario planning. As scenario driver candidates that have 
both a large influence on the company and are of high uncertainty, we listed 
 

1. emergence of a new system that has superior spec than the existing system, 
2. technology innovations such as a new system using the Internet, 

ubiquitous-technology or nano-technology, 
3. changes in social awareness about the barrier-free environment and universal 

design.  
 

In the next step, we picked up “universal design needs” and “technological 
capabilities allowing social participation” as scenario drivers and depicted four 
scenarios (see Figure 3). As the scenario that aims at expansion of the business 
scale, livelihood support systems for elderly people and disabled people were 
discussed. They include 

 
1. magnetic signal guide system for hearing-impaired people, 
2. emergency evacuation information system, 
3. emergency report system, etc.  

 

III  Niche 
• Needs in consideration of adaptation to a 

disabled person 
• Application field-oriented system customize 

I  Monopoly 
• Offer to the new market of the existing 

system 
• Advance to the system to offer information 

for other disabled persons and elderly 
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Fig. 3 Finding out the scenarios 
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Table 3 Company technology roadmap 

  2005 2010 2015 

P
ro

du
ct

 • New product/existing 
market 

• Community support 
system 

  • Super safety lamp 
(100units@10M yen) 

• Emergency evacuation 
system 

• (100Kunits@10Kyen) 2 
billion yen 

M
ar

ke
t 

• New market/existing 
product 

• Walking support system 
for impaired 

• Extraction of term for 
standardization 

• Direction for 
standardization of each 
terms (test&proof) 

• Consideration for 
utilization 

• Open specification of 
system 

• Module concerning 
construction 

• For the elderly, and other 
impaired person 

• Relate to traffic 
infrastructure signal 

• From character 
recognition to voice 
recognition system 

• About 2 billion market 
Universal design 

F
un

ct
io
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Function factor 

• Terminal 

• Standalone terminal type 
• Mobile phone built-in 

type 
• Compatibility with 

existing system 
• Light weight 
• Low cost 

• Longer communication 
distance 

• Durability 
• Light weight 
• Low cost 
• Ubiquitous 
• Networking 

• Multi-function type 
• GPS-function type 
• Light weight type 
• Low cost 
• Long time usability 
• Private information 

available 

T
ec

hn
ol

og
y 

Technological factor 

• Sensor network 
• GPS 
• Infrastructure 

• FM radio wave (weak) 
• Infra-red light 
• Visible light 
• Sensor 

• Addition of RFID to 
infrastructure 

• IP protocol 
• Ubiquitous network 

• IPv6 available 
• P to P Protocol standard 
• Mobile fuel cell 
• Light weight flexible 

display 
• Sensor communication 

technology 
 

 

Table 3 shows the company technology roadmap from now to 2015. The sales 
amount for the community support system market (products such as emergency 
report system and so forth) will be an estimated 2 billion yen and that of the 
walking support system market (products such as elderly people walking support 
systems and so forth) will be estimated also at 2 billion yen in 2015.  

4.4   Workshop 3 

“The business model (10 years later)” was completed (see Table 4). Market and 
products predicted in 10 years are 
 

1. visually impaired person walking support system /sales amount=550 million 
yen, 

2. disabled people and elderly people walking support system /sales amount=2 
billion yen, and 

3. community support system /sales amount=2 billion yen. 
 

That is, we successfully developed the business execution plan that will realize a 
4.55 billion yen total sales amount in 2015. Based on the business model (ten 
years later), the business unit technology roadmap was reconstructed to the 
multi-layered strategic roadmap. “The integrated strategic roadmap” was 
completed (see Figure 4). 
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Table 4 The business model (10 years later) 

Products &  
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Fig. 4 The integrated strategic roadmap for a visually impaired walking support system 
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4.5 Observations about the Practical Applicability of Innovation 
Support Technology 

What problems we observed during preparation and implementation in each of our 
three workshop steps and what critical success factors we derived out of these 
problems for each of the steps are just to describe “my vision & my will” first of 
all. “My vision & my will” was hardly derived by the workshop leader alone. 
Careful support and advice by the program leader is essential for the workshop 
leader to make a clear concept of “my vision & my will”. Once “my vision & my 
will” was shown, business modeling and roadmapping are routine tasks rather than 
challenging work. The program leader is expected to be not only a technology 
management professional and technology road-mapping expert, but have skill sets 
of business consultant. 

Critical success factors are pointed out as follows: The number of participants 
is from five to seven. Cross-functional participants are strongly recommended like 
marketing, R&D, sales, corporate staff, etc. The career level of people is less 
sensitive. However, lower level managers are recommended for a challenging 
theme. Before starting the first workshop, participants are carefully selected and 
motivated by the top manager. The interval of the workshop is two weeks, and all 
three workshops in a series of events should be finished in three months. These 
observations are similar to other cases. 

5   Discussion 

In this paper, we proposed the Innovation Support Technology (Innovation 
Support Technology) that combines the METI-Strategic Technology Roadmap 
(METI-TRM) with the new business planning method, integrating the Business 
Modeling Method and the Strategic Roadmapping. 
 
1. The Business Modeling Method creates new business value and draws up a 

more reliable operation plan.  
2. The Strategic Roadmapping represents a new technology development plan 

and/or new product-development plan that take into account social trends, 
resource conditions, and so forth. It can easily find and eliminate various 
discrepancies between development schedules on a time axis. 

3. Moreover, we can obtain the following benefits by utilizing the METI-strategic 
technology roadmap (METI-TRM) that is the summarization of professionals’ 
wisdom in various technology fields: Our business plan is ensured by 
technology trends described in METI-TRM and its realizability is confirmed. 

 
Learning about technology trends and their achievement levels in different fields 
enables us to explore possibilities of a new product or new market developments 
due to technology fusions. The Innovation Support Technology can produce more  
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persuasive business execution plans, that is, the integrated strategic roadmap, by 
integrating the business model and the strategic roadmap. Further merit is that the 
METI-Strategic Technology Roadmap (METI-TRM) provides valuable 
technological information for making decisions about our business model through 
own company’s roadmapping procedure. This fact fills a gap and reinforces 
reliability and realizability of our business model. The integrated strategic 
roadmap clearly indicates the best timing for investment and/or market 
introduction in order to bring attractive products to the market. 

In this paper, we did the business modeling and the strategic roadmapping for a 
visually impaired person walking-support system as the second start-up business 
plan, which is an example in the real industrial world. As a result, we confirmed 
that the Innovation Support Technology is extremely useful. 

In this case, there was initially a big gap between “my vision & my will” which 
the person in charge could depict and that of the company’s long-term 
management vision. We succeeded in designing the business model that expands 
the current sales amount to 10 times bigger business (4 billion yen/year) and, 
therefore, in eliminating the initial gap. 

It was demonstrated that by using the Innovation Support Technology that 
incorporates the strategic roadmapping into the business modeling, a more 
powerful business execution plan could be developed, where their weaknesses and 
strengths are covered and enhanced with each other.  

6   Conclusions 

In conclusion, using the integrated strategic roadmap, quality improvement in 
decision-making is realized, since the new business plan design framework 
provides clear and more practical strategies and enables multiphase examinations 
on a time axis.  

What problems we observed during preparation and implementation in each of 
our three workshop steps and what critical success factors we derived out of these 
problems for each of the steps are just to describe “my vision & my will”. My vision 
& my will” was hardly derived by the workshop leader alone. Careful support and 
advice by the program leader are essential for the workshop leader to make a clear 
concept of “my vision & my will”. Once “my vision & my will” was shown, 
business modeling and roadmapping are routine tasks rather than challenging work. 
These observations are similar in these other cases. 
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Part 3: Implementing Technology Roadmapping 

To exploit the benefits of technology roadmapping to its full extent it is important 
to maintain and support the process, which requires consideration of institutional 
aspects, allocating staff and other resources in an efficient manner. Procedures and 
other related measures in decision-making need to be carried out efficiently so that 
roadmapping may finally become an integral part for the management of 
technology and innovation, and not just a standalone technical tool used merely 
for a distinct roadmapping project.  

In this part of the book promising ways of how technology roadmapping can be 
implemented and institutionalized are described. This includes software tools, 
taking into account the dynamics of key players, different levels of involvement, 
illustrating a variety of roles, activities and responsibilities for technology 
roadmapping so that it aligns with and supports strategy and innovation in the 
firm. 

Four implementation processes are presented in this chapter: 
 

• Gerdsri focuses on the implementation of technology roadmapping as a 
complex process for the organization, exploring roles, actions and success 
factors. The example of a leading manufacturer in Southeast Asia illustrates 
the motivation and approach for implementing technology roadmapping. The 
starting point of this contribution is the classification of the implementation 
process into three stages: initiation, development and integration. 

• Farrokhzad, Kern and de Vries provide an overview of the portfolio-based 
roadmapping process at Siemens AG, and its incorporation into the 
organization. The starting point of their contribution is the Innovation 
Business Plan which helps the company to improve overall evaluation and 
selection abilities, enhancing innovation performance. 

• Beeton, Phaal and Probert present a standardized roadmapping process that 
was developed in an industrial project to produce the International Roadmap 
for Consumer Packaging. The view is on an exploratory roadmap for sector-
level foresight. The approach shows how several companies or institutions 
can collaborate to explore future markets, products, technologies and resource 
trends. The starting point is to establish a steering committee which is 
responsible for the design and implementation of the process. 
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Fig. 1 Implementing technology roadmapping 
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Implementing Technology Roadmapping  
in an Organization  

Nathasit Gerdsri* 

With the completion of technology roadmapping implementation, an organization 
can be assured that its required technologies and infrastructures will be ready 
when needed. Implementing technology roadmapping as a part of the ongoing 
strategic/business planning process is challenging because the consequences of 
technology roadmapping implementation can lead to some changes in the business 
process, organizational structure, or even working culture. Therefore, an 
organization needs to understand how the changing roles and responsibilities of 
key players involved in the technology roadmapping process match with the 
dynamics of technology roadmapping implementation in each stage. This chapter 
illustrates the dynamics of technology roadmapping implementation and the 
importance of applying a change management approach to address an individual’ 
needs and challenges in adopting the technology roadmapping process. A case 
example is also presented to demonstrate how one of the leading building product 
manufacturers in the ASEAN region manages through the dynamics of technology 
roadmapping implementation. 

1   Introduction 

Some organizations implement technology roadmapping to guide their strategic 
vision. Other organizations implement technology roadmapping more extensively 
to lead their operations. For the latter case, organizations usually integrate 
technology roadmapping as a part of their strategic planning activities to link 
market opportunities and potential products/services with the development of 
proper technologies to support the future needs. In this case, the roadmapping 
results also link to a resource allocation plan. 

In either case, organizations have to keep their roadmap up-to-date. To do so, 
an organization must plan the activities to periodically verify its roadmaps and 
then, if necessary, adjust them in a timely manner. Thus, the process of technology 
roadmapping should be integrated as a part of an organization’s ongoing business 
process so that a roadmap can be kept alive. 
                                                           
Nathasit Gerdsri 
College of Management, Mahidol University,  
69 Vipawadee Rangsit Rd., Phayathai Bangkok, Thailand 
e-mail: cmnathasit@mahidol.ac.th 
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There are several studies addressing some obstacles and challenges in 
implementing technology roadmapping in an organization. For example, an 
organization may face challenges about the issues of start-up a technology 
roadmapping process (Farrukh, et al., 2001; Groenveld, 1997, 2007; Phaal, et al., 
2003a, 2003b), top-management commitment (Groenveld, 1997, 2007; Kappel, 2001; 
Kostoff and Schaller, 2001; McMillan, 2003), selection of the right players to involve 
in the technology roadmapping implementation (Brown and O'Hare, 2001; Gerdsri 
and Vatananan, 2007; Gerdsri, et al., 2009), and choosing and customizing a correct 
technology roadmapping approach (Fleury, et al., 2006; Gerdsri, et al., 2009; Hoffman 
and Daim, 2006; Holmes and Ferrill, 2005; Kostoff and Schaller, 2001; Lee and Park, 
2005; Phaal, et al., 2001; Probert, et al., 2003). Also, due to limited data availability of 
new and emerging technologies or market forces, an organization may face challenges 
in predicting future events (Gerdsri, 2005, 2007; Strauss and Radnor, 2004; Vojak and 
Chambers, 2004). Lastly, an organization could find it challenging to facilitate 
workshops to generate and share the knowledge needed for roadmapping (Phaal, et 
al., 2007; Gerdsri, et al., 2009). 

For an organization that aims to implement technology roadmapping as a part 
of its strategic planning activities, it is vital to integrate the technology 
roadmapping process into ongoing business operations so that the survival of 
technology roadmapping implementation can be successfully assured (Farrukh, et 
al., 2001; Gerdsri and Vatananan, 2007; Gerdsri, et al., 2009; Groenveld, 1997, 
2007; Phaal, et al., 2001, 2004, 2005; Rinne and Gerdsri, 2003; Strauss and 
Radnor, 2004). Going through the technology roadmapping integration, the 
process is complex and may lead to some major changes in an organizational 
structure and culture (Cosner, et al., 2007; Gerdsri, et al., 2008, 2010; McMillan, 
2003). Therefore, it is important to apply appropriate change management 
techniques (Cosner, et al., 2007; Gerdsri, et al., 2008, 2010) and proper training to 
prepare all key players to be ready for the technology roadmapping 
implementation (Gerdsri, et al., 2009, 2010; McMillan, 2003). 

2   Stages of Technology Roadmapping Implementation 

Gerdsri et al. (2009) proposed to classify the general approach for technology 
roadmapping implementation in an organization into three stages: initiation, 
development, and integration (Gerdsri and Dansamasatid, 2008; Gerdsri and 
Vatananan, 2007). 

Stage 1 Initiation stage aims to get an organization ready before beginning to 
implement technology roadmapping process. 

Stage 2 Development stage aims to develop a desired roadmap by engaging 
right people, gather the necessary information, and conduct a step-by-
step analysis. 

Stage 3 Integration stage aims to integrate technology roadmapping process 
into an ongoing business planning activities so that a roadmap can be 
constantly reviewed and updated in a timely manner. 
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Fig. 1 Objective and measures for success in different stages of technology roadmapping 
implementation 

For organizations that intend to develop a roadmap as a one-time effort for 
guiding their strategic vision, the technology roadmapping implementation effort 
can be stopped after the development stage is completed. However, some 
organizations, which want to assimilate the technology roadmapping process into 
their ongoing business operations, need to continue through the integration stage. 
The detailed explanation of main activities conducted in each stage and the key 
measures for success are described as follows and summarized in Figure 1. 
 
Initiation stage: It is important for any organization to start off with the right 
approach. The purpose of this stage is to provide the opportunity for gathering and 
disseminating necessary information to use in the later stages. In this stage, core 
teams are formed. The individuals as well as groups prepare themselves by 
understanding the basic knowledge, requirements, and approach of technology 
roadmapping. The ground rules for team participation need to be set as well. 

After the official kick-off for the technology roadmapping initiative, basic 
information addressing the concept of technology roadmapping is distributed to key 
stakeholders, in order to convince them and get them to buy into the initiative. With 
increasing numbers of supporters and buy-ins, the first-cut technology roadmapping 
workshop can be organized. Throughout the initiation stage, the core teams should 
discuss about the customization of generic technology roadmapping concept to 
make it fit into the strategic planning process and the organization’s working culture. 

The success of activities in this stage can be measured through the acceptance 
of technology roadmapping concept among key stakeholders and the 
customization of technology roadmapping process to meet organizational needs.  

 

Development stage: The main emphasis of this stage is on data collection and 
analysis. A series of technology roadmapping workshops is conducted to analyze 
collected data and graphically present the results in a roadmap form. The workshop 
participants are the members of the technology roadmapping operation team 
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organized within each strategic business unit (SBU). The collection of data can be 
done both internally and externally. The benefits gained from the workshops are not 
only to analyze data, but also, to share, transfer and create knowledge (Nonaka, 
1991; Phaal, et al., 2005). The success of activities in this stage can be measured 
through the quality of content presented in a roadmap and the level of knowledge 
and experience sharing among different groups of participants. 

 
Integration stage: After the completion of the development stage, the focus of 
technology roadmapping implementation is moved to the integration of the 
roadmapping process into the ongoing business operations of the organization. 
This integration is vital, since the technology roadmapping initiative is not a one-
time effort but rather it should be exercised as an ongoing process (Kostoff and 
Schaller, 2001). During the integration stage, the main roles and responsibilities 
are transferred to the idea champion team. The aim and desired result is the 
complete fusions of the technology roadmapping process into the organization, so 
that the roadmapping process becomes a part of strategic business planning. With 
the successful integration, a roadmap will be maintained and updated as part of 
normal business operations. 

The success of activities in this stage can be measured through the strength of 
the linkage between technology roadmaps and a corporate strategic plan as well as 
the continuation of technology roadmapping implementation. 

3 Key Players Involving in Technology Roadmapping 
Implementation 

In general, the contributions from individuals and teams are necessary to assure 
the successful implementation of any initiative in an organization. This is also 
applicable for the technology roadmapping implementation. Key players involved 
in the technology roadmapping implementation come from different levels and 
sub-groups of the organization. The most important and influential players are 
idea champions, champion team, technology roadmapping operation team and 
support team. The engagement from an external consulting team may be 
necessary, especially in an organization that implements technology roadmapping 
for the first time. The involvement of the external consulting team may vary from 
one organization to another and the level of its engagement should be carefully 
assessed to assure that technology roadmaps can be developed and the technology 
roadmapping process can be integrated into the ongoing business operations. The 
following section describes the characteristics of each player and their interaction, 
which can be conceptually illustrated as shown in Figure 2. 

 

Idea champion: The idea champion is the one who provides the energy to move 
the subjects to gain acceptance for the change (Daft and Bradshaw, 1980). The 
emergence of the idea champion is an indispensable ingredient in the process of  
innovation and strategic change (McCall and Kaplan, 1985). This individual sees  
not only the needs and benefits for innovation, but also provides transformational  
leadership throughout the implementation process (Howell and Higgins, 1990).  
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Fig. 2 Interaction among key players (SBU: strategic business unit) 

This makes the idea champion important as an impetus to change and to overcome 
constraints. The champion’s main role is to guide the members of the organization 
through the change process and mitigate constraints along the way. 
 
Champion team: The champion team is a group of idea champions in which each 
individual represents a different business unit. As compared to the characteristics 
of individual idea champions, the champion team makes use of its team dynamic, 
commitment, diversity, and flexibility in addition to their individual traits (Kotter, 
1996). The champion team is a driving force of the technology roadmapping 
initiative and is critical to its success. Each member of the team will lead a group 
of participants from his/her business unit through the technology roadmapping 
development process. In addition to the roadmap development, the champion team 
is also responsible for finding a proper way to integrate the roadmapping process 
into the ongoing business processes of the organization. 

 

Technology roadmapping operation team: The technology roadmapping 
operation team is a working group assigned and handpicked by the idea champion 
of each business unit, to participate in the development of a technology roadmap. 
An idea champion who is also a member of the champion team leads the group. 
The members of the technology roadmapping operation team are recruited from 
major divisions (e.g. strategic planning, marketing, engineering, product 
development) of each business unit. Each individual has strong knowledge and 
experience in his/her functional area. With the combined knowledge from the 
team, the future trends and needs for the business unit can be determined and used 
as strategic inputs for the technology roadmapping development. 

 

Technology roadmapping support team: The technology roadmapping support 
team is formed and initiated by the idea champion as the administrative body of 
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the technology roadmapping implementation. Even so, the role of this team will 
increase over the course of the implementation. Its main function is to capture, 
store and distribute resources and information. The support team will be the 
resource center of the technology roadmapping initiative. 

4   Involvement of Key Players in Each Stage 

All aforementioned key players are involved in all stages of implementation but 
the levels of their involvement differ from one stage to another. In each stage, the 
types of engagement can be scoped at individual, team as well as organizational 
level. Through all stages, knowledge is being created, shared and transferred as 
the driving part of the implementation process (Gerdsri and Vatananan, 2007; 
Gerdsri, et al., 2009; Senge, 1990). 

4.1   Initiation Stage 

During the initiation stage the focal roles of individuals and teams are to learn and 
to communicate. The main responsibility is to understand the complete process of 
technology roadmapping and the nature of the three implementation stages. The 
following section will discuss the roles and responsibilities of the key players in 
this stage. 

 
The idea champion: Because the technology roadmapping process represents a 
considerable change to the organization, a single idea champion might not be able 
to cope with the amount of responsibilities. This is why the idea champion needs 
to communicate his/her knowledge and understanding of the initiative to other key 
stakeholders, in order to form a team of idea champions (also referred by Kotter as 
a guiding coalition) (Kotter, 1996). In this stage the champion’s main 
responsibility is networking to bring the right people together (Phaal, et al., 
2003a). To do this, his/her individual mastery on technology roadmapping 
implementation is essential in order to communicate and inform or even educate 
key stakeholders. 

 
The champion team: The group of individual idea champions, assembled from 
several strategic business units, forms the champion team. The team members are 
well respected experts who will lead their strategic business units through the 
implementation process. This high performance team will be the driving force 
through the three stages of the technology roadmapping implementation. The 
formation of the idea champion team will ensure the effective diffusion of how 
important the technology roadmapping initiative is for the organization (Kotter, 
1996). But to be effective communicators, the members of the team need to have  
the same level of understanding and knowledge about the initiative. Through 
individual learning and first-cut workshops, all members of the champion  
team will raise their level of understanding about technology roadmapping.  
The common and equal understanding among the team members creates a 
dynamic, which is needed for the collective learning and facilitation process 
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(Hosley, et al., 1994; Senge, 1990). In addition to their function as 
transformational leader and facilitator of the technology roadmapping 
development, the champion team will serve as a communication link between Top 
management and the technology roadmapping operations team (Nonaka, 1991). 
 
Technology roadmapping operation team: For the purpose of a roadmap 
development, the individual member of the champion team, who is a 
representative from each strategic business unit, is responsible for setting up 
his/her own technology roadmapping Operation Team. Members of the team must 
be carefully chosen to represent an effective blend of expertise across several 
functional departments within the strategic business unit (e.g. Marketing, 
Engineering, Product Development, R&D, Finance, etc.) (Probert & 
Shehabuddeen, 1999). At this stage, the activities of the technology roadmapping 
operation team are mainly to capture the basic knowledge and get themselves 
ready for participating in the development stage. 

 
Technology roadmapping support team: The technology roadmapping support 
team begins to form with the objective to operate as a resource center. The team’s 
responsibility is to provide basic information related to their corporate business 
and technology roadmapping implementation collected from both internal and 
external sources. The team needs to create open-communication channels for all 
strategic business unit’s technology roadmapping operation teams to access that 
information. 

4.2   Development Stage 

At this stage, the actual roadmap is being developed. The major activities are to 
extract, distribute and share knowledge through a series of workshops (Phaal, et 
al., 2003a; Phaal, et al., 2005). The following sections will discuss the roles and 
responsibilities of the key players in this stage. 

 
The idea champion: At the beginning of the development stage, the idea 
champion assumes the role of a leading facilitator, responsible for the coordination 
of relevant knowledge sources and preparation of individuals for the roadmap 
development. The idea champion needs to create a relaxed and productive 
atmosphere for participants in order to smooth the progress of knowledge creation 
and transfer which will continuously incur during the technology roadmapping 
development process. The idea champion also conducts feedback sessions with 
internal and external participants to make appropriate adjustments. Once the 
champion team is ready to carry the work, the idea champion will transfer the 
ownership to the team and then focus his/her roles on assisting the champion team 
as conflicts and problems arise. 
 
The champion team: After the idea champion provides general guidance to the 
champion team, each member of the champion team starts to facilitate the 
technology roadmapping development process for his/her own strategic business 
unit. Being a part of the champion team, each member is responsible to share 
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feedbacks and lessons learned from the workshops with all members so that the 
team can strengthen their common knowledge and experiences. In addition, the 
individual member of the champion team in each strategic business unit must play 
a role as a project manager in controlling the progress, motivating participants and 
negotiating for proper resources. 
 
Technology roadmapping operation team: In this stage, the technology 
roadmapping operation teams from all strategic business units carry the main load 
in developing their unit’s roadmap. The team members gather and analyze 
relevant information needed through the roadmap development process. The 
gained insights are captured and discussed among all team members so that the 
team can draw their conclusions for the final decisions. As a result, these activities 
can be considered as a mean to convert tacit into explicit knowledge as mentioned 
by Nonaka (1991). During this stage, it is important for the technology 
roadmapping operation team to engage themselves in open dialogs to enhance the 
team’s learning process (Hosley, et al., 1994; Senge, 1990). 

 
Technology roadmapping support team: Being a resource center, the 
technology roadmapping support team must assemble all necessary information 
and maintain all communication channels open, so that the information can be 
shared and exchanged. 

4.3   Integration Stage 

The development of a technology roadmap alone is not enough to sustain it. The 
roadmap implementation needs to be seen as an ongoing process with continuous 
review and update of drivers, technologies and the map itself (Kostoff and Schaller, 
2001). Therefore the integration of roadmapping processes into the current business 
operation in any organization is the key to sustainability. The following section will 
discuss the roles and responsibilities of the key players in this stage. 

 
The idea champion: The final role of the idea champion is to initiate the 
integration process of the technology roadmap into an ongoing business process. 
The sole responsibility of the idea champion is to oversee the integration and 
continue to provide assistance and support to the champion team. Finally, with 
completion of the technology roadmapping integration, the role of the idea 
champion changes into a technology roadmapping Sponsor, who is no longer 
involved in the process, but will remain in an advisory capacity. 

 
The champion team: With the decreasing role of the idea champion, the champion 
team will pick up the pace of integrating the roadmap into the organization’s 
ongoing business processes. It might be necessary to redesign or remove redundant 
processes along the integration. With the successful integration, the challenge of the 
champion team is to keep the technology roadmapping process alive. Therefore, in 
addition to the roles and responsibilities as described above, the individual champion 
must be in charge of preserving the roadmap and ensuring its continuation. 
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Technology roadmapping operation team: At the beginning of this stage, the 
team will assist the champion team in verifying and validating their roadmap. As the 
roles and responsibilities of technology roadmapping operation team gradually 
decline, they still help the champion team to create linkages between technology 
roadmapping process and the current business processes of the organization. With 
successful completion of the integration stage, the technology roadmapping 
operation team is embedded into the organization’s ongoing business processes. 
Finally, the team’s roles and responsibilities change to update and adjust their 
technology roadmap. 

 
Technology roadmapping support team: The support team is responsible for 
preparing and collecting documents produced by the technology roadmapping 
development process. Apart from these tasks, the team also assists the champion 
team in compiling all strategic business unit roadmaps into a corporate master 
roadmap. Lastly, the team has to diffuse the knowledge and lessons learned from 
the process throughout the organization. The idea of knowledge diffusion in this 
stage can be referred to Nonaka’s concept on knowledge creation where tacit 
knowledge must be transformed into explicit and is then distributed throughout the 
organization (Nonaka, 1991). 

5   The Dynamics of Technology Roadmapping Implementation 

The dynamics of technology roadmapping implementation can also be addressed 
by the change on the degree of involvement of each key player. Gerdsri et al. 
(2008) observed how the level of involvement of each key player gets change 
along the three stages of technology roadmapping implementation. The patterns of 
the change on the degree of involvement of each key player can be conceptually 
illustrated as shown in Figure 3.  

During the initiation stage, the level of involvement of the idea champion is 
high as the idea champion is the one who provides the momentum for the 
implementation, by forming key teams and training them to be ready for the 
technology roadmapping implementation. While other key players begin to learn 
and understand the technology roadmapping implementation process, the idea 
champion is communicating with key stakeholders to promote the concept of 
technology roadmapping to secure support and vital resources. 

In the development stage, the idea champion hands over most of the 
responsibilities to the champion team and assumes a supportive and advisory role. 
His/her role is to monitor the technology roadmapping development and, if 
necessary, adjust the process or material. As the technology roadmapping 
development commences the involvement of the operation team peaks. This is the 
stage where knowledge is being created and transferred, to formulate the roadmap. 

Once the roadmap has been developed and the integration stage has begun, the 
idea champion assumes the role of a technology roadmapping advisor. Now the 
focus lies on the champion team and technology roadmapping support team to 
compile all the business unit roadmaps into a master roadmap and to integrate the  
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Fig. 3 Conceptual illustration of the changes on the degree of involvement for each key 
player throughout different stages of the technology roadmapping implementation 

technology roadmapping process into the ongoing business processes of the 
organization. In this stage, the level of involvement of the champion team and 
technology roadmapping support team reach the highest level. While the level of 
involvement of technology roadmapping operation team slightly decreases as their 
roles reduces from developing the roadmap to assisting the integration effort. With 
successful integration, each idea champion of the champion team will assume 
ownership of the technology roadmapping process in their corresponding business 
unit and lead the technology roadmapping operation team in maintaining and 
updating the roadmap as part of their daily operations. 

6 Applying Change Management to Guide Technology 
Roadmapping Implementation 

As mentioned earlier, technology roadmapping is not just a process; people 
involved in the process are crucial to the success as well. Applying change 
management can assist an organization to set up a proper technology roadmapping  
implementation plan and guide key players to cope with the new technology  
roadmapping process. Two well-known concepts of change management, Prosci’s 
ADKAR model and Kotter’s eight stages of change, can be taken into 
consideration for the development of an activity guideline for technology 
roadmapping implementation.  
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6.1   Prosci’s ADKAR Model 

The ADKAR model focuses its attention on the five elements to prepare individuals 
for the change. Each element of change is described below (Hiatt, 2006): 

 
Element 1 Awareness of the need for change: To be able to change, the 

organization and its members need to know and understand the 
rationales for changes. Awareness represents a person’s 
understanding of the nature of the change including why the change 
is being made and the risk of not changing.  

Element 2 Desire to make the change happen: To motivate people to change, 
the organization needs to create positive or negative consequences 
influencing individual’s desire for engaging in a change. Desire 
represents the willingness to support and engage in a change. Desire is 
ultimately about a personal choice influenced by the nature of the 
change as well as an individual’s personal situation and intrinsic 
motivation. 

Element 3 Knowledge about how to change: Motivation to change alone is 
not enough to initiate a change. Individuals need to understand what 
the proper behavior looks like. They need examples and guidance so 
that they can obtain the knowledge of what the correct behavior or 
procedure is. 

Element 4 Ability to implement new skills and behaviors: Once the required 
knowledge is obtained, basic practices need to be provided to attain the 
abilities and skills necessary for engaging in a change. Ability can only 
be achieved when a person or group has the demonstrated capability to 
implement the change at the required performance levels. 

Element 5 Reinforcement to retain the change: To anchor the new behavior 
in the corporate culture, individuals need some reinforcement to 
keep the good behavior going. Reinforcement consists of both 
internal and external factors. External reinforcements could include 
recognition, rewards and celebrations that are tied to the realization 
of the change. Internal reinforcements could be a person’s internal 
satisfaction with his or her achievement or other benefits derived 
from the change on a personal level. 

6.2   Kotter’s Eight Stages of Change 

The eight-step process is a direct response to the top eight most common errors 
that organizations and management makes when confronted with change (Kotter, 
1995, 1996). A brief definition of each stage is provided below (Cohen, 2005): 
 

Stage 1  Establishing a sense of urgency (increase urgency): The prime 
objective of this stage is to raise awareness of the need and 
importance for changes. If it is done right, the creation of urgency 
atmosphere will reduce complacency and gain needed cooperation. It 
will generate interest and motivate people to take action. 
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Stage 2  Creating the guiding coalition (building guiding teams): A guiding 
coalition will facilitate the decision-making process, access more 
information and be able to act more quickly. A synergistic effect 
among members can be enhanced by providing some assistance to a 
team in areas like communication and knowledge sharing. 

Stage 3  Developing a vision and strategy (get the vision right): To be 
successful, the change effort needs a direction representing a 
compelling and motivating picture of the future. A vision helps to 
coordinate actions and to identify behaviors that should be 
encouraged or eliminated. 

Stage 4  Communicating the change vision (communicate for buy-in): 
Communication of the vision is essential to develop the understanding 
about the necessity of the change effort and to convince people to 
buy-in. This helps to gain access to needed recourses and captures the 
commitment from workforce. By sharing the desired future, it helps 
motivate and coordinate all participating members to go through the 
transformation. 

Stage 5  Empowering employees for broad-based action (enable action): 
To carry out the change, each individual in an organization need to be 
enabled to take broad base action. 

Stage 6  Generate short-term wins: These timely, visible, and meaningful 
achievements are critical to build the credibility needed to sustain the 
change effort over time. They also provide a visible proof to 
stakeholders that the effort pays off. As a result, motivation, moral 
and commitment of key players can be maintained. 

Stage 7  Consolidating gains & producing more change (don’t let up): The 
momentum created by the short-term wins can be used to move the 
change effort forward, and enables key players to take on bigger and 
deeper changes. However, it is essential for leaders to continue 
conveying their commitment to employees and management as well 
as keep up urgency and not to declare premature victory. 

Stage 8  Anchoring new approaches in the culture (make it stick): In this 
stage the new behaviors are woven into the organizational culture. In 
order to achieve a sustainable integration of the change, leaders need 
to adopt the new behaviors themselves, as well as reward and 
recognize their subordinators in adopting the new behaviors. 

6.3 Applying ADKAR Model and Eight-Step Model to Develop  
an Activity Guideline for Technology Roadmapping 
Implementation  

The combination of ADKAR and Kotter’s 8-stages model of change management 
will aid technology roadmapping practitioners to understand the basic elements 
needed in preparing individuals for changes and the actions needed in managing 
the technology roadmapping process through all three stages. Table 1 presents the  
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Table 1 An activity guideline for technology roadmapping implementation 

Change management concepts Action plan supporting the three-
stage technology roadmapping 

implementation process 

Stage of 
technology 

roadmapping 
implementation  

Key success 
factors (KSFs) 

Prosci’s 
elements of 

change 

Kotter’s 8-stage of 
change 

Awareness 
 
Desire 
 
Knowledge 

Step 1: Create a sense 
of urgency 

Understand the value of applying technology 
roadmapping in the organization 
Build awareness of why technology 
roadmapping implementation is needed  
Discuss the details of technology 
roadmapping concept 
Raise urgency of why technology 
roadmapping implementation is immediately 
necessary to all participating members 
Develop a vision, objective, and scope of 
technology roadmapping implementation for 
the organization 
Set the plan to roll-out technology 
roadmapping implementation 
Gain acceptance and sponsorship from top-
management 
Communicate the vision for the buy-in and 
support from key players  
Form a working group responsible for 
activities related to technology roadmapping 
implementation 
Provide the fundamental concept of 
technology roadmapping to all participants 
Prepare all participants to be ready to 
implement the technology roadmapping 
process. Training sessions may be provided. 
Customize the generic technology 
roadmapping process to fit with the 
organizational setting 

Initiation 

Acceptance of the 
initiative by key 
stakeholders 
Development of a 
customized 
technology 
roadmapping process 

Step 2: Form a guiding 
coalition 

Step 3: Develop vision 
& strategy 

Step 4: Communicate 
vision & 
strategy 

Ability 

Step 5: Empower 
people 

Plan and organize a series of workshop 
sessions to develop a roadmap 
Allocate responsibilities to each individual in 
the group as well as set up ground rules for 
the group participation 
Maintain the momentum and energy from all 
participants throughout the technology 
roadmapping development process 
Remove barriers blocking participants from 
carrying out their technology roadmapping 
activities 
Conduct debriefing and review sessions 

Development 

Content quality 
presented in the 
roadmap 
Knowledge sharing 
among different 
groups of participants Step 6: Create short-

term wins 

Reinforcement 

Step 7: Consolidate 
gains 

Consolidate roadmaps into one master 
roadmap (if needed) 
Establish the procedures to review and revise 
a roadmap so that a roadmap can be kept alive 
Integrate technology roadmapping process 
into organization’s existing processes 
Transfer ownership of the process to the 
proper group of people 

Integration 

Linkage between 
roadmap and 
corporate strategic 
plan 
Continuation of 
technology 
roadmapping 

Step 8: Anchor new 
approaches 

 
 

examples of activities needed for facilitating and supporting technology 
roadmapping implementation process. These activities are properly determined 
corresponding both ADKAR’s and Kotter’s model. 

As described earlier, the purpose of the initiation stage is to define the scope of 
the technology roadmapping initiative, select a team of key players, and prepare 
them to be ready for technology roadmapping implementation. The three elements 
of ADKAR model; Awareness, Desire, and Knowledge, are concentrated along 
with the Kotter’s first four steps to create a sense of urgency, form a guiding 
coalition, develop a change vision, and communicate the change vision throughout 
the organization. 
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In the development stage, the activities emphasize the interaction of key players 

and their synergistic effort in analysing data and information. The interaction 
among individual team members can lead to the creation of new knowledge 
supporting the development of a roadmap. The “Ability” element of ADKAR 
model is concentrated along with the Step 5 and 6 of Kotter’s model emphasizing 
theempowerment of people involved in the process and the plan for achieving 
short-term wins. 

In the integration stage, the main attention lies on how to seamlessly integrate 
the new technology roadmapping process into day-to-day operations at the 
organization. The last element of ADKAR model, Reinforcement, is considered in 
conjunction with the Step 7 and 8 of Kotter’s model. The emphasis is to invigorate 
the new processes and behaviours in the organization to anchor the technology 
roadmapping process as a part of normal business practice and to keep the 
roadmapping process alive. 

It is important to remember that technology roadmapping need to be 
customized for each organization to fit with its organizational context. The action 
plan presented in Table 1 is general and can be applied for most situations. 

7   Implementing Technology Roadmapping: A Case Example 

In the following chapter the technology roadmapping implementation is 
illustrated. The company presented in this case example is one of the leading 
manufacturers in the ASEAN region 

7.1   Background 

The company has multiple strategic business units (SBUs). Its products have been 
widely recognized for the high quality by customers, both in local and 
international markets. Several market research activities have been initiated with 
special emphasis on fulfilling customers’ requirements and satisfactions.  

Recently, the company announced its new strategic vision to focus on “creating 
a product solution for all” instead of providing separated components to the 
market. To complete this new vision, the company decided to reform itself from 
being a product manufacturer to become a total solution provider. Therefore, the 
development plan for each product must be integrated into one system, in order to 
provide better product solutions for their customers in the future. 

7.2 The Company’s Objective and Motivation in Applying 
Technology Roadmapping Approach 

Currently, the company carries out two types of business planning. One is a high-
level strategic plan known as a medium-term plan (MTP). The other is an annual 
action plan. Medium-term plan addresses the company’s strategic issues regarding 
its future direction for the next five years. The content of medium-term plan 
covers the plan for the development of new products, new markets, as well as new  
business operations. On the other hand, the content of annual action plans covers  
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Medium-
term plan 

Using technology roadmapping approach to create a linkage 
between a medium-term plan and an action plan 

Action plan 

Technology 
roadmapping 

Business, 
market analysis 

Market, 
product analysis 

Technology analysis 

Charting and 
dokumentation 

Ressource analysis 

 

Fig. 4 The company’s objective and motivation in applying in technology roadmapping 

activities with estimated budget and ownership assignment. The completion of 
activities in annual action plans would achieve the strategic objectives as indicated 
in a medium-term plan for each upcoming fiscal year.  

The two strategic plans have been effectively used to manage the development 
of the company’s technological and manufacturing capabilities required for new 
product development. However, with the new vision of becoming an industry 
leader in providing a total housing system solution, several strategic business unit 
s must collaboratively work to assure that their products would be seamlessly 
integrated into a system and flawlessly function together. As a result, the company 
has to spend longer time in R&D before being ready to launch a new product 
system solution than the duration the company is used to spend when each 
strategic business unit develops and launches its own products, independently. 

The company is considering the potentials of applying technology roadmapping 
in conjunction with its medium-term plan and annual action plan (as shown in 
Figure 4.) so that the company can emphasize identifying potential products, system, 
and services, map them onto technology alternatives, and develop resource 
allocation plans. By applying technology roadmapping approach, the company will 
be able to ensure that the required technologies and infrastructures will be ready 
when needed. Moreover, the activities conducted by various strategic business unit s 
in delivering their products to support a new product system could be synchronized 
so that the solution can be launched in a timely manner. 

7.3 The Company’s Approach in Implementing Technology 
Roadmapping 

The technology roadmap development project was carried out after a three-month 
preparation. The company’s ultimate objective was to have a corporate master 
roadmap representing the future direction of all major strategic business units. 
Table 2 describe how the subject company organized and exercised its activities to 
support technology roadmapping implementation along the three stages by 
following the activity guideline as presented in Table 1. 
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Table 2 Applying a change management approach to organize activities supporting 
technology roadmapping implementation: A case example 

Action plan to support the technology 
roadmapping implementation process 

A case example presenting how the subject company organized the 
activities to support its technology roadmapping implementation 

In
iti

at
io

n 

Understand the value of applying 
technology roadmapping in the 
organization 

The idea champion was identified. He was a person who saw the value of 
technology roadmapping and tried to bring it into the organization. He took the 
initiative to acquire the basic knowledge about technology roadmapping. He 
communicated with the external people who have experiences in technology 
roadmapping to discuss about the possibility of implementing technology 
roadmapping at the company. After all details of technology roadmapping were 
clarified, the company decided to develop a product-technology roadmap for each 
strategic business unit and then aimed to compile them at the end to represent a 
corporate master roadmap.  The external technology roadmapping 
research/consulting team was officially brought in. The research/consulting team 
began to work with the internal team to setup the plan for facilitating the 
technology roadmapping implementation process. The joint team also discussed 
the link between the proposed roadmapping activities and other existing 
strategic/business planning in the company. 
 
To effectively roll out the activities and build up a quick buy-in from key 
stakeholders, the joint team decided to execute technology roadmapping 
implementation in multiple phases instead of rolling it out to all strategic business 
units at the same time. Since it was the first time that technology roadmapping was 
introduced to the company, setting the pilot execution allowed the joint team to 
fully focus on the needs of the pioneering strategic business units. As a result, the 
resistance from key stakeholders in adopting the new process was minimized and a 
quick win could be declared. The success in the pioneering strategic business units 
helped to reinforce the buy-in from the remaining strategic business units. 
 
As part of building a vision and strategy for the technology roadmapping initiative, 
the idea champion and research/consulting team worked together to communicate 
with key stakeholders to rally for their buy-in and support.  Due to the novelty of 
the technology roadmapping initiative at the company, the idea champion had to 
communicate with top management regarding the balance of the expectations 
between a learning process and the quality of the roadmap content.  A kick-off 
meeting for technology roadmapping implementation was organized.  The 
President of the company was invited to inform his staffs about the needs and 
expected benefits from the technology roadmapping implementation. 

Build awareness of why technology 
roadmapping implementation is 
needed  

Discuss the detailed concept and the 
roll-out plan of technology 
roadmapping implementation 

Raise urgency of why technology 
roadmapping implementation is 
immediately necessary to all 
participating members 

Develop a vision, objective, and 
scope of technology roadmapping 
implementation for the organization 

Gain acceptance and sponsorship 
from top-management 

Communicate the vision for the buy-
in and support from key players  

Form a working group responsible 
for activities related to technology 
roadmapping implementation 

Provide the fundamental concept of 
technology roadmapping to all 
participants 

Prepare all participants to be ready to 
implement the technology 
roadmapping process 

Customize the generic technology 
roadmapping process to fit with the 
organizational setting 

D
ev

el
op

m
en

t 

Plan and organize a series of 
workshop sessions to develop a 
roadmap 

After identifying pioneering strategic business units, the technology roadmapping 
operation teams were formed for each strategic business units.  The team leader 
was appointed to be a project manager of each strategic business unit team.  The 
operation team of 6-8 members was assembled from key staffs involved in 
strategic planning, marketing, product development, engineering, and R&D 
activities in each strategic business unit. 
 
The research/consulting team customized the technology roadmapping process to 
match with the types of information available.  In case that the needed information 
was not available, the research/consulting team gave advices to the technology 
roadmapping operation teams to temporarily substitute that information with the 
team’s judgment during the workshop sessions.  However, the substituted 
information needs to be replaced later on with complete information. This 
approach helps keeping the momentum of the teams alive to continue through the 
technology roadmapping process without any interruption.  A step-by-step 
workbook with examples was also distributed as part of the workshops.  The 
facilitator and members of the research team helped creating a dynamic 
atmosphere during the workshop sessions, to allow all members of the working 
team to challenge each other on related issues. 

Allocate responsibilities to each 
individual in the group as well as set 
up ground rules for the group 
participation 

Maintain the momentum and energy 
from all participants throughout the 
technology roadmapping 
development process 

Remove barriers blocking each 
participant from carrying out the 
technology roadmapping activities 

Conduct debriefing and review 
sessions 

In
te

gr
at

io
n 

Consolidate roadmaps into one 
master roadmap (if needed) 

After completing the development stage, the ownership of the technology 
roadmapping process was transferred from the initial idea champion to two key 
stakeholders in the company.  One is a business planning manager, who is a 
process owner of business planning activities.  The other one is a technology 
manager who manages a portfolio of technologies and leads a group of 
technological experts in the company. The transfer of ownership assured that the 
technology roadmapping process would be adopted as a part of the company’s 
ongoing process by seamlessly integrating it into the existing business planning 
process.  Some redundant activities between roadmapping and business strategic 
planning were removed so that the whole analysis process was smoothly 
integrated. The periodical review and update of roadmaps were scheduled by 
linking the timing with the development of strategic plan organized in Q3 and the 
development of action plan organized in Q4. 

Establish the procedures to review 
and revise a roadmap so that a 
roadmap can be kept alive 

Integrate technology roadmapping 
process into organization’s existing 
processes 

Transfer ownership of the process to 
the proper group of people 
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8   Conclusion 

The implementation of technology roadmapping is a complex process for the 
organization. The classification of the implementation process into three stages 
(initiation, development and integration) helps the key players to understand the 
 

unique requirements and the level of involvements in each stage. To exploit the 
dynamics of technology roadmapping implementation, it is essential to get key 
players involved at different levels across multifunctional departments. Roles and 
Responsibilities of each player vary throughout the process. Therefore, to 
understand what their involvement should be focused on and how their 
involvement will evolve over time is critical for the key players. With the clear 
understanding of the dynamic linkage and relationship among individuals and 
groups, technology roadmapping implementation can be strengthened and 
knowledge can be more effectively shared and transferred. As a result, this will 
leads to a higher chance of a successful technology roadmapping implementation. 

The proposed guideline (Table 1) could be used as a checklist for an individual 
or team who is responsible for deploying the roadmapping process. The guideline 
was developed by applying the approach of change management and addressing 
them through the three stages of technology roadmapping implementation. By 
following the proposed guideline, technology roadmapping practitioners can 
prepare participating members to be ready to cope with the new processes and 
procedures. The step-by-step action plan can lead key players and stakeholders 
through the changes required for technology roadmapping implementation.  
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Innovation Business Plan at Siemens: 
Portfolio-Based Roadmapping to Focus  
on Promising Innovation Projects Right  
from the Beginning 

Babak Farrokhzad, Claus Kern, and Meike de Vries* 

Roadmapping is an effective tool for supporting innovation projects and business 
strategies. It is easy to implement and can be used in many different ways. In an 
international and globally operating company like Siemens, roadmapping offers 
senior management a valuable aid for decision-making that is easy to understand in 
any language. Siemens has developed a supportive approach to decision-making 
known as the innovation business plan. The core of this innovation business plan 
consists of a portfolio-based roadmapping process. The purpose of this paper is to 
provide an overview of the above-mentioned portfolio-based roadmapping approach 
within the innovation business plan and its compilation in the organization.  

1   Introduction  

The business environment in which Siemens operates is characterized by 
challenges of unknown dimensions due to demographic changes, urbanization, 
climate change and globalization. In addition, increasing demands by customers 
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result in ever shorter innovation and product life cycles, accompanied by rapidly 
evolving technologies. Economic and financial disruptions aggravate these 
challenges even more. For this reason Siemens possesses a very complex business 
structure comprising the four sectors of Industry, Energy, Healthcare, and the new 
sector Infrastructure & Cities. Each sector is organized in several divisions which 
in turn are divided into multiple business units operating all around the globe. 
Siemens looks back on a more than 160-year history of innovation, starting with 
the invention of the pointer telegraph in 1847, the discovery of the dynamoelectric 
principle by Werner von Siemens in 1866, via trendsetting industrial automation 
products such as SIMATIC. Recent highlights include the high density motor for 
electric cars, the offshore direct drive wind turbine, world class most efficient gas 
turbine 8000H, and the hydrogen electrolyser which transforms excess renewable 
energy into the easily storable chemical energy carrier hydrogen. 

In order to maintain and expand its leading position as an innovative company, 
Siemens needs to identify particularly promising projects at an early stage of the 
innovation process, to direct its activities towards attractive market segments and 
to fit new developments into the business strategy. Siemens has implemented a 
variety of tools to achieve these goals, and summarized them in the concept of the 
“innovation business plan”. In order to take into account foreseeable trends as well 
as possible discontinuities, Siemens also developed a process known as “Pictures 
of the Future”. This visionary process combines two antinomic perspectives: 
extrapolation from “today’s world” and retropolation from “tomorrow’s world.” 
The look ahead, extrapolation, corresponds to what companies usually do: 
mapping the development of the presently known technologies into the future and 
estimating as precisely as possible at what point in time something will be 
available. The retropolation as a scenario analysis completes the “Pictures of the 
Future” process. For a chosen time horizon, a scenario is designed that takes into 
account all of the influencing factors: the development of political and social 
structures, environmental impacts, technological trends, and new customer needs. 
This makes it possible to think one’s way back into the present and identify tasks 
that must be accomplished in order to cope with this particular world of tomorrow. 
If both of these perspectives are reconciled in the “Pictures of the Future” process, 
consistent and internally coherent scenarios of the future are generated (Eberl, 
2011). 

In academic literature Siemens is well recognized and acknowledged as a 
global player and pioneer in the use of roadmapping (Specht and Behrens, 2006), 
having already implemented this technique in the early 1990s (Weyrich, 1996). By 
means of roadmapping it becomes possible to forecast developments based on 
present businesses and customers, and establish projections regarding the staging, 
timing and interplay of anticipated evolutions in product, process or infrastructure 
technologies (Phaal et al., 2003; Cosner et al., 2007). Roadmaps require a specific 
process to enable the forecast of future technologies’ content and timing (Phaal et 
al., 2001; Möhrle, 2004). Hence, to become a powerful tool in the technological 
planning process, roadmapping must be linked with other processes, such as the 
long-range planning process and annual operating plan development (Cosner et 
al., 2007; Möhrle, 2004). Accordingly, Siemens has compiled a set of various 
methods to be combined in the innovation business plan concept, and defined the 
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underlying process, including steps, roles, milestones and templates (Anton and 
Schnorr, 2006). The methodology of the innovation business plan will be 
introduced in the following section, and the key tool of portfolio-based 
roadmapping will subsequently be described in greater detail. 

2   Methodology of the Innovation Business Plan 

As a supportive method for decision-making in the annual business planning 
process, the innovation business plan is particularly suitable for evaluating current 
and yet-to-be-approved innovation projects, as well as for drawing up innovation 
plans and budgets for the following business year. Based on a well-defined and 
regularly updated process, the innovation business plan helps to improve the 
company’s overall evaluation and selection abilities and enhances innovation 
performance. The innovation business plan consists of two major parts and 
possesses a pyramidal structure (Figure 1):  
 

• The first part forms the basis of the innovation business plan; it is descriptive 
in character. In this part the actual business and technology environment is 
analyzed by means of consolidated market, technology and customer data. 
This consolidated data is graphically represented by a radar screen or 
strength-weakness profiles derived from the comparison with competitors. In 
the next step, this data is submitted to a minimum of three portfolio analyses 
and then condensed into a SWOT analysis. These assessments are supported 
and substantiated methodologically and are based on the preceding portfolio 
analyses. Recommendations are then formulated on the basis of these 
predominantly analytical descriptions. Thus, this part of the process primarily 
focuses on the preparation of innovation and R&D decisions.  

• The second part centers on the decision making process and the visualization 
of these decisions in a roadmap. It forms the peak of the innovation business 
plan and is more general in character. Potential innovation projects are 
visualized in roadmaps based on the prepared data and the recommendations 
from part one. The derived roadmaps aid managers in decision making. 
Compiling the information in this manner provides a clear and 
comprehensible overview of all potential innovation projects, their position 
relative to the business strategy and the analyses concerning the business, 
competitor and technology environment. 

 
The two-part structure of the innovation business plan, with its division into 
analysis and interpretation on the one hand and consequences on the other, has 
proven successful in business practice. Managers are in need of carefully compiled 
data relating directly to the entire business, as their decisions define action plans 
within the innovation business plan. However, Sales and Marketing, R&D 
managers, product portfolio managers and product managers involved in the 
preparation of decisions have a specific focus driven by their tasks when doing 
analyses. Therefore, the Technology & Innovation department compiles and 
aggregates these data and produces an impartial overview for the decision makers 
thus closing this gap. 
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Fig. 1 Innovation business plan - basic structure and iterative cycle 

The innovation business plan consequently contains concrete statements on: 
 

• all innovation plans in a single list, including their budget and time 
requirements,  

• a product and service roadmap, 
• a technology and competence roadmap, 
• a replacement strategy with a list of products to be phased out,  

 

and ensures that these are developed systematically in the context of the business 
strategy. 

3 Portfolio-Based Roadmapping as a Methodological Basis  
of the Innovation Business Plan 

Siemens utilizes the innovation business plan to try and determine the timing of 
market entry for a technological solution as precisely as possible, or predict when  
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a specific customer need is going to arise. The roadmapping approach is, above 
all, a visualization tool for innovation projects and therefore represents a 
substantial resource for decision-making on the senior management level 
(Farrokhzad et al., 2008). Siemens sees an effective tool in the combination of 
roadmapping and portfolio management, as portfolio analysis and roadmaps are 
easy to realize in the course of day-to-day business. Other authors also consider 
the combination of roadmapping and portfolio management a promising option 
(Cosner et al., 2007). The following section deals with the basis of portfolio 
management, the subsequent development of roadmaps, and finally the aspect of 
how these mechanisms are embedded in the organisation and implemented. 

3.1   Portfolio Analysis 

What a company needs to achieve short-term as well as sustained success is an 
appropriate mix of innovation projects (Kleinschmidt et al., 1996). The principal 
method for creating and managing the mix of innovation projects is that of 
portfolio management (Möhrle, 1999). In the case of Siemens this portfolio 
management encompasses a strategic and an operational process (Figure 2). 

The strategic process, which is known as the product portfolio management 
(PPM) process, defines the product portfolio, the innovation projects and the 
evaluation of the contribution of innovation projects to the successful 
implementation of the company’s business strategy. The strategic process is a 
rolling sequence of operations embedded into the Siemens process framework. 
The Siemens process framework includes all principles and regulations for process 
management within the company. Its core element is represented by the Siemens 
reference process house, which comprises the product lifecycle management 
process as one of its business processes. The front-end of the product lifecycle 
management process chiefly consists of the product portfolio management 
process. Product lifecycle management translates the business strategy as 
developed during the strategic planning and controlling process into business 
objectives for product lifecycle management and customer relationship 
management processes (Anton and Schnorr, 2006). 

The operational process, which is known as the product management process 
(PMP), involves the design, definition, realization, marketing and eventual 
phasing out of products and services. The operational process is a linear process 
going on between a defined beginning and end. 

The strategic product portfolio management process controls the operational 
product management process and thus the processing of innovation activities 
within the framework of the product management process. In the simplest case, 
the portfolio management process comprises three consecutive steps: 

 
 

• evaluation of market data 
• evaluation of technology data 
• definition of product portfolio strategy and innovation projects. 
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Fig. 2 Strategic and operative subprocesses in the overall product lifecycle management 
process 

Each of these three steps consists of numerous individual operations. The process 
also includes a quantity of further steps that merely are of secondary importance in 
the systematic creation of roadmaps. 

Producing a comprehensive analysis of all relevant information involves the 
consideration of both external and internal information sources, so portfolio 
analysis is an eminently suitable method (Specht et al., 2002). However, the 
popular market portfolios, such as those by McKinsey, obviously concentrate on 
the market cycle of a product, while the underlying technologies and 
developments are only considered indirectly (Specht et al., 2002; Steinmann and 
Schreyögg, 2005). Consequently, a market portfolio is unable to provide any 
indication of new strategic fields for the future. Market portfolios are only suitable 
for static environments. 

Technology portfolios are a much better solution for dynamic, innovation-
orientated businesses as they also take account of technological factors (Wolfrum, 
1994). The aim of technology portfolios lies in the visualization of the 
technologies used in a product or company by means of a two-dimensional matrix 
for directing strategies towards future developments (Pfeiffer, 1991). But even 
though a technology portfolio is able to provide good indications of technology 
priorities, it yields no information concerning market priorities (Gerpott, 2005). A 
healthy and balanced strategic innovation management approach takes both 
technological and market success factors into account. The integrated market-
technology portfolio, which includes technology planning and overall business 
planning, was devised to meet this particular need (Wolfrum, 1994). 
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The McKinsey approach generally comprises a simple technology portfolio and 
a market portfolio, which can then be combined in an integrated portfolio 
(Wolfrum, 1994; Gerpott, 2005). A classical portfolio analysis consequently 
consists of three consecutive steps: 

 
• creation of a market portfolio 
• creation of a technology portfolio 
• creation of an integrated market-technology portfolio (Figure 3). 

 
The market portfolio addresses market attractiveness and the relative market 
position, organizing products or product groups according to the company’s 
market attractiveness and competitive strength in the respective market.  
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Fig. 3 Innovation business plan - core of portfolio analysis methodology 
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The technology portfolio addresses technology attractiveness and the relative 

technology position. In essence, the attractiveness of a technology depends on its 
position on the S-curve (Gerpott, 2005; Foster, 1986). The S-curve is a tool for the 
description of the market penetration of a product or service. It shows how much 
development potential still exists and how much costs of promoting will be 
needed. The relative technology position is based on the company’s know-how 
background, as compared with that of its competitors, and the relative cost of 
promoting the technology. The order of technologies in the matrix is such that 
those marked by a higher degree of attractiveness and a higher relative position 
are assigned a higher priority. 

The integrated market-technology portfolio, proposed first already in the 
beginning of the 90s, is a combination of market and technology portfolios with 
the purpose to address market priorities (Roussel et al., 1991). Technology-related 
priorities for R&D are established on the basis of the technology’s position in the 
portfolio. At this point, a distinction is drawn between three model R&D 
investment strategies - i.e. aggressive, selective and defensive - which also 
indicate the strategic direction of impact. 

As shown in Figure 3, it makes more sense to look at the combined portfolios 
than at each of them separately. For instance, product ‘D’ has the weakest position 
in the market portfolio and would gain only minor resources on this basis, but it 
has actually a high priority in terms of technology and would hence be best served 
by the selective R&D strategy.  

Siemens uses an innovation project portfolio or risk portfolio similar to the 
McKinsey portfolio approach. This portfolio, which considers potential yield and 
the probability of success, allows the relative attractiveness of different innovation 
projects to be clearly illustrated by a comparison of opportunities and risks. The 
risk portfolio leads to a broader discussion of possible decisions than other 
portfolios: Decisions are not solely based on market potential, technological 
potential or the company’s market and technology position, but also on the risks 
attached to innovation projects. 

Siemens distinguishes a range of advantages in the portfolio-based roadmapping 
approach: 

 
 

• The method enables a separation of the preparatory work carried out by 
experts in the various relevant departments preliminary to the decision 
from the actual decision-making process finalized by senior management. 

• The method enables a demonstration of the R&D budget’s impact on 
different innovation projects according to an ex-post analysis. 

• The method supports decisions on just-in-time market entry or exit. 
• The method facilitates the preparation of consistent roadmaps based not 

only on the business strategy, but also on an analysis of competition.  
• The method helps to integrate and balance market and technology aspects. 
• The method helps to integrate portfolio management and roadmapping 

into annual strategic business planning, which causes innovation activities 
to be more strategy-driven. 
 



Innovation Business Plan at Siemens: Portfolio-Based Roadmapping to Focus  219
 

3.2   Roadmapping  

The roadmaps originate from the above-mentioned portfolio analyses, which are 
respectively based on several other types of analysis. Siemens uses roadmapping 
to support decision-making at senior management level. A general distinction can 
be drawn between the core technology roadmaps on corporate level, which 
possess a medium- to long-term focus, and the product and technology roadmaps 
of various business divisions, which are marked by a short- to long-term focus. 

Business division roadmaps are updated annually in a continuous process. 
Business division roadmaps are also referred to as multi-generation product plans 
or MGPPs. The various divisions’ multi-generation product plans are aligned with 
the core technology roadmaps on corporate level. This step serves as a check on 
competencies and the roadmaps’ consistency (Figure 4) (Weyrich, 1996). 

Siemens, for example, features several core technology roadmaps and several 
hundreds of product and technology roadmaps. In this context it is noteworthy that 
the relatively small quantity of core technology roadmaps significantly heightens 
the acceptance of roadmapping across the company and among employees 
(Bucher, 2003). 
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Fig. 4 Key elements of the innovation business plan 
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3.3   Embedding into and Implementation in the Organization 

The portfolio-based roadmapping methods and organization have to be 
implemented in accordance with company structures if the scheme is to tie up 
successfully with the innovation business plan (Farrokhzad et al., 2008). When a 
new method needs to be implemented in a company, the respective process should 
be specifically defined.  

The first step of embedding portfolio-based roadmapping in the organization is 
to generate a precise delineation of the procedure using defined processes (Phaal 
and Farrukh, 2000; Groenveld, 2007). The distribution of roles both defines the 
primary functional areas and staff involved in producing the innovation business 
plan, and describes how their specific perspectives within the company are to be 
merged into an innovation strategy and systematically converted into a roadmap. 

Siemens has defined e.g. five roles within the company that are essential to the 
success of an innovation business plan: 

 
• sales and marketing manager, 
• product manager, 
• R&D manager, 
• product portfolio manager, 
• business manager. 

 
• The sales and marketing manager represents the customer and sales point of 

view in product portfolio management and contributes the strategic market 
perspective, which may for example include market trends, customer 
characteristics, strengths and weaknesses, and opportunities and risks in 
relation to the market. One of the sales and marketing manager’s most 
important tasks is to open up and develop sources of information with respect 
to market and competition data. 

• The product manager is responsible for positioning the product in the market 
and represent the interests of relevant products within the framework of the 
product management process. It is his or her responsibility to identify 
problems affecting the business that arise in the course of product 
development or product marketing and to ensure that these are resolved 
effectively. Depending on the nature of the problem, the product manager 
may also have to confer with the product portfolio manager or the business 
manager to reach a joint decision. 

• The R&D manager is entrusted with the planning and the implementation of 
innovations with regard to the technology strategy, patent strategy and 
standardization strategy. He or she also commissions technology analyses, 
initiates analyses of core competencies from a technological point of view, 
and ensures that technology roadmaps are derived from portfolios. 

• The product portfolio manager is responsible for the positioning of the 
product portfolio in the market from technical, economic and strategic points 
of view. His or her actions are based on the business strategy as formulated by 
the senior management. The product portfolio manager is the process owner 
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of all processes involved in the correct performance of overall product 
portfolio management, including the requisite analyses. Hence it is important 
that the product portfolio manager reports directly to the business manager, so 
he or she can act regardless of divergent interests that may exist in the 
company’s functional areas. 

• The business manager formulates the business strategies and targets, which 
have to be in line with the overriding strategies of the company as a whole. 
He or she approves of or adjusts the recommended actions for the innovation 
portfolio that have resulting from the product portfolio management process. 
He or she also appoints a product portfolio manager to the relevant 
management unit, assigns responsibility for product development and selects 
project leaders for concrete innovation projects. 

The various roles that are necessary in the framework of an innovation business 
plan determine what specific influence certain individuals in the company should 
have. This also involves a detailed description of the tasks allotted to different 
roles. The interfaces between the three vertical roles of business managers, sales 
and marketing, and R&D, plus the two functional roles of product portfolio 
manager and product manager can be defined on this basis. 

The process should be simultaneous with the annual planning and budgeting 
processes. This ensures that the link between business strategy and planning and 
innovation management is maintained and facilitates a much closer alignment of 
business strategy and innovation activities. 

4   Conclusions  

This paper provides a presentation of the innovation business plan as used by 
Siemens. The respective concept is, first and foremost, a tool to support decision 
making processes in the company, helping to ensure that taken choices result in an 
appropriate innovation mix and appropriate innovation projects or strategies. The 
innovation business plan consists of clearly defined methodologies, processes and 
roles. The integration of this process into annual planning helps strengthening the 
link between innovation management and business strategy. Strong analytical 
capabilities and strong leadership by management are factors which have been 
identified as being absolutely vital for success. 
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Exploratory Roadmapping: Capturing, 
Structuring and Presenting  
Innovation Insights 

David A. Beeton, Robert Phaal, and David R. Probert* 

Exploratory roadmaps are created to enhance future outlook. This is typically a 
process of exploring and expanding the options available to investigate a strategic 
area. This paper outlines how a standardised exploratory roadmapping process 
can be applied to capture and structure insights from across supply chains and to 
develop future views of the competitive issues facing a diverse industrial area. The 
application of this process produced a roadmap that provided useful information, 
structure and context for strategic planning and innovation processes in a 
complex multi-stakeholder industry. 

1   Introduction 

The flexibility of the roadmapping approach is often cited as one of its greatest 
attributes. As a result there is considerable diversity among roadmapping efforts in 
terms of their objectives, techniques employed, output format and content. This 
paper outlines a standardised roadmapping process that was developed to structure 
data collection and analysis in a three year industrial project to produce the 
International Roadmap for Consumer Packaging (Beeton, 2006). This process is 
broadly based on the ‘T-Plan’ approach (Phaal et al., 2001) and was specifically 
designed to develop an exploratory roadmap for sector-level foresight. 

2   Exploratory Roadmapping 

Exploratory roadmaps are produced to enhance future outlook or foresight. This is 
typically a process to explore and expand the options available to develop  
 

                                                           
David A. Beeton  
Urban Foresight Limited, 8 The Crescent, Newcastle upon Tyne, NE7 7ST,  
United Kingdom 
e-mail: david.beeton@urbanforesight.org 
 
Robert Phaal · David R. Probert 
Centre for Technology Management, Institute for Manufacturing,  
Department of Engineering, University of Cambridge, 17 Charles Babbage Road,  
Cambridge, CB3 0FS, United Kingdom 
e-mail: {rp108,drp1001}@cam.ac.uk 



226 D.A. Beeton, R. Phaal, and D.R. Probert
 

 

 
Fig. 1 An exploratory-goal-oriented roadmap taxonomy (Beeton, 2007) 

understanding of an industrial landscape or a competitive position (Beeton et al., 
2008). As shown in Figure 1, this is at the opposing end of the spectrum to 
convergent goal-oriented roadmaps that outline a sequence of activities and actions to 
define how a strategy may be implemented or an objective achieved. Also, as shown 
in Figure 1, exploratory roadmaps emphasise the broadening of an organisational 
knowledge base and therefore invariably engage multiple actors. 

3   Developing an Exploratory Roadmap for Foresight 

The International Roadmap for Consumer Packaging is the output of an industrial 
project to explore the research interests of the membership networks of two UK-
based organisations (Pira International and the Faraday Packaging Partnership) 
and the wider packaging sector. This presented the opportunity for detailed 
investigation of the process of developing an exploratory roadmap and 
documentation of the key findings that emerged.  

The explanatory scheme in Figure 2 was developed to structure these findings. 
This categorises the main activities and learning derived, explaining how insights 
were collected in a series of 12 roadmapping workshops and then processed to 
develop the final roadmap. 
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3.1   Planning 

Starting up the roadmapping process and developing a robust approach can 
present significant challenges (Phaal et al., 2000). This can be a particular problem 
in developing sector-level roadmaps, where the diverse interests and needs of 
different stakeholders can create additional complexity. In developing the 
packaging roadmap much of this complexity was addressed in the planning stage, 
whereby a number of key activities were undertaken to accommodate these 
requirements and manage potential risks. 

3.1.1   Establish a Steering Committee 

An important first step in initiating the roadmapping activity was to establish a 
steering committee that was responsible for the design and implementation of the 
process. The key participants in this group were a process owner who provided 
expert-industry knowledge and acted as a champion for the roadmapping activity, 
and a process facilitator who was responsible for the running and co-ordination of 
workshops and the processing of the workshop outputs. 
 

 
Fig. 2 The general features of the process of developing an exploratory roadmap 
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3.1.2   Articulate the Need for the Roadmap 

A key responsibility of the steering committee was to establish the motivation for 
the roadmap and the future value that could be realised from this activity. The 
overarching aim in this case was to explore strategic opportunities and threats 
facing the packaging sector. Establishing this broad motivation characterised the 
approach as being more exploratory than goal-oriented. Therefore, the expected 
outcome was to sketch a landscape of general needs of the sector by establishing a 
list of things deemed to be important. This led to the definition of the following 
three main objectives: 
 

• To capture and structure the key trends and drivers facing the packaging 
sector over the next 10 years. 

• To communicate detailed insights into the nature and implications of these 
trends and drivers, including identification of competitive threats and 
opportunities for innovation. 

• To provide a framework to support strategic planning, decision-making and 
collaboration in the packaging sector. 

3.1.3   Scope 

Defining the domain of interest was a key planning activity, which was directly 
related to the articulated motivation and objectives. A specific challenge in this 
process was to define a landscape that was narrow enough to deliver sufficient 
detail for the roadmap, but not restricted in a way that would stifle creativity and 
constrain insights to what was conventionally accepted in the sector. 

A sectoral system approach was adopted whereby the boundaries were delineated 
by activities that were unified by related product groups and shared knowledge. 
Specifically, in this case, the system boundaries were set to only include 
organisations and experts who had knowledge related to consumer packaging. 

3.1.4   Roadmap Architecture 

The defined domain of interest also influenced the roadmap architecture, which both 
structured insight collection in roadmapping workshops and organised the 
information communicated in the final roadmap. The design of the roadmap 
architecture was based on the generic roadmap template of a time-based chart, with 
the temporal dimension on the horizontal axis and the vertical axis broken into a 
number of broad layers. The horizontal axis of the roadmap was set at a 10-year time 
horizon and was sub-divided into categories of short, medium and long-term. In 
addition to these horizons, the architecture categorised historical issues (i.e. events 
that have occurred in the past, but remained relevant) and issues that may occur 
beyond 10 years, which were classified as visions, predictions or aspirations. 

The specific themes associated with the roadmapping activity were 
incorporated into the broad layers on the vertical axis of the roadmap. The generic 
roadmap illustrated in Figure 3 shows that this usually takes the form of four layer 
types. The first represents the market trends and drivers that influence the 
development of the packaging sector, which, as shown in Table 1, is divided into 
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five sub-categories using STEEP factors (social, technological, environmental, 
economic and political). The second layer of a generic roadmap is a product layer. 
However, the notion of ‘product’ differs along packaging supply chains. For 
example a product to a paperboard manufacturer is a refined raw material, to a 
packaging converter it is the packaging itself (e.g. a carton) and to the brand  
owner or retailer it is an integrated system of a consumer good within a package 
(e.g. a filled carton). In addition, the fact that the system boundaries were drawn to 
include any company that had knowledge or interest related to packaging meant 
that the study also incorporated organisations that were not directly involved in 
manufacturing a consumer packaged product, such as raw materials suppliers, 
machinery manufacturers, designers and consultants. Therefore, to emphasise that 
the focus of the roadmap was packaging, this layer was given the title of 
‘packaging performance areas’. The sub-categories in this layer were derived from 
a model of the lifecycle of packaging. 

The technology layer of the roadmap architecture specifically considers 
available and emerging technologies that are directly related to the packaging 
sector. This differentiates it from the technological sub-category of the market 
layer, which considers technologies external to the packaging sector. The 
technology layer was divided into two sub-categories of ‘product’ and ‘process’. 
This is consistent with the Schumpeterian view of product and process innovation, 
which classifies a ‘product’ as a good or service offered to the customer or client 
and a ‘process’ as the mode of production and delivery of the good or service.  

The fourth layer of the roadmap architecture considers the development of 
resources that are not attributable to the other three broad layers. These resources are 
notionally considered to support the development of technologies and products, 
incorporating considerations such as capital, finance, skills, partnerships and supply 
chain interactions. 

 

Fig. 3 A generic roadmap architecture 
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Table 1 Definitions developed for the layers in the roadmap architecture 

 

3.1.5   Recruiting Experts 

A key element in designing the roadmapping process was to identify the people 
with the knowledge and expertise necessary to develop a well-founded and 
credible roadmap. Furthermore an explicit objective was to collect insights from 
diverse stakeholders across the sector. To achieve this, the relative position of 
organisations in the supply chain was the key dimension used to categorise 
stakeholders. Geography was another variant, with workshops held in the UK, 
Germany and USA. The recruitment of these experts was made considerably 
easier by the existence of an established network of organisations who were 
affiliated to the process owner. 

A number of additional activities were also performed prior to the workshops. 
These were mainly administrative and included formally inviting participants, 
booking an appropriate venue, preparing briefing documents and facilitation 
materials. 

3.2   Insight Collection 

Roadmapping is an expert-led processes, with actors typically convened in 
workshops. This provides an opportunity for interaction across different industry 

Broad layer Sub-categories Outline definition 
Market Social The social systems in which we live 

Technological How technology external to the packaging sector affects the way that we live 

Environmental The physical environment in which we live 

Economic The global, national, corporate and personal financial systems that affect our 
lives 

Political The systems that govern us including policy, regulation, legislation, and other 
political processes 

Other Any information that does not conform to the above identified categories 

Packaging 
performance 

Materials and 
manufacturing 

The requirements associated with the raw materials and manufacturing 
processes that serve to create a packaged product 

Transport and storage The function of packaging in the distribution and storage of goods 

Retail/ transfer to 
consumer 

The role of packaging in facilitating the sale/transfer of goods to the 
consumer, in addition to meeting other requirements of the retail environment 

Use by consumer The specific requirements of packaging in the use of consumer products 

Recycling and 
disposal 

The associated requirements placed on packaging with reference to both 
recycling and disposal 

Other Any information that does not appear to conform to the above identified 
categories 

Technology Product Technology inherent in products (i.e. packaging) 

Process Technology associated with the systems and processes that create and interact 
with packaging over a lifecycle 

Other Any information that does not appear to conform to the above identified 
categories 

Resources  Underpinning resources to support the development of technologies and 
products. 
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segments and organisations, providing a unique meeting place for people that may 
not normally come together.   

Twelve workshops were held in total in this process, bringing together almost 
two hundred delegates representing seventy-one different organisations from 
across the packaging sector. 

3.2.1   Workshop Format 

The format of the workshop was proposed by the process owner and agreed with 
the roadmap owner. This was essentially a process of deciding on the activities 
that would take place in the workshop, identifying an appropriate sequence of 
events and allocating an amount of time to each activity.  

Each workshop commenced with a formal presentation by the facilitators, 
which introduced the objectives of the workshop and the wider aims of the project. 
An overview of the roadmapping technique was provided, with an explanation of 
the processes to be used in the workshop. 

3.2.2   Strategic Landscape 

This activity used ‘brainstorming’ to identify strategic issues to characterise the 
range (or landscape) of competitive opportunities and threats facing the sector. 
Brainstorming was originally developed by Osborn (1963) who suggested four 
basic rules for a successful group brainstorming session, which were broadly 
followed in this process: 
 

• Criticism is ruled out – adverse judgements of ideas must be withheld until 
later in the process; 

 
Fig. 4 An example of the output of a strategic landscape brainstorming activity 
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• “Free-wheeling” is welcomed – the wilder the idea, the better, as “it is easier 
to tame down than to think up”; 

• Quantity is wanted – the greater the number of ideas is more likely to produce 
useful ideas; 

• Combination and improvement of ideas are sought. 
 
Workshop participants were asked to write issues on sticky notes that they 
believed to be important. As shown in Figure 3, these comments were then placed 
on a large wall-mounted chart. No specific rules were suggested as to the content 
or format of the comments that were expected from the participants. However, 
outline definitions of each of the sub-layers of the roadmap were provided. 

Two approaches were trialled in different workshops for the way in which the 
wall-mounted chart was populated with sticky notes. The first was an open 
approach where participants were invited to place comments in any of the layers 
of the roadmap and in any order. The second was a more disciplined approach 
where participants were asked to only consider one broad layer at a time. The 
main advantage of the ‘open’ approach was that it took less time. The layer-by-
layer approach, however, was found to produce a significantly greater number of 
comments. 

3.2.3   Voting  

A voting process was used to identify key issues from the content of the strategic 
landscape. Workshop participants were asked to select the sticky note comment 
that they believed to the most important issue. 
 

A set of assessment criteria was developed using group brainstorming to clarify 
the voting process. Different criteria were developed in each workshop to 
accommodate the different priorities of each group. It was decided that using a 
pre-defined set of criteria could have influenced the workshop participants in this 
process. Furthermore, understanding this criteria proved to be an important output 
of the process. 

Immediately after the voting, time was spent discussing the priority issues that 
emerged. This commenced with individuals explaining why they had selected a 
specific comment, which the group was then invited to improve with the intention 
of generating a soundbite to encapsulate the specific issue being discussed. This 
followed Osborne’s rules for brainstorming and produced a consensus list of 
priority issues and actions agreed by the group. 

3.2.4   Ranking 

The list of priority issues was ranked by giving each participant five stickers, 
which they were asked to place next to the five items that they believed to be most 
important. As with the voting process, individuals were asked to vote on the basis 
of their personal opinion and were referred to the assessment criteria developed in 
the workshop. The output of this process was a ranked list of priority issues and 
actions. 
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3.3   Insight Processing 

The information gathered in the twelve workshops was collated using a coding 
process to produce a series of categories under each of the layers on the roadmap. 
Sixty-four of these categories were identified in total to summarise the range of issues 
identified in the workshops. A particular advantage of this approach was that it 
provided a high-level summary of these issues, with an indication of the time-horizon 
in which the participants believed they were likely to impact the packaging sector. 

3.3.1   Collation 

The procedure used to structure analysis of the insights collected in the 
roadmapping workshops was open, axial and selective coding phases proposed by 
Strauss and Corbin (1990). 
 
Open coding: Open coding is a process of identifying, naming and categorising the 
essential ideas found in the data. This can be divided into two phases: 
conceptualising and categorising. In conceptualising, incidents, ideas, events and 
acts are selected from the data and labelled by concepts. These codes either 
explicitly summarise the comment analysed, or are interpreted by the process owner. 
For example, in this roadmap, the comment “increasing proportion of the population 
is elderly” was considered explicit and coded as ‘ageing population’. However, the 
meaning of the comment “we are a greying society” is more ambiguous, but was 
coded by the process owner as also referring to the ageing population. 

Another key aspect of the coding process, of which examples are shown in Table 
2, is that an individual comment may contain more than one code. In these instances, 
the comments were divided into separate codes. This was an emergent process, which 
demanded that codes were revisited several times as new patterns appeared. 

The open coding process was also used to relate the individual codes to 
different time horizons. An example of how this is shown in Table 3, whereby 
codes were assigned to the time horizon in which they were most commonly 
placed in the strategic landscape brainstorming. 

In the categorising phase of open coding, codes were grouped into more 
abstract, higher order categories. This enabled identification of common properties 
and analysis of what might occur if one of these properties were to change. For 
example, Table 4 shows the grouping of a number of concepts under the 
abstracted code of ‘households.’ 

Table 2 Example of the process of analysis of the data collected in the strategic landscape 
brainstorming activities 

 

Post-it note comment Open code(s) 
More single person households Increase in single person households 

Increase in single households increases the packaging use and 
increases the waste 

Increase in single person households / 
increased consumption of packaging /  
increased production of waste 

Natural limits to petroleum products - need to recycle Consumption of finite resources /  
recycling of finite resources 
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Table 3 Placing an open code in an appropriate time horizon 

 

Table 4 Example of how open codes were grouped into higher-order categories 

 

Table 5 Example of how open and abstracted codes were related to the broad layers and 
sub-layers of the roadmap architecture 

 
 
 
An important part of this process was the naming of the categories. This 

process primarily drew on the data itself, whereby the most commonly occurring 
term for a category was used. For example, a number of different terms were used 
to describe the phenomenon of the increased average age of the general population 
(such as “elderly population” and “greying society”). The term that featured most 
often was “ageing population” and was therefore used to name this category. The 
names of these categories were validated by the roadmap owner to ensure 
consistency with the language used in the sector.  

These abstracted codes were assigned to appropriate time horizons on the basis 
of the earliest corresponding open code. An arrow was used to illustrate that it was 
an ongoing trend where other corresponding open codes were categorised in 
different time horizons. 
 

Comment Open code Time 
horizon 

Assigned 
time 
horizon 

Internet shopping will become more popular Internet shopping Long 

Medium 

Widening use of internet shopping Internet shopping Medium 

Virtual supermarket Internet shopping Medium 

Increased use of internet shopping for all types of goods Internet shopping Short 

Increased use of home shopping (internet orders for groceries)? Internet shopping Medium 

Online shopping Internet shopping Medium 

The post-supermarket era (i.e. all internet based grocery 
shopping) Internet shopping Long 

Open code Abstracted code 
Working mothers 
Divorced parents 
Single parents 
Increase in single person households 
Increase in divorce 
Changing family structures 
Children staying in parental home longer 

Households 

Open code Abstracted code Sub-layer Broad layer 
Increase in single person households 
Fewer people marrying 
Increase in divorce 
Changing family structures 
Children staying in parental home longer 
Inflated housing market 

Households Social Market 
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Axial coding: Axial coding is a process of developing a deeper understanding of 
the relationships in the phenomena underlying data through the process of 
connecting various data categories. This is a process of obtaining an even higher 
level of abstraction and quantifying relationships. This was achieved by taking the 
codes developed in the categorising phase and relating them to the broad layers 
and sub-layers of the roadmap architecture. As shown in Table 5, this placed each 
of the categories in a defined hierarchical context and further enabled the 
identification of relationships between the data. 

The roadmap consciously avoided being prescriptive. Hence relationships 
between data were only identified where reference was made in the data collected. 
The method used to do this was to re-examine the sticky note comments that 
contained more than one code to identify any explicit links. For example, as 
shown in Table 2, the comment “increase in single households increases the 
packaging use and increases the waste” was divided into three separate open 
codes. Hence, it was possible to identify a link between each of these codes and 
the higher-order abstracted codes in which they were categorised (i.e. increase in 
single person households → increased consumption of packaging → increased 
production of waste). 
 
Selective coding: Selective coding is a process of developing the theory that best 
fits the phenomena by identifying a story that reveals the central phenomenon  
(the core issue or core category) under study. This was achieved by integrating the 
various codes and categories into the broad layers of the roadmap architecture to 
establish the following explanatory context: 
 

 

Fig. 5 The underlying logic of the broad layers of the roadmap architecture 
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• The market layer identifies evolving market requirements and business objectives. 
• The technology layer depicts emerging technological requirements and 

capabilities.  
• The product layer represents the tangible products and services that are 

developed to respond to these trends and drivers (i.e. a product is a 
technology with a market application).  

• The resources layer underpins the technological capabilities and 
organisational requirements, identifying the resources that need to be in place 
to make development possible.  

 
Developing a visual representation: A key objective in this process was to 
obtain a level of abstraction that enabled clear communication, whilst maintaining 
a sufficient level of detail. To facilitate this, a hierarchical approach was adopted, 
whereby the data was structured into two levels. The first graphic developed 
(shown in Figure 6) is a high-level depiction of the roadmap presenting the 
abstracted codes in the broad layers and sub-layers of the roadmap architecture. 
The key aspects of this illustration are: 
 
• It provides a succinct summary of the range of issues covered in the roadmap; 
• It provides a clear depiction of the categories of abstracted codes created by 

the broad layers and sub-layers of the roadmap architecture; 
• It illustrates the time horizons in which individual abstracted themes are 

believed to be most important. 
 

A detailed graphic was developed for each of the abstracted codes. An example of 
this is shown in Figure 7, which illustrates the open codes that were categorised 
into the abstracted code of ‘ageing polulation’. The key aspects of these 
illustrations are:  
 

• The broad layers and sub-layers of the roadmap architecture in which the 
abstracted code is placed are shown; 

• Open codes are depicted in appropriate time horizons; 
• Abstracted codes are shown as ongoing trends starting at the point of the 

earliest occurring open code (i.e. the earliest time horizon); 
• The relationships between certain open codes are identified with arrows.  
• Links to other abstracted codes are shown. 

 

Where a single open code was related to other open codes, a single arrow was used. 
For example, as shown in Figure 7, the growth of the grey market may result in the 
average consumer having more or less disposable income. However, the number of 
arrows included in the illustration is kept to a minimum as it was found that a 
greater amount increased the complexity of the graphic. A further feature of these 
illustrations was to incorporate links to other abstracted codes. As can be seen in 
Figure 6, this is shown in the form of a box that refers the reader to a related section 
in the report. In this instance, a link has been made between the open code of ‘more 
disposable income’ and the headline theme of ‘personal wealth’. 
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Fig. 6 The high-level depiction of the roadmap illustrating the abstracted codes in the layers 
of the roadmap architecture 
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Fig. 7 An example of the information presented in the graphical representations of the 
detailed insights 

 
Fig. 8 Example of how the detailed insights are illustrated and described in the roadmap 

3.3.2   Developing a Working Document 

There is often confusion as to whether a roadmap is an actual graphical/ visual 
representation of some form of strategic plan, or whether it is a written document 
or report that contains graphical/ visual representations. The final roadmap 
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competitive landscape of the packaging sector.  

4   Conclusion 

The International Roadmap for Consumer Packaging is an example of how 
different organisations and professional disciplines can collaborate to explore 
future market, product, technology and resource trends. In particular it is an 
example of how a standardised exploratory roadmapping process can be applied to 
capture and structure insights to develop future views of the competitive issues 
facing a diverse industrial area. 
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The benefits of collaboration in supply chains and industrial sectors are widely 
acknowledged and are increasingly important as business environments become 
ever more competitive and complex. This is evident in the packaging sector, 
which is made up of a diverse array of organisations that face an extensive range 
of competitive challenges and opportunities. Although the specific mix of these 
challenges and opportunities is unique to individual companies and markets, there 
are some common factors that will affect the sector as a whole.  

In order to obtain a better understanding of these competitive factors, insights 
were sought from organisations across supply chains, materials sectors, different 
markets and geographical regions. The common factors to emerge were used to 
develop an extensive list of the key trends and drivers facing the sector over the 
next ten years.  

The roadmap is intended to be a resource that provides useful information, 
structure and context for strategic planning and innovation processes in the 
packaging sector. It presents a complex landscape of trends and drivers through 
which companies and supply chains will be required to navigate. The path that 
companies and sector-level organisations choose to take through this landscape 
will depend on individual priorities. However, through identification of a range of 
factors that are common to a variety of markets and products, the roadmap 
represents an initial step in developing a sector-wide response to meeting some of 
these key challenges and opportunities. 
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Part 4: Linking Technology Roadmapping  
to Other Instruments of Strategic Planning 

Technology roadmapping is a powerful method by itself, but at the company level 
even more benefit may be gained by linking it to other planning methods. 
Interaction with corresponding methods in strategic planning, innovation planning, 
product development, systems development and project management are of 
particular interest. 

In part 4 of the book some of these links will be presented: 
 

• Vinkemeier shows how technology roadmapping may be used as a 
preliminary method for a performance measurement system based on a 
Balanced Scorecard. The starting point of this contribution is to translate the 
Roadmap into clear and measurable objectives and indicators, which clarify 
innovation activities at operative, tangible and manageable levels. 

• Doericht focuses on a linkage between technology roadmapping and 
communication policy of a company. In his view it is helpful to provide 
relevant groups of interest with information about new technologies, products 
or services at the right time. The starting point of his contributions is an 
explanation of a special mix of methods that has been developed at Siemens 
AG over many years, based on the proven “Picture of the Future” approach. 
This method used by Siemens also helps their customers and partners to 
orientate their portfolios toward both global megatrends and current 
technological trends. 

• Lee gives an overview of how technology roadmapping relates to patent 
analysis. She describes where patent analysis supports decision-making at 
various points of the roadmapping process. The use of patent analysis to support 
business planning, product, technology and R&D planning is described. 

 

 

Fig. 1 Linking technology roadmapping to other planning methods 
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Long-Term Innovation Management – The 
Balanced Innovation Card in Interplay  
with Roadmapping 

Rainer Vinkemeier*  

Being continuously innovative is vital for a company’s success, which today is 
driven by globalization and fast innovation cycles. Even though all big companies 
operate their own innovation units, it is the effective management of innovations 
that separates the champions from the vast majority. By utilizing and combining 
well-established instruments of management and innovation, namely the Balanced 
Scorecard (BSC) and roadmapping, this paper presents a method for mastering 
said challenge. While roadmaps provide important information about distant 
future scenarios (markets, customers, products, technologies, etc.) and 
corresponding development paths (technology, products, skills) in terms of the 
company’s future preparation, the innovation-adjusted BSC - now called 
Balanced Innovation Card (BIC) - translates the roadmap into clear and 
measurable objectives, indicators, measures, thus refining innovation activities on 
the operative, tangible and manageable level. 

1   Introduction 

Roadmaps may facilitate long- and mid-term orientation in technology, but they 
are far from being an instrument of operational innovation management. 
Innovation management requires much more - a linkage between roadmaps to 
assess those valuable though weak signals emitted by markets and technology on 
the one hand, and the management of operational resources for research and 
development on the other hand (Laube, 2007). An instrument which provides this 
is the Balanced Innovation Card as described here in interplay with technology 
roadmaps. A consequent connection of both instruments enables the establishment 
of a high consistency between strategic, long-term orientation and operative 
implementation in the field of innovation. 
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2 Implementing Technology Roadmaps: A Management Point 
of View 

Let us commence with some warming-up questions. 
 

1. How does a CEO convey to an employee in R&D - who frequently sees 
himself as a scientist rather than an executive organ within the company - that 
the corporate strategy, this abstract entity in whose creation he was not 
involved, is the model for everyday action? 

2. How does the R&D guy in turn substantiate his original contribution to the 
company’s long-term success and thus to the implementation of the aforesaid 
strategy? 

3. How does he document the effect of his work on value-oriented financial 
indicators such as CFROI (Cash Flow Return on Investment) or EVA 
(Economic Value Added)? 

4. How is it generally possible to induce groups as different as R&D, 
Marketing/Sales or the Finance Department to systematically and jointly 
exchange ideas on the levers of business and demonstrate cause-effect 
relations? 

 

Not at all? Or at least not by means of a single instrument? False!  
The Balanced Scorecard (BSC) - a management instrument established in 

Eurostoxx- and DAX-listed companies for well over a decade - is basically aimed 
at this kind of task, although not necessarily in R&D or the field of innovation on 
the whole. The BSC is rather used as a means of transporting the headquarters’ 
strategy to business units. 

However, the BSC is not an instrument designed for the long-term outlook that 
is required in the innovation field. Therefore, the BSC has to be transferred and 
adapted to this area with its very specific fundamental conditions and planning 
horizons very carefully. If so, it can be connected to a long-term business 
perspective which, depending on the industry covers a period ranging from five to 
15 years. For the latter set of tasks mentioned above, technology roadmapping is 
available as an acknowledged instrument of strategic management (Möhrle and 
Isenmann, 2005). Roadmaps can enable a systematic and far-reaching look into 
the future of a business area. Hence, this instrument is mostly implemented prior 
to a BSC in terms of the time perspective and its utilization. Consequently there is 
a point of intersection between roadmaps and BSC regarding time and content. 

The following relates to the crucial question of this topic: How can BSC and 
roadmaps be combined in an overall concept of long-term innovation management, 
which comprises and supports the complete chain of effects (from the early tracking 
of weak signals to the point of operative implementation in the R&D department)? 

For a better access to this problem, it makes sense to recapitulate the basic 
concept and ideas of the BSC, including preliminary perspectives and their linkage 
to the financial perspective. The subsequent section contains an appraisal of the 
BSC’s triumph in the business world. A description of its extensive use serves to 
point out differences in the interpretation, purpose and scope of the BSC. 

Turning to the innovation focus, the applicability of the BSC in innovation 
units will be analyzed, leading to the development of the Business Innovation 
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Card (BIC) which adjusts the company’s BSC to innovation specific requirements 
in terms of objectives, indicators, target values and measures while still complying 
with the overall objectives and defined dimensions of the company’s BSC. This 
BIC will be illustrated by means of a practical example. 

Finally, the integral concept of BIC and roadmapping will be introduced. Here, 
the advantages and results of roadmapping are utilized to deduce the most 
effective dimensions of the BIC and to specify individual contents. This helps to 
ensure that the gap between (innovation) strategy and operative project work is 
bridged, and the “intangible” entity of innovation is broken down to a “local” 
operative level (Kaplan and Norton, 2004). 

3   The Balanced Scorecard – Basic Facts 

Now, how did the BSC first come into existence, where and what are its roots? 
Kaplan and Norton (1996), the “inventors” of the BSC detected considerable 
deficits in the strategic concepts of US-companies. A particular starting-point was 
the criticism that often the indicators used in companies exclusively focused on 
financial quantities. Apart from that it was established that 
 

• visions and strategy do not prove to be implementable. 
• the strategy is insufficiently linked with the set targets of departments, teams 

and employees. 
• the strategy is not consistently connected with resources allocation. 

 

Based on this fundamental criticism, a research project conducted by Kaplan and 
Norton with a dozen leading US-companies took place in the early 1990s to 
develop management systems that would meet the growing requirements of 
business reality.  

Kaplan and Norton (1996) explain that - just as a pilot would never consider 
navigating a plane by means of only one instrument - a company manager who 
normally has to handle an extremely complex construct, should also have an 
adequately comprehensive range of instruments at his disposal. 

On the face of it, the BSC may appear to be a structured collection of indicators. 
It is, however, far more if understood as a “management approach”, and serves as a 
link between the development of a strategy and its implementation. The basic 
concept of BSC therefore completes the traditional set of financial indicators by the 
addition of so-called preliminary indicators - also known as performance drivers - 
combined with result indicators (Weber, Radtke and Schäfer, 2006). 

Four common perspectives of the Balanced Scorecard (Figure 1). 
 

• The financial perspective indicates whether the implementation of a strategy 
contributes to improving the result. Indicators in this respect are, among 
others, the return on equity or EVA. Here, financial indicators have a dual 
capacity. On the one hand, they define the financial expectation regarding the 
strategy. In addition, they represent the final targets of the other BSC 
perspectives which should basically be connected with the financial 
perspective through cause-effect relations.  
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• The customer perspective demonstrates the strategic objectives of the company 
regarding the customer and market segments for which, on the other hand, 
indicators, set targets and measures have to be specified. 

• The internal process perspective first of all represents processes that are mainly 
relevant for the achievement of financial goals and customer-market targets. In 
this context, it is useful to take the entire value chain into account. 

• The learning and growth perspective includes indicators which represent the 
infrastructure necessary to attain the objectives of the other perspectives. Here 
the necessity to invest in the future is clearly emphasized. 

 
Result numbers and performance drivers have to be in balanced proportions to one 
another, as: 
 
• Result numbers without performance drivers do not explicate how the results 

have been achieved. Furthermore, there is no early feedback on the successful 
implementation of a strategy. 

• Performance drivers without result numbers may substantiate the attainment of 
short-term operative targets and improvements, but they will not show whether 
these improvements actually lead to an enumerable success and eventually to an 
improved financial performance. 

 
All targets and indicators of the BSC have to be connected with targets of the 
financial/economic perspective. Each of the indicators considered in a BSC should 
be part of a cause-effect chain ending in a financial objective reflecting the 
strategy of the company. If the BSC is understood and used in this , it is much 
more than a recent compilation of isolated indicators; it rather has to specify how 
improvements in operative fields take effect on the financial performance, namely 
by means of higher sales figures, higher contribution margins or lower costs. 

  

Vision 
and 

Strategy

Financials

How do we act towards 
shareholders to be financially 

successful?

Internal business processes

In what business processes do we 
have to be the best to satisfy our 

shareholders?

Employees and knowledge

How can we promote our potentials 
for change and growth to realize 

our vision?

Market and customers

How do we act towards our 
customers to realize our vision?

 

Fig. 1 Basic structure of the Balanced Scorecard  
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“The sequence of hypotheses on the cause and effect relations (among the 
individual indicators) …has to be identified. Each criterion chosen for a BSC should 
be an element of such a chain of cause-effect relations, which makes clear to the 
company the importance of the company’s strategy.” (Kaplan and Norton, 2004). 

Various obstacles may be overcome by use of the BSC: 

• The development process of a BSC has to result in the clarification as well as 
to the consent as regards the strategic objectives. 

• The BSC has to contribute to the consistent target orientation of the 
company’s employees by means of three mechanisms: (i) communication and 
further education programmes, (ii) linking the BSC with objectives for teams 
and individual employees as well as (iii) linkage with incentive systems. 

• In addition to human resources, financial and material resources also have to 
be brought into line with the company’s strategy. The following steps mean to 
contribute to this: the formulation of intentionally high objectives, the 
identification of and the focussing on strategic initiatives as well as their 
linkage to annual budgeting processes. 

Accordingly, the function of the BSC is to fully support the company’s strategic 
management process and to serve as a scope of action for this process. 

3.1   The Triumph of the Balanced Scorecard 

There are hardly any executives - at least in big European companies - who are not 
familiar with the BSC. Many of them have already implemented it. Even though 
the intensity of dealing with this instrument may differ, it is astonishing how much 
has changed in the course of the past decade: The BSC has become both 
presentable and popular not only with controllers and diverse business developers, 
but also with line and functional managers. 

The reason of its popularity lies in the intuitive reconstructability of the BSC’s 
basic scheme (in fact, its proximity to common sense has often been pointed out) 
and the refreshing simplicity. Apart from that, a lot of managers say that 
previously they had felt unable to sufficiently relate individual pieces of 
improving information on markets and customers, (production) processes, 
personnel and innovation situation of their company.  

Managers who are experienced users of the BSC consider the successful 
reconciliation of the gap between strategy and operative business to be its most 
significant benefit. In addition, they underline the productive dialogue involving 
all functions and hierarchic levels in the course of the joint formulation of the BSC 
(Kaplan, Norton, 2006). 

3.2 Applicability of the Balanced Scorecard in Innovation Units 

Particularly in areas like R&D and innovation - which are both crucial to the 
companies’ long-term success - the BSC can display its beneficial characteristics. 
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However, in this context it is important to consider to what purpose and in which 
form the BSC is to be employed. Here, two basic types of BSC can be 
distinguished: firstly, the company or business unit BSC and secondly, the BSC of 
the functional units R&D/Innovation. 

The contribution of the innovation unit to a company BSC comprises 
objectives, indicators and measures. This contribution shows that the innovation 
unit is an integral part of the strategy process of the entire company. The more the 
innovation unit is able to contribute, the more apparent its importance to the 
company as a whole becomes. Its relevance even grows if the BSC idea is 
successfully transferred to the innovation unit. This transfer is achieved by means 
of a specific R&D/Innovation- BSC. Based on the three elements of company 
BSC, innovation vision and innovation strategy, it has to be developed with 
utmost care. Objectives and measures already embodied in the overall BSC of the 
company or other business units can, in this context, become leading objectives 
within the BSC perspectives of the R&D unit. In this case it is important to group 
the other objectives of the individual innovation perspectives around them. 

A BSC developed in this manner and interlinked with the company BSC is 
referred to as a Balanced Innovation Card (BIC) (Beeck, 2009). Meanwhile these 
functional BSCs have become established with respect to their definite relevance 
for management (Weber, Radtke and Schäfer, 2006). Examples of this type of 
BSC’s development can correspondingly be found for innovation units. 

In the case of a BSC for an innovation unit, all four BSC perspectives are 
bespoke to this unit’s specific requirements, i.e. objectives, indicators, target 
values and, above all, measures must be chosen in a way that enables the support 
of the overall innovation objective derived from the company objective. A 
practical example is undoubtedly the best way to illustrate this mode of action. 
Therefore, a BIC tried in practice shall be presented in the following passage.  

3.3   Example: Wireless Communication Technology 

The innovation unit presented here by means of a BIC is a so-called development 
and application centre, part of a big German telecommunication company which is 
correspondingly active near end customer markets. The BIC comprises the four 
common perspectives: employees/knowledge, internal processes, market/customer 
and finance. Illustration 2 shows the variables which - depending on perspective - 
were identified as strategic objectives or drivers and transferred to the BIC. In this 
context, functions related to the innovation unit, such as Marketing/ Market 
Research and Logistics, were included in so far as they turned out to be critical 
with regard to the prospective success of innovations. Meanwhile, in the fifth 
release of this BIC, the focus has changed from corporate driven parameters to 
strictly innovation related parameters. For a delineation of this shift, release no.1 
(2003/04) and no.5 (2009/10) are described in comparison in illustrations 2 and 3. 
During a routine process the BIC is developed in joint meetings, with participants 
from marketing, logistics and corporate finance. It takes three meetings in the 
course of three weeks’ time to elaborate the BIC-outline, which is finalized by the 
management of the development and application centre as the leading unit. 
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Appropriate parameters are derived from each strategic objective. They are 
described by means of concrete measures or projects including the individuals in 
charge, so an immediate relation of all current and planned programmes is established. 

The given example underlines how the BIC manages to display its coordinating 
and integrating effects with respect to the strategic management of innovation  
 
 

Strategy

R&D cost structureR&D cost structure

Market and customers

Strategic 
objective/driver Parameter

Financials

Strategic 
objective/driver Parameter

Increase in market 
shares in EMEA 
markets

Change of turnover 
share of EMEA 
segments

Complaint acceptance Number of qualified 
customer complaints

Marketing connectivity 
(external 1)

Number of prediction 
markets established

Corporate goals Overall parameters
(not innovation specific)

Qualified growth Ratio: EBIT to innovation 
cost

Market connectivity
improvement (ext.1)

Ratio: Stage gate A2 
ideas to prediction 
market costs

Vision 
and 

Marketing connectivity 
(external 2)

Number of topics 
forwarded to accepted 
from innovation unit

Patent cost stability Cost-patent ratio

Employees and knowledge

Strategic 
objective/driver Parameter

Innovation strenght

Number of patent 
applications

  

Increasing innovation 
pace

Man days per stage-
gate-success

Extension of 
competences

Participation young 
engineers program

Training days corporate 
in R&D center

  
Leadership Number of objective 

agreements

 

Technical issues based
on market research
reports

Internal processes

Strategic 
objective/driver Parameter

Improving logistics 
Delivery time

process Delivery reliability

Improved interplay 
sales – marketing –
innovation

Online-reconfirmed 
co-meeting protocols

Fast market 
introduction

Ramp-up of new 
products

Marketing connectivity 
(internal)

 
Fig. 2 Balanced innovation card in the field of wireless communication technology 
(Release 1.2) 



250 R. Vinkemeier
 

Claim risks

Strategy

Claim risks

Strategy

R&D cost str ct reR&D cost str ct re

N b f bj tiN b f bj ti

Market and customers

Strategic  objective/driver Parameter

Financials

Strategic 
objective/driver Parameter

Increase in market 
shares in Growths 
markets

Change of turnover 
share of growth 
segments

Products in line with the 
market

Stability of 
requirements

Fast error correcting
Share of error 
messages dealt 
with at due date

Growth Turnover, incoming
order

Value increase EBIT (earning before
income and taxes)

Reducing capital costs

Turnover of circulating
assets

Vision 
and 

Public relations Number of press 
releases

 

Optimising cost structure

Share of R&D costs in 
turnover

Share of sales costs in 
turnover

Employees and knowledge

Strategic 
objective/driver Parameter

Innovation strenght

Number of patent 
applications

  u u

Increasing productivity Turnover per employee

Extension of 
competences

Training days for IP 
subjects

Leadership um er o o ec ve 
agreements

 

Internal processes

Strategic 
objective/driver Parameter

Improving logistics 
Delivery time

process
Delivery reliability

Early product provision

Fast market 
introduction

Ramp-up of new 
products

Quality improvement

Milestone time reliability

Error costs

 
Fig. 3 Balanced innovation card in the field of wireless communication technology 
(Release 5.2) 

units. Filling the gap between corporate strategy and operative business is also 
highly relevant to the aforesaid units. The BIC provides an instrument that is 
compatible with the instruments employed by superior units as well as by others 
on the same level. Since BSC s are developed in a hierarchic manner and can be 
“broken down”, they dovetail with the companies´ current BSC architecture 
(Preißner, 2003).  
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3.4 Balanced Innovation Card and Roadmapping – An 
Integrative Concept 

Initially, the question was raised whether the BIC could be a suitable element of 
an overall concept for the long-term management and controlling of innovations 
which represents the entire chain from the tracking of weak signals to an operative 
implementation. Depending on the respective branch, this chain covers a period 
ranging from three to 15 years, i.e. the lapse of time between the original “flash of 
genius” or fundamental invention and market introduction. 

During the initial and usually rather extensive phase of this period, roadmapping 
is an appropriate instrument to support executives concerned with development in 
terms of a very structured, long-term perspective. On the basis of industry-specific 
scenarios and in accordance with most possible comprehensive expertises, 
roadmaps encompass a detailed record, assessment, selection and visualization of 
relevant market-related and technological developments in the form of so-called 
“development paths” (Weber, Kandel, Spitzner and Vinkemeier, 2005). 

These development paths describe how the company or business unit ought to 
develop not only on the market or customer side but also with respect to the 
technology they represent, to live up to the future chances and risks that have been 
worked out in scenarios. Concrete statements can be derived from this as concerns: 

 
• future market and customer structures and the products requisite for them, 
• respectively, the necessary internal or external know-how, 
• the corresponding investments and co-operations. 

 
At the end of the roadmapping process, the resulting “innovation atlas” offers a 
systematic as well as far-ranging outlook into the future of one’s business and thus 
the highest degree of transparency (Vinkemeier, 1999). 

 

Creating BSC conception and structure 

Determining development paths (roadmaps) 

Developing strategy and objectives 

Formulating performance drivers and indicators 

Defining measures and responsibilities 

Linking BSC with the business process 

1. 

2. 

3. 

4. 

5. 

6. 

 
Fig. 4 Interplay between Balanced Innovation Card and roadmapping 
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What remains to be done now is the translation of this long-term transparency 

into concrete measures and actions. Although roadmaps provide information 
especially on upcoming planning periods with respect to products, technologies, 
know-how development etc., the gap between a strategic prognosis and operative 
project work is often difficult to bridge. However, if they are not seen as a purely 
academic exercise but intended to take effect in everyday practise - roadmaps 
must be integrated into the “local” operative work of innovation and R&D 
departments (Weber, Vinkemeier, 2007). 

This is precisely where the BIC displays its efficacy. Namely by incorporating 
the strategy “cast” in roadmaps, concretizing it in its four perspectives and thereby 
“translating” the crucial elements of the roadmap into objectives, indicators, 
measures and individuals responsible for these measures (Figure 4). In order to 
understand how this happens, it is necessary to focus on the roadmap’s crucial 
elements: the paths (products, technologies and/or skills). They are the core of 
each and every roadmap. Paths represent development steps and have the take in 
order to bridge the gap detected by internal and external experts (Vinkemeier and 
Franz, 2007). It would be impracticable and much too complex to focus on the 
whole innovation atlas as an outcome of the roadmapping process. Therefore, it 
makes sense to focus on selected paths with the highest relevance for economic or 
scientific reasons. As concerns these prioritized paths, it is important to highlight 
their relevance for, impact on and contribution to the market, internal process, 
knowledge and, of course, the financial perspective. Once they have been 
meticulously identified in the roadmapping process, they require careful 
management with the highest priority. Consequently, these paths are given a 
central position in the ongoing BIC-process. To be precise, they are “blended” into 
the dimensions of the existing BIC. They are integrated into the BIC process to 
enable their transfer from a primarily scientific or R&D-context and render them 
manageable in everyday business.  

The following example means to illustrate the interplay between roadmapping 
and BIC  

A manufacturer of aluminium components for the aerospace industry (i.e. 
OEM-supplier), is faced with the competitive pressure in this industry which has 
dramatically increased due to global mergers, as well as with shorter innovation 
cycles, and sees the necessity to re-orientate the company’s innovation activities. 
The aim is a consistent concept of both strategic and operative management, i.e.: 
• formulation of a conclusive innovation strategy on the basis of business unit 

scenarios, representing the concerted vision in the management team (time 
horizon of 12 years), 

• adjustment of all R&D activities to long-term market necessities, especially: 
identification of the internal demand for know-how and creation of strategic 
partnerships for external know-how development (time horizon of eight to ten 
years), 

• deduction of concrete innovation projects for the next two innovation cycles 
(time horizon of two or five years), 

• co-ordinated management of these innovation projects, including the aspects 
of resources and project management, time to market, customer 
satisfaction/quality, retention and value orientation. 
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In a first step, an innovation atlas is developed by means of a roadmapping 
process, which: 

• contains all crucial steps for the company in terms of market and technology 
up to 2020, 

• classifies the phases A: 2006 to 2010, B: 2010 to 2015, C: after 2015 and 
• prioritizes the resulting development paths per business unit. 

 

In phase A two development paths are categorized as being crucial for success: 
The development of alloys on a titanium basis up to market maturity, and the 
realisation of a consistent online management (CAS) of the main processes of 
casting, rolling, heat treatment and internal transport. Both development paths are 
to be supported by top management with special attention. Accordingly, the BIC is 
generated to provide a management instrument suited to this particular demand 
and purpose. The objectives of know-how development, command of processes, 
market visibility and the contribution to financial recovery are categorized as 
crucial for success with different weighting. 

The BIC correspondingly comprises the four perspectives employee/knowledge, 
processes, customer/market and finances/value. The two highly prioritized 
development paths have a different effect on the four perspectives and 
correspondingly produce different partial objectives, parameters and measures. The 
development path “titanium” thus primarily aims at the BIC perspectives 
employee/knowledge and customer/market. In contrast, the development path 
“CAS” has a special effect on the process perspective and is shown here by means 
of indicators and measures. Therefore, these two paths are “blended” into 
corresponding BIC perspectives. In the perspectives of finance and value, the two 
strategic directions of impact merge again.  

In this manner, roadmapping and the BIC complement each other to form a 
cohesive system of long-term innovation management. Impulses, weak signals and 
ideas for promising new products or technologies pass through a two-tier filter. In 
the end, signals that used to be weak are intensified, verified and assessed insofar 
as resources and responsible individuals can be allocated to them. Consequently, a 
maximum of transparency with regard to the roadmapping process leads to a 
maximum of attention and innovation intensity on the part of the company’s top 
management where the BIC is concerned. 

Now that the integral concept of BIC and roadmapping has been presented, 
several substantial conclusions remain to be drawn: 

 

• The effective combination of acknowledged management and innovation 
instruments, i.e. the BSC and roadmapping, enable a bridging of the gap 
between long-term orientation, strategy and operative implementation in 
respect to innovation. 

• Innovation units play a crucial part in business today. Hence, innovations 
units should continue to strengthen their role/identity inside the company 
through concrete action, e.g. demand and ensure their active participation 
/decision rights at a strategic top level by implementing a BIC or a roadmap. 

• In order to ensure sustainable success, it is necessary to ascertain that 
generated BICs and Roadmaps find application and remain vital after 
implementation. Accordingly, their constant adjustment and enhancement 
should be embedded in the routine process.  
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Strategic Visioning – Future of Business  

Volkmar Doericht* 

Innovations are among the most important levers in corporate management. They 
safeguard competitive advantages, accelerate growth, and increase earning 
power. But what is the right path into the future? What technologies, what new 
business ideas should companies rely on so they can continue to meet their 
customers’ needs in the future? Those questions are decisive for the 
competitiveness of companies. Strategic “invention of the future” as part of 
innovation management is needed now more than ever. Today, strategic planning 
of innovations means running a company’s research and development so it is as 
precise and success-oriented as possible - in other words, running it effectively - 
and using financial means efficiently. All of this requires a clear understanding of 
technologies, customers’ needs, and the markets of the future. This article explains 
a special mix of methods that has been developed at the Siemens AG over many 
years based on the proven “Picture of the Future” approach. Known as “Future 
of Business” this procedure is used by Siemens Corporate Technology to help its 
customers and partners within Siemens to orient their portfolios to both global 
megatrends and current technological trends. This method has been successfully 
applied to many different projects over the past three years, including “Future of 
Automotive 2020” (Siemens VDO), “Future of Commercial Transportation 2030” 
(Continental AG), and “Future of Airports 2030” (Siemens AG). 

1   Introduction 

The commercial success of the Siemens AG depends directly on its innovative 
strength. Corporate Technology is the strong innovation partner at Siemens for all 
sectors, divisions, business units and regions. The role of Corporate Technology is 
to develop technologies with which Siemens can distinguish itself as a trendsetter 
in the markets. Siemens uses the Picture of the Future approach to pursue three 
basic goals (Weyrich, 2002): First, to gain an overview of the technologies that 
will play a major role in the future. These are the ones that will generate future  
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market growth, then those that will have a multiple impact in many of the market 
sectors addressed by Siemens, and finally those that will lead to discontinuities, 
which means developmental breakthroughs. The second objective is to track down 
new business opportunities, and third, the intention is to communicate to people 
both inside and outside the company that Siemens is a visionary and innovative 
organization. This does not mean that ideas and visions are simply amassed; 
instead a systematic procedure is used which will lead within a reasonable period 
to market forecasts about the most important trends, the technologies underlying 
them, and ideas for new business opportunities. Examplarily, “The Future of 
Automotive 2020” project conducted in September 2005 presented trends in the 
automotive sector and was designed to serve as a source for business strategies. 
The most interesting new functionalities were autonomous driving (collision 
avoidance 2020), and the so called eCorner Module. This new drive system 
concept, which exclusively uses electrical and electronic systems, integrates not 
only the electric motor directly inside the wheels but also the steering, damping, 
and braking systems. This frees up space beneath the hood and eliminates the need 
for many attached parts in the steering column, brakes, and transmission. It thus 
opens up nearly limitless possibilities for automotive design. This completely new 
technologies have the potential to compete both technically and economically. In 
summer 2006, Siemens VDO engineers launched the first step on the strategic 
path with the electronic wedge brake that was expected to go into mass production 
at the end of 2010. Siemens VDO and competitor Continental AG supplied 
themselves up to the purchase of Siemens VDO by Continental in the year 2007 a 
race around the introduction of the series of this brake revolution, whereby the two 
companies pursued two different technical solutions. Above all, the Picture of the 
Future approach is intended to show how future objectives can be reached from 
the present. It is not all that important whether the forecasts of the future turn out 
to be right on target, because the world of technology is too dynamic for that, and 
the succession of developments is often turbulent. What is essential is the process 
that is described in detail below. 

2   Theoretical Frameworks 

It is the stated goal of Siemens to be the world’s leading supplier of solutions for 
the great challenges that will result from global megatrends such as increasing 
urbanization or demographic change and which are associated with markets that 
will experience above-average growth over the long term. Siemens is orienting its 
operational business to those global megatrends. The new quality of orienting an 
organization to megatrends will be underpinned by the concept of strategic 
visioning. Strategic visioning (Embar, 1995) means actively shaping the future of 
society and business, the future of the organization, and the future of people and 
their own prospects in that organization. That is the origin of the Picture of the 
Future approach in the 1990’s (Figure 1).  

The analysis comprises two elements (Eberl, 2001): First, the current business is 
extrapolated and an attempt is made to derive forecasts for the future from it.  
 



Strategic Visioning – Future of Business 259
 

 

Fig. 1 “Picture of the Future” approach in 2001 (Siemens Corporate Technology) 

In addition, regional scenarios and possible product concepts are developed from a 
series of socioeconomic variables. The requirements for future functionalities and 
technologies are in turn derived from them. The end result is the vision of a future 
product, a system, or a multi-system solution. This approach foresights what a 
market can develop into. The comparison of the two approaches generates which 
products and solutions are to be offered in the future. Specific medium- and long-
term roadmaps for product development are prepared in this way, and gaps in the 
product and technology portfolio can be promptly identified and closed. 

The early days of the “Picture of the Future” method date back to the mid-
1990’s. There was initially no uniform set of methodological modules. Hence, it 
was difficult to compare results and in some cases to understand the scenarios. A 
first step toward systematizing the method was to develop a granularity model. 
That model deals with the relativity of the concept of technology (see Figure 2). 

A distinction is made between two different approaches to the development of 
products and solutions (Corsten, 1989): In “technology-driven product 
development,” a new technical development comes first, followed by a search for 
new applications and users. In “demand-driven product development,” technical 
development takes place in accordance with the needs of users. The model shown 
above includes both strategies. The left side is based on the needs of society or 
customers, which are satisfied by the core products of the operators and their 
suppliers. The core products are made using core technologies and protected by 
patents. On the right side, knowledge from fundamental or applied research is 
driven by technology-based development through design and prototyping to series 
production. Companies, like Siemens, in the manufacturing industry usually use  
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Fig. 2 Granularity model 2004 

patents to protect their core technologies. Companies with “demand-driven 
product development” are more successful because the commercial success of the 
technical solution is based on societal acceptance (Schudy, 1999). Companies with 
“technology-driven product development” will be more successful as the degree of 
novelty of each product increases. In that case, the absence of any direct 
competitive pressure on the new technical solution during its early stages will 
have a particularly strong effect. The result of this is a latitude for pricing and the 
possibility of establishing an image as a benefit leader (Disselkamp, 2005). The 
Siemens AG is counting on a two-fold strategy for the long-term product and 
technology strategies of its sectors.  

The primary role of the granularity model is to offer insights into the relativity 
of the period under consideration. The most important finding for the remarks 
below is that a rough granularity contains more stable long-term trends than a fine 
granularity. This means in turn that rough knowledge about the future is found 
particularly in the upper granularities. Taking advantage of this knowledge is the 
key to understand the future and leads to make the right decisions in the  
present. This characteristic also opens up new applications for existing concepts 
and methods. For example, it is still possible to use extrapolation in higher 
granularities even if it is no longer feasible to use it in the finer granularities. The 
following graphic results when this is applied to a timeline (Figure 3). 
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Fig. 3 Granularity model and exrapolation 

Extrapolation, which is no longer appropriate for longer time periods at the level 
of current business, allows a breakthrough into the future at other levels of 
consideration, particularly to the level of socioeconomics. For example, multiple 
scenarios for the future can be formulated for a chosen longer time horizon, such  
as 20 years. An integrated approach takes into account as many long-term variables 
as possible, such as the development of societal, political, and industrial structures as 
well as sustainability, technological trends, and new customer needs. This 
knowledge about the future is thus based on stable long-term trends that are then 
used in several steps to develop scenarios that can be prioritized according to market 
attractiveness, risks, and opportunities. In that regard, a distinction is made among 
socioeconomic scenarios, industrial scenarios, product or application scenarios, and 
technology scenarios. The “Future of Business” method (Figure 4), in particular, 
shows an image of the future at very different levels of consideration. 
“Retropolation” (backcasting (Weaver et al., 2000)) is then used to identify tasks 
and issues which must be tackled today as the first definite step toward survival in 
the world of tomorrow. Consistent visions at the respective levels of consideration 
result from the combination of extrapolation and retropolation. 

These visions help to quantify future markets, detect discontinuities, anticipate 
future customer requirements, and identify technologies with high growth 
potential and a widespread impact, as well as new business opportunities. By 
combining and consolidating the results of extrapolation and retropolation 
consistent strategies and plans can be developed. This knowledge is then 
visualized in product and technology roadmaps. Technology roadmapping is a  
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Fig. 4 “Future of Business” method 2005 

 
Fig. 5 The “Future of Business” (FoB) method 2008 

powerful tool that enables to link technological capability to product and business 
plans so that strategy and technology development go hand-in-hand. A roadmap 
provides a graphical framework for exploring and communicating strategic plans. 
The “buy-in” and commitment of the key players to move forward the strategy 
and activities set out in a work plan. Technology roadmaps comprise a layered, 
time-based chart, linking market, product and technology information, enabling 
market opportunities and technology gaps to be identified. It has been developed 
by researchers at Cambridge University's Centre for Technology Management at 
the Institute for Manufacturing, and is used within the “Future of Business” (FoB) 
method (Figure 5) (Phaal et al., 2000, 2010). 
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3   Distinguishing from Other Concepts 

Very different procedures can be used to plan for the future. For example, the 
Delphi method, brainstorming, and the scenario method are all used at Siemens. 
Extrapolation from current business and retropolation from future scenarios are 
also used. The particular advantage of the Siemens approach is that it is based on 
integrated procedures. When other concepts are used, they have weaknesses in 
either functionality or operationality. Any specific strategies for planning products 
and technologies which can be derived from their conclusions are therefore 
subject to limitations. Planning can be made more reliable only by using a 
structured, systematic method that, in addition to socioeconomic and industry-
specific variables, also takes into account the full depth of all technological trends. 
For that reason, the Siemens AG has been strongly oriented to the concept of 
strategic visioning from the outset (Figure 1). David Sibbet (The Grove 
Consultants International) is considered the “father” of the strategic visioning 
concept (Karlöf, 2001). He has been working constantly since the 1960’s to 
develop effective workshop methods in which language and images are combined. 
The focus is not just on that combination, but also on holding effective and, above 
all, results-oriented workshops that at once involve all participants and produce a 
workshop result that is supported by all participants. This approach integrates 
tools such as strategic planning practices, environmental analysis, SWOT analysis, 
and strategic and tactical goal-setting with the objective of developing and 
visualizing a necessary organizational change. Taken together, these elements lead 
to new quality in the thinking of groups all the way to a common understanding of 
future goals and personal roles and responsibilities. This basic philosophy is also 
behind the entire “Future of Business” method (Figure 6).  

 
 

 
Fig. 6 Strategic visioning concept based on David Sibbet in the “Future of Business” 
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4   Conclusion 

In recent years Siemens Corporate Technology has worked with the Siemens 
business units to develop a set of highly effective instruments in order to develop 
and optimize strategies for innovations, systematically and sustainably. One result 
is known as the “Future of Business” method. It uses two opposing viewpoints 
that complement each other when they are combined: extrapolation from “today’s 
world” and retropolation from the “world of tomorrow or the day after tomorrow.” 
This method is not only carried out systematically, but is intended to be a process 
that can be used repeatedly. That is the only way that it can become an integral 
part of a culture of innovation throughout the company. “To transform the results 
into business success, however, you need much more: outstanding technological 
performance, a convincing portfolio of patents, efficient project management and - 
last but not least - world class teams. Ultimately they are the ones who will have 
to stand on the playing field of the market and successfully score goals.” 
(Weyrich, 2002) 
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Linking Technology Roadmapping to Patent 
Analysis 

Sungjoo Lee* 

Patents, which are public documents organized in standard formats, are regarded 
as a valuable source of technical and commercial knowledge about innovative 
technical processes and activities. Putting roadmapping techniques together with 
patent analysis can increase the objectivity and reliability of a technology 
roadmap, while using patent analysis restricted to technological information 
together with roadmapping techniques can ensure that a more valuable breadth of 
strategic information is extracted from patents. The two techniques can 
complement each other in the strategic planning process. This chapter describes 
how to apply patent analysis for roadmapping so that the patent analysis supports 
decisionmaking at various points in the roadmapping process. 

1   Introduction 

A technology roadmap (TRM) can be a more powerful tool for strategic planning 
when used together with other management instruments. Recent efforts have 
focused on linking technology roadmapping to other planning tools such as 
scenario mapping (Lizaso and Reger, 2004), quality function deployment 
(Groenveld, 1997), TRIZ (Moehrle, 2004), and on trying to expand its 
applications to wider areas including knowledge management (Brown and 
O’Hare, 2001), new product development (Petrick and Echols, 2004) and service 
planning (Ahn et al., 2008). One such effort is to link technology roadmaps to 
patent analysis. Patent information has long been used for strategic technology 
management, so as to assist the technical decision-making both of inventors and of 
firms performing R&D, as well as adding value to economic policy-makers’ 
decision-making. It has also been used to measure the strengths and weaknesses of 
competitors’ technology and to plan technology development activities, and is 
therefore seen as a suitable methodology for analyzing both trends in technology 
and business opportunities based on technological capabilities.  
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Table 1 The complimentary roles of roadmapping and patent analysis 

 
 

Utilizing technology roadmapping and patent analysis together can allow them 
to play complementary roles. The objectivity and reliability of technology 
roadmapping, which is usually based on experts’ opinions, can be increased 
greatly by integrating patent analysis into the process, while using patent analysis 
restricted to technological information alongside roadmapping techniques can 
ensure a more valuable breadth of strategic information is extracted from patents. 
Linking the two tools has several advantages. First, it enables us to systemize the 
process of technology-driven roadmapping as well as market-driven roadmapping 
using patent information, which is one of the most representatives of technology 
assets. Secondly, it helps develop guidelines for roadmapping based on patent 
analysis. Finally, it allows us to interpret patent analysis results in the context of 
roadmapping, which incorporates strategically important commercial perspectives. 
In fact, while conventional patent analysis is helpful for gaining technological 
information and identifying the present condition of technology assets, it does not 
attempt to integrate technological and commercial perspectives so as to identify 
promising new business opportunities, but this is possible by combining patent 
analysis with roadmapping. Table 1 shows how the two tools can be combined to 
increase the effectiveness of strategic planning.  

A patent map, which is produced by gathering patent information related to a 
target technology field and then processing and analyzing it, produces a visualized 
expression of the total patent analysis results. The resulting map facilitates the 
easy and effective understanding of complex patent information, and can therefore 
be used to help make strategic management decisions. This chapter describes how 
to apply patent analysis for roadmapping.  

2   Patent Analysis for Strategic Planning 

Patents save an exclusive right to use, manufacture and marketing an invention. 
Additionally they provide the most comprehensive and most current sources of 
technical knowledge. No other source of information is so detailed and finely 
divided, so that patent information is very important for operational planning and 
decision-making processes.  
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2.1   Basics of Patent Analysis  

Patents, which contain very specific information about technologies, have long 
been studied since they are regarded as offering valuable data for studies of 
technological innovation and trends. Among the various approaches to analyzing 
patents, three - patent index analysis, patent citation analysis, and data-mining 
analysis - are the methods most frequently used in developing patent maps.  

In patent index analysis, various indexes are designed to accord with the 
purpose of the analysis, and then values from patent documents are used as a 
reference for technology planning or development. For example, Patel and Pavitt 
(1997) used an RTA (Revealed Technology Advantage) index to assess 
technology levels, while Ernst (1998) used RPA (Relative Patent Activity) and 
RPP (Relative Patent Position) indexes to estimate R&D levels, and RGR 
(Relative Growth Rate) and RDGR (Relative Development of Growth Rate) 
indexes to estimate the degree of technological attraction. Research has also been 
conducted on collaborative patenting activities, where the degree of technological 
collaboration was estimated using two indexes for Internal Collaboration (IC) and 
External Collaboration (EC) (Yamin and Otto 2004), while many other studies 
have used patent indexes to describe the current status of technologies. 

Patent citation analysis is a bibliographic method that allows diverse 
information to be retrieved from analyzing the relationships between the citing of 
patents (i.e., where previous patents are cited in a specific patent application) and 
patent citations (where a particular patent is referred to in subsequent patent 
applications. or in other literatures. The frequency of this (latter) patent citation 
can be used as a proxy measure to estimate the degree of the subsequent 
technological effects of the invention detailed in the patent (Karki 1997). The 
more cited the patent, the more ‘leading edge’ and central to a particular 
technology the invention is likely to be. So patent citation analysis can enable us 
to explore competitive technological activities (Engelsman and van Rann 2004), 
and has been widely used to gain information about subsequent effects. The time 
gap between patents being granted and their subsequent citation in other patent 
applications gives a hint as to the technological cycle time involved. Patterns of 
knowledge flow can also be observed through patent citation analysis: citation 
information has been widely used to analyze linkages between technologies, 
degrees of technological influence and the impact of new technologies, as well as 
the structure of knowledge networks within or between industries or nations.  

To increase the scope of analysis and the richness of information that can be 
uncovered from patents, recent studies have applied text-mining methods to the 
description sections of patent documents. Text-mining is designed to uncover and 
visualize useful patterns in textual data (Losiewicz et al., 2000), and has widely 
been used to retrieve information from intellectual property data. Applying text-
mining to patent documents usually involves identifying keywords in the 
documents, which are then used in one of two ways. First, they can be used to 
develop a keyword vector, where the frequency of the keywords’ use in the patent 
documentation is assigned to a corresponding vector field for each patent so as to  
distinguished them and measure the similarities of their contents (Yoon and  
Park, 2004). Secondly, co-word analysis, which measures the frequency of the  
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co-occurrence of keywords in patent documents can produce a visual mapping of 
the relationships between them (Ding et al., 2001), giving a visual mapping where 
similar keywords are connected to each other. When applied to patents, this yields 
good results for technological planning, uncovering ‘hidden’ relationships 
between product and technology attributes.  

2.2   Patent Analysis for Roadmapping 

Patent analysis can be used at various points of roadmapping for business 
planning, product and technology planning, and R&D planning. The role of patent 
analysis in each planning process is briefly introduced here.  

Patents can be analyzed to find new business opportunities based on its 
technological capabilities, suggesting a new approach of technology-driven 
roadmapping. Most existing roadmapping approaches tend to be constrained by 
market-oriented perspectives: such an approach regards technology roadmapping 
as the set of activities beginning with the perception of a market opportunity and 
ending with R&D requirements. Although customer needs and the competition 
situation are critical factors in a firm’s success, it is unsatisfactory that, by 
contrast, technological breakthroughs are given such low significance that their 
value risks being overlooked. Since technology innovation can begin whole new 
business paradigms and uncover whole new markets, technology opportunity 
ought to be as thoroughly investigated as market opportunity. Central to the search 
for technology opportunity is technology capability analysis, highlighting firms’ 
technological strengths and weaknesses, which can affect both the areas in which 
firms choose to do business, and how successful they will then be in such areas. 
For example, if a firm needs to diversify its business area, a promising option 
would be to enter a sector where its existing technological assets enjoy high 
superiority, thus helping to ensure the most efficient use of its technological assets 
and increasing the possibility of business success (Lee et al., 2009).  

Patent analysis can be a decision-making tool for roadmapping, taking a 
computer-based roadmapping approach. Patent documents can provide valuable 
information with which not only to analyze technological trends, but also to 
predict product evolution patterns and relationships between technologies or 
products, which can contribute to increasing the effectiveness of the roadmapping 
process. If the description part of patent documents is analyzed, from which 
objective and quantitative knowledge on product and technology attributes can be 
extracted, it will facilitate more effective planning for products and technologies. 
Here, keywords extracted from patents are target objects of mapping, designing 
keyword-based roadmapping (Lee et al., 2008). 

Once technology planning is completed, the next step is R&D planning, deciding 
how to acquire planned technologies and predicting any risk or opportunities of 
developing them. During the process, patent analysis can be carried out to set 
development targets and evaluating patent infringement risk (Lee et al., 2007) since 
patents provide information about the most-up-to-date technologies. It can also be 
used to explore possibilities of technology transfer when technologies are 
successfully acquired (Park et al., 2010), which is investigated by the relationships 
between technologies based on patent citation data.  
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3   Patent Analysis for Business Planning 

For business planning patent analysis can be determined technological and 
strategic information on current and future competitors. This allows quick insights 
into the structure and competitors and in the technological strength of each 
competitor which could support the own evaluation of new business areas. 

3.1   Concept 

To use patent analysis for business planning based on technological capabilities, a 
technology-driven roadmapping process is proposed, which has four planning 
layers, as shown in Figure 1.  

Unlike conventional roadmapping, it is designed to start from R&D planning, 
going through technology planning and product planning, and end with market 
planning, with the aim of identifying and then developing business opportunities 
based on technology assets. At the first ‘R&D planning’ - stage, R&D targets and 
schedules are determined. As part of this stage, it is essential to examine 
technology trends and competitors’ activities, and the monitoring module is 
designed to discover relations between firms based on their technologies and 
identify which other firms have been doing similar research and which are leading 
the industry. After potential R&D targets have been selected, detailed 
development plans are elaborated at the second - ‘technology planning’ - stage. 
Possible new technologies that could result from R&D are discussed, including 
such issues as how to acquire those technologies and when they might be expected 
to be realized. The collaboration module shows relations between firms based on 
the knowledge flows in their patents, allowing a focal firm to consider its chance 
of realizing its desired technology by collaborating with others. Once technology 
planning has been completed, the next step is ‘product planning’, to identify new  
 

 

Fig. 1 Technology-driven roadmapping process 
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Table 2 Summary of patent analyses for technology-driven roadmapping 

 
 

business opportunities based on the technologies that will become available, 
which is the core of the technology-driven roadmapping process. A single 
technology developed for a specific context may turn out to be applicable in 
various industries with minimum modifications, so the most important task at this 
stage is to use patent citation analysis to discover such industries - this is the aim 
of the diversification module. Product planning is completed when an idea of all 
the possible products that might result as a consequence of applying the 
technology to different industries has been generated. However, the diversification 
module results only reflect the technological aspects of possible product 
development avenues, but do not consider competitor activities or general market 
conditions and tends. Hence, the last stage - ‘market planning,’ - seeks to identify 
markets where other firms with similar technological assets are competing to 
understand the potential connections between products and markets. The 
benchmarking module is then employed to ascertain which other firms might be 
worth benchmarking. Through these four stages, the firm can finally decide the 
most promising market(s) where a particular technology can be best applied. Table 
2 summarizes the patent analyzes relevant to each module - detailed descriptions 
follow in the next section. 

3.2   Application Procedures 

Four kinds of patent analysis are appropriate to support the different stages of 
technology-driven roadmapping, and the four associated patent maps are 
developed here. 

3.2.1   Monitoring Module 

For the first monitoring analysis an ‘actor-similarity map’ is developed (Figure 
2(a)), which shows the relationships between the main actors in a specific business 
area based on their technological similarity by visualizing their patents’ contents. 
This involves the following five steps:  
 
• Step 1: Collecting all the patents for a specific technology;  
• Step 2: Extracting keywords from these patent documents;  
• Step 3: Constructing a keyword-vector for each patent; 
• Step 4: Analyzing similarities between patents and then between firms; 
• Step 5: Visualizing a network among firms.  

Modules Questions Patent maps 
Monitoring Who are in our fields? Actor-similarity map 

Collaboration Who are related to? Actor-relation map 

Diversification Which industry is available? Technology-industry map 

Benchmarking Which industry has value? Technology-affinity map 
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First, patent documents (or abstracts) are text-mined to extract keywords 
representing their contents using one of the various available software systems, 
which list the major keywords by their frequency or weight. After experts with 
domain knowledge have screened them to eliminate the meaningless ones, a 
keyword set is determined which will be used to measure the similarity of 
individual or groups of patent documents. Then allows a keyword vector is 
developed showing the frequency of each keyword in each patent. The next step is 
to analyze the similarity of patents from the Euclidian distance between keyword 
vectors. For example, the distance between [1, 2, 3] and [1, 3, 4] becomes

222 )43()32()11( −+−+− . Euclidian distance is acceptable for measuring patent 

similarity when analyzing patent abstracts, since they tend to have similar length, 
but full documents are analyzed, some normalization of their lengths will be 
necessary. Finally, the similarity of the firms is analyzed based on this similarity 
of patents, producing a visual mapping of the relations between firms based on the 
assumption that the more similar two firms’ patents are, the more similar their 
technologies will be.  

3.2.2   Collaboration Module 

The collaboration analysis yields an ‘actor-relation map’ (see Figure 2(b)), which is 
similar to the previous case, except that relationships are measured by technological 
knowledge flows rather than by technological similarity, and according to firms’ 
general technologies in firms, rather than with regard to the specific technology 
being planned. Citation analysis uses a bibliographic method (commonly used to 
observe knowledge flow patterns) to uncover implications from the relations 
between citing of patents and patent citations to produce a map of actors’ 
relationships. Taking the knowledge flow in patents as indicative of technological 
flows, many previous studies have used patent citations to analyze relationships 
between industries or nations based on R&D diffusion, and interfirm connections 
can be analyzed in the same way. Examined together with the results of the first 
map, this analysis can help a firm make strategic decisions about collaborative 
R&D, and the decisions can be applied in the early stage of roadmapping, especially 
for R&D and technology planning. The actor-relation map is developed by: 
 
 

• Step 1: Collecting patents for an industry;  
• Step 2: Analyzing patent citations by firms;  
• Step 3: Visualizing a network among firms.  

 
 

First, patents of interest are collected and classified by their applicant firms, and 
the total sum of patent citations for each firm is calculated to indicate the degree 
of knowledge outflow from that firm towards its competitors. In a similar way, the 
total sum of citing of patents is measured to indicate the degree of knowledge 
inflow from competitors. Finally, the values of citing and cited frequencies are 
represented on the similarity matrix where, for instance, c12 denotes that patents 
owned by Firm 1 cited patents in Firm 2 c12 times. This matrix is then used to 
develop a visualization of the patterns of knowledge flows between firms.  
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3.2.3   Diversification Module 

With regard to diversification, a ‘technological-industry map’ is suggested  
(Figure 2(c)), to help identify other industry sectors where the technologies to be 
developed (or which already exist) might be applied. This process uses patent 
citation analysis to indicate the likelihood of technologies being applied in 
different industries by taking the knowledge flows in patents as indicating 
technological flows, and assuming that industries with more technological flows 
will offer greater possibilities for technology applications. If a particular industry 
is revealed as adopting a good deal of knowledge from a particular technology 
sector, it would appear to offer more opportunities to use that technology. Thus 
the map allows a firm to identify promising business areas where it might exploit 
its existing technological assets, or those it plans to develop. The technology-
industry map is developed as follows: 

• Step 1: Defining industries in terms of patents; 
• Step 2: Collecting patents for a technology and identifying relevant industries;  
• Step 3: Analyzing patent citations between those industries and the technology; 
• Step 4: Identifying those industries that that are likely to be most affected by the 

technology. 

The first step is to define industries and assign relevant patents to them: one 
common approach is to use patent classifications from the USPC (United States 
Patent Classification) to represent industries. The next step is to collect patents for 
analysis. All patents in the USPCs which had ever cited any patents originating 
from the firm can be retrieved to consider every single possibility of technology 
diffusion to industries. Then, knowledge outflows from the technologies in the 
firm to those industries represented by USPCs are examined by citation analysis to 
identify those industries highly affected by the technology. 

3.2.4   Benchmarking Module 

Finally, for benchmarking, a ‘portfolio affinity map’ of technologies is developed 
based on an affinity index (Figure 2(d)). If two firms have similar combinations of 
patents, it is likely that their technological assets may be similar and their affinity 
value is therefore high. The business areas of a firm’s major competitors with high 
affinity index values are identified and analyzed for benchmarking. The patent index 
analysis is a typical example of the use of patent analysis, where various indexes are 
designed to accord with the purpose of the analysis, and the values then gained from 
patent documents used as reference points for technology planning or development. 
The set of patents in each technology category is used as a proxy measure for a 
firm’s technology portfolio, and the affinity index measures the similarities or 
differences between firms in the set. An industry where many firms with similar sets 
of patents are already doing business offers good possibilities of further technology 
application, but is also likely to be an arena of keen competition; an industry where 
only few firms with similar technological assets are competing may be easy to 
penetrate, but the possibilities for successful technology application should be 
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examined carefully. By analyzing those business areas where competitors with 
similar technological assets are engaged, a firm can gain valuable information for 
future product and market planning. Examined together with the technology-
industry map, the portfolio affinity map can help identify promising business areas 
for exploration. The map is developed as follows: 

• Step 1: Collecting patents for a technology and relevant industries; 
• Step 2: Developing portfolio vector of technology assets regarding the firm’s 

technologies and those of its competitors; 
• Step 3: Analyzing the similarity between these portfolio vectors; 
• Step 4: Selecting the firms with the highest affinity value; 
• Step 5: Measuring the number of patents in other relevant industries for 

patents in each competitor 

After patents for a particular technology have been collected, the technology is 
divided into its subtechnologies (again, defined via the patent classification 
system) and the relevant patents assigned to each. Then, a portfolio vector of 
technology assets is developed for each firm, taking the numbers of patents in 
each subtechnology as its elements. Using the portfolio vectors, the similarity 
between two firms is measured by Euclidean distance or Cosine similarity, 
yielding affinity index values which revealing the degree of firm’s similarity in 
terms of their technology assets. Finally, those with the highest affinity value - 
where competitors with similar technology assets are already operating - are 
selected to explore as the other possible industry sectors a firm could consider. 
 

 

Fig. 2 Patent maps for technology-driven roadmapping 
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4   Patent Analysis for Product and Technology Planning 

As for business planning the use of technological and strategic information on 
current and future competitors could also give an overview about the developed 
technologies of the competitors which helps to classify, align and plan the own 
technological developments. 

4.1   Concept 

While expert knowledge will often still play a decisive role - and may be the more 
desirable due to the strategic nature of technology roadmapping - objectivity is 
also valuable to technology roadmaps, and can be gained from quantitative 
information and its analysis. Taking a computer-based approach to roadmapping 
patent information can provide information that can ease the potential difficulties 
of the decision-making process, and provide an effective and systematic 
supporting tool in the product and technology planning stage. Information from 
experts about the evolutionary directions of products and technologies and 
relationships between and within product attributes and relevant technologies is 
especially vital in constructing a technology roadmap. The three patent analysis 
modules proposed here - the Evaluation, Investigation, and Dynamics modules - 
can be used to supplement or to check such expert opinion. Figure 3 illustrates 
how these three processes support roadmapping. Again, this analysis starts with 
the extraction of keywords from patent documents, and the elimination of 
meaningless elements. Those remaining are divided into two classes - product 
attributes and technology attributes - using product manuals and technology trees, 
and the keyword lists thus obtained are used to develop three different types of 
patent maps, each used to support decision-making in the roadmapping process.  

The Evaluation module is used to provide information on major product 
development directions. When product planning is completed, we proceed to 
technology planning, where technology is incorporated into products. This process  
 

 
Fig. 3 Keyword-based roadmapping for product and technology planning 
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Table 3 Summary of patent analysis for keyword-based roadmapping 

 
 

is regarded as one of the toughest jobs in technology roadmapping, but the 
Investigation module can simplify the task by helping identify which technologies  
affect which product attributes, which of several alternatives technologies should  
be selected for application to a new product, and which new technology ideas can 
address particular product requirements. Finally, the Dynamics module is 
employed to illustrate technology trends, aiding the technology selection process. 
The patent analysis designed for each module is summarized in Table 3.  

4.2   Application Procedures 

Three kinds of patent analysis are designed for keyword-based roadmapping and 
three patent maps are developed to support decision-makings during the process.  

4.2.1   Evaluation Module 

For the first analysis - evaluation - a ‘keyword-portfolio map’ is developed (see 
Figure 4(a)), which measures the importance of product attributes and technology 
attributes. Developing this map involves: 
 
• Step 1: Collecting patents and extracting keywords from their documentation. 
• Step 2: Counting the keywords frequency in patent documents. 
• Step 3: Developing a portfolio map for those keywords. 
 
After keywords are extracted from patent documents, their absolute numbers and 
the rates of increase/decrease in their occurrence in patents are investigated, so that 
the keywords can be classified into four general types: core, emerging, established, 
and declining keywords. We assume that if keywords related to particular fields 
appear frequently in patents, that area is of significant interest among innovators in 
the relevant technology, and it is likely that R&D activities are in progress in these 
fields, with an increase in keyword frequency suggesting that they are becoming 
increasingly important. Core keywords appear frequently and show a relatively 
high rate of increase of occurrence. Emerging keywords occur moderately often but 
at an increasing rate. Established keywords are related to products or technologies 
already in the production stage and finally declining keywords, appearing with 
decreasingly frequency, are concerned with ebbing fields. 

Modules Questions Patent maps 
Evaluation Which attributes are becoming important? Keyword-portfolio map 

Investigation Which attributes are related? Keyword-relationship map 

Dynamics Which attributes are emerging? Keyword-trend map 
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4.2.2   Investigation Module 

In the investigation module, a ‘keyword relationship map’ is developed, which 
aims to effectively visualize meaningful relationships within product attributes, 
within technology characteristics, and between these two categories (see Figure 
4(b)) through the following three steps: 
 
• Step 1: Collecting patents and extracting keywords from them. 
• Step 2: Analyzing the relationships between keywords using co-word 

analysis. 
• Step 3: Developing a relationship map for those keywords.  

 
In the analysis, the frequency of each keyword is calculated using the relevant 
patent data, and co-word analysis of these results generates a co-word matrix, 
where the value in the cell in ith row and jth column corresponds to the number of 
patents where the keywords i and j both words appear simultaneously. It is 
generally regarded that the simultaneous occurrence of two particular keywords 
indicates a relationship between them, and that such keyword relationships can be 
taken to illustrate corresponding relationships between product and/or technology 
attributes. The network analysis followed by co-word analysis produces results in 
the form of maps as in the figure, which are especially useful to identify and 
suggest which technologies need to be developed to improve the performance of 
certain product functions; which product attributes are highly related to each other 
and could therefore be considered simultaneously in new product design; and, 
when a particular technology needs improving, which others need to be considered 
at the same time. It also can be used to identify new technology ideas that involve 
combining several current technologies that affect particular product attributes.  

4.2.3   Dynamics Module  

This module uncovers the evolutionary patterns of products and technologies in 
patents and a ‘keyword-trend map’ is developed as follows (see Figure 4(c)): 
 
• Step 1: Collecting patents and extracting keywords from them. 
• Step 2: Developing a technology dictionary for the keywords. 
• Step 3: Analyzing changes of keywords to produce a trend analysis. 

 
After keywords are extracted from patents, experts prepare a technology 
dictionary linking product and technology attributes to relevant keywords. Based 
on this dictionary, changes of attributes in terms of keywords over time can be 
analyzed. In the technology layer, patents that include clear technological 
specifications can be especially useful. By illustrating the changing patterns of 
products and technologies in the past, this map can guide the direction of next-
generation products.  
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Fig. 4 Patent maps for keyword-based roadmapping 

5   Patent Analysis for R&D Planning  

Patent analysis is the key to many areas of an enterprise, from marketing, 
information and communication, distribution, development, human resources, the 
production to the legal department. Therefore, patent analysis has also an 
important role in R&D planning. For example, should an innovation be patented 
or not, how many patents should give, to plan what resources are needed, which 
licensing options are opportune, which countries should be protected or how the 
strategy profitable in the long term.  

5.1   Concept 

Patent analysis is especially useful for R&D planning. Specifically, it helps 
companies make decisions about how planned technologies can best be developed  
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Table 4 Summary of patent analysis for R&D planning 

 
 
and utilized. We suggest two kinds of analysis modules to deal with these issues: a 
Transferability module and a Risk-assessment module. The first aims to provide 
guidelines for transferring technology to developers so as to promote 
technological collaborations between various firms and facilitate the diffusion of 
R&D outputs, maximizing the external applicability of the developed technology, 
and thus ultimately increasing investment efficiency. The second module focuses 
on assessing development risk in terms of Intellectual Property (IP) infringement. 
The two modules are summarized in Table 4.  

5.2   Application Procedures 

In the following the procedures of the transferability module and risk-assessment 
module will be described. 

5.2.1   Transferability Module 

This module is designed to analyze the transferability of technology, so as to help 
facilitate the greatest use of R&D outputs in other industries, and proposes the use 
of patent information for analysis as follows: 
 

• Step 1: Defining industry with respect to patents 
• Step 2: Collecting patents related to a technology and relevant industries.  
• Step 3: Analyzing patent citations between the industries and the 

technology. 
• Step 4: Developing a portfolio map of relevant industries and identifying 

potential industries for technology transfer. 
 

A ‘technology transferability map’ is designed and patent citation analysis, which 
reveals relationships between technology and industries, is used to address the 
transferability issue. Based on the analysis results, the potential industry aims to 
list several industries closely related to the technology from the point of both 
technology and industry. Industries to which the technological knowledge is given 
more are regarded as more significant from the technology point of view 
(knowledge outflow), while industries in which the technological knowledge holds 
an essential position are regarded as significant from the industry point of view 
(knowledge inflow). Generally, industries that are significant from both points of 
view are target industries, to which the technology is likely to be transferred. The 
analysis results are visualized through a portfolio map as shown in Figure 5(a).  

Modules Questions Patent maps 
Transferability Any ripple effect for technology? Technology transferability map 

Risk-assessment Any risk in technology development? IP risk map 
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5.2.2   Risk-Assessment Module  

Investigating the existing technology is critical in planning R&D efforts not only 
to set development targets but also to identify development risk. For this purpose, 
an ‘IP risk map’ is suggested, which can be developed by the following four steps: 
 

• Step 1: Collecting patents.  
• Step 2: Measuring a technological importance (TI) index.  
• Step 3: Measuring a patent importance (PI) index.  
• Step 4: Developing a portfolio map of patents to avoid infringe 

 
Patents of which management should be particularly aware will meet two criteria. 
The first is that the patent is technologically advanced and relates significantly to 
the firm’s current development objectives. So, a patent is of value according to 
whether it fits in with what the firms wants to do next and is assessed by experts’ 
opinion, producing a value for its TI value. The second is that the patent itself 
should be of high quality. The indexes most often used to measure patent quality 
include citation frequency, granted status, technological scope, international scope 
etc.: in combination, these amount to a PI index. Patents with high scores on both 
indexes should command management’s attention (see Figure 5(b)).  

 

 
Fig. 5 Patent maps for R&D planning during roadmapping  
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6   Conclusions 

The effectiveness of technology roadmapping will only be increased when it is not 
used in isolation from other management tools, so designing how to integrate 
technology roadmapping into other tools for strategic planning is a prerequisite for 
effective roadmapping. As most roadmapping procedures depend heavily on the 
qualitative judgment of technical experts, the time of all the individuals involved 
in developing technology roadmaps represents a major contributor to roadmapping 
costs the higher the quality of results desired, the more time needs to be invested 
and the more these costs increase, risking total development costs being beyond 
firm’s capacity. To increase roadmapping effectiveness, scattered information 
must be collected from various sources and transformed into appropriate form to 
support quick and accurate decision-making. Out of the various possible sources 
of such information, this article focuses on patents and suggests that linking 
roadmapping to patent analysis can greatly increase its effectiveness, with patent 
information supplying quantitative knowledge that can be a valuable objective 
data source to complement subjective expert opinion.  

However, analyzing patents has typically involved considerable time and costs. 
Many commercial software systems have been suggested to counter this problem, 
and while their functionalities are generally limited to basic statistics, some offer 
surprisingly high levels of analysis. Wherever possible, we suggest the use of 
software to automate analyses, leaving only the final decision-making to be made 
by managers and experts. Nevertheless, while it may be possible to reduce 
experts’ work by developing a computerized supporting system, their analysis and 
interpretation as to domain knowledge is indispensable, not only during keyword 
selection but also elsewhere in the research process. For example, user inputs are 
required to set cut-off values in developing the maps: where a user wants to see 
only core links between entities, higher values can be set, while lower values will 
reveal more complex and detailed pictures. Finally, while patents can provide 
valuable information, that information itself is subject to several limitations. 
Search results may not completely represent the whole picture: depending on the 
inventor’s strategic purpose, some inventions may not be patented, and keyword 
searches may not identify all relevant patents, since firms are often less than 
transparent in their patent titles or abstracts to stop them being retrieved too easily.  

For further work, more types of patent maps will need to be designed to reflect 
user needs at the various points of roadmapping. Novel IT techniques - such as 
data- and text-mining - have allowed us to extract more valuable knowledge from 
patent documents and to visualize the extracted knowledge more easily: it can be 
expected that further such advances will continue to make roadmapping both more 
effective, and more cost-effective.  
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