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Preface

This book summarizes research activity directed at assessing the value and impact of
various types of assistive technologies for enhancing the abilities and overall quality
of life for persons with severe/profound and multiple disabilities. The research areas
reviewed in the various chapters of the book largely correspond to the main research
activities of the authors. Thus, research is reviewed that covers the use of micro-
switches for increasing independence and the use of speech-generating devices for
improving communication interactions with others. We also review studies that have
focused on the use of assistive technologies for promoting occupational outcomes
and reducing problematic forms of behavior.

The aim of the book is to provide readers with an up-to-date picture of the
scientific evidence available in the areas covered. The studies reviewed in each
chapter were carefully selected to represent the best available evidence. Within each
chapter, this evidence is summarized in terms of the technological devices used, the
intervention programs applied to teach the use of those devices, the persons involved
in the intervention programs, and the outcomes of the intervention programs. We
also provide summative conclusions of the evidence and include a discussion of
areas of future need and development. This book is intended to guide evidence-
based practice in the field and offer direct support to the practitioner. Practitioners
will learn how the technology can be employed, what types of interventions have
been used with each type of technology, and the outcomes that can be expected.

The book also serves as an occasion to thank (a) the many participants involved
in our studies, their families, and the staff personnel responsible for their daily pro-
grams; (b) the researchers and technical experts (engineers) who have made the
studies possible; and (c) the organizations that have supported our research initia-
tives. With regard to the researchers, we would like to single out the extensive con-
tribution of Doretta Oliva. With regard to the technical experts, we would like to
acknowledge the continuous input of Domenico Bellini, Sandro Bracalente, and
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Gianluigi Montironi. In terms of organizations, we want to emphasize the lasting
positive role of the Lega F. D’Oro Research Center, Osimo, Italy; the Autism
Treatment Centers of Dallas and San Antonio, Texas; and our respective institu-
tions: University of Bari, Italy; Victoria University of Wellington, New Zealand;
The University of Texas at Austin; and the American Health and Wellness
Institute.



Contents

1 Defining Assistive Technology and the Target Populations...................
INErOAUCHION .....ovviiiiiiiiiciicie ettt
Assistive Technology for School Settings and Students
with Typical Intellectual FUnCtioning ..........ccoeeeevieriieenieniienienieeeeeieene
Assistive Technology for Programs Involving Persons
with Intellectual Disabilities or Consciousness Disorders.........c.cccecveeuennne
Assistive Technology Areas and Devices Touched
in the FOllowing Chapters ........ccceviierieeiiienieeieeee ettt
REfEIONCES ...ttt

2 Use of Microswitches in Habilitation Programs......................ccccvenenen.
INErOAUCHION .....ovviiiiiiiiiiiictc ettt
Studies Targeting a Single (Typical) Response with
a Commercial/Conventional MiCroswitCh ..........cocceveniiiiniininicniniicnene
Studies Targeting a Single (Nontypical) Response
with a New/Experimental MicrOSWiItCh .........coceeviiiiiiiniiiiiiinienieeeeeieene

VOCAIZATION. ....eeutivieiiiiieicritee ettt
Chin and Mouth/Lip MOVEMENLS......ccc.eevieriirriienieeiienieenieesireesieeseeenne
Eyelid MOVEMENLS ......ooviieiieiieeiieiie ettt ettt e s
Forehead and Eyebrow Movements...........ccecvevveerieenieenieeneeeieesieeieens
Hand CIOSUIE .....c..eovveriieiiniiiiniceetecetesce ettt
Studies Targeting Two or More Responses with Experimental
and Commercial MiCTOSWILCRES ........cocueviriiniiiiiniiiiiicicniccceeecee
Studies Targeting Two or More Responses with Microswitches
and Speech-Generating Devices (SGDS) ...ccvvvvierierriienieniienieeieeseeeieene
DISCUSSION ...ttt sttt ae e
Outcome Of the STUAIES ....cc.eerviriiriiriiieiiecrtececeeeeee e
Implications Of the StUAIes.......cccueeruieriiirieriieieeeee e
CONCIUSIONS ...ttt ettt ettt ae e
REfEIOINCES ...ttt

ix



X Contents

3 Speech-Generating Devices for Communication

and Social Development..................cocoevviiiiiiiiiiniiieieie e 41
INEOAUCHION .. ..ottt ettt 41
Studies Targeting Communicative Requesting ...........cccceevveervenieeneennenne 45
Studies Targeting Communicative Rejecting.........ccoceevueerieeviienieeneennennne 52
Studies Targeting Social COMMUNICAION .....ccvuvirieerieriierieeieenieeieenieenne 56
Studies Targeting Reduction of Problem Behavior.........c.ccceoveeviiinieninnne 61
DISCUSSION ...ttt sttt ettt 63

Outcome Of the STUAIES ....cc.eevviriiriiriiriiiiecrteeececeee e 63

Implications fOr PractiCe .........ccccueevieriiiiieniieiiecieeeeeieeeese e 64

Future Research DIireCtions........ccueevveviienieniienieeieenie e 66
CONCIUSION ..ottt sttt ettt 66
RETEIONCES ...c.ueeieeiiiiicieec e 67

4 Instructional Technology for Promoting Writing,

Work, and Leisure Skills 73
TNErOAUCTION . ....etieiiieiieeeeete ettt sttt sebe e e e saae e 73
Studies on Academic Instruction: Writing.........cecceeveveevieenieeneenieeneennennne 75
Studies on Work-Related OULCOMES .........oevveereriiiienieeiienieeieenie e 80
Self-management of INStruction CUES.........ceevieeriierieriiienieeieenie e 80
Picture PrOMPLS ...c.eiviieiieeiieiiieeieete ettt et 80
Object or Tactile Prompts .......coccveeviieriiiniieniieieeeieeiee et 82
Self-operated Audio Prompts........cccevveerieriieiienieeiiesieeieesve e 83
Self-InStruction PrOMPLS .......c.eevvieriieniieiienieeieeeeeiee st 84
Video Modeling and Video Prompts.........ccceceevveeriienieineenieeiiesieeieenn 84
Palmtop-Based JOD Aid......c.coovieiiiniiiiieieeiiesieeieeste et 85
Electronic Control DEeVICES .......cccuverviiiierieiiienieeieeste et 87
Studies On Leisure ACHVILIES ....c.eevveerieerieeiieniieeieenieeiee e eiee e esiee e 89
MICTOSWILCHES ...eevieiiieiieeieeite ettt ettt st e e eaee s 89
RAGIO it et 90
TRIEVISION ..ttt ettt ettt ettt et ste et e s ibe e bt e aaeeabeesabeensea s 90
TPOM o e 92
E-Mail oot 93
Electronic MeSSaZiNg.......cecveeriieiienieeiienieeiee e esiee s eieeseresieesveeiee s 94
DISCUSSION 1.ttt ettt ettt ettt et e s beesteesabe e saessbe e baesaneenne 96
WITEIE 1ottt ettt sttt s e et e st e ebeeseaeeabeesanaenseens 96
Occupational and Vocational SKillS .........cceeeervierieriieniiienienieeneenieenne 97
LeiSure SKIIIS ....veeuiiiiieiieeieeiie ettt ettt s 99
RETEIENCES ... eiiieeiieeie ettt sttt st bae e e eaee 100
5 Orientation Systems for Promoting Indoor Travel................................ 107
TNErOAUCTION ... ettt ettt sebe e e e sane e 107
Studies of Orientation Systems with Direction Cues..........ccccceeveveervennennne 110
Auditory (Buzzer-Like) CUeS.......cccuveriirriieniiiiieeieeiee it 111
Auditory (Verbal-Message) CUES..........eevveereeerieenieeiiienieeieesveenieesneenne 112

Auditory (Verbal-Message) Cues with Program Extensions................... 114



Contents Xi

Visual (Light) CUES .....coouveeiiiiiieieeie ettt et 115
Studies of Orientation Systems with Corrective Feedback...............c........ 116
DISCUSSION ...ttt sttt 118

Outcome Of the STUAIES ....cc.eevviriiriiriiieiieerte e 118

Implications Of the StUdIes........ccueeveeriiirieriiieieeece e 120

Practical Considerations on the Use of the Systems..........c.cccceverveenee. 122
CONCIUSIONS ...ttt sttt 123
RETEIOINCES...c..eeieeiieiiiieieee e 124

6 Technology-Based Approaches for Promoting Ambulation.................. 129
INEOAUCHION ...ttt 129
Studies Reporting the Use of @ RODOt........cceeviiiriieniiiiiiiiieienieeeeeieee 131
Studies Reporting the Use of a Treadmill...........ccccevvveeiiiniinnieniieinienieene 133

Participants with Down Syndrome ...........cccecceevieeiieenieenienieeiesieeieane 135

Participants with Cerebral Palsy and Rett Syndrome ............cccceeeueennee. 137
Studies Reporting the Combined Use of Walker
Devices and MICTOSWILCHES .....cc.eevuierieiiiieiieeiieie et 140
DISCUSSION ...ttt sttt ettt 143

Outcome of the Studies Using a RODOt..........cocvevieriiiiiiiiiniieieeiee 143

Outcome of the Studies Using Treadmills ..........ccceeveeriienieniiineeniennne 144

Outcome of the Studies Using Walkers and Microswitches................... 146

Implications of the Studies’ OULCOMES ........c.cevveerveerieeriieriienieerieeneeenne 146

Practical Considerations on the Use of the Different Technologies ....... 148
CONCIUSIONS ...ttt sttt ettt 149
RETEIOINCES ...ttt 150

7 Assistive Technology for Reducing Problem Behavior ........................ 157
INErOAUCTION ...ttt 157

Definition and Description of Problem Behavior ..........cccccocceenennenen. 157

Extent of Problem Behavior with Individuals

with Severe/Profound and Multiple Disabilities.........cc.ccoevcvevvienieneenne 158

Clinical Assessment and Categorization of Problem Behavior .............. 160
Overview of Assistive Technology Used to Treat
Problem Behavior ..........coccuiiiieiiiiiieieciecseeeee et 162

Assistive Technology to Treat Problem Behavior

Maintained by ESCAPE......cccueeviiiiiiiiiiieiecteeetee e 163

Assistive Technology to Treat Problem Behavior

Maintained by Access to Tangible Ttems .........ccceeveevieenienieinieenieeieene 164

Assistive Technology to Treat Problem Behavior

Maintained by Access t0 AtENtION........eevverrieerieerieenieerieeereeieesreeieens 165

Assistive Technology to Treat Self-stimulatory

Problem Behavior .........coceiieiiiiininiiiiiiiccccccccc e 166
Summary and Suggestions for Future Research...........cccoceevieniieniencnnns 171
RETEIONCES...c.ueeieiiieieitciecc e 174

Assistive Technology ... 177



About the Authors

Giulio E. Lancioni, Ph.D., is Professor in the Department of Neuroscience and
Sense Organs, University of Bari, Italy. He also spent many years at the Department
of Psychology, University of Leiden, the Netherlands. His research interests include
development and assessment of assistive technologies, training of social and occu-
pational skills, and evaluation of strategies for examining preference and choice of
individuals with severe/profound intellectual and multiple disabilities (including
post-coma persons in a minimally conscious state and persons with Alzheimer’s
disease). He has published widely in these areas and serves in the editorial board of
several international journals concerned with these topics.

Jeff Sigafoos, Ph.D., is Professor in the School of Educational Psychology and
Pedagogy, Victoria University of Wellington, New Zealand. Prior to this position,
he held appointments at the University of Queensland, the University of Sydney,
and The University of Texas at Austin. His research interests include communica-
tion assessment and intervention for individuals with developmental and physical
disabilities, educational programming for children with autism spectrum disorders,
and the assessment and treatment of problem behavior in individuals with develop-
mental and physical disabilities. He has published widely in these areas and is the
Editor of Developmental Neurorehabilitation and Coeditor-in-Chief of Evidence-
Based Communication Assessment and Intervention.

Mark F. O’Reilly, Ph.D., holds the Mollie Villeret Davis Professorship in Learning
Disabilities and is Professor of Special Education in the Department of Special
Education at The University of Texas at Austin. He lectured in the Department of
Psychology at University College Dublin, Ireland, prior to his current appointment.
His research interests include assessment and treatment of severe challenging
behavior in individuals with autism spectrum disorders and other developmental
disorders, design and evaluation of assistive technology to support individuals with
severe/profound and multiple disabilities, and communication/social skills inter-
ventions for individuals with intellectual disabilities. He is the Editor-in-Chief of
the Journal of Developmental and Physical Disabilities.

xiii



Xiv About the Authors

Nirbhay N. Singh, Ph.D., is the Chief Learning and Development Officer at the
American Health and Wellness Institute, Raleigh, North Carolina. He was Professor
of Psychiatry, Pediatrics, and Psychology at the Virginia Commonwealth University
School of Medicine and Director of the Commonwealth Institute for Family Studies,
Richmond, Virginia, prior to his current appointment. His research interests include
behavioral and psychopharmacological treatments of individuals with disabilities,
assistive technology for supporting individuals with severe/profound and multiple
disabilities, and mindfulness. He is the Editor-in-Chief of the Journal of Child and
Family Studies and Mindfulness and Editor of the book series Mindfulness in
Behavioral Health.



Chapter 1
Defining Assistive Technology
and the Target Populations

Abstract This chapter introduces the notion of assistive technology and provides
illustrative examples of its use with schoolchildren with typical intellectual func-
tioning and persons with severe/profound and multiple disabilities. This chapter
also provides a brief summary of the intervention areas and forms of assistive tech-
nology covered by the subsequent chapters in this book. These areas and technolo-
gies concern the following: interaction with the environment and control of
stimulation through microswitches (Chap. 2); communication through speech-
generating devices (SGDs) (Chap. 3); academic, work, and leisure activity engage-
ment through an array of technology-based programs (Chap. 4); independent travel
within indoor areas through orientation systems (Chap. 5); ambulation through tread-
mills, walkers, and microswitches or a robot (Chap. 6); and reduction of problem
behaviors through SGDs, microswitches, or microswitch clusters (Chap. 7).

Introduction

Assistive technology refers to a variety of devices (and services related to their use)
aimed at helping persons with disabilities and special education/rehabilitation needs
to function better within their daily context and achieve a higher quality of life.
Specifically, assistive technology encompasses multiple resources (capable of
providing different forms of practical support), which are expected to produce
important behavioral and social benefits for the users by reducing the negative
impact of their disabilities and related (problematic) conditions (Bauer et al. 2011;
Brown et al. 2009; Reichle 2011; Shih 2011). The first requirement for the realiza-
tion of this goal is that the users (i.e., the persons with disabilities) receive the types
of assistive technologies that are best suited to their characteristics, their tasks,
and their environments (Bauer et al. 2011; Borg et al. 2011). The mere provision of
assistive technology, even if carefully matched as mentioned above, however, may
not be sufficient to guarantee a positive outcome. Such an outcome may become
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much more likely if one adds to the provision of technology an explicit and
carefully designed intervention aimed at ensuring that the persons learn how to use
it effectively.

In light of the above, one can argue that the increased production and availability
of new technologies to assist persons with disabilities would have an increasingly
relevant role (i.e., progressively wider practical implications) if paralleled by effec-
tive interventions to enable those persons to make successful use of such technolo-
gies (Burne et al. 2011; Rispoli et al. 2010). This link between technologies and
interventions could be seen as a new, emerging specialty field that integrates reha-
bilitation engineering with rehabilitation psychology, behavior analysis, and special
education. The fact that the number of devices developed and made available has
grown consistently over the years can be taken as (a) a sign of an increasing atten-
tion to the rights of persons with special education/rehabilitation needs (i.e., a grow-
ing recognition that these persons must not be left behind) and (b) an attempt to
provide these persons the opportunity to be involved meaningfully in a gradually
more inclusive society (Borg et al. 2011; Parette et al. 2010). In practice, these
devices are conceived with the view of enabling persons with serious limitations in
their developmental, communication, and/or occupational perspectives to improve
their general participation opportunities, that is, to gain greater access to their daily
environment and related choice events, with important personal and social implica-
tions (Collins et al. 1991; Moisey 2007; Moisey and van de Keere 2007; Ripat and
Woodgate 2011; Scherer et al. 2011).

Two large groups of persons have received particular attention in terms of assis-
tive technology, namely, (a) students with combinations of motor or sensory-motor
and communication disabilities and typical or nearly typical level of intellectual
functioning, and (b) persons with severe/profound intellectual disabilities or combi-
nations of motor or sensory-motor impairment and intellectual disabilities or con-
sciousness disorders. Assistive technology devices that may be employed within
educational (school) programs to help the former group of persons include among
others (a) modified (e.g., expanded) keyboards aimed at allowing the persons to
press the keys and enter the letters so as to write successfully, (b) electronic pointing
instruments used in substitution of the mouse and possibly of the keyboard, (c) on-
screen keyboards (keyboard emulators) that often include the scanning function to
allow the persons to choose the keyboard keys with a simple response that might be
a minimal movement of any part of the body, (d) text-to-speech synthesizer that
allow the persons to enter written text information and translate it into speech
that the persons can use to communicate with relevant people in the environment
(Burne et al. 2011; Handley 2009; Hertzum and Hornbaek 2010; Lancioni et al.
2009; Matias et al. 1996; Shih 2011; Shih and Shih 2010).

Assistive technology devices, that may be employed within programs for the lat-
ter group of persons (i.e., those with intellectual disabilities or consciousness disor-
ders often combined with motor and/or communication impairments), include among
others (a) microswitches aimed at allowing the persons to access (control the occur-
rence of) environmental stimulation with minimal responses, (b) speech-generating
devices (SGDs) allowing the persons to translate their simple motor responses into
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the production/utterance of verbal messages (requests), (c) spatial orientation sys-
tems aimed at helping the persons to reach target places within their indoor areas
through the use of auditory or visual direction cues or through corrective feedback,
(d) computer-aided instruction systems aimed at providing verbal or pictorial
cues to support the persons through the performance of multistep activities, and
(e) microswitch clusters to strengthen adaptive responses and inhibit problematic
behavior (Furniss et al. 1999; Lancioni et al. 2007, 2008; Rispoli et al. 2010;
Sigafoos et al. 2009; Thunberg et al. 2007). In the past, before the assistive tech-
nologies were available, these persons were generally deemed as dependent on staff
care and stimulation. With the development and availability of the assistive tech-
nologies, these persons are considered capable of achieving relevant levels of self-
determination and active engagement, with control of their stimulation input and
improvement of their mood (Lancioni et al. 2005, 2008).

Assistive Technology for School Settings and Students
with Typical Intellectual Functioning

An illustrative example of assistive technology for students with typical intellectual
functioning, which we may describe here in terms of its basic characteristics and
possible impact, concerns a keyboard emulator with a scanning function. The scan-
ning function is typically combined with a virtual keyboard appearing on a com-
puter screen. Such a device is usually designed for persons who have serious
difficulties using real keyboards including those modified with the aim of facilitat-
ing their use (i.e., modified to help persons who have limited control of their hand
and finger movements). The scanning may initially concern the keyboard rows, one
at a time. Following the person’s response in relation to a row, the scanning may
concern the single keys of that row, one at a time. The person’s response to one key
would write the corresponding letter/symbol on the upper part of the computer
screen and restart the scanning of the rows. The person’s response is carried out
with a single input tool, such as a touch-pad sensor that can be activated through a
simple (nonspecific) hand movement. In a recent study by Lancioni et al. (2009), for
example, the technology included a commercially available scanning keyboard
emulator (WiViK by Prentke Romich Company, Wooster, OH, USA), which
appeared on a computer screen and was combined with a voice-detecting sensor
serving as input tool. The sensor could be activated with a brief vocal emission, that
is, with a response considered to be suitable for both participants (two schoolchil-
dren) because they could perform it fairly rapidly, reliably, and without much effort.
The keyboard emulator appeared in the lower half of the computer screen. When the
children responded (with a vocal emission) to a keyboard row, scanning continued
on groups of keys of the row selected. The children’s responding to a group led to
the scanning of the single keys of it with the possibility of selecting one of them and
writing the corresponding symbol (i.e., as mentioned above).
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Assistive Technology for Programs Involving Persons
with Intellectual Disabilities or Consciousness Disorders

A first illustrative example of assistive technology, which may be described within
this area, is the combined use of a microswitch and an SGD for post-coma persons
with extensive neuromotor impairment and minimally conscious state. These per-
sons are usually exposed to general forms of stimulation chosen by the rehabilita-
tion staff and do not have the possibility of accessing stimulation on their own or of
making requests of any type, given their widely compromised functioning situation
(Lancioni et al. 2010a; Magee 2007; Zhu et al. 2009). The use of a microswitch
would allow them to activate one or more sources of stimulation on an independent
manner, that is, at their preferred times and according to their preferred frequencies,
via a simple/affordable response. The use of an SGD would allow them to call a
caregiver for requesting attention or particular forms of stimulation/interaction, thus
increasing the level of input and restoring emotional and communication ties.

In arecent study by Lancioni et al. (2009), for example, a man was provided with
an adapted optic microswitch that he could activate through eye blinks and a new
(custom-made) SGD that he could activate through finger movements. Two blinks
occurring within a 2-s interval were required to activate the optic microswitch. Each
microswitch activation allowed him to listen to a brief period of preferred music.
The SGD involved a cylinder-like device, which was fixed inside the man’s hand
and had two sensitive sections at the outer sides (i.e., the section of the device cor-
responding to the little finger and the one corresponding to the index finger).
Activation of one of the sensitive sections caused the occurrence of a verbal call for
the man’s mother. Activation of the other sensitive section caused the occurrence of
a verbal call for a research assistant who had long familiarized with him. Each one
of the two (mother and research assistant) would have a specific form of interaction
with the man for a brief interval of time.

A second illustrative example of assistive technology is represented by a
computer-aided system that relies on a palmtop computer with a color screen. Such
a system is easily portable and can help persons with severe intellectual disabilities
perform daily activities by providing them pictorial instruction cues for the single
steps of those activities. These persons are known to have difficulties managing the
performance of relevant activities and to remain largely passive and dependent on
staff’s direct supervision, with negative implications for their occupational opportu-
nities, their constructive interactions within the environment, and their social status
(Brown et al. 2009; Friedman et al. 2009). The system would be easy for the persons
to use. They would only need to make a simple response such as pressing a key to get
the first/next pictorial instruction in the sequence. The pictorial instructions, more-
over, would be interspersed with pictorial representations of positive (reinforcing)
events such as the caregiver providing social approval or tangible items. These latter
pictorial representations would be expected to ensure the persons’ motivation to
maintain continuity in seeking instructions and performing the related activity steps.
To minimize errors and program misuses, one could develop few simple insurance
conditions concerning, among others, the availability and change of instructions.



Assistive Technology Areas and Devices Touched in the Following Chapters 5

The evaluation of a similar form of computer-aided system was reported by
Lancioni et al. (2000). The study included six adults whose level of intellectual
functioning was rated in the severe disability range. The system involved an IBM
110 palmtop computer, electronic circuitry, an auditory output box, and a vibration
box. The system had a single key that the participants were to press to cause the
occurrence of a new pictorial instruction on the computer screen. The pictorial
instructions referred to specific steps of the task at hand or to a reinforcing event.
The latter types of instructions (i.e., those concerning reinforcing events) were
sporadic and served to motivate the participants’ performance. The participants
carried with them either one of the aforementioned boxes (producing auditory or
vibration output). Those boxes would provide them with prompting in case they
failed to return to the computer and ask for a new instruction within a preset interval
from the previous request. The system was also equipped with a latency function.
This ensured that repeated key press responses would not cause accidental (erroneous)
change of the pictorial instruction on the screen.

Assistive Technology Areas and Devices Touched
in the Following Chapters

Each of the next six chapters (i.e., Chaps. 2, 3, 4, 5, 6 and 7) of this book concerns
specific areas of intervention and related forms of assistive technology for persons
with severe/profound and multiple disabilities. The chapters provide reviews of the
literature available in the areas covered so as to present the reader with an illustrative
picture of the intervention strategies and objectives, of the characteristics of the persons
involved, of the assistive technology devices employed, and of the results obtained.
The first of those six chapters (i.e., Chap. 2) concerns intervention efforts focused
on helping persons with extensive physical impairment and other (e.g., intellectual
and communication) disabilities to develop constructive interactions with their
surroundings (Holburn et al. 2004; Lancioni et al. 2008). The main form of assistive
technology adopted for persons with these characteristics consists of microswitches.
Microswitch-based programs include three basic components, that is, an electronic
control system, one or more microswitches, and environmental stimuli connected to
the electronic control system. The person’s activation of a microswitch triggers
the electronic control system that turns on specific environmental stimuli for brief
periods of time. Microswitches can be commercially available or experimental.
The simultaneous availability of multiple microswitches allows the person to choose
among different responses and stimulus sets (Lancioni et al. 2008, 2010a).

Chapter 3 concerns the use of SGDs, that is, assistive technology instruments that
can be programmed to produce different types of verbal outputs in relation to nonverbal
responses of the participants (see above). Those instruments represent forms of alter-
native communication technology for persons with communication impairment, that
is, persons who are able to emit only largely unintelligible speech, have lost speech
and communication abilities, or have never developed sufficient speech and language/
communication abilities. Based on the characteristics and needs of the participants,
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the objectives of the intervention efforts vary and the characteristics of the technology
may also differ. In general, the intervention efforts concern (a) the establishment of
requesting skills (e.g., the persons are enabled to use the technology to verbalize
requests of preferred items and activities), (b) the establishment of responses that
allow the individual to communicate a desire to escape from or avoid nonpreferred
objects and activities, and (c) establishment of socially oriented communication
responses aimed at recruiting the attention of a listener or at initiating forms of con-
versation. SGDs vary from simple tools producing a brief prerecorded message to
highly sophisticated computer technologies generating multiple and complex utter-
ances via speech synthesis technology (Rispoli et al. 2010; Sigafoos et al. 2009).

Chapter 4 concerns the use of assistive technology for promoting academic,
work, and leisure activities. The first part of the chapter analyzes studies that used
technology solutions to enable writing by individuals who could not use standard
implements, such as pens and standard computer keyboards, because of their
multiple disabilities. The second part of the chapter analyzes studies that used tech-
nology to teach individuals to engage in occupational and vocational tasks. These
studies used a variety of unsophisticated and sophisticated technology solutions for
the presentation of instructions. Those instructions relied on picture prompts, object
or tactile prompts, self-operated audio prompts, self-instruction prompts, video
modeling and video prompts, palmtop-based job aids, and electronic control devices.
The third part of the chapter analyzes studies on leisure skills that used technology
to provide individuals access to different classes of leisure activities, that is, enabled
them to access a variety of preferred stimulation and taught them to operate stan-
dard or adapted leisure modalities (e.g., radio, television, portable media player, and
a computer for e-mail) and an electronic messaging system.

Chapter 5 concerns the use of assistive technology to help persons with orienta-
tion problems travel within indoor areas (i.e., their living and occupational
contexts). Different orientation systems are available to respond to the requirements
of persons with different characteristics. Persons who present with blindness or
minimal residual vision and a very limited notion of space with virtually no
orientation abilities may need very substantial help. Consequently, they would per-
form better with a system that does not require much initiative and self-direction
from them (Lancioni et al. 2007). Such a system provides direction cues, that is,
cues that guide the person’s travel by marking/specifying the space leading to the
destination (Lancioni et al. 2007, 2010b). The cues consist of buzzer-like sounds,
verbal messages, and visual cues (lights). Persons who have functional vision
and/or possess a general notion of the spatial reality within which they travel are able
to benefit from a system that is less intrusive than the one mentioned above (i.e., the
one using direction cues). This less intrusive system does not use direction cues, but
rather employ corrective feedback. In practice, the system only intervenes if the
person loses the correct direction. In that case, a feedback is presented to inform
the persons that he or she has to change direction. The feedback lasts until the person
has found the correct direction. At that point, he or she can start walking again.

Chapter 6 concerns the use of different technology-based approaches to support
and promote walking. Those approaches are based on the notion of experience-
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dependent plasticity, which suggests that the way to improve a person’s
ambulatory behavior is to allow that person to practice it. The most popular tech-
nology-based approach is the one that relies on the use of treadmills generally
combined with partial body weight support (Damiano and DeJong 2009). The
strategy of supporting the participants’ body weight (e.g., through a harness) is
considered essential to facilitate their stepping responses particularly when the
motor impairment is extensive or the motor condition is largely immature. A sec-
ond technology-based approach is the one that combines the use of walker devices
with microswitches. The walkers can be provided with supporting features that
help facilitate postural control and partial weight lifting (Lancioni et al. 2005).
The microswitches allow the monitoring of the participants’ stepping responses
and ensure the automatic delivery of brief periods of preferred environmental
stimulation contingent on those responses. A third technology-based approach
concerns the use of a robot, which provides the participants with physical support
to ensure their balance and with guidance to walk to different destinations
(Lancioni et al. 1997).

Chapter 7 concerns the use of assistive technology to reduce problem behavior.
The intervention programs differ according to whether they are used to treat problem
behavior that is maintained by escape from demands, access to attention or tangible
items, or is self-stimulatory in nature. When the behavior is maintained by escape,
the participants can be provided with an augmentative communication device
(i.e., an SGD) and taught to use this technology to communicate a desire to ter-
minate demands (Durand 1999). Demand termination can serve as a reinforcing
event and establish the appropriate use of the device to make the request. The prob-
lem behavior is typically ignored during the program. When the behavior is main-
tained by attention or tangible items, the participant can be provided with an
SGD, which is programmed to emit verbal requests for those events when triggered.
When the behavior is self-stimulatory, the intervention can rely on different uses of
microswitch technology. For example, it can resort to the use of (a) microswitches
that produce positive stimulation when an adaptive behavior, alternative to
self-stimulation, occurs and (b) microswitch clusters where an adaptive response
(monitored by one microswitch) produces positive stimulation only when the
self-stimulatory response (monitored by the second microswitch) does not occur
(Cooper et al. 2009; Lancioni et al. 2008).
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Chapter 2
Use of Microswitches
in Habilitation Programs

Abstract This chapter provides an overview of studies using microswitches for
promoting adaptive/positive engagement of persons with profound and multiple dis-
abilities. For practical (presentation) reasons, the studies are divided into several
groups based on the responses targeted and the microswitches employed. A first
group concerns studies that targeted a single typical response (e.g., head turning)
using a commercial/conventional microswitch (e.g., a pressure device). A second
group concerns studies that targeted a single nontypical (small) response (e.g., chin
movements) using an experimental microswitch (e.g., an optic sensor). A third
group concerns studies that targeted two or more responses (typical and nontypical)
using combinations of commercial and experimental microswitches. A fourth group
of studies, which is only briefly mentioned, involves combinations of responses
employing microswitches and speech-generating devices (SGDs). The reason for
the brief consideration of this last group is that the use of SGDs represents the topic
of the next chapter of this book. The final part of this chapter analyzes the outcomes
of the studies reviewed and their implications for daily programs and suggests ques-
tions for new research in the area.

Introduction

Microswitches are a main form of assistive technology developed to allow persons with
extensive motor and multiple disabilities to activate environmental stimulus sources
with small/simple responses (Holburn et al. 2004; Lancioni et al. 2001a, b, 2004a, b, c,
2008b; Mechling 2006). For example, a pressure microswitch (e.g., a touch pad) placed
on the person’s wheelchair tray could allow the person to activate brief periods of vibra-
tory stimulation with a simple hand movement (rather than with the manipulation of
the vibration device which would be impossible) (Lancioni et al. 2001a, 2008a, b). An
optic microswitch (e.g., a mini photocell) fixed inside a box with objects could allow
the person to obtain brief periods of musical stimulation by touching/moving the

G.E. Lancioni et al., Assistive Technology: Interventions for Individuals with 11
Severe/Profound and Multiple Disabilities, Autism and Child Psychopathology Series,
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objects inside the box (Lancioni et al. 2002d, 2007b). A tilt microswitch arranged on
the side of the person’s head could allow the person to activate brief periods of visual
stimulation with a simple head-turning or sideward head-tilting response (Lancioni
et al. 2002b, 2008a, b). In practice, the microswitches may allow the persons to exer-
cise control over environmental stimuli even when their motor (general) disabilities are
so severe that they cannot manage any direct contact with and manipulation of those
stimuli (Holburn et al. 2004; Lancioni et al. 2008b; Mechling 2006).

Without the availability of microswitches, those persons would need to rely on
forms of environmental enrichment and stimulation handled by staff and families.
These strategies could be useful to provide the persons an adequate input but (a)
would emphasize their position/status of recipients of external initiative rather than
of active agents who pursue the input on their own purpose (self-determination) and
(b) would not really motivate them to develop any specific response schemes (i.e.,
any response that could be instrumental for them to access environmental stimula-
tion). This lack of response development (learning) may be seen as a critically
negative perspective with an impoverished social appearance of the persons and a
seriously compromised outlook for their quality of life (Glickman et al. 1996;
Lancioni et al. 2001a, b, ¢, d, 2007b, c, 2008a, b; Lachapelle et al. 2005; Mechling
2006; McDougall et al. 2010; Petry et al. 2009; Schalock et al. 2003).

A successful use of microswitches within habilitation programs for persons with
profound and multiple disabilities would require at least three basic conditions to be
met. First, a response should be identified that is already available in the person’s
repertoire (although at low frequencies) and is apparently easy (i.e., not excessively
demanding and tiring) for the person to perform (Lancioni et al. 2002b, 2004c,
2008b). Second, a microswitch should be available (or possible to realize) that
matches the response selected and can monitor it in a reliable manner and work as a
dependable interface between the person’s response and selected environmental
events (i.e., forms of stimulation) (Lancioni et al. 2008b). Third, forms of stimulation
should be identified that are apparently enjoyable for (preferred by) the person and
thus motivating for him or her to (a) increase his or her responding to access them
through the microswitch mediation and (b) maintain his or her responding levels
over time (Crawford and Schuster 1993; Lancioni et al. 2008b).

This chapter provides an overview of studies using microswitches with persons
with severe/profound and multiple disabilities. The studies are analyzed in terms of
the responses the participants used, the microswitches adopted for those responses,
the environmental events (stimulation) available in relation to the responses, and the
general outcome. For practical (presentation) reasons, the studies are divided into
several groups based on the responses targeted and the microswitches employed.
A first group concerns studies that targeted a single typical response (e.g., head turning)
using a commercial/conventional microswitch (e.g., a pressure device). A second
group concerns studies that targeted a single nontypical (small) response (e.g., chin
movements) using an experimental microswitch (e.g., an optic sensor). A third
group concerns studies that targeted two or more responses (typical and nontypical)
using combinations of commercial and experimental microswitches. A fourth group
of studies, which is only briefly mentioned, involves combinations of responses



Studies Targeting a Single (Typical) Response with a Commercial/Conventional... 13

employing microswitches and speech-generating devices (SGDs) (Lancioni et al.
2007a; Schlosser and Sigafoos 2006; Sigafoos et al. 2009). The reason for the brief
consideration of this last group is that the use of SGDs is considered in depth in the
next chapter of the book. The final part of this chapter analyzes the outcomes of the
studies reviewed and their implications for daily programs and suggests questions
for new research in the area. This chapter does not cover (a) the use of micro-
switches in combination with support devices to promote ambulation and (b) the use
of microswitch clusters to reduce problem postures and behaviors while promoting
adaptive responding, because these two topics will be analyzed in subsequent chapters
of the book (Lancioni et al. 2005b, 2009¢).

Studies Targeting a Single (Typical) Response with
a Commercial/Conventional Microswitch

The most common responses used within this group of studies concerned head turn-
ing and hand pushing or variations of it (Leatherby et al. 1992; Saunders et al. 2003).
The microswitches employed to monitor those responses generally consisted of
pressure devices. Table 2.1 lists 10 studies belonging to this group (Dewson and
Whiteley 1987; Gutowski 1996; Holburn et al. 2004; Lancioni et al. 2002c;
Leatherby et al. 1992; Mechling 2006; Realon et al. 1988; Sandler and McLain
1987; Saunders et al. 2003; Wacker et al. 1988).

For example, Sandler and McLain (1987) conducted their investigation with five
children between 6.5 and 8 years of age. Children were considered to be within the
severe intellectual disability range, presented with extensive motor impairment, and
used wheelchairs. One child was reported to be blind and another was diagnosed
with hearing impairment. The study included five phases. Within each phase, the

Table 2.1 Studies targeting a single (typical) response with a commercial/conventional microswitch

Studies Participants Age (years)  Response types

Dewson and Whiteley (1987) 9 11-29 Head turning (pushing)

Sandler and McLain (1987) 5 6-8 Hand pushing

Realon et al. (1988)® 10 16-20 Hand, wrist, or elbow pushing

Wacker et al. (1988)* 5 16-20 Arm raising or hand pushing

Leatherby et al. (1992)* 5 7-13 Hand/arm pushing or pulling

Gutowski (1996) 2 39, 46 Hand pushing/closing

Lancioni et al. (2002c) 2 7,14 Hand tapping

Saunders et al. (2003) 3 25-31 Head turning/pushing and hand/
arm pushing

Holburn et al. (2004) 5 23-40 Head turning/pushing and hand,
wrist, or fingers pushing

Mechling (2006) 3 6-19 Head turning and hand/arm
movements

“The data refer to the first experiment reported in the study
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children obtained a different type of stimulation contingent on their microswitch
responding. Microswitches were pressure devices that were fitted to the wheelchair
tray (during the four phases of the study in which food, praise, visual stimulation,
and auditory stimulation were used contingent on the responses) or to a tray fixed to
the arms of a small chair (during the phase of the study in which vestibular stimula-
tion was applied). Food consequences consisted of a bite of a favorite edible, praise
consisted of two positive statements, auditory and visual stimulation consisted of
10 s of music or 10 s of multicolor light input, and vestibular stimulation consisted
of 10 s of gentle swinging. Participants seemed to have the highest (or very high)
levels of responding during the vestibular stimulation condition. Lower levels of
responding generally occurred during food or praise stimulation conditions.

Wacker et al. (1988) described a study with five participants between 13 and
20 years of age who were estimated to be functioning below the 1-year level. Four of
them were provided with a contact/pressure microswitch, which was placed in front
of them and could be activated with a simple hand-pressure response. The fifth partici-
pant was provided with a tilt microswitch combined with an arm-lifting response.
When a participant activated the microswitch, one of the two toys available was
activated for as long as the response lasted (i.e., for as long as the microswitch remained
activated). The toys were changed across sessions according to an alternating treat-
ment design. During the intervention condition, all participants increased the duration
of their responding and also showed a preference for one of the toys over the other.

Gutowski (1996) employed pressure microswitches with two adults of 39 and
46 years of age. The microswitches were fixed on the wheelchair’s armrest and in the
participant’s hands, respectively. The participants’ microswitch activation through
simple hand-pressure responses allowed them to access preferred environmental
stimulation (i.e., small beverage quantities and brief music segments). Data indi-
cated that both participants were able to increase their responding levels during the
intervention period. This pointed out that the stimulation was motivating for them
and the response-microswitch combination could be successfully used to access it.

Lancioni et al. (2002c) investigated the opportunity of using simple hand-tapping
responses (spatially free and slightly forceful forms of contact with the tabletop)
together with a vibration microswitch. The participants were two girls of 7 and 14 years
of age who presented with intellectual, motor, and sensory disabilities and were in a
wheelchair. Their hand-tapping responses activated the vibration microswitch and led
to brief periods (below 10 s) of preferred stimulation including music, lights, and vibra-
tory input. The responding level of both participants was fairly low during baseline
conditions and increased in a decisive manner during the intervention periods indicat-
ing that it was sensitive to the stimulation that occurred contingent on it.

Holburn et al. (2004) carried out a study with five participants between 23 and
40 years of age who had a diagnosis of profound intellectual disability and extensive
motor impairment requiring the use of wheelchairs. The participants did not have
any functional communication system and depended on caregivers for their daily
needs as well as stimulation input. The microswitches consisted of pressure devices
that could be activated with hand or head movements. The stimuli that the
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participants received contingent on their responses consisted of visual images
presented on a computer screen, which could be supplemented by sound effects.
A series of 50 images were available within each session. The results indicated that
response increases were substantial in two participants, moderate in a third partici-
pant, and vague/limited in the final two participants.

Mechling (2006) taught three participants to use hand/arm movements and head-
turning responses in combination with pressure microswitches to access various
environmental stimuli. The participants were between 6 and 19 years of age and
presented with profound intellectual disabilities and serious motor impairment. The
study included nine sessions of 9 min. Every session contained three intervention
sections of 3 min. Each section involved a specific stimulus condition, that is, a
specific type of consequence occurring contingent on the responses per 10 s at each
response. The stimulus conditions involved adapted toys and devices, commercial
cause-and-effect software, and instructor-created video programs. Subsequent to
this period aimed at verifying possible differences in responding under the different
stimulus condition, a program supplement was implemented. Such a supplement
consisted of three sessions, in which only the stimulus condition that had promoted
the highest level of responding was used. The results of the first assessment period
showed that the level of responding was highest (i.e., between five and
nine responses per section) with the instructor-created video programs. During the
program supplement, the response level remained satisfactory for all three
participants.

Studies Targeting a Single (Nontypical) Response
with a New/Experimental Microswitch

The typical responses and commercial microswitches examined above, albeit appar-
ently simple and immediate, may not suit a number of persons with pervasive dis-
abilities and a minimal behavioral (motor) repertoire (Lancioni et al. 2005¢, 2008b).
With regard to those persons, the professional is left with two options: (a) excluding
them from participation in microswitch programs or (b) resorting to the use of small,
nontypical responses that might be more feasible for them and to the development
of new microswitch devices that can detect such responses. Those responses could
include vocalization (voice emissions), eyelid or chin movements, and minimal
hand closures or finger movements (Lancioni et al. 2006f, 2009b). Table 2.2 pro-
vides a list of studies, in each of which new/experimental microswitch technology
was used for monitoring a single, nontypical response. The responses covered by
the studies were vocalization (Lancioni et al. 2001c, 2005d, 2008a), chin and mouth/
lip movements (Lancioni et al. 2004a, c, 2006c, 2010c, 2011), eyelid movements
(Lancioni et al. 2005a, 2006f, 2009a, b), forehead or eyebrow movements (Lancioni
et al. 2007b, 2009a, 2011), and hand closure (Lancioni et al. 2007¢, 2009b, c).
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Table 2.2 Studies targeting a single (nontypical) response with a new/experimental microswitch

Studies Participants Age (years) Response types
Lancioni et al. (2001¢) 2 7,10 Vocalization
Lancioni et al. (2005d) 1 8 Vocalization
Lancioni et al. (2008a) 1 22 Vocalization
Lancioni et al. (2004a) 1 18 Chin movements
Lancioni et al. (2004c¢) 1 6 Chin movements
Lancioni et al. (2006c) 2 75,8 Chin movements
Lancioni et al. (2010c) 1 41 Lip movements
Lancioni et al. (2011) 1 5.5 Partial mouth closing
Lancioni et al. (2005a) 1 9 Eyelid movements
Lancioni et al. (2006f) 2 10, 12 Eyelid movements
Lancioni et al. (2009a) 1 36 Eyelid movements
Lancioni et al. (2009b) 1 26 Eyelid movements
Lancioni et al. (2007b) 2 6, 14 Forehead skin
movements
Lancioni et al. (2009a) 1 68 Eyebrow movements
Lancioni et al. (2011) 1 7.5 Eyebrow movements
Lancioni et al. (2007¢) 2 5,21 Hand closure
Lancioni et al. (2009a) 1 68 Hand closure
Lancioni et al. (2009d) 1 65 Hand closure

Vocalization

The first study targeting this response (Lancioni et al. 2001c) was carried out with two
participants of 7 and 10 years of age. Both had pervasive multiple disabilities with
minimal motor repertoires, but displayed spontaneous vocal emissions. These
emissions were considered a relevant resource and targeted through a new
(specifically built) microswitch. The new microswitch consisted of a battery-powered,
sound-detecting device connected to a throat microphone (not affected by
environmental noise), which was held at the participants’ larynx, with a simple
neckband (see Fig. 2.1). During the intervention phase, vocalization responses acti-
vated the microswitch, which in turn led to the occurrence of brief periods of pre-
ferred stimulation. The stimulation was regulated through an electronic control
system, which was connected to the microswitch and the stimulation source. Data
showed that during that phase, the participants’ level of vocalization responses
increased substantially over the baseline and remained consistent suggesting that (a)
an association between responses and stimulation had occurred and (b) stimulation
had (and maintained) motivating/reinforcing effects.

The aforementioned technology was upgraded in a study by Lancioni et al.
(2005d), which involved a girl of 8 years of age with profound multiple disabilities.
The upgrading was decided because the use of a contact (throat) microswitch alone
can result in false activations if the person has heavily congested tracheal areas,
drops his or her head forward, or presents dystonic head movements. The upgrading
aimed at limiting these potential drawbacks consisted of the introduction of an
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Fig. 2.1 Pictorial representation of the battery-powered, sound-detecting device connected to the
throat microphone
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Fig. 2.2 Pictorial representation of the battery-powered, sound-detecting device connected to the
throat microphone and an airborne microphone

airborne microphone parallel to the throat microphone (see Fig. 2.2). Activation of
the microswitch (and stimulation) would occur only if both microphones were trig-
gered. The girl’s responding increased. The solution seemed adequate to eliminate
false activations that could previously occur in absence of vocal emissions.
Lancioni et al. (2008a) estimated the levels of false microswitch activations using
a vocalization microswitch with the throat microphone only and a vocalization
microswitch with the combination of throat and the airborne microphones. The par-
ticipant was a man of 22 years of age who had congenital encephalopathy with
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profound intellectual disability, spastic tetraparesis, and minimal residual vision.
During the 46 intervention sessions involving the microswitch with throat micro-
phone only, the participant had a mean of over 40 responses per session with over 6
responses per session being rated as false-positives. During the 48 intervention ses-
sions involving the microswitch with both microphones, the mean frequency of
responses per session was largely similar, but the frequency of responses rated as
false-positives was below one per session.

Chin and Mouth/Lip Movements

Several studies have been carried out using chin and mouth/lip movements as
response. For example, Lancioni et al. (2006¢) conducted two single-case studies
including a 7.5-year-old girl and an 8-year-old boy, respectively. The children
were reported to be functioning in the severe or profound intellectual disability
range with minimal residual vision or blindness, to have pervasive motor disabili-
ties without apparently useful response schemes, and to lack any practical interac-
tion with their surroundings. The response selected for them as a plausible (reliable)
motor expression to control environmental events was a downward chin move-
ment. The microswitch developed to monitor the response with the girl consisted
of (a) a position sensor hidden inside a box which was fixed to the side of a hat, (b)
an electronic regulation unit, and (c) a light band, which was tied to the position
sensor and to the other side of the hat, and passed under the girl’s chin (see
Fig. 2.3). When the girl produced a downward movement of the chin, pulling the
band and thus the position sensor, the regulation unit sent a signal to an electronic
control unit, which (during intervention) turned on preferred stimuli for brief peri-
ods of time.

The microswitch developed for the boy was different, as he did not like the band
touching his face. It involved a hat that supported a light structure passing in front
of his face (without touching any part of it) and ending immediately below his
chin. The end of this structure contained an optic sensor, which was activated as
soon as the chin approached it (i.e., as soon as a downward movement of the chin
occurred) (see Fig. 2.4). When the optic sensor was activated, the regulation unit
sent a signal to an electronic control system, and this led to brief stimulation peri-
ods (i.e., during the intervention). The outcomes of the studies with the two micro-
switches (and the two children) were highly satisfactory. Both children learned to
use the microswitches rapidly and increased their level of responding and access to
stimulation.

A response characterized by movements of the lips (which could also encompass
chin and jaw movements and thus resemble the one mentioned above) was recently
targeted with a 41-year-old woman who had suffered severe brain injury and coma
following a car accident (Lancioni et al. 2010c). She had a diagnosis of minimally
conscious state and presented with pervasive neuromotor disabilities resulting in a
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totally static position. A variation of the aforementioned forms of microswitch was
developed to detect the response. It included two optic sensors consisting of an
infrared light-emitting diode and a mini infrared light-detection unit. The sensors
were attached to a metal support fixed to the woman’s chin. The aforementioned
sensors were normally directed at the upper lip and at the mouth cavity, respectively
(see Fig. 2.5, Frame 1) (i.e., as the woman rested static with her mouth semi-open
and lips apart). When the woman’s lips moved closer together or further apart, the
fixation point(s) of the sensors changed (see Fig. 2.5, Frames 2 and 3) and produced
microswitch activations. Those activations (i.e., through an electronic control
system) led to the occurrence of brief periods of preferred stimulation during the
intervention phases. The woman showed clear increases in the frequency of her lip
movements during those phases as compared to baseline periods.
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Fig. 2.4 Schematic representation of the optic sensor held under the child’s chin and of the elec-
tronic regulation unit
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Fig. 2.5 Schematic representation of optic sensors used for monitoring the woman’s regular lip
position (Frame 1) and two possible lip-position changes (Frames 2 and 3)
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Fig. 2.6 Schematic representation of possible color dots used to detect mouth closing with a
camera-based microswitch

Lancioni et al. (2011) targeted a partial mouth-closing response in a child with
multiple disabilities using a camera-based microswitch. The child was nearly
5.5 years old and had a diagnosis of congenital encephalopathy linked to a polymal-
formative syndrome with spastic tetraparesis, minimal residual vision, and other
neurophysiological disabilities. The response was monitored through a camera con-
nected to a computer system provided with specific software. The camera was
positioned at about 1 m from the child’s face, in which two small color dots were
drawn to allow the camera and computer to detect the response. The dots were on
the child’s nose and under her lower lip (see Fig. 2.6). When the distance between
the barycenter of the two dots showed a reduction of over 25 % of its original (refer-
ence) value, the computer recorded a mouth-closing response. This in turn led to
brief stimulation events throughout the intervention. The child’s response frequency
increased largely as a consequence of the intervention conditions.

Eyelid Movements

Studies have assessed the two main aspects of the response, that is, eyelid closure
and eyelid lifting. Regarding eyelid closure, response recording could focus on a
single blink or repeated blinks. An early study by Lancioni et al. (2005a) examined
the possibility of using a repeated-blink response with a boy of 9 years of age with
profound multiple disabilities and minimal motor behavior. The response, which
was to include two blinks within a 2-s interval, was already present in the child’s
repertoire but at a relatively low frequency. The microswitch for the response
included (a) an optic sensor mounted on an eyeglasses frame that the boy wore dur-
ing the sessions and (b) a regulation unit and a control system that produced and
registered a response signal, respectively, when the child performed two blinks
within a 2-s interval (see Fig. 2.7). Response performance allowed access to brief



22 2 Use of Microswitches in Habilitation Programs

INFRARED LED

T

INFRARED
ELECTRONIC '—'GTH-DE'IFTI_ECTION
REGULATION UNIT U

Fig. 2.7 Schematic representation of an optic sensor (infrared LED and infrared light-detection
unit) mounted on an eyeglasses frame and connected to an electronic regulation unit

periods of preferred stimulation during the intervention periods. Data showed that
the child’s response rates had a clear increase during those periods compared to the
baseline phases.

Lancioni et al. (2006f) extended the early research with the use of eyelid move-
ments with two children of 10 and 12 years of age. The response selected for these
children was not a repeated blink (as in the aforementioned study), but an upward
eyelid movement, that is, an eyelid lifting. This consisted of raising one eyelid or
both eyelids, as it would occur when looking at an object placed in an elevated posi-
tion relative to the person. This response, which was considered more suitable for
these children, was monitored with an adapted version of the microswitch technol-
ogy described above. Specifically, the optic sensors mounted on eyeglasses frames
were not to detect the eyelid closures (i.e., the transition from the eye pupil to the
eyelid, that is, from a dark to a light component of the eye) but the eyelid lifting (i.e.,
the transition from the eyelid to the eye pupil). The performance of the target response
allowed the participants to access brief periods of preferred visual, auditory, and
vibrotactile stimulation. Data showed that both children were able to learn to use the
response successfully. In other words, they displayed increased frequencies of the
response during the intervention (i.e., when stimulation was available contingent on
it) as opposed to the baseline condition (i.e., when stimulation was not available).

The requirement of targeting double blinking or upward eyelid movements as
specific responses may be unavoidable when the participants display relatively (and
consistently) high frequencies of eye-blinking responses. Whenever the participant
displays relatively low blinking frequencies, however, a single-blink response might
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be considered as a viable option. In line with this notion, Lancioni et al. (2009a, b)
reported two applications of the single-blink response. The first application concerned
a woman of 36 years of age who had suffered severe brain injury and coma subse-
quent to a road accident. The woman had a diagnosis of vegetative state and was
exposed to a learning assessment procedure. The optic microswitch used to monitor
the response was fixed on the woman’s forehead. Activation of the microswitch trig-
gered an electronic control system that, in turn, started brief occasions of auditory
and/or visual stimulation. Data showed relatively low (or declining) response fre-
quencies during the baseline phases, increased responding during the intervention
phases, and partial response declines during a control condition (i.e., noncontingent
stimulation). These data were thought to show signs of a nonreflective minimal level
of consciousness and consequently prompt a change of diagnosis for the participant.

The second application of the single-blink response concerned a man of 26 years
of age who had suffered severe brain injury and coma subsequent to a road accident.
At the time of the study, he had a diagnosis of minimally conscious state with per-
vasive neuromotor disabilities. The microswitch used with him was an adapted
version of the optic sensor described above (Lancioni et al. 2005a, 2006f). The per-
formance of each single-blink response was followed by a brief access to preferred
stimulation during the intervention phases. Data showed that the response frequency
during those phases increased significantly and remained high.

Forehead and Eyebrow Movements

Lancioni et al. (2007b) assessed the feasibility of using small upward or downward
movements of the forehead skin as a response for two participants with profound
multiple disabilities of 6 and 14 years of age. The microswitch used to monitor such
a response consisted of an optic sensor (barcode reader) with an electronic regula-
tion unit and a small tag with horizontal bars. The tag was pasted on the partici-
pants’ forehead, and the optic sensor was held in front of the tag via a light support
structure (see Fig. 2.8). During the intervention, small movements of the tag (occur-
ring in concomitance with small upward or downward movements of the forehead
skin) triggered the microswitch system. This activated a control system that ensured
brief periods of preferred stimulation. Both participants had a clear response increase
during the intervention phases of the study.

Lancioni et al. (2009a) investigated the use of eyebrow lifting as the target
response with a man of 68 years of age. The man had suffered traumatic brain injury
and coma and had a diagnosis of minimally conscious state and pervasive neuromo-
tor disabilities at the time of the study. The microswitch adopted for this response
was a modified version of the optic sensor used in the studies targeting eyelid clo-
sures and eyelid upward movements (see above). The microswitch was fixed on the
man’s forehead (see Fig. 2.9). During the intervention phases of the study, eyebrow
lifting resulting in microswitch activation allowed the man brief access to preferred
visual stimuli (i.e., video clips of favorite events). Data showed that his response
frequency increased largely during those phases as compared to the baseline.
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Fig. 2.8 Schematic representation of an optic sensor (barcode reader), a small tag with horizontal
bars, and an electronic regulation unit used to detect forehead skin movements

<\
A\

-

OPTIC
SENSOR

FRAME | FRAME I

Fig. 2.9 Schematic representation of an optic sensor used for pointing to the forehead (Frame 1)
and to the eyebrow (Frame 2)
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Fig. 2.10 Schematic representation of a touch/pressure sensor fixed to the person’s hand

A recent study (Lancioni et al. 2011) targeted the aforementioned eyebrow-lifting
response with the use of a camera-based microswitch, such as that described above
for mouth closing. The participant was a boy of about 7.5 years of age who had suf-
fered severe brain hemorrhage at 1 year of age with consequent development of
spastic tetraparesis, total blindness, and epilepsy as well as profound intellectual
disability and lack of self-help and communication skills. The boy was provided
with two small color dots above the right eyebrow and on the top right side of the
forehead. The camera and computer detected a response when the distance between
the barycenters of the dots decreased of about 12 %. Response frequencies increased
during the intervention, that is, when they were followed by brief (preferred) stimu-
lation events.

Hand Closure

Lancioni et al. (2007c) reported the use of small hand-closure movements as the
response with two participants of 5 and 21 years of age. The response, which seemed
highly suitable (relatively easy) for persons who tend to have their hands partially
closed, consisted of the participants’ fingers touching or pressing on a microswitch
fixed to the palm of their hand. The microswitch involved a two-membrane thin
device. The external membrane (i.e., the one exposed to direct contact with the
participants’ fingers) was a touch-sensitive sensor and was thus activated by light
contact with the fingers. The internal membrane was a pressure sensor that would be
activated if the participants applied a pressure/weight of about 20 g on it (see
Fig. 2.10). During the intervention, the response allowed the participants to access
brief periods of stimulation including combinations of preferred visual, auditory, and



26 2 Use of Microswitches in Habilitation Programs

vibrotactile events. Data showed that both participants increased their response
frequency (use of the microswitch) as a consequence of the intervention conditions.

Lancioni et al. (2009a, d) reported an additional use of the hand-closure response
and the two-membrane microswitch for two post-coma adults with a diagnosis of
vegetative state. The two participants who were 68 and 65 years old were exposed
to a learning assessment procedure in which each hand-closure response was fol-
lowed by a brief stimulation period. The response had a relatively low (or declining)
frequency during the baseline phases, increased during the intervention phases, and
declined to an intermediate level (i.e., between baseline and intervention) during a
control condition. These results were taken to suggest that the participants had
a nonreflective minimal level of consciousness.

Studies Targeting Two or More Responses
with Experimental and Commercial Microswitches

The acquisition of a specific response with a microswitch may be considered a
critical step to enable persons with pervasive and multiple disabilities to establish
a form of relation with the outside world and manage control of stimulation events.
For many of these persons, acquiring the use of one response and one microswitch
may be only a transitory stage in their educational program. In particular, they might
have the ability to acquire more responses with other microswitches with obvious
benefits in terms of activity, stimulation input, and possibly choice. Indeed, the use
of multiple responses/microswitches would allow the participant to extend and vary
his or her behavioral engagement, enrich and diversify his or her stimulation oppor-
tunities, and eventually choose between the different stimuli available, based on
preferences and other practical conditions. Table 2.3 provides a list of eight studies

Table 2.3 Studies targeting two or more responses with experimental and commercial microswitches

Studies Participants Age (years) Response types

Sullivan et al. (1995) 1 3.5 Two responses: head and hand movements

Lancioni et al. (2002a) 2 8,12 Three responses per participant: vocaliza-
tion, head, and hand movements

Lancioni et al. (2003) 1 16.5 Two responses: hand to forehead and knee
shaking

Lancioni et al. (2004b) 2 26,27 Three or four responses per participant:
feet and leg movements

Lancioni et al. (2006b) 3 7-16 Two responses per participant: vocaliza-
tion and chin, mouth, knee, and hand
movements

Lancioni et al. (2009b) 1 45 Two responses: head and foot movements

Lancioni et al. (2010b) 2 53,56 Two responses per participant: finger,
hand, eyelid, and head movements

Lancioni et al. (2010d) 2 79,52 Two responses per participant: right and

left head turning or bending
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assessing the combined use of two or more microswitches (Lancioni et al. 2002a,
2003, 2004b, 2006b, 2009b, 2010b, d; Sullivan et al. 1995).

Sullivan et al. (1995) reported an early research study aimed at targeting two
responses with two separate microswitches. The authors worked with a girl who
was 3.5 years of age and had a diagnosis of Rett syndrome. The two responses tar-
geted with her consisted of head backward movements and hand-pushing/stroking
movements. These responses were monitored through the use of commercially
available pressure microswitches. The microswitches were simultaneously
available, and the girl could activate either one of them obtaining access to
different types of preferred stimuli (e.g., musical toys and tapes). The results showed
that the girl increased the frequency of both responses as a consequence of the
intervention conditions.

Lancioni et al. (2002a) reported a study in which two children of 8 and 12 years
of age were involved. The three responses targeted for each participant concerned
vocalization, hand movements (pushing/stroking), and head movements. Each
response allowed access to a specific set of stimuli during the intervention phases in
which it was involved. The study started with baseline on each of the responses, and
then intervention focused on the first one of them. When the participants showed a
clear increase of this response, a new baseline was carried out on the second
response. Thereafter, intervention started on it. Increases of this second response led
to an intervention period in which both responses and microswitches were available
within each session. That is, the participant could carry out any of them and receive
the stimulation related to it. Once the participant had shown successful performance
with these two responses/microswitches, a final baseline was carried out on the third
response/microswitch. This was followed by intervention on this last combination
and then intervention on all three responses and microswitches. At the last stage of
the program, the participant could perform any of the responses using the related
microswitch and accessing specific stimuli. This response freedom ensured an
extensive and differentiated engagement and an important opportunity to choose
among three sets of preferred stimuli. Data indicated that both participants suc-
ceeded in acquiring the responses and had an increased and consistent use of all
three of them.

Lancioni et al. (2003) worked with an adolescent who presented with micro-
cephaly, spastic tetraparesis, severe scoliosis, and blindness. She was classified as
functioning in the profound intellectual disability range, had no speech or other
forms of communication, and was fitted with a feeding tube. The two responses
selected for the study consisted of bringing the hand to the forehead and shaking the
knee. The microswitch used for the first response consisted of twin optic sensors
fixed to a headband that the participant wore. The microswitch for knee shaking
consisted of a tilt-like device. After the initial baseline on both responses, the inter-
vention focused on the first response. The emission of the response led to brief
periods of visual and auditory stimulation. Once this response increased, a new
baseline and intervention occurred on the second response. The emission of this
response during the intervention led to brief stimulation including also vibratory
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input. Data showed that the participant increased the frequency of each response as
a consequence of the intervention conditions.

Lancioni et al. (2004b) targeted simple foot and leg movements of two adults
(wheelchair users) as responses to enhance through a microswitch-based interven-
tion. The two participants were 26 and 27 years old, were classified as functioning
in the profound intellectual disability range, were totally blind, and did not possess
self-help skills. They needed a wheelchair due to spasticity, scoliosis, and hip or
foot abnormalities. The responses selected for the first participant consisted of pull-
ing up the front part of his feet together and raising the left or the right leg. The
microswitch for the first response was a pressure device, which was released by the
response. The microswitches for the leg responses were tilt devices. The responses
selected for the second participant consisted of raising the right leg or the left leg
and pushing down with the left or the right foot. The microswitches for the
leg responses were tilt devices. The microswitches for the foot responses were pres-
sure devices. The first participant started with a baseline on all responses, and then
the intervention focused on feet pulling. The occurrence of the response produced
brief periods of stimulation (e.g., music or vibratory stimulation). Increased fre-
quencies on this response led to a new baseline on the other two responses and then
intervention on them, in succession. The second participant started with baseline on
all responses, which led to intervention on the leg responses. Increased frequencies
on these responses led to focus the intervention on the foot responses. Again, inter-
vention ensured that brief periods of preferred stimulation followed the emission of
the responses. Results indicated that both participants were highly successful in
increasing all the responses targeted.

Lancioni et al. (2006b) carried out a study with three participants and targeted
two responses for each of them. The participants were between 7 and 16 years of age
and presented with severe/profound intellectual disabilities and extensive motor
impairment. The responses were vocalization and repeated chin movements, light
knee movement and minimal movement of a grid, and mouth closing and hand open-
ing for the three participants, respectively. The microswitches employed for vocal-
ization and chin movements matched those previously described for the same
responses (Lancioni et al. 2001c, 2006¢). The microswitches employed for mouth
closing and hand opening consisted of specially adapted versions of the initial micro-
switch developed for chin movements (Lancioni et al. 2006c). The microswitches
employed for knee and grid movements were combinations of tilt devices. Each
participant started with baseline on the two responses. Then intervention on these
responses and related microswitches was carried out sequentially. Once the second
response had been consolidated, the intervention involved both responses (i.e., both
microswitches were simultaneously available during the sessions and the participant
received specific stimulation events for each response). In essence, the participants
could choose between responses/microswitches and, more importantly, between the
stimuli linked to them. Eventually, the study assessed the participants’ preferences.
That is, it determined whether the participants’ preference for one response or the
other was to be ascribed to the stimuli following that response (i.e., to the higher
motivational power of those stimuli) or was also due to a preference for the response
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as such. Data showed that all three participants acquired the two responses selected
for them. They also displayed obvious differences in the frequencies of the responses.
An analysis of those differences suggested that they (a) were related to the stimuli
following the responses for two of the participants and (b) were partially related to
the impact of the stimuli and partially due to the characteristics/suitability of the
responses for the third participant.

Lancioni et al. (2009b) carried out a study with a man of 45 years of age who had
suffered extensive brain injury and coma following cerebral aneurism rupture. At
the time of the study, the man was diagnosed with a minimally conscious state and
extensive neuromotor disabilities. The responses targeted for him were head and
foot movements. The microswitches adopted for these responses consisted of pres-
sure devices, which were fixed at the wheelchair’s headrest, and a combination of
tilt and pressure devices, which were linked to the man’s right foot. The responses
(and microswitches) were exposed to intervention conditions in sequence and then
targeted simultaneously throughout the sessions. During intervention, the head-
movement response (activating the headrest’s pressure devices) turned on short
video clips; the foot-movement response (activating the combination of sensors on
it) turned on brief audio recordings. The man learned to use both responses and
related microswitches through the intervention phases. He also continued to have
high responding levels during the later stages of the study, that is, when both micro-
switches were available simultaneously within the sessions. Apparently, he had a
preference for the foot-movement response.

Lancioni et al. (2010d) worked with two post-coma adults (a woman and a man)
of 79 and 52 years of age, who presented with a minimally conscious state and
extensive neuromotor disabilities. The responses targeted for the first participant were
right and left head turning. The responses targeted for the second participant con-
sisted of right and left head bending. The microswitches used for the head-turning
responses were tilt devices fixed on a headband that the participant (who was lying
in bed) wore during the sessions. The microswitches used for the head-bending
responses consisted of optic microswitches fixed on the participant’s shoulders (to
avoid any contact with his face and head). During the intervention phases of the
study, microswitch activation triggered a control system that in turn started brief
periods of preferred stimulation. In particular, popular songs and prayers or reli-
gious choirs were available for the right and left head turning of the first participant,
respectively. Film clips of popular stories and of natural scenes were used for
the right and left head bending of the second participant, respectively. Initially,
baseline assessment was carried out on both responses. Subsequently, intervention
(with the occurrence of brief stimulation periods) focused on the first response.
Once this response increased, a new baseline and intervention were carried out on
the second response. Finally, intervention was extended to both responses, that is,
the participants had the two microswitches available simultaneously and obtained
specific stimulation events for each of the responses. Data showed that the partici-
pants increased their responding during the intervention phases, with an appar-
ent preference for one of the responses and related stimulation (first participant) or
no significant differences between responses (second participant).
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Studies Targeting Two or More Responses with Microswitches
and Speech-Generating Devices (SGDs)

The largely successful use of single and multiple microswitches, as reviewed above,
provides encouraging evidence as to the potential and applicability of these techno-
logical resources within daily programs for persons with severe/profound and
multiple disabilities. These resources, in fact, may represent a most immediate and
valuable tool to enable the persons to pursue positive engagement, independent
stimulation access, and choice. The use of these resources may be considered a
critical component of any rehabilitation context for two main reasons. First, as sug-
gested above, they can be instrumental to help the participants develop forms of
activity and independence. Moreover, they are really essential to promote learning
and consolidation of specific responses that extend the person’s behavior repertoire
and empower him or her (i.e., allow him or her to manage environmental events)
(Holburn et al. 2004; Lancioni et al. 2008b). Second, they can be a valid and useful
supplement to the direct intervention of rehabilitation and care staff. In no context,
in fact, one can expect the presence of staff personnel to be uninterrupted and guar-
antee continuous educational input (Lancioni et al. 2008b).

Acknowledging the extremely important functions of microswitch technology
may not totally eliminate a sense of caution about the use of such technology. The
caution would originate from the realization that the aforementioned technology
can promote the persons’ access to (control of) a variety of environmental stimuli,
but cannot help them satisfy any desires they might have about contact/interaction
with their caregiver. Obviously, such need of caution would only be realistic and
credible when the microswitch technology is used for relatively long sessions
and/or a large number of sessions during the day. In those situations (and probably
in less concerning ones as well), a reassuring approach might consist of supple-
menting conventional microswitch technology with an SGD or voice output com-
munication aid (VOCA). The microswitch technology would ensure that the
participant continues to access environmental stimuli independently. The SGD/
VOCA would enable the participant to ask for caregiver contact whenever he or
she desires to have such a contact. The use of SGD/VOCA technology will be the
focus of the next chapter of this book. Only two studies combining the use of
microswitch and SGD technology will be summarized here to illustrate the issue
and the procedural conditions.

For example, Lancioni et al. (2008c) carried out a study, in which three responses
were selected for each of the two participants who were 16 and 18 years old and
presented with multiple (intellectual, sensory, and motor) disabilities. Two responses
involved the use of microswitches and a one the use of an SGD/VOCA. The responses
selected for the microswitches consisted of head and hand movements for both par-
ticipants. The responses selected for the SGD consisted of vocalization for one
participant and a specific hand movement for the other participant. Initially, the inter-
vention focused on each of the two microswitches individually. When responding
had increased, they were made available simultaneously and the participants could
choose between them and the stimuli linked to them. Subsequently, the intervention
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focused on the SGD. Once responding to it had increased, the SGD and the two
microswitches were made available simultaneously. At that point, the participants
could choose among the three opportunities. Activation of the microswitches allowed
them to access different sets of preferred stimuli (e.g., musical and visual items).
Activation of the SGD triggered a vocal output apparatus, which emitted a verbal
request of attention directed to the caregiver. The caregiver would respond to the
requests either verbally or verbally and physically. Verbal responding consisted of
presenting complimentary/support sentences and occurred for about two-thirds of
the SGD requests. Verbal and physical responding consisted of talking to and touch-
ing/caressing or kissing the participant briefly and occurred for about one-third of the
SGD requests. The use of the two different types of responding and their relative
ratios was decided for practical reasons. Preponderance of verbal responding was
thought to allow the caregiver to largely maintain his or her other/regular duties dur-
ing the intervention program. The outcome of the study was positive for both partici-
pants. They learned to use the microswitches and the SGD. A majority of their
responses (i.e., about three-fourths of them) concerned the use of microswitches.

Lancioni et al. (2009¢) conducted a study with two post-coma persons of 35 and
60 years of age, who were diagnosed to be in a minimally conscious state and pre-
sented with extensive motor disabilities. After the initial baseline, the study involved
an intervention period aimed at strengthening one of the two responses available
together with a microswitch device. The microswitch consisted of a touch-sensitive
device fixed onto the leg for one participant and of a touch- and pressure-sensitive
device fixed into the palm of the hand for the other participant. Microswitch activa-
tion allowed them access to brief periods of preferred stimulation (e.g., music).
Once they had learned to use the microswitch, the SGD was introduced. This con-
sisted of (a) a wobble-like device attached to the stomach that could be activated by
a general hand movement for one participant and (b) tilt devices attached to the foot
that could be activated through slight foot movement for the other participant.
Activation of the SGD produced a call for the caregiver. In response to the call, the
caregiver talked to the participant and engaged him or her in watching or listening
to a variety of stimuli. Once the participants had learned to use the SGD, the pro-
gram involved the simultaneous availability of the microswitch and the SGD so that
the participants could use any of them at will. The results showed that both partici-
pants were successful in acquiring the use of the microswitch and the SGD and
increased their independent access to preferred stimulation and their interaction
with the caregiver, favoring one or the other at different times.

Discussion

Outcome of the Studies

The positive results generally reported by the studies using microswitches under-
line the importance of adopting these forms of assistive technology for persons
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with severe/profound and multiple disabilities (Lancioni et al. 2008b, 2009a, b, c;
Shih et al. 2010; Sigafoos et al. 2009). Obtaining a successful outcome in interven-
tion programs such as those examined in this overview may require a number of
conditions to be met. One of those conditions concerns the response difficulty/cost,
which should not be too high for the participant. More specifically, the likelihood
of success is greater if the response is in the person’s repertoire and requires a fairly
low level of effort to be performed (Lancioni et al. 2005¢, 2008b, 2010d). A second
condition concerns the availability of microswitches suitable for the responses.
Small, nontypical responses may need new and experimental technical solutions.
An array of those solutions has been presented in this chapter. Some of those
solutions are quite simple and immediate. Others may be more difficult to realize
and afford within daily contexts. A third condition concerns the stimulus events
selected for the participant’s response(s). These events should have a motivating
(reinforcing) power, and their positive/reinforcing value for the participant should
exceed the efforts required of him or her to perform the response(s) (Kazdin 2001).
A fourth condition concerns the intervention length, which (a) would need to be
adapted to the participant’s learning characteristics and essentially (b) should be
significantly extended with participants who have more severe (disadvantaged)
conditions (Catania 2007; Kazdin 2001; Lancioni et al. 2001a, 2009a; Saunders
et al. 2003).

The most immediate evidence of the positive outcomes of the studies reviewed
was the participants’ increased frequencies of responses. Other seemingly impor-
tant pieces of evidence, which were recorded only in some of the study, could be (a)
the indices of happiness or unhappiness of the participants and (b) the opinion of
staff personnel, family members, or other raters about the technology and its appli-
cation impact and overall effects (Dillon and Carr 2007; Lancioni et al. 2006d, e,
2007d, 2008b). With regard to the first point, for example, Lancioni et al. (2006d)
assessed the mood of the three children involved in a microswitch-based study, in
which each child could use a microswitch to access brief periods of preferred stim-
ulation. The results indicated that two of the children had clear increases in indices
of happiness during the intervention. The third child had a decrease (a virtual
elimination) of indices of unhappiness (i.e., frowning and crying) during the
intervention.

With regard to the second point, Lancioni et al. (2006a) conducted a social vali-
dation study in which 140 teacher trainees and 84 parents were involved in rating
microswitch-based programs versus interaction or stimulation conditions for par-
ticipants with multiple disabilities. All raters (teacher trainees and parents) scored
the two conditions on a seven-item questionnaire concerning the participants’
apparent enjoyment of the two conditions, the possible impact of those
conditions, and the raters’ own view on the likableness (acceptability) of those
conditions. Data indicated that both groups of raters provided the microswitch pro-
grams with higher (more positive) scoring on all seven items. These scores seemed
to constitute a very strong endorsement of the microswitch-based programs, which
supplemented in a meaningful manner the positive outcomes of the programs in
terms of participants’ response frequencies.
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Implications of the Studies

The data reported seem to provide encouraging evidence as to the possibility of
using microswitch technology with beneficial effects. In particular, the data seem to
underline three points, that is, (a) the importance of experimental microswitches
to extend the range of responses suitable for microswitch-based programs and thus
the number of persons who might benefit from those programs; (b) the importance
of using combinations of microswitches to extend the participants’ activity, input,
and choice opportunities; and (c) the importance of conceiving combinations of
microswitches and SGD to promote the participants’ activity and interaction.

The studies evaluating new combinations of experimental microswitches and
nontypical responses have collected an extensive amount of encouraging evidence
as to the possibility of helping most affected persons (i.e., persons who could not
possibly be involved in intervention programs relying on typical motor responses
and traditional microswitches) (Lancioni et al. 2005¢, 2008b). Identifying strategies
that offer these persons the possibility to be active and manage their environmental
stimulation could represent a breakthrough with multiple implications in terms of
educational perspectives and technology development (Lancioni et al. 2010a, 2011;
Leung and Chau 2010).

With regard to the educational perspectives, the main point to underline is that
persons who were previously excluded from microswitch-based programs or had
only marginal access to them may now have a full share of these programs. Their
participation in these programs (a) could change their condition from passive recipi-
ents of environmental stimulation to active agents practicing self-determination and
control with an obvious improvement in social status and quality of life and (b)
would substantially modify the conventional educational plans available for them
within educational and care contexts (Browder et al. 2001; Karvonen et al. 2004,
Lachapelle et al. 2005; Lancioni et al. 2006d, e, 2007d; Petry et al. 2005, 2009;
Szymanski 2000; Wehmeyer and Schwartz 1998; Zekovic and Renwick 2003).

With regard to technology development, one would need to underline the impor-
tance of upgrading some of the microswitches available and of finding new response-
microswitch combinations. Upgrading microswitches may consist of providing
more satisfactory designs for the available microswitches or developing new forms
of microswitches. One example of the latter is represented by the camera-based
technology that allows the possibility of monitoring small responses through the use of
one or two color marks rather than through support frames in contact with the par-
ticipants’ face and head (Lancioni et al. 2010a). Finding new response-microswitch
combinations may be important to create intervention alternatives that could
facilitate the progress of persons only marginally at ease using the combinations
available or could create a suitable path for persons unlikely to benefit from any of
the combinations available. For example, one could investigate the usability of pro-
longed eyelid closures for participants for whom this type of response may be much
more plausible than double blinks or upward looking (see above) and use adapted
optic sensors or camera-based microswitch technology to monitor it. Camera-based
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technology might also be useful for a response such as minimal tongue movement/
protrusion in a person with virtually no functional movements (Leung and Chau
2010).

The studies targeting multiple responses through multiple microswitches provide
a clear view of the wide enrichment potential that microswitch-based programs may
have. The use of multiple responses/microswitches, in fact, allows a person to
extend the level of activity engagement and to broaden the range of sensory input
(preferred stimulation) obtainable. The possibility to obtain different types of stim-
uli would be expected to increase response motivation and enjoyment. It would also
promote choice. In essence, the person would be expected to choose one response
over another (or others) if, and as long as, the stimuli related to that response are
more highly preferred and the cost of the response is not excessive compared to
the cost of the other(s) (Cannella et al. 2005; Stafford et al. 2002). One could easily
argue that activity, choice, self-determination, and multiple stimulus input are
sufficiently strong variables, capable of promoting a sense of personal fulfillment,
improve the person’s mood, and ultimately enhance the person’s quality of life
(Algozzine et al. 2001; Dillon and Carr 2007; Green and Reid 1999; Hoch et al.
2002; Kazdin 2001; Lancioni et al. 2004c, 2006a; Ross and Oliver 2003).

The potential risk of programs involving microswitch-based intervention strate-
gies has been acknowledged. They allow activity and free access to stimulation, but
they do not provide opportunities of interaction with the caregiver. The marginality
(irrelevance) of this risk in most daily contexts has also been underlined. Together
with these clarifications, examples were provided of strategies that could include
the opportunity of combining free access to stimulation input and a call function for
requesting caregiver’s attention. Those strategies rely on the use of microswitches
(directly connected to environmental stimulation) and SGD (allowing the person to
activate the call function).

Conclusions

The studies reviewed in this chapter underline the importance that microswitches
can have within programs for persons with severe/profound intellectual and multi-
ple disabilities. Programs adopting microswitches can help these persons acquire
constructive occupation and control access to stimulation independently. Persons
with minimal response repertoire can also be successfully introduced in those
programs (i.e., through the use of new, experimental microswitches suitable for
nontypical responses). The general benefits of the programs may grow considerably
if combinations of microswitches (rather than single microswitches) are used.
Programs adopting microswitches and SGD technology can help the persons with
their occupation, access to stimulation, as well as in ensuring their social contact
with the caregiver.

New research initiatives to improve the aforementioned forms of technology and
their applications could focus on several issues. For example, one might (a) search
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for additional nontypical responses and matching microswitches and (b) investigate
new solutions to upgrade the microswitch technology already available for monitor-
ing a variety of nontypical responses. One form of technology that might be further
upgraded with obvious practical benefits is the camera-based microswitch. This
technology could ensure high reliability in monitoring a variety of small (nontypical)
responses and would eliminate the need for using more intrusive devices/
microswitches on the person’s body (e.g., eyeglasses with optic sensors; see Lancioni
et al. 2010a; Leung and Chau 2010). One additional issue for research could con-
cern an assessment of when to use multiple microswitches and when to combine
microswitches and SGD technology (Lancioni et al. 2008c; Sigafoos et al. 2009).
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Chapter 3
Speech-Generating Devices for Communication
and Social Development

Abstract This chapter provides an overview of studies on using speech-generating
devices (SGDs) to improve the communication and social functioning of persons
with severe/profound and multiple disabilities. The studies are divided into four
groups based on the pragmatic function of the communication responses targeted
for improvement. The first group concerns studies that targeted the requesting
function. The second group concerns studies on teaching communicative rejecting.
The third group consists of studies on developing more socially oriented forms of
communication, such as recruiting social interaction and/or initiating conversation.
The fourth group includes studies aimed at reducing problem behaviors by teaching
functional use of SGDs. The final part of this chapter analyzes the outcomes of the
studies reviewed, considers the implications of these findings for overall communi-
cation and social development, and highlights directions for future research.

Introduction

Speech-generating devices (SGDs) are a type of assistive technology that can be
programmed to produce digitized (i.e., recorded) or synthesized speech output.
SGDs are also referred to as voice-output communication aids (VOCAs). A range
of SGDs exists: from simple microswitches producing a brief prerecorded message
to highly sophisticated computer technologies capable of generating an infinite
number of complex utterances via speech synthesis technology (Mullennix and
Stern 2010). Commercially available SGDs that exemplify this range of options are
shown in Figs. 3.1, 3.2, and 3.3.

SGDs are prescribed as assistive technology aids for individuals who present
with severe communication impairment. The term “severe communication impair-
ment” is used to refer to situations where the individual either has (a) highly unintel-
ligible speech, (b) temporarily or permanently lost the ability to speak, or (c) failed
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Fig. 3.1 BIGmack switches in various colors. The BIGmack switch is a single-message plate
switch that produces digitized (recorded) speech output. The BIGmack is produced by Able Net,
Inc. © 1985-2011 AbleNet Inc. All Rights Reserved/Image used with permission

Tech/Talk

am having ful

Fig. 3.2 TechTalk SGD. The TechTalk holds overlays of eight symbols/panels and has eight dif-
ferent levels giving it a capacity for up to 64 digitized (recorded) messages. Image used with
permission

to develop sufficient speech and language ability to meet his or her everyday
communication needs (Hemsley et al. 2001). For such cases, the SGD is intended to
augment the person’s unintelligible speech or provide an alternative to speech when
it has been lost or has failed to develop satisfactorily.
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lwant a What's new
snack please.|| with you?

Fig. 3.3 Photograph of an iPod Touch® that has been configured for use as an SGD. The iPod is
placed inside an iMainGo® 2 speaker case to improve sound amplification. The visual display
shows three graphic symbols for snacks, toys, and social interaction. Lightly tapping each symbol
produces corresponding synthesized speech output (e.g., can I play with a toy) that is prepro-
grammed using Proloquo2Go™ software

Individuals with severe/profound and multiple disabilities can be viewed as
potential candidates for SGDs because many such individuals present with severe
communication impairment (Matas et al. 1985). These individuals also often have
cognitive impairments, which means they are likely to require systematic instruc-
tion to learn how to use SGDs for communicative purposes. The potential
ramifications of severe communication impairment are far reaching and include (a)
limiting the person’s ability to express basic wants and needs, (b) restricting oppor-
tunities for social interaction, and (c) seriously reducing overall quality of life.
There is thus considerable need for effective evidence-based interventions for
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teaching SGD use. If functional use of SGDs can be taught to persons with severe/
profound and multiple disabilities, then SGDs would represent a form of assistive
technology that could potentially ameliorate the negative impact of severe commu-
nication impairment for such individuals.

SGDs have a number of potential advantages when compared to other AAC
options, such as manual signing or picture-exchange communication (Schepis
et al. 1996; Schlosser and Blischak 2001). First, the digitized or synthesized speech
output from an SGD may provide a more natural and readily interpreted communi-
cative signal. Second, the speech-output feature of SGDs means there is a built-in
attention-gaining component when the person activates the device. This, in turn,
may increase the probability of listeners attending to the person’s communicative
attempts. The inherent attention-gaining function may be especially critical to suc-
cessful communication for individuals with severe/profound and multiple disabili-
ties given that such individuals often lack appropriate attention-gaining skills
(Sobsey and Reichle 1989). Third, SGDs can also be programmed to produce very
precise messages (e.g., I need help putting on my shoes), which may reduce misun-
derstandings and prevent communicative breakdowns. Fourth, there is evidence
that some individuals with developmental disabilities and severe communication
impairment may prefer to use SGDs over other AAC options (van der Meer et al.
2011a). In such cases, use of the person’s preferred option may increase motivation
to learn and use AAC. Fifth, compared to manual signs and picture-exchange sys-
tems of AAC, SGDs are considered by some to be perceived as more acceptable
and less stigmatizing for the individual and his or her family and friends (Mirenda
2009).

Despite these potential advantages, AAC interventions involving SGDs are likely
to be more expensive to set up and more complicated to implement. Thus, it would
seem important to critically appraise the available evidence regarding the use of
SGDs for improving communicative and social functioning of individuals with
severe/profound and multiple disabilities. The aim of this chapter is to review stud-
ies that have sought to teach persons with severe/profound and multiple disabilities
to use SGDs. This review of intervention studies will consider the type of
communication skill targeted for intervention, the type of SGD that was employed,
the intervention procedures, and the success of the intervention program.

Successful use of SGDs within habilitation programs for persons with severe/pro-
found and multiple disabilities would seem to require at least two basic conditions to
be met. First, the person must have a reliable and efficient way of activating the device.
This means that the person must be capable of making a response that will result in
selecting the correct icon from the SGD display so as to activate the corresponding
speech output. As with the use of microswitches (see Chap. 2), a response form for
selecting icons from the display and activating the corresponding speech output should
be identified that is either already available in the person’s repertoire or which can be
taught to the person. In either case, the response should be relatively easy for the per-
son to perform. For persons with sufficient fine motor skills, access will typically
involve direct selection, that is, directly pointing to, pressing, or touching switches or
panels on the SGD. As shown in Figs. 3.2 and 3.3, the visual displays of SGDs are
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typically configured with pictures, line drawings, or other types of graphic symbols.
The pictures, drawings, or symbols can be seen as having the equivalent status of
spoken words or phrases (e.g., touching the picture of an apple might produce syn-
thetic speech output such as I would like to have an apple, please). For persons who
lack sufficient motor skills, access will require some type of switch interface and scan-
ning option, rather than direct selection. For example, some SGDs have a light cursor
that will systematically scan the available vocabulary options on the SGD. The person
selects a vocabulary option by operating a microswitch (see Chap. 2) when the light
lands on the desired option. Scanning with microswitch interfaces is generally slower
and more laborious than direct selection (White et al. 2010).

Second, because communication involves a reciprocal interaction between at
least two persons (i.e., the SGD user and his or her communicative partner), it is
necessary to ensure that the communicative partner responds to the user’s SGD-
based communication in ways that will reinforce the person’s communicative acts
and thus motivate him or her to (a) learn use of the SGD to communicate and (b)
maintain his or her use of the SGD over time. Related to this latter requirement is
the need to ensure the person is taught to use the SGD to produce relevant vocabu-
lary (messages) that will lead to meaningful (i.e., necessary, reinforcing, and rele-
vant) communicative interactions with his or her communicative partners.

To assist rehabilitation professionals in the appraisal of the evidence related to
the use of SGDs for individuals with severe/profound and multiple disabilities, this
chapter provides an overview of intervention studies that have evaluated the use of
SGDs to improve communication and social functioning in this population. To pro-
vide a logical organization of this body of evidence, the studies have been divided
into four groups based on the communicative function of the target responses. The
first group concerns studies that targeted the requesting function. The second group
concerns studies on teaching communicative rejecting. The third group consists of
studies on developing more socially oriented forms of communication, such as
recruiting attention/social interaction and/or initiating conversation. The fourth
group includes a brief review of studies aimed at reducing problem behaviors by
teaching SGD-based communication as this topic is covered more fully in Chap. 7.
The final part of this chapter analyzes the outcomes of the studies reviewed,
considers the implications of these findings for overall communication and social
development, and highlights directions for future research.

Studies Targeting Communicative Requesting

AAC intervention for individuals with severe/profound and multiple disabilities
often begins by teaching individuals to request access to preferred objects or activi-
ties. Individuals have also been taught to request help with difficult tasks (McGregor
et al. 1992) and to request attention from caregivers (Sobsey and Reichle 1989).
As this latter skill is viewed as more socially oriented, studies related to attention-
gaining will be covered in the next section on teaching social communication.
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With respect to requesting preferred objects/activities, the findings of two recent
literature reviews indicate that this communicative function was the most common
intervention target in studies focused on teaching SGD use to individuals with
autism (van der Meer and Rispoli 2010) and other developmental disabilities
(Rispoli et al. 2010). Reichle et al. (1991) delineated several reasons why requesting
may be an appropriate initial communicative target for individuals with severe/pro-
found and multiple disabilities. First, requesting is one of the earliest communica-
tive functions to emerge in typically developing children and is thus likely to be a
developmentally appropriate goal even for individuals with very low levels of adap-
tive behavior functioning. Second, requesting access to preferred stimuli is highly
functional as it enables the individual to gain reinforcement. This reinforcement
might then increase learning and willingness to participate in later intervention
sessions that are intended to teach other more socially oriented communication.
Third, development of a large repertoire of requesting skills would enable individu-
als to express their preferences and exert some degree of control over the stimuli
that they access, thus going some way toward improving their quality of life. An
important question then is whether individuals with severe/profound and multiple
disabilities can be successfully taught to use SGDs to make requests for preferred
objects and activities.

Table 3.1 lists 23 studies that focused on addressing the question of whether
individuals with severe/profound and multiple disabilities can be taught to use SGDs
to make requests for preferred objects/activities (Banda et al. 2010; Brady 2000;
Dattilo and Camarata 1991; Dyches 1998; Dyches et al. 2002; Gee et al. 1991;
Kagohara et al. 2010; Kozleski 1991; Lancioni et al. 2001; Locke and Mirenda
1988; Mechling and Cronin 2006; Romski et al. 1988; Russell and Beard 1992;
Schepis and Reid 1995; Schepis et al. 1996, 1998; Sigafoos and Drasgow 2001;
Sigafoos et al. 2004a; Sigafoos et al. 2004c; Soto et al. 1993; Van Acker and
Grant 1995; van der Meer et al. 2011b; Wacker et al. 1988). These studies are sum-
marized in Table 3.1 in terms of the number of participants, participant age, the type
of SGD used, and the types of symbols used in conjunction with the SGD, if this
information was provided. To illustrate the range of SGDs used and the intervention
approaches taken within this set of 23 studies, we next provide a detailed
description of six representative studies from Table 3.1.

First, Locke and Mirenda (1988) provided intervention to an 11-year-old boy
with severe/profound intellectual disability. The child was also blind and had no
speech. The aim of the intervention was to teach the child to request six preferred
foods and drinks by pressing one of six texture symbols. These symbols were
attached to a keyboard overlay connected to an Apple Ile computer with Talking
Word Board software that provided speech output. Pressing one of the textured
symbols generated a prestored message (e.g., potato chip). An A-B design (Kennedy
2005) was implemented in the school setting and used to evaluate the effects of
intervention. During the first A (baseline) phase, all six preferred items were named
by the trainer and the child was allowed to touch and smell them. However, the child
was not prompted to press the symbols, and no reinforcement was given if he did so.
At the beginning of the B (intervention) phase, the child was physically assisted to
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Table 3.1 Studies on teaching individuals to use SGD to request preferred objects/activities

Studies Participants ~ Age SGD device/symbol system
Locke and Mirenda (1988) 1 11 Computer/texture symbols
Romski et al. (1988) 4 14-19  Computer keyboard/lexigrams
Wacker et al. (1988) 6 12-20  Tape recorder via a microswitch
Dattilo and Camarata (1991) 2 21-36  TouchTalker/Minspeak software
Gee et al. (1991) 3 5-10 Switch-operated call buzzer
Kozleski (1991) 2 6,15 Switches/photographs

Russell and Beard (1992) 1 10 PowerPad switch/picture

Soto et al. (1993) 1 22 Wolf/Sigsymbols

Schepis and Reid (1995) 1 23 MegaWolf/photographs

Van Acker and Grant (1995) 3 5-11 Computer/line drawings

Schepis et al. (1996) 3 23-42  MegaWolf, MessageMate/photographs
Dyches (1998) 4 10-12  BigRed, JellyBean, CheapTalk8/

photographs

Schepis et al. (1998) 4 3-5 CheapTalk/black and white symbols

Brady (2000) 2 55 Microswitches/line drawings

Lancioni et al. (2001) 1 9 Microswitches

Sigafoos and Drasgow (2001) 1 14 BIGmack/Picture Communication
Symbols

Dyches et al. (2002) 1 17 Speakeasy/Picture Communication
Symbols

Sigafoos et al. (2004a) 2 16,20  BIGmack/Picture Communication
Symbols

Sigafoos et al. (2004c) 12 TalkTrac/Boardmaker drawings

Mechling and Cronin (2006)
Banda et al. (2010)
Kagohara et al. (2010)

van der Meer et al. (2011a)

17-21  Level Communicator/photographs
17,21  TechTalk/photographs

17 iPod Touch/Proloquo2Go software
13-23  iPod Touch/Proloquo2Go software

W = N W =

touch each texture symbol to orient him to the presence of these symbols and to the
speech-output message generated when each texture was pressed. During
intervention, every time the child pressed a texture symbol and generated the
corresponding speech output, he was given a small amount of the corresponding
preferred item. He also received spoken feedback from the trainer (Oh, you want a
potato chip). If the child did not press a symbol independently, he was physically
prompted to do so. Prompting consisted of a slight nudge to move his arm toward
the keyboard overlay. Initially, only one or two textures were placed on the overlay.
New texture symbols were added after the child had made five independent requests.
This process continued until all six texture symbols had been added to the overlay.
After intervention, generalization probes were conducted during a group snack
activity. Contingent reinforcement and prompting were used during these probes.
The results suggested that the intervention procedures were effective in teaching the
child to use the texture-symbol SGD. Specifically, during baseline, no independent
requests occurred. With intervention, there was a gradual but steady increase in the
number of unprompted requests. Unprompted requests also occurred during the
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generalization probes. There are two unique aspects to this study that warrant comment.
First, to compensate for the child’s visual impairment, the researchers developed a
unique set of texture-based symbols (e.g., wool, velvet) with each texture representing
a different food or drink item (e.g., juice, cereal). Second, verbal prompting was
never used, and thus, it would appear that the child learned to make requests that
were controlled by the mere presence of the preferred items. One potential limitation
of this study is that the child did not appear to require symbol discrimination train-
ing. Other children, however, might not associate different textures with specific
items and may thus require additional symbol discrimination training, which could
prolong and complicate the intervention process. Another limitation is the A-B
design, which is preexperimental and thus fails to adequately control for extraneous
variables, such as history, exposure, practice, and maturation (Kennedy 2005),
although it is unlikely that these variables would have been responsible for the child’s
rapid acquisition of the targeted requesting responses. Despite these limitations, this
is an important study because it appears to be the first to have taught SGD use to a child
who not only had severe/profound intellectual disability but who was also blind.

Second, Gee et al. (1991) worked with three boys who were 5, 7, and 10 years of
age, respectively. The boys were described as having severe/multiple disabilities.
The aim of the study was to teach the boys to make a generalized request (i.e., want)
using a switch-operated call buzzer. With this device, a tone, buzzer, or tape-recorded
message was produced when the switch was pressed. Thus, similar to Locke and
Mirenda (1988), the boys were taught to use a direct selection response. The study
was conducted in the context of four classroom routines (i.e., recess, lunch, using a
blender, and toy play). The objective of the intervention was to teach the boys to
make a request, by touching the switch, when the ongoing routine was interrupted.
A multiple-probe across subjects design (Kennedy 2005) was used to evaluate the
effects of the intervention. During baseline, the trainer interrupted the activity and
waited 5 or 10 s for the child to make a request. A request could involve activating
the SGD or use of gestures or vocalizations. During intervention, progressive time
delay and decreasing levels of physical assistance were used to prompt SGD use
(Duker et al. 2004). Specifically, when the activity was interrupted, the children
were initially given immediate and full physical assistance to activate the SGD.
Activations were reinforced by enabling the activity to continue, which was pre-
sumed to be a reinforcer. Over successive interruptions, physical assistance was
delayed and its magnitude reduced. The consequence of continuing the activity did
in fact appear to function as reinforcement for these boys in that independent
requests using the SGD increased during the intervention phase. Interestingly, as the
boys learned to use the SGD, their use of gesture requests tended to decrease, sug-
gesting that these responses were replaced by the newly acquired responses of acti-
vating the SGD. Because the children’s informal gestures were likely to be less
readily interpreted by unfamiliar listeners, this finding is important in showing that
existing, but less effective communicative requests, can be replaced by teaching
children to use SGDs.

Third, Schepis et al. (1996) provided intervention to two women and one man
who were 23,42, and 38 years of age, respectively. These three adults were described
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as having profound intellectual disability, and they were also nonambulatory due to
physical impairment (i.e., spastic quadriplegia). The participants lived in a residen-
tial center, and the intervention program took place in a training room at the partici-
pants’ habilitation unit within the center with additional postintervention sessions
conducted in the participants’ living rooms, a snack shop, and the home of a friend.
The aim of the intervention was to teach the participants to request access to pre-
ferred objects and activities by selecting photographs affixed to SGDs. Prior to the
intervention, a preference assessment was undertaken to identify four preferred
items for each participant (e.g., cookies, magazines, and milk). Color photographs
were made of each preferred item and affixed to a MegaWolf or MessageMate SGD.
When a photograph was selected, the SGD produced corresponding output (I want
the [item/activity], please) in either digitized (MessageMate) or synthesized speech
(MegaWolf). Again, the SGDs were operated via direct selection, that is, by press-
ing on a photograph affixed to the device. The study involved a sequence of base-
line, training, and posttraining phases with training and posttraining phases
introduced in a staggered multiple-baseline fashion across participants and across
items/activities within participants. During baseline sessions, each of which con-
sisted of five opportunities to request, the trainer initiated each opportunity by
approaching the participant, asking What do you want? and waiting 15 s to see if the
participant would activate the SGD. During the training phase, the trainer used a
15-s time delay and graduated guidance (Duker et al. 2004) to prompt SGD-based
requests from the participants. Requests were then reinforced by providing the
requested item or activity. The procedures in place during the posttraining phase
were identical to baseline except trained and untrained items were included for the
participants to request. Compared to baseline, all three participants showed an
increase in the use of their SGD to make requests as a function of the training pro-
cedures. The increase was largely maintained during posttraining and during probes
in other settings and with other untrained items/activities, although two of the three
participants never requested new, untrained items during the posttraining phase. The
results showed that the participants learned to make specific requests using the
SGDs with the implementation of systematic instructional procedures (i.e., graduated
guidance and time delay). An important finding in this study was that use of the
SGD generalized to settings where no training had occurred. This is an important
finding from a habilitation perspective because it suggests that training in the use of
SGDs may enable individuals to communicate across a range of settings and not just
in those settings where explicit instruction is provided.

Fourth, Sigafoos et al. (2004a) described an intervention aimed at teaching two
students with developmental disabilities to use SGDs when their initial and gesture-
based communicative attempt was unsuccessful. That is, SGDs were used as a way
of repairing a communicative breakdown. The study provided intervention to one
male and one female participant who were 16 and 20 years old, respectively. The
participants had severe intellectual disability and autism/pervasive developmental
disorder. The female (older participant) also had bilateral hearing loss. Neither par-
ticipant had any speech, although they could make vocalizations (e.g., screaming,
whining, humming). They could also indicate when they wanted something by
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simple gestures, such as reaching for or leading a person’s hand to a desired object.
The study was conducted in a self-contained classroom at a private school for stu-
dents with disabilities. The study involved baseline and intervention phases that
were staggered in accordance with a multiple-baseline across subjects design
(Kennedy 2005). Prior to baseline, a number of preferred foods were identified for
the participants using a systematic preference assessment (Duker et al. 2004). The
SGD used in the study was a BIGmack switch (AbleNet, Inc.). The switch was
affixed with a black and white line drawing representing WANT from the Mayer-
Johnson Picture Communication Symbols Combination Book (Mayer-Johnson Co.
1994). Operating this device involved putting approximately three ounces of pres-
sure on the top of the switch, which then activated a prerecorded message (i.e., I
want more). During each baseline and intervention session, participants received six
opportunities to request preferred foods. During baseline, the participant could gain
access to a tray of preferred foods by using gestures (reaching, leading) or by using
the SGD. For five of the six opportunities, whichever response occurred first was
reinforced by giving the participant access to the tray of preferred foods. For the
sixth trial, however, use of gestures was ignored for 10 s to determine if the partici-
pant would attempt to repair this communicative breakdown by using the SGD.
Because SGD use was not observed in baseline, intervention procedures were
implemented to teach the participants to use the SGD when a communicative break-
down occurred (i.e., when the use of gestures was ignored). The results showed that
use of the SGD to repair communicative breakdowns increased as a function of the
intervention and eventually occurred during 80—100 % of the communicative break-
downs for both participants. This finding suggests that SGD use might represent a
viable repair strategy. More generally, teaching effective repair strategies is an
important habilitation goal because communicative breakdowns are frequently
experienced by individuals with severe disabilities (Brady and Halle 2002).

Fifth, Banda et al. (2010) described a novel, video-based procedure for teaching
two participants to operate SGDs to request preferred objects. The participants were
two men aged 17 and 21 years. Both had autism and no functional speech, although
the older participant produced “prosodic jargon.” The study occurred in the participant’s
special education classrooms and involved baseline, video modeling, and general-
ization phases that were arranged in a multiple-baseline across subjects design
(Kennedy 2005). Prior to baseline, preferred (e.g., chips, pudding) and nonpreferred
(clipboard, paper napkins) items were identified using a systematic preference
assessment (Duker et al. 2004). Photographs of the preferred and nonpreferred items
were affixed to the panels of a Tech/Talk SGD. During baseline the SGD was avail-
able, but participants were not prompted to use it. Next, video modeling was imple-
mented, which consisted of showing participants a 10-15-s video clip showing an
adult activating the SGD to request preferred objects. Participants then had the
opportunity to use the SGD. The video clip was repeated if participants failed to use
the SGD within 15 s. Sessions continued for up to 30 min or until the acquisition
criterion was met (i.e., 80 % SGD use). Following the video-modeling intervention,
generalization probes were conducted for a second untrained item, but otherwise
following the baseline procedures. The results showed that correct SGD use
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increased for both participants during the video-modeling intervention, although
gains were relatively modest and below the acquisition criteria for one participant
and neither participant used the SGD during the 1- and 3-week generalization
probes. While the use of video modeling is an innovative approach for teaching
individuals to use SGDs to request preferred items, the results of the present study
suggest that this teaching approach may need to be combined with more direct
response prompting to promote acquisition and generalization.

Sixth, van der Meer et al. (2011b) sought to determine whether three individuals
with developmental disabilities could learn to use an iPod-based SGD to request
preferred foods and leisure materials. Three individuals with severe intellectual dis-
ability (aged 13, 14, and 23 years) participated. All three had severely impaired
speech development, which was limited to a few single words. The study was con-
ducted in the participants’ special educational classroom at a school that catered to
adolescents and young adults with developmental disabilities. The SGD consisted
of an Apple iPod Touch with Proloquo2Go software that produced synthesized
speech output. Each participant’s iPod was configured with three colored line draw-
ings representing snacks, toys, and social interaction (see Fig. 3.3). Touching each
graphic produced corresponding speech output (i.e., [ want a snack, please, Can I
play with a toy? and What’s new with you?). Baseline, acquisition training, post-
training, and follow-up sessions were arranged in a multiple-baseline across sub-
jects design (Kennedy 2005). The aim of acquisition training was to teach participants
to request preferred snacks or toys by touching the correct icon. One participant
preferred both snacks and toys and was thus taught to request both, but the other two
only preferred snacks and so they received training only on snacks. During baseline
sessions of 5-min duration, preferred items were offered and each instance of correct
SGD use was recorded. For acquisition training, a discrete-trial training approach
was used (Duker et al. 2004). For each trial, an item was offered. If a correct request
did not occur within 10 s, graduated guidance (Duker et al. 2004) was used to prompt
a request and then the person received access to the preferred items. The posttrain-
ing phase and then the 10-week follow-up sessions occurred once participants
reached the acquisition criterion (i.e., three successive unprompted requests). These
final phases were identical to baseline, except that access to preferred items occurred
only when the participant used the SGD. Two of the three participants reached the
acquisition criteria within ten trials, indicating rapid acquisition. These two indi-
viduals continued to make requests with the SGD, and without prompting, at rates
that averaged from two to five responses per minute during both the posttraining and
follow-up sessions. The third participant failed to achieve acquisition and thus did
not progress to posttraining. The results suggest that the instructional approach was
effective in teaching successful use of the iPod-based SGD for two of the three par-
ticipants, but that modified procedures may be required to ensure others achieve
acquisition. Still, the data suggest that some individuals with severe disabilities can
be successfully taught to use iPods as SGDs.

When considered collectively, the outcomes of these 23 studies were largely
positive in that most participants learned to use the SGDs to make the targeted
requests. However, a minority of participants showed little or no progress when
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intervention to teach SGD-based requesting was implemented. Still, the results for
most of the participants in the studies summarized in Table 3.1 provide evidence
that there are effective instructional procedures available for teaching individuals
with severe/profound and multiple disabilities to use SGDs to make requests for
preferred objects and activities. These largely positive findings suggest that SGDs
are viable options for some such individuals at least for use in a beginning AAC
intervention where the focus is on teaching requests for preferred objects/activities.
However, the database has so far been limited to relatively simple responses (i.e.,
direct selection of a line drawing by pressing a panel on the SGD) and requests for
preferred food, drinks, or toys/activities. There appear to be no studies on teaching
individuals with severe/profound and multiple disabilities to use SGDs to request
assistance, for example. Along those lines, McGregor et al. (1992) taught a 20-year-
old man to use a TouchTalker with Minspeak software to request help with voca-
tional tasks, but this participant had moderate disabilities and his SGD was intended
to augment his existing, albeit largely unintelligible, speech. Future research should
focus on teaching SGD use to individuals who are unable to make direct selections
and thus require some sort of scanning approach to activate the SGD. Teaching
requests for more abstract and distant reinforcers (e.g., requesting community-based
activities) and requesting sequences that require more complicated multiple
response/symbol activations are additional areas for future research.

Studies Targeting Communicative Rejecting

Another early intervention target when beginning an AAC program for individuals
with severe/profound and multiple disabilities is the acquisition of responses that
enable the individual to communicate a desire to escape from or avoid nonpreferred
objects and activities. For example, the person might need to be taught to produce a
voice-output message of No thanks when offered a nonpreferred beverage. As with
requesting, there are several reasons why rejecting is an appropriate initial
communicative target for individuals with severe/profound and multiple disabili-
ties. First, rejecting emerges early in typically developing children and is thus devel-
opmentally appropriate for individuals at the beginning stages of AAC intervention
(Sigafoos et al. 2002). Second, rejecting nonpreferred objects and activities is func-
tional in enabling the individual to gain [negative] reinforcement and avoid aversive
(nonpreferred) stimulation (Sigafoos et al. 2004b). Third, development of socially
appropriate rejecting skills enables individuals to communicate that they do not
want something. This ability can be seen as one way to foster greater self-determi-
nation and improve overall quality of life. An important question then is whether
individuals with severe/profound and multiple disabilities can be successfully taught
to use SGDs to reject nonpreferred or unwanted objects and activities.

Table 3.2 lists three studies that have focused on addressing the question of
whether individuals with severe/profound and multiple disabilities can be taught to
use SGDs to reject nonpreferred objects/activities (Choi et al. 2010; Lancioni et al.
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Table 3.2 Studies on teaching individuals to use SGD to reject nonpreferred objects/activities

Studies Participants Age SGD device/symbol system

Sigafoos and Roberts-Pennell (1999) 1 6 Switch with digitized speech

Lancioni et al. (2006) 2 9,12 Microswitches with yes/no output
Choi et al. (2010) 3 6-9  TechSpeak, Springboard, Vantage with

yes/no icons/output

2006; Sigafoos and Roberts-Pennell 1999). These studies are summarized in
Table 3.2 in terms of the number of participants, participant age, the type of SGD
used, and the types of symbols used in conjunction with the SGD.

Sigafoos and Roberts-Pennell (1999) provided intervention to two 6-year-old
boys with severe intellectual disability. Their speech and language abilities were
estimated at the 10-month level. One of these children was taught to use an SGD
due to the fact that he resisted being prompted to shake his head. The other child
was taught to indicate a reject by shaking his head no as he showed no such resis-
tance to prompting, and this gesture was considered a natural way to indicate a
reject. The study was conducted in the children’s special education classroom and
included baseline, intervention, generalization, and follow-up phases arranged in a
multiple-baseline across subjects design (Kennedy 2005). Each baseline session
consisted of six discrete trials. For each trial, the child was offered a pair of items
consisting of a more preferred (e.g., chips) and a less preferred (e. g., water) item.
The items were offered, and the child allowed to choose one item by reaching for it.
When the child reached for an item, the trainer then either gave the child that item
or attempted to give the child the other [wrong] item (i.e., the item that the child had
not reached for/chosen). The aim of the subsequent intervention phase was to teach
the children to reject the wrong item when it was offered. Intervention involved the
trainer giving the child the wrong item and then waiting 3, 5, or 10 s for the child to
produce a correct rejecting response. If a correct rejecting response did not occur, a
series of prompts (verbal, gesture, physical) was implemented. A correct rejecting
response for one child involved shaking his head no. For the other child, a correct
rejecting response involved pressing the switch, which then produced the message
No thanks. I want the other one. When a correct rejecting response occurred, the
wrong item was removed and the child received the correct item. Generalization
probes involved presenting the children with two new pairs of more and less
preferred items that had not been used during the intervention phase. A new trainer
also conducted some of these sessions to access generalization across people.
Follow-up sessions, using the same procedures as the generalization phase, occurred
at 2 weeks and 3 or 4 months later. The child who was taught to use the SGD con-
sistently performed in the 80-100 % correct range after eight intervention sessions.
This high level of performance generalized to new pairs of items and to a new
trainer and was maintained at the 2-week and at the 3- and 4-month follow-up
sessions. Results for the child who was taught to use the headshake gesture were
similar. Thus, both children learned to reject the wrong item. The authors concluded
that this “wrong-item” format can be used as a context for teaching AAC-based
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rejecting responses to children with severe disabilities who lack speech. However,
the study is confounded somewhat by the fact that after rejecting the wrong item,
children received the [more preferred] item. Thus, the task would appear to have
included elements of both rejecting and requesting. Still, this study is important in
that it demonstrated successful intervention procedures for teaching a 6-year-old
child to use an SGD to reject wrong (i.e., nonchosen or mismatched) items.

Lancioni et al. (2006) provided SGD training to one boy and one girl, who were
9 and 12 years of age, respectively. The children had severe/profound intellectual
disability, physical disability (spastic tetraparesis), and visual impairment. Preferred
(e.g., chips, music, tea) and nonpreferred (sparkling water, sponge, scarf) stimuli
were identified. The program aimed to teach the children to indicate yes when
offered a preferred item and to indicate no when offered a nonpreferred item. The
novel aspect of this study was the manner in which the children were enabled to
indicate yes and no. This involved providing each child with a microswitch arrange-
ment linked to an SGD. The arrangement allowed for two response options produc-
ing vocal output of either yes or no. Baseline, intervention, and postintervention
sessions were arranged in a multiple-baseline across subjects design (Kennedy
2005). During baseline, the children were offered a stimulus and asked Do you want
this? The item offered was removed following 15 s or if the child activated the SGD
via the microswitch arrangement. For intervention, children were again offered
stimuli as in baseline, but a correct yes (or no) response led to presentation (or
removal) of the stimulus. A response was prompted using physical guidance if it did
not occur within 15 s of stimulus presentation. The same procedures were in place
during the postintervention phase except additional preferred and nonpreferred
stimuli were presented. The results showed that activation of the microswitches to
produce yes and no output increased from very low levels in baseline to very high
levels during the intervention and postintervention phase. In addition, both children
eventually achieved a high level (above 75 % correct) of response discrimination in
that they correctly produced yes when presented with a preferred stimulus and no
when presented with a nonpreferred stimulus. These results suggest that the micro-
switch-based SGD set-ups were acquired relatively quickly by the two children.
The study demonstrated the acquisition of an important yes/no discrimination. Such
a discrimination is required in many everyday communicative interactions. The
finding that this important discrimination generalized to a large number of new
stimuli increases the applied relevance of the study.

The final study in this group involved four boys (6-9 years of age) with develop-
mental disabilities/autism and severe communication impairment (Choi et al. 2010).
Three of the four children were taught to use SGDs. The fourth child was taught to
use a nonelectronic picture-exchange communication system. The three SGD users
were provided with different devices (i.e., Vantage, Tech Speak, or Springboard).
These devices were configured with icons for requesting a missing item and for indi-
cating a communicative reject when offered a wrong item. For example, pressing a
DVD icon was used to request a missing DVD, whereas pressing the NO icon was
used to indicate that they had received the wrong item. The study was conducted in
the children’s self-contained special education classrooms and involved pretraining,
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baseline, training, generalization, and follow-up phases. These phases were arranged
in a multiple-baseline across subjects design (Kennedy 2005). Pretraining was used
to ensure the children could access the materials needed to engage in a preferred
activity. For example, to drink some juice, the child required a straw or to watch a
movie, the child required a DVD. When the required item was missing, children were
expected to request that item and this then provided the trainer with the opportunity
to deliver either the correct missing item (matched trails) or deliver a different
[wrong] item (mismatched trials). The principle aim of the study was to teach the
children to reject the offer of the wrong item on mismatched trials. In baseline, chil-
dren received the two types of trials (matched vs. unmatched) in which the child
received either the requested or nonrequested (wrong) item. Once presented, the
trainer waited 10 s to see if the children would use their AAC system (i.e., SGD or
picture-exchange) to reject the wrong item. The training phase was intended to teach
this skill by prompting the children to emit the correct rejecting response when
offered the wrong item. Prompting involved the trainer tapping the correct icon and
then fading this prompt by waiting increasing amounts of time before prompting
(i.e., progressive time delay, Duker et al. 2004). Generalization probes occurred in
the context of new activities, and follow-up sessions occurred 2 weeks after the last
generalization probe. The three children using SGDs showed rapid progress in learn-
ing to request the missing item and then make a rejecting response if they received
the wrong item. The fourth child, who used the picture-exchange system, required
intensive training before he mastered this requesting/rejecting sequence. The newly
acquired responses also generalized and maintained at generally high levels (above
75 %) for the three SGD users, but occurred at lower percentages for the fourth child.
The results replicate and extend the findings of Sigafoos and Roberts-Pennell (1999)
on the use of the wrong-item format for teaching children with developmental dis-
abilities to use SGDs to reject nonchosen or nonrequested items. Interestingly, the
results showed better acquisition with the SGDs than the picture-exchange system,
although it is important to note that the study was not specifically designed to compare
SGDs with picture-exchange communication.

As an intervention target for individuals with severe/profound and multiple
disabilities, communicative rejecting has been subject to much less research than
communicative requesting (Sigafoos et al. 2004b). Still, the outcomes of the three
studies summarized in Table 3.2 are largely positive in that all of the participants
provided with SGDs learned to use their respective devices to make the targeted
rejecting responses. Overall, then the studies summarized in Table 3.2 provide some
evidence that individuals with severe/profound and multiple disabilities can be
taught to use SGDs to reject less preferred or wrong items. However, the existing
database is limited in terms of (a) the number and ages of participants, (b) the num-
ber and types of rejecting responses that have been taught, and (c) the context in
which those rejecting responses have been taught. Contexts studied so far have been
discrete opportunities where a nonpreferred or wrong item has been offered. Future
research should focus on teaching persons to use SGDs to make more varied types
of rejecting responses as well as teaching related communication skills, such as
protesting and indicating negation.
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Studies Targeting Social Communication

The third group of studies includes interventions aimed at teaching individuals with
severe/profound and multiple disabilities to use SGDs for more socially oriented
communication exchanges. Socially oriented communication includes (a) recruiting
the attention of a listener and (b) initiating conversation. Acquisition of social com-
munication is a priority for individuals with severe/profound and multiple disabili-
ties for two main reasons. First, the ability to recruit attention and initiate
conversational exchanges is often severely hindered due to severely impaired speech
and language development (Reichle et al. 1991; Sobsey and Reichle 1989). Thus,
teaching these skills addresses a common deficit area. While individuals with severe/
profound and multiple disabilities may have some existing informal and prelinguis-
tic acts to recruit attention (e.g., moving toward a person, vocalizing), such behav-
iors often fail to be recognized as an attempt to communicate, and thus, these acts
might either decrease in frequency (i.e., extinction) or escalate to problematic forms,
such as tantrums, aggression, or self-injury (Sigafoos et al. 2006). In addition, infor-
mal and prelinguistic behaviors are often too nonspecific to function as effective
ways of initiating conversational exchanges. Thus, individuals with severe/profound
and multiple disabilities might benefit from learning to use SGDs to recruit atten-
tion and initiate conversation because such devices can be programmed to produce
specific and naturalistic speech output. Such messages are, in turn, perhaps more
likely to be recognized and responded to that existing informal prelinguistic acts.
Second, while teaching requesting and rejecting is important in enabling individuals
to exert control over access to objects and activities, recruiting attention and initiat-
ing conversations brings the person into the world of others. Without such skills, the
person may remain socially isolated and consequently suffer a reduced quality of
life. An important question then is whether individuals with severe/profound and
multiple disabilities can be successfully taught to use SGDs to recruit attention and
initiate conversational exchanges. Unlike requesting and rejecting, socially oriented
communication would seem more abstract and less directly linked to tangible rein-
forcement. Thus, there may be cognitive and motivational aspects that could make
the teaching of social communication more difficult. A review of the evidence on
this issue follows.

Table 3.3 lists 22 studies that focused on addressing the question of whether
individuals with severe/profound and multiple disabilities can be taught to use SGDs
to recruit attention and initiate conversations (Adamson et al. 1992; Beck et al.
2009; Bellon-Harn and Harn 2008; Blischak and Lloyd 1996; Buzolich et al. 1991;
Cosby and Johnston 2006; Healy 1994; Koppenhaver et al. 2001; Lancioni et al.
2008a, 2008b, 2009a, 2009b, 2009¢c; Mathy-Laikko et al. 1989; O’Keefe and Dattilo
1992; Schweigert 1989; Sobsey and Reichle 1989; Spiegel et al. 1993; Thunberg
et al. 2009a, 2009b; Trembath et al. 2009; Trottier et al. 2011). These studies are
summarized in Table 3.3 in terms of the number of participants, participant age, the
type of SGD used, and the types of symbols used in conjunction with the SGD. We
next describe six of these studies in detail to illustrate the range of SGDs and proce-
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Table 3.3 Studies on teaching individuals to use SGD to recruit social interaction/initiate
conversation

Studies Participants Age SGD device/symbol system
Mathy-Laikko et al. (1989) 1 8 Four switches/texture symbols
Schweigert (1989) 1 7 Microswitch linked to call buzzer

Sobsey and Reichle (1989)
Buzolich et al. (1991)

Adamson et al. (1992) 1
O’Keefe and Dattilo (1992)

6-16 Switch with buzzer output

9-12 LightTalker, TouchTalker, AudTalker
6-20 Computer w/Words+/Lexigrams
24-60  TouchTalker with Minspeak software

Spiegel et al. (1993) 19 TouchTalker with Minspeak software
Healy (1994) 17 ScanWolf/line drawings
Blischak and Lloyd (1996) 35 AllTalk/graphic symbol overlays

Koppenhaver et al. (2001)
Cosby and Johnston (2006)
Bellon-Harn and Harn (2008)
Lancioni et al. (2008a)
Lancioni et al. (2008b)
Beck et al. (2008)
Lancioni et al. (2009a)
Lancioni et al. (2009b)
Lancioni et al. (2009¢)
Thunberg et al. (2009a)
Thunberg et al. (2009b)
Trembath et al. (2009)
Trottier et al. (2011)

3-7 BIGmack, CheapTalk/line drawings

34 Single-switch SGD

6 Hawk/pictures

10-15  Microswitches linked to SGD

16,18  Microswitches linked to SGD

25,35  Go-Talk 20/pictures

32,33  Microswitches linked to SGD

5-18 Microswitches linked to SGD

5-17 Microswitches linked to SGD

5-7 TechTalk 2, Clicker 3

5-7 Clicker 3

3-5 Talara-32/Boardmaker symbols

11,11  Vantage, Springboard/Boardmaker
symbols

—
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dures that have been developed and evaluated for enhancing the social communica-
tion skills of individuals with severe/profound and multiple disabilities.

First, Mathy-Laikko et al. (1989) conducted an assessment/intervention study
involving an 8-year-old girl with profound intellectual disability, cortical blindness,
and moderate hearing loss. The study had multiple objectives, but the main aim was
to teach the child to use an SGD to recruit attention from care staff in her residential
facility. The SGD consisted of four switches, each of which could be covered in a
different texture (i.e., velvet, cloth, sandpaper, aluminum). The child received ses-
sions of approximately 60 min each 5 days per week. The study involved three
sequential phases: (a) baseline, (b) surface preference, and (c) social contingency.
During baseline, the child was presented with the four switches, but each switch had
the same smooth surface (i.e., the textures had not yet been applied to the switch
faces). When a switch was pressed, it produced the message Hello [child’s name]
via a Votrax speech synthesizer. The child was never prompted to press any of the
switches in baseline. During the surface preference phase, each switch was covered
with a different texture. As in baseline, pressing a switch produced the message
Hello [child’s name]. The purpose of this phase was to determine if the child showed
a preference for touching one or more of the textures. In the final [social contin-
gency] phase, pressing the preferred textured switch resulted in a new message
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[Staff person’s name], please come and play with me. Upon hearing this message,
the staff person approached the child, placed the child’s hand on the switch again,
and then interacted socially with the child for 15-25 s. During this final phase,
pressing any of the other three switches produced the previous message (Hello
[child’s name]). At a later point, a different texture/switch was paired with the new
message and social contingency. Data were collected on the frequency with which
each switch was pressed in each phase. The results showed that the frequency of
switch pressing in baseline ranged from means of 6.3 to 14.8. During the surface
preference phase, the frequency of switch pressing increased and the child most
often activated the switch with the velvet texture, suggesting a preference for touching
this texture. In the final social contingency phase, use of the switch associated with
recruiting attention was more frequent compared to the other phases and other switches.
However, it is important to note that there was a considerable amount of variability
in the frequency of responding. Still, the results suggest that the child did learn to
operate a simple, switch-based SGD to recruit attention/social contact from staff.

Second, Buzolich et al. (1991) sought to increase social communication in three
children (aged 9—12 years) with cerebral palsy and intellectual disability. Three
SGD were used, one for each participant: (a) LightTalker, (b) TouchTalker, and (c)
AudTalker. Ten social vocabulary/messages were programmed into each device
(e.g., It was fun, Sounds good, I liked it). The children received daily 45-min ses-
sions in their classroom with other children and teachers attending. The effects of
intervention were evaluated in a multiple-baseline across subjects design (Kennedy
2005). The children received pretraining to ensure they could activate their respec-
tive SGD. During baseline, opportunities for social communication were provided
by asking questions. The percentage of opportunities with an appropriate SGD-
based comment by participants was recorded, but participants were never prompted
to use the SGD. During intervention, if participants did not use the SGD to converse
when an opportunity arose, a least-to-most prompting procedure (Duker et al. 2004)
was implemented, which consisted of looking expectantly, waiting 10 s, indirect
verbal prompt (e.g., What could you say?), direct verbal prompt (e.g., You could say
it was fun), and modeling use of the SGD. The results suggest the intervention was
eventually effective in that three participants reached the 80 % correct level in 2, 15,
and 19 intervention sessions, respectively. These gains were largely maintained for
two of the three participants. The findings suggest that some individuals might
require a considerable amount of direct prompting to spontaneously engage in these
types of social-communicative acts with an SGD.

Third, Healy (1994) described the results of an intervention that was imple-
mented with a 17-year-old male with severe intellectual disability, cerebral palsy,
and no speech. The adolescent was provided with a ScanWolf that produced synthe-
sized speech output. Line drawing symbols representing single words and short
phrases were configured as vocabulary choices on the SGD. The aim of the inter-
vention was to teach the participant to initiate conversations and respond to the
initiations of teachers, school staff, and peers. Data were collected during baseline
and intervention sessions of 15-min duration that occurred during three activities
(i.e., group activities, recess, and lunch) in his special education setting. A multiple
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baseline across these three activities (Kennedy 2005) was used to evaluate the effects
of the intervention. Prior to baseline, the participant received four 30-min pretrain-
ing sessions during which he was taught to operate the SGD. During baseline, the
participant had his previous communication board that contained line drawings,
single words, and short phrases. During intervention, he was provided with the SGD
fitted with an overlay containing 36 line drawings, single words, and short phrases
as in baseline. The results showed less than three initiations per session in baseline.
Initiations increased during intervention by one to three responses with the intro-
duction of the SGD. These results suggest that the pretraining and provision of the
SGD lead to increased conversation initiation, although the increase seemed to be
context specific in that initiations were higher during recess and group activities
than during lunch. This latter finding could stem from competing behavior (i.e., eat-
ing) during lunch. While lunch may be the ideal time to teach requesting and reject-
ing, this finding suggests that professionals should consider the context in which to
target increases in SGD-based social communication.

Fourth, Cosby and Johnston (2006) provided a single-switch SGD to three children
with severe, multiple disabilities in an attempt to increase their social-communica-
tive interactions with their typically developing peers. The children ranged from
3 years 6 months to 6 years 6 months of age. The study was undertaken in the chil-
dren’s kindergarten classrooms that included children with and without disabilities.
The SGD was programmed with two phrases (That looks like fun. Can I play?) and
placed in locations that were easily accessible to the children. Baseline, intervention,
and maintenance phases were arranged in a multiple-baseline across subjects design
(Kennedy 2005). For each phase, observers recorded the number of times each child
used the SGD when an opportunity to initiate using the preprogrammed message
arose during each 20—45-min session. During baseline, the children were in the
classroom with toys available and the teacher engaged the child in some interaction.
The SGD was present, but children were never instructed to use it. For intervention,
typical peers in the classroom were told that the target children might use the SGD
to initiate a social interaction and the peers should respond positively to any such
use by incorporating the target child into their social interaction. The target children
were also prompted to use the SGD when a peer approached. Prompting consisted
of physical assistance. For the maintenance phase, the procedures were similar to
intervention, except prompting of SGD use did not occur. The results showed that
SGD use was low in baseline (one response per session), increased to four to five
responses in intervention, and were generally maintained at this level following
intervention, although only two of the three children received maintenance sessions.
Interestingly, data showed that the typical peers generally responded positively to
SGD use by the target children. These findings are important in showing naturalistic
use of SGDs by young severely handicapped children and correspondingly appro-
priate responses to SGD messages by their typically developing peers. However, it
is possible that the target children used the SGD to access toys rather than interac-
tion with peers as both consequences often occurred following SGD use.

Fifth, Lancioni et al. (2008a) worked with three students who were 10, 11, and
15 years old. These students had severe to profound intellectual disability, physical



60 3 Speech-Generating Devices for Communication and Social Development

disability necessitating wheelchair use (i.e., spastic tetraparesis), and no speech.
Each participant was provided with a microswitch system that was linked to an
SGD. Different response topographies for closing the microswitch and activating
the SGD were identified for each participant. For example, one participant activated
the SGD by putting pressure on a switch that was affixed to the back of the wheel-
chair seat. Once activated, the SGD was programmed to emit phrases such as Can
someone play with me? that were intended to enable participants to recruit attention/
social interaction. The study followed a multiple-baseline design across three target
behaviors (Kennedy 2005). Only one of the target behaviors was related to SGD
use. The remaining two activated other microswitches that enabled the person to
directly obtain preferred sources of stimulation (music, vibration). In baseline, par-
ticipants had the equipment (microswitches linked to SGDs), but their responses did
not produce speech output. For intervention, speech-output messages were pro-
duced by each activation of the SGD via the microswitch and a familiar caregiver
responded to every third SGD output by interacting socially with the participant.
The results showed very few SGD responses (less than 10 per session) during base-
line, but these increased to above 20 on average during intervention and remained at
this higher level during two postintervention checks. This study is significant in
demonstrating the combined use of three microswitches to directly obtain stimula-
tion and to indirectly recruit staff attention/social interaction. The increase in the
latter response suggests the participants were motivated to obtain social-communi-
cative interaction and that the microswitch-linked SGDs were an effective form of
assistive technology for enabling this to happen.

Sixth, Beck et al. (2009) described a novel, naturalistic approach for developing
social communication in SGD users. Their study included one man and one woman
who were 25 and 35 years old. Both had developmental disability and were largely
nonverbal, except for some vocalizations and gestures. The aim of the program
was to increase participants’ use of an SGD to initiate conversation and respond to
initiations from others. The SGD was a Go-Talk 20 with pictures corresponding
to conversational messages. Intervention occurred in the context of 30-min group
music sessions that occurred twice per week for 8§ weeks. During sessions, staff fol-
lowed a script and modeled SGD use in addition to speech. Participants were
prompted to use the SGD using a 3-s delayed prompting procedure (Duker et al.
2004). All SGD responses by participants were followed by the staff person making
arelevant conversational reply. Both participants increased their SGD-initiated con-
versations during the course of intervention. While this naturalistic approach has
appeal for teaching social communication, the present study did not include
sufficiently rigorous experimental controls to determine whether the naturalistic
approach was in fact responsible for the gains observed.

The outcomes of these 22 studies were largely positive in that most participants
learned to use the SGD to recruit attention, initiate conversations, or engage in
related social-communicative acts. However, in many cases, the amount of interven-
tion required to teach SGD-based social communication could be viewed as inten-
sive. This might be expected given the severe/multiple impairments experienced by
these participants and the fact that most had no previous experience with SGDs.
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The need for intensive intervention might also indicate that it could be more difficult
to teach social communication to persons with severe/profound and multiple dis-
abilities, as compared to requesting and rejecting.

Still, the results for most of the participants in the studies summarized in Table 3.3
provide evidence that there are effective instructional procedures available for teach-
ing individuals with severe/profound and multiple disabilities to use SGDs to recruit
attention and initiate conversations. These are important skills for enhancing the
person’s social interactions, and SGD-based methods would seem to represent the
most natural alternative when the person lacks sufficient speech and language for
these and other types of social interactions. Future research should focus on teach-
ing individuals to use SGDs for more complex and sophisticated social communica-
tion, such as maintaining conversations and responding to more complex types of
questions/initiations from others.

Studies Targeting Reduction of Problem Behavior

This section reviews six studies involving SGDs and functional communication
training (Durand 1990). Functional communication training is a procedure for
replacing problem behaviors by focusing on the development of functionally equiv-
alent communication (Sigafoos et al. 2009). For example, if the person engages in
self-injury to escape from or avoid nonpreferred activities, the logic of functional
communication training would indicate the need to teach the person more accept-
able ways to reject nonpreferred activities (Durand 1999). Table 3.4 summarizes six
studies that have used SGDs and functional communication training as a treatment
of problem behavior among individuals with severe/profound and multiple disabilities.
Chapter 7 provides a comprehensive review of studies involving the use of assistive
technologies in the treatment of problem behaviors.

For example, Durand (1993) worked with three boys who were from 3.5 to
15 years of age. These children were diagnosed with moderate to severe intellectual
disability and cerebral palsy. None of the three had any speech, but they did engage
in serious problem behaviors (e.g., hair pulling, self-injury, hitting others) that were
hypothesized to serve one of three communicative functions. The study was under-
taken in the children’s classrooms. Observations of 30 min occurred once per week

Table 3.4 Studies on using SGD-based interventions in the treatment of problem behavior

Studies Participants Age SGD device/symbol system
Durand (1993) 3 3-15 Wolf, Introtalker

Sigafoos et al. (1996) 1 11 Switch-operated tape player
Durand (1999) 5 3-15 Introtalker

Olive et al. (2008) 1 4 Four-button Touch Talk

Sigafoos et al. (2008) 1 12 BIGmack/line drawing for WANT
Franco et al. (2009) 1 7 Go-Talk/photographs
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in the context of various conditions (e.g., one-to-one instruction, group setting, and
when the child was alone). The study involved two phases. In the first phase, the
children were assessed using the Motivation Assessment Scale (Durand 1990) to
identify the variables thought to control each child’s problem behavior. The results
confirmed the perception that their problem behaviors served one of the following
three communicative functions for the three respective children: (a) reject nonpre-
ferred activities and recruit attention [child 1], (b) reject nonpreferred tasks [child 2],
and request access to preferred foods [child 3]. Next, intervention was provided
with the aim of replacing problem behavior by teaching the children to use SGD to
reject, request, and/or recruit attention, respectively. Intervention involved teaching
the children to use a Wolf or Introtalker SGD that was programmed with replace-
ment messages (e.g., [ want more was intended to replace problem behavior related
to requesting food, and I want to take a break was intended to replace problem
behavior related to rejecting nonpreferred tasks). The intervention procedures
involved using verbal and physical prompts to use the SGD under the same condi-
tions that evoked problem behavior. The effects of the intervention were evaluated
in a multiple-baseline across subjects design (Kennedy 2005). None of the children
used their respective SGDs during baseline. Instead, they engaged in problem
behavior during an average of 41 [child 1], 14 [child 2], and 67 % [child 3] of the
observation intervals. With intervention, unprompted SGD use increased and problem
behavior decreased by at least 78 % for each child. The collateral reduction in prob-
lem behavior as SGD use increased suggested that the newly acquired SGD-based
communication skills came to replace the children’s problem behavior. This study
appears to be the first to show that problem behavior of children with intellectual,
physical, and severe communication impairment can be treated effectively by teach-
ing them to use SGD.

Sigafoos et al. (1996) described an SGD-based intervention for an 11-year-old
boy with severe intellectual disability and physical disability necessitating use of a
wheelchair. The child also had a visual field deficit in his right eye. He was referred
for treatment due to frequent self-injurious head banging, which had been persistent
for 10 years and had caused a permanent welt on his forehead. His head banging
occurred at high rates on a daily basis. The study involved an initial assessment fol-
lowed by SGD training. The assessment involved recording the percentage of 10-s
intervals with head banging during 5-min sessions. Sessions occurred over 3 days
under each of six classroom conditions: (a) academic task, (b) social interaction,
(c) making a drink, (d) toy play, (e) sitting outside, and (f) alone. The results showed
that head banging occurred at 0 % or 5 % of the intervals during the first five condi-
tions, but was almost constant (90 % of intervals) during the alone condition. This
pattern suggested that the child found being alone aversive and thus engaged in head
banging to recruit attention from the teacher. This hypothesis is supported by the
fact that he would cease his head banging when the teacher approached and inter-
acted with him. Given this hypothesis, the intervention involved teaching him to use
an SGD to recruit attention/social interaction from others. The SGD consisted of a
switch linked to a tape recorder. Pressing the switch produced the message Come
here, please. To teach the child to use the SGD, the trainer left him alone for initially
a very short time (e.g., 3 s) while he was physically prompted by another person
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to press the switch. When the message was produced, the trainer returned and
engaged the child in a social interaction (e.g., talking to him, interactive toy play).
Physical prompting was faded by having the second person wait longer and longer
before prompting and eventually being out of the room and out of the child’s sight.
The effects of this prompting procedure on the child’s independent use of the SGD
and head banging were evaluated in an ABAB reversal design (Kennedy 2005). The
child learned to use the SGD without prompting within 35 training trails (i.e., within
seven 5-min sessions), and the child continued to use the SGD on 80-100 % of the
opportunities across the remaining 20 sessions. As independent use of the SGD
increased, head banging showed a collateral decrease. The results suggest that use
of the SGD replaced head banging as the more probable response for recruiting
attention. However, the results of this study are limited due to the fact that the
researchers did not assess generalization to additional adults nor to less structured
sessions. In addition, the study is limited because follow-up data could not be col-
lected due to the ending of the school year. Still, the results show rapid reduction
of severe, persistent self-injury by application of a relatively simple SGD-based
intervention.

A third illustrative study from this final group involved a 7-year-old child with
autism and no speech (Franco et al. 2009). The problem behavior of concern was
inappropriate, disruptive vocalizations. A prior assessment indicated that these
vocalizations appeared to function as requests for preferred objects and to reject
nonpreferred activities. The child was thus provided with a Go-Talk SGD that was
programmed with relevant phrases (I want a break and Come with me) indicated by
photograph symbols (e.g., photograph of a stop sign was paired with the [ want a
break message). The child’s problem behaviors were observed under conditions
when he was involved in four activities (e.g., playing with toys, working on task,
being offered preferred items, and interacting with an adult) and either had or did
not have the SGD. Results showed that problem behavior was much lower when he
had the SGD to use. In addition to reductions in problem behavior, his engagement
increased when he had the SGD to use. These positive changes appear to be attribut-
able to the child’s newly developed abilities to request breaks from nonpreferred
activities and request preferred items, which were made possible by the SGD. It is
important to note, however, that the child did receive training to use the SGD, which
involved direct physical prompting, reinforcement, and use of a constant 5-s time-
delay procedure to fade prompts (Duker et al. 2004).

Discussion

Outcome of the Studies

Overall, the 54 studies summarized in this chapter reported generally positive results.
While some participants failed to show much progress, most of the participants in
these studies did acquire the skills to use SGDs and used their SGDs successfully for
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the targeted communication function, be it requesting, rejecting, initiating conversa-
tion, or recruiting attention/social interaction. These generally positive findings sug-
gest that SGDs are viable forms of assistive [communication] technology for persons
with severe/profound and multiple disabilities. This conclusion is consistent with the
findings of three systematic reviews into the use of SGDs for individuals with autism
(van der Meer and Rispoli 2010), developmental disabilities (Rispoli et al. 2010),
and adults with intellectual disabilities (Sutherland et al. 2010).

Implications for Practice

This generally positive conclusion has several implications for practice. The first is
the apparent need for careful, systematic, and often intensive intervention to teach
SGD use. The studies examined in this chapter, as well as those in the previous
reviews referenced above, suggest that mere provision of an SGD is not sufficient to
ensure successful use of such devices for functional communication. Rather, the
individuals in these studies all received systematic instruction before they came to
use their respective SGDs for functional communication. And before they received
systematic instruction (i.e., during baseline) functional use of SGDs was largely
absent. The systematic instructional procedures used in these studies varied, but
shared a number of generic components:

1. Creating structured opportunities for communication, such as by offering pre-
ferred items to request.

2. Prompting SGD use by applying one or more response-prompting strategies,
such as graduated guidance.

3. Fading the use of response prompts to promote independent SGD use, such as by
the use of time-delay procedures.

4. Providing reinforcement, that is, ensuring listeners responded to SGD activations
in ways that functioned to reinforce the person’s SGD use.

These types of instructional strategies have been empirically validated for teaching
a range of skills to persons with severe/profound and multiple disabilities (Duker
et al. 2004; Snell and Brown 2006). Successful outcomes from the application of
such strategies are likely to depend on how well the procedures are implemented.
Effective implementation of systematic instructional strategies could be conceptual-
ized as another type of [assistive] technology, that is, a technology of systematic
instruction (Green and Sigafoos 2007). The implication is that successful use of
SGDs to enhance the communication and social development of persons with
severe/profound and multiple disabilities would appear to require two types of
[assistive] technology. The first type is the careful selection and provision of an
SGD that can be operated easily given the cognitive, sensory, and physical capabili-
ties of the individual. The second type involves the effective application of well-
established instructional strategies to teach the person to use the SGD for
communication purposes. Rehabilitation professionals will thus require competence
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in selecting SGDs for individuals and competence in designing and implementing
behavioral teaching strategies to ensure individuals learn to use their newly pre-
scribed SGD for a range of communication and social purposes.

A second implication arising from our summary and analysis of these 54 studies
is that, by establishing the potential viability of SGDs as communication aides for
individuals with severe/profound and multiple disabilities, there may be increased
application of such devices in AAC interventions for this population. SGDs are also
likely to become more widely prescribed because of their purported advantages
over other AAC systems, as delineated in the Introduction to this chapter. When
these potential advantages are bolstered by additional empirical demonstrations of
successful use, it is likely that SGDs will become more widely recommended as
communication aids for individuals with severe/profound and multiple disabilities.

However, because some SGDs are relatively more expensive and complicated to
program and use than manual signs or picture-exchange AAC, there would seem to
be a critical need to carefully match individuals to specific SGDs. Along these lines,
consideration should be given to the characteristics of the individual, his or her
communicative partners, and the environments in which communication will occur
(Sigafoos and Iacono 1993). For example, individuals with visual impairment may
require larger or textured symbols, which will impact on the type of overlay that will
be needed on the SGD. Similarly, ambulatory persons may require more portable
SGDs compared to individuals who use wheelchairs. Additional factors to consider
include the (a) nature, length, and number of messages that can be stored in the
SGD; (b) intelligibility and volume of speech output; (c) output options (e.g., speech
plus printed output); and (d) skills required to operate the device.

However, even careful consideration of such factors offers no guarantee that the
selected SGD will be one that the person is capable of learning and interested in using.
Consequently, Sigafoos et al. (2005) recommended that individuals receive
exposure to a number of different devices (or AAC systems) and that this exposure
includes a period of intervention with each device or system. Following this inter-
vention trial, the individual could then be enabled to choose the device or system
they would prefer to continue to learn to use. In line with this recommendation,
research reviewed by van der Meer et al. (2011a) indicated that individuals with
developmental disabilities often show a preference for using one type of AAC sys-
tem over another (e.g., picture-exchange vs. SGD). When an SGD is the preferred
option, Sigafoos et al. (2005) further showed that the participants showed an idio-
syncratic preference for using one type of SGD over another. One implication is that
individuals may be able to self-determine their own AAC system. This self-determi-
nation could be facilitated by a two-step process that involves (a) first teaching them
to use several devices and then (b) creating opportunities for them to choose which
one of these several devices they would prefer to use.

A third implication is the corresponding need for parents, teachers, and clini-
cians to gain competence in programming and maintaining the hardware and soft-
ware of such devices. From our experience, this requires gaining technical literacy
and access to ongoing support from technically literate professionals. Another
implication that may arise if more individuals are recommended for SGDs is the
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need to ensure their communicative partners can in fact function as effective listen-
ers. Most potential listeners are unlikely to have had any exposure to someone who
uses an SGD. This implies the need to support communicative partners to ensure
they are responsive to people who use SGDs.

Future Research Directions

A number of future research directions can be proposed in light of this analysis and
summary of studies. First, one might speculate that speech output from SGDs could
influence acquisition of communication skills or the responsiveness of listeners.
There has been little research into these issues, and it is thus an obvious area for
future research. Second, it is possible that speech output from an SGD could facili-
tate receptive and/or expressive speech as suggested by Blischak et al. (2003) and
Romski and Sevcik (1993, 1996). Schlosser et al. (2009) examined the empirical
literature on the possibility that output from SGDs could influence natural speech
production. They concluded that in some, but not all, cases, SGD output does seem
to have a modestly facilitative effect. However, they cautioned that there were cur-
rently too few studies investigating this issue to draw any firm conclusions. Thus,
the effect of speech output from SGDs on receptive and expressive speech remains
equivocal. In the requesting study of van der Meer et al. (2011b), the researchers
anecdotally noted that one participant seemed to show an increase in spoken words
during the posttraining sessions when he was using an iPod with synthesized speech
output to request toys and snacks. However, the words he spoke (e.g., basketball,
outside) did not match the speech output emanating from the iPod, and the design
of the study did not permit the apparent increase in natural speech production to be
attributed to use of the iPod-based SGD. Still, one might speculate that there might
be ways of using SGDs during communication intervention that could possibly
facilitate receptive and expressive speech development among individuals with
developmental disabilities who present with little or no pretreatment speech.
Counterintuitively, Sigafoos et al. (2011) demonstrated an increase in natural speech
production when previously reinforced SGD-based requests were put on extinction
(i.e., when such requests were no longer reinforced). However, this study was lim-
ited to one adolescent who already had a spoken vocabulary of several single words.
Still, the results are intriguing in suggesting the need for more research to under-
stand how best to use SGDs within more comprehensive intervention programs to
develop the communication and social skills of individuals with severe/profound
and multiple disabilities.

Conclusion

The studies reviewed in this chapter suggest the viability of using SGDs in AAC
interventions for individuals with severe/profound and multiple disabilities. Through
the application of systematic instructional procedures, persons with severe/profound
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and multiple disabilities have been successfully taught to use a range of SGDs to (a)
make requests for preferred objects and activities, (b) reject nonpreferred (or wrong)
objects and activities, and (c) recruit attention/initiate social interaction. SGDs have
also been successfully used as part of treatments aimed at reducing problem behav-
iors. Successful use of SGDs hinges on the quality of instruction provided. Instruction
should be based on systematic instructional strategies that have been empirically
validated for teaching persons with severe/profound and multiple disabilities.
Effective procedures exist for guiding instruction to teach persons to use SGDs to
(a) request preferred objects/activities, (b) reject nonpreferred (and wrong) objects/
activities, (c) recruit attention, and (d) initiate social interactions. Rehabilitation
professionals require skills in selecting SGDs and teaching functional use of such
devices. More research is needed to develop effective procedures for teaching other
types of communication skills and for teaching more complicated responses beyond
selecting a single symbol from an SGD. Future research is also needed on the effect
of speech-output technology on the acquisition of communication skills, respon-
siveness of listeners, and on receptive and expressive speech and language
development.
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Chapter 4

Instructional Technology for Promoting
Writing, Work, and Leisure Skills

Abstract This chapter provides an overview of studies assessing the use of
technology to enable individuals with severe/profound and multiple disabilities to
learn to write, engage in occupational and vocational activities, and access leisure
activities. The first part of this chapter analyzes studies that used technology solu-
tions to enable writing by individuals who could not use standard implements such
as pens and standard computer keyboards because of their multiple disabilities.
The second part of this chapter analyzes studies that used technology to teach indi-
viduals to engage in occupational and vocational tasks. These studies used a variety
of technology aids as instruction cues, including picture prompts, object or tactile
prompts, self-operated audio prompts, self-instruction prompts, video modeling and
video prompts, palmtop-based job aids, and electronic control devices. The third
part of this chapter analyzes studies on leisure skills that used technology to provide
individuals access to different classes of leisure activities, that is, technology that
enabled them to access a variety of preferred stimulation and taught them to operate
standard or adapted leisure modalities (e.g., radio, television, portable media player,
and a computer for e-mail) and an electronic messaging system. The final part of
this chapter summarizes the overall outcomes, discusses practical aspects of using
technology, and briefly highlights areas for further research in each of these areas.

Introduction

Individuals with severe/profound and multiple disabilities are at great risk for being
the passive recipient of services rather than being actively involved in their own
well-being. The benevolent intentions of caregivers, including parents, are often at
odds with the philosophy of self-determination, which advocates that instruction in
the component elements of self-determined behavior be incorporated into existing
interventions for all individuals with disabilities (Wehmeyer et al. 2007). The com-
ponent elements of self-determination include goal setting and attainment, choice
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making, problem solving, decision making, self-regulation and self-directed learn-
ing, self-advocacy, perceptions of efficacy and control, and self-awareness and self-
knowledge (Wehmeyer and Field 2007). Given the extensive range of disabilities
evidenced in individuals with severe/profound and multiple disabilities, as well as
the traditional acceptance of low caregiver expectations, traditional instructional
methods have not considered including many component elements of self-
determination.

Self-management is one component of self-determination that has received
recent attention, particularly with technology-based instruction. There is little sup-
port in the research literature for the effectiveness of many traditional methods of
instruction for individuals who function in the severe and profound range of intel-
lectual disabilities. Typically, caregivers and teachers have assumed that the dimin-
ished cognitive capacity of these individuals preempted them from learning new
skills rather than assuming that we must find instructional technology that matches
the individuals’ needs.

Assistive technology has provided a viable modality to teach a variety of skills,
including academic, occupational and vocational skills, and leisure skills. The focus
of academic skills has largely been on writing, and we review several studies in
which the authors developed innovative assistive technology that enabled the par-
ticipants to engage in written communication. A range of low-tech prompts have
been used with traditional instruction techniques to enable the mastery of various
occupation and vocational skills, as well as a few high-tech prompts for those with
whom no other techniques had worked previously. However, with leisure activities,
there has been an enormous growth in terms of assistive technology, and there is a
plethora of studies showing how technology can be customized to meet the needs of
individuals regardless of their extensive multiple disabilities.

This chapter provides an overview of studies assessing the use of technology to
enable individuals with severe/profound and multiple disabilities to learn to write,
engage in occupational and vocational activities, and access leisure activities.
The first part of this chapter analyzes studies that developed new technology
solutions to enable writing by individuals who could not use traditional implements
such as pens and standard computer keyboards because of their multiple disabilities.
The second part of this chapter analyzes studies that used technology to teach
individuals to engage in occupational and vocational tasks. These studies used a
variety of technology aids as instruction cues, including picture prompts, object
or tactile prompts, self-operated audio prompts, self-instruction prompts, video
modeling and video prompts, palmtop-based job aids, and electronic control devices.
The third part of this chapter analyzes studies on leisure skills that used technology
to provide individuals access to different classes of leisure activities, that is,
technology that enabled them to access a variety of preferred stimulation and taught
them to operate standard or adapted leisure modalities (e.g., radio, television,
portable media players, and a computer for e-mail) and to use an electronic
messaging system. The final part of this chapter summarizes the overall out-
comes, discusses practical aspects of using technology, and briefly highlights
areas for further research in each of these areas.
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Studies on Academic Instruction: Writing

Writing is a basic academic skill that all children learn in early childhood education.
The skills involved can be somewhat complex for children in regular education, but
more so for those with intellectual and/or physical disabilities. The situation is com-
pounded for those with severe multiple disabilities because their motor deficits may
hinder use of either pens or pencils effectively. This can be ameliorated to some
extent through the use of technology, especially computers.

If an individual with severe disabilities is able to use a standard computer key-
board, writing can be made more efficient by utilizing a word-processing program
that includes word prediction (Williams 2002). While it has its advantages, it does
pose some problems as well. For example, because the list of predicted words appear
on the screen as the student progresses through writing, attending to and making
choices from this list of words may constitute a visual-cognitive burden for stu-
dents, especially for those with serious/profound and multiple disabilities (Tam
et al. 2002). This burden can be lessened by using software with word prediction
function that (a) works on a relatively restricted number of words, (b) avoids the use
of a screen window with lists of predicted words, and (c) provides a full word in
letters and speech when there is high confidence that such a word is the correct one
(Barnard and Johnson 2005).

For example, Antonucci et al. (2006) described a study in which they used a writ-
ing program with a modified word prediction function. The participant was a
20-year-old man who had severe spastic tetraparesis and multiple disabilities,
including being confined to a wheelchair and no speech, but he could emit various
types of vocalizations that could be contextually interpreted only by those familiar
with him. However, he could use a word-processing system combined with a special
keyboard and speech synthesizer. He used roughly 300 different words to write a
large variety of sentences dealing with regular daily events, familiar people, activi-
ties, and stories. Writing was his basic means of clear communication, supplemented
by his vocalizations. His problem with the writing process was that it was very slow
and excessively time consuming.

Antonucci et al. (2006) developed and used a word-prediction software in this
study that (a) avoided the appearance of a window with predicted words on the
computer screen and (b) completed and spoke the word the man was writing when
there was certainty that such a word was the one he aimed at within the adopted
vocabulary. Typically, the word was completed and spoken after the man had typed
its third letter. This was made possible because only a 400-word vocabulary of the
words the man most frequently used in his writing was adopted. Using an ABAB
reversal design (Barlow et al. 2009), the authors showed that the man’s writing
equivalent sentences with the word prediction software was much faster than with-
out it. Anecdotal staff data indicated the man’s clear preference for the word predic-
tion software. Furthermore, social validation data showed that 40 independent raters
scored the word prediction software as significantly more effective than the word-
processing program without word prediction.
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The situation for an individual who cannot use a standard keyboard for typing
because of multiple physical disabilities presents a completely different set of prob-
lems (Turpin et al. 2005). Such an individual may find a pointing device, such as a
computer mouse or trackball, difficult to operate because of uncoordinated fine
hand and finger movements and impaired hand-eye coordination skills (Brodwin
et al. 2004). Typical problems involved in using a standard mouse include an inabil-
ity to correctly aim at small targets on the computer screen and difficulty in actually
moving a mouse or in controlling the buttons on the mouse (e.g., an inability to
press the buttons or to move the cursor before clicking). Researchers have devel-
oped various prototypic hardware and software to enable such an individual access
to a computer. For example, Evans et al. (2000) developed a head-operated joystick
using infrared light-emitting diodes and photodetectors to determine head position,
which subsequently converted into mouse signals. Chen (2001) developed a head-
operated computer mouse that included two tilt sensors mounted on a headset that
monitored the direction of the person’s head up, down, left, and right, and moved
the cursor accordingly. Other, more elaborate systems include a “computer mouse”
which tracks the individual’s movements, including but not restricted to head move-
ments, with a video camera and translates the movements into corresponding
movements of the cursor on the computer screen (Betke et al. 2002). While useful,
these adaptations have various disadvantages due to their specific design in terms of
generalizability, much higher cost when compared to standard devices, can be
difficult to obtain and maintain than standard devices, and may not be suitable for
some individuals who cannot use head or body movements to control the cursor.
Thus, simpler and economical technological solutions are warranted.

Lancioni et al. (2007b) provide an example of a simple and cost-effective
approach to using technology that enabled two people with pervasive developmen-
tal disabilities to write via a scanning keyboard emulator. The first study involved a
young man of 18 years who had severe spastic tetraparesis with very serious
problems of spastic hypertonia. He had no functional movement of arms, hands,
legs, and trunk. He was able to speak but his speech was difficult to understand and
very difficult for him to produce due to prior tracheotomy. He could understand
spoken language as well as written text. He could not use standard computer pro-
grams due to laborious and unclear speech, inability to use body movements, and
difficult control of minimal head turning movements. The authors custom-designed
an optic sensor (i.e., a special microswitch; see also Chap. 2) and used a commercial
scanning keyboard emulator, together with a portable personal computer. The optic
sensor was a light-dependent resistor held through a wire in front of his mouth.
He could activate this sensor by covering the light-dependent area by protruding his
tongue. The scanning keyboard emulator was adapted to his specific needs by reduc-
ing the number of keys used and the key scanning speed. Results showed that when
compared to baseline levels, the mean time required for writing each letter of words
presented to him decreased, and the total number of letters and words written per
session increased dramatically with the introduction of the technology aids.

The second study involved a young lady of 19 years who had severe spastic tet-
raparesis with very serious problems of spastic hypertonia due to premature birth
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and perinatal hypoxia. She had no expressive language, but she could understand
spoken language as well as written text. She used slight head or eye movements to
indicate “yes” and “no.” It was difficult for her to use a computer because of lack of
motor control except for minimal finger movement. The authors used an optic sen-
sor for an eyelid response (see Lancioni et al. 2006) and a commercial scanning
keyboard emulator, together with a portable personal computer. The optic sensor
was mounted on the frame of an eyeglass and consisted of a light-emitting diode and
an infrared light-detection device. She could activate the sensor by turning her eyes
to the right. Results showed an almost 80 % reduction in mean time required to
write letters and an increase in the number of letters and words written during a ses-
sion. In both studies, preference checks showed that both participants preferred the
optic sensors and related tongue and eye responses to the pressure or tilt devices and
related head and finger responses available to them before this study. Furthermore,
social validation ratings by teacher trainees and psychology students showed the
new technology was much more highly favored than the old.

Lancioni et al. (2009) described a study in which they assessed the utility of a
vocal-detecting sensor and a scanning keyboard emulator for writing. The vocal-
detecting sensor was used instead of the optic sensors and tongue- and eye-movement
responses because the participants had control of their vocalizations. The voice-
detecting sensor consisted of a battery-powered electronic unit, which was linked to
a throat microphone and an airborne microphone. The sensors could be activated by
a brief vocal emission that triggered both microphones.

The participants were two boys who were using a combination of pressure sensor
and scanning keyboard emulator for writing, but they were not comfortable with the
head or hand response required for activating the pressure sensor. The boys were
almost 13 and 11 years old and had severe spastic tetraparesis due to perinatal
hypoxia. Both used wheelchairs and displayed only limited movements of arms,
hands, legs, and trunk. They could understand spoken language as well as basic
written text. Results showed that the mean time required to write letters using the
voice-detecting sensor together with the scanning keyboard emulator was about the
same as when they used the pressure sensors. However, preference checks showed
that the boys much preferred the voice-detecting sensor to the pressure sensors.
Furthermore, social validation ratings by psychology students were significantly
higher for the voice-detecting sensor than the ratings for the pressure sensors.

Lancioni et al. (2010a) extended the findings of the previous studies by including
participants with responses and microswitches different from those previously used
to account for heterogeneity of people with severe/profound and multiple disabili-
ties. Of the two participants in Study 1, the first was a 22-year-old man who was in
a wheelchair and had serious problems with fine motor coordination due to degen-
erative ataxia. He lacked self-help skills, he could not write through standard or
adapted keyboards, and his verbal articulation problems made his verbal communi-
cation difficult to understand. He used a technology-based writing program at home
that consisted of a pressure sensor fixed to the tabletop and connected to a scanning
keyboard emulator. He could activate the sensor by making a pushing response
produced through a downward movement of his hand. This movement was
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cumbersome and frustrating for him to make because of his very limited coordina-
tion. The second participant was a 9-year-old boy with severe cerebral palsy with
spastic tetraparesis and very serious problems of hypertonia with multiple dystonic
movements. He was in a wheelchair and had no functional responses of arms, hands,
legs, and trunk. He had no expressive language but could understand spoken lan-
guage as well as written words. He used the same technology-based writing pro-
gram as the other participant and had similar issues with it.

The new technology used in this study consisted of a small touch/pressure panel
serving as a microswitch for a hand response that was considered fairly undemand-
ing when compared to the one previously used by these participants, and a com-
mercial scanning keyboard emulator, with a portable personal computer. The touch/
pressure panel was affixed to the table that the participants used during the experi-
mental sessions, in front (man) or to the right (boy) of them. The man activated the
touch/pressure panel by a small sliding movement of his hands forward, and the boy
activated it by a small sliding movement of his right hand to the right side. The scan-
ning keyboard emulator was adapted in terms of the number of keys used and key
scanning speed to match the participants’ abilities. Results showed that not only did
the participants prefer to use the new touch/pressure panels, but the time they took
to write letters was much shorter when compared to their use of the old technology.
Indeed, the data showed decreasing time required to type letters with increasing use
of the new technology.

The participant in Study 2 was a 12-year-old girl with gross and fine motor dis-
abilities due to mitochondrial leukoencephalopathy, who could ambulate with a
walker but required assistance with self-care activities. Although her school had
provided her with an expanded keyboard because of her serious problems with writ-
ing, she found it frustrating and tiresome to use. The new technology used with her
consisted of a small touch/pressure panel and a voice-detecting device that served
as microswitches for a hand response and vocalization, and a commercial scanning
keyboard emulator, with a portable personal computer. Results showed that although
the time taken to write single letters of words was about the same for both the old
(expanded keyboard) and new technologies, the participant clearly preferred the
new technology. Furthermore, social validation assessment by university psychol-
ogy students showed much higher ratings for the new over the old technology.

In a further extension of this line of enhancing technology to facilitate writing by
persons with severe/profound and multiple disabilities, Lancioni et al. (2011g)
developed customized microswitches for three participants in this study. The par-
ticipants were 13, 45, and 46 years old. The first participant had severe cerebral
palsy with spastic tetraparesis and very serious problems of hypertonia with multi-
ple dystonic movements. She was in a wheelchair and had no specific functional
responses. She could speak with extreme difficulty and could be understood only by
immediate family members, but she could understand spoken language and written
text. She used a computer-supported keyboard that could be used through a modified
joystick sensor. The second participant had minimal motor abilities and adaptive
behavior due to spastic tetraparesis with dystonic movements. He was in a
wheelchair, he spoke with some difficulty, but his words were not clear to listeners.
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He had tried technological approaches to help him write, including a pressure
microswitch for a foot response to operate a scanning keyboard emulator that he
found very tiring. Furthermore, using a voice-detecting microswitch relying on an
airborne microphone for vocal emissions was found to be unreliable. The third par-
ticipant had spastic tetraparesis and epilepsy and was confined to a wheelchair. His
physical condition was similar to that of the second participant. He used a keyboard
with keyguard cover for his writing program, but he found it to be very tiring and
thus used it only for brief periods.

Customized microswitches were developed for the three participants. For the
first participant, it consisted of a touch/pressure device attached to the palm of
her right hand that she could activate with a small hand-closure response. For the
second participant, it consisted of a voice-detecting device, with airborne and
throat microphones that prevented false microswitch activations due to environ-
mental noise or dystonic movements. For the third participant, it consisted of a
touch pad fixed on his right leg, which he could activate by stroking his right
hand that he normally rested on that leg. The participants also used a commer-
cially available keyboard emulator, with a portable personal computer, that was
adjusted to their needs in terms of the number of keys used and the key spanning
speed. Results showed that all three participants preferred their customized
microswitches and decreased the writing time per letter for two of the three par-
ticipants. For the third participant, it was clear that he considered the touch/pres-
sure microswitch and small hand stroking response with the scanning keyboard
emulator to be easy and comfortable, and did not show any signs of tiredness,
while he found the use of the keyboard with the keyguard cover to be physically
demanding and tiring.

In a final study, Lancioni et al. (201 1¢c) extended the use of computer technology
for writing to a man who emerged from a minimally conscious state. The man was
47 years old and had a diagnosis of multiple disabilities (neuromotor, consciousness,
and communication) following cerebral aneurysm rupture and coma. He had spastic
tetraparesis and minimal head control, lacked trunk and sphincteric control, and
needed tracheostomy and gastrostomy tube. His wife used a communication board
with him that he could activate with a pointing device connected to the middle
finger of his right hand (i.e., the only hand that he could partially move). A custom-
built programmable computer-aided system, with specific letter presentation and
writing functions, was developed for him. When compared to the communication
board, the computer-aided system proved more effective in helping the man to
engage in clear and readable writing. His new writing prowess enabled him to
achieve better communication with his caregivers and family members.

In summary, these studies showed that individuals with severe/profound and
multiple disabilities could be assisted to engage effectively in an academic activity
like writing to enhance their communication with caregivers, family, and friends.
While there are no studies using traditional handwriting methods with this popula-
tion (Joseph and Konrad 2009), writing can be enabled through the use of technol-
ogy, thereby enhancing the quality of their lives through communication with a
wider community of people.
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Studies on Work-Related Outcomes

Individuals with severe/profound and multiple disabilities could acquire increasing
independence if they can be taught skills that may give them access to important life
domains, such as self-care, literacy, transportation, and work. Technology is increas-
ingly used to improve their work outcomes by enhancing their strengths, maximiz-
ing their current potential, and by customizing methods for job skill development.
Both low-tech (e.g., picture cards, audio and visual prompts) and high-tech methods
(e.g., computer-aided systems) have been used to provide vocational supports to
individuals with severe/profound or multiple disabilities (Wehmeyer et al. 2006).
Even with people with severe/profound disabilities, the vision is that with appropri-
ate assistance individuals can be taught to acquire and maintain constructive occu-
pation with optimum levels of supervision (Brown et al. 1979). Indeed, there are
examples in the research literature of individuals with severe disabilities learning
remunerative vocational skills, such as janitorial skills (Cuvo et al. 1978) and vari-
ous assembly tasks (Horner and McDonald 1982; Hunter and Bellamy 1976).

The early studies relied heavily on low-tech self-management strategies such as
picture prompts, object or tactile prompts, self-operated audio prompts, self-instruc-
tion prompts, and video modeling and video prompts (Lancioni and O’Reilly 2001).
The more recent studies have relied on computer-aided systems, such as using
palmtop computers, and other electronic control devices to assist individuals to gain
prevocational or occupational skills.

Self-management of Instruction Cues

Picture Prompts

Picture prompts have been used to teach a number of skills to individuals with
severe/profound and multiple disabilities. This technique involves training the par-
ticipants to use photographs or line drawings of successive steps of a task analysis
to help them complete a given task. This technique has been used to teach a variety
of work skills to individuals with severe disabilities, including vocational tasks (e.g.,
Wacker and Berg 1983), manage work and break time (Sowers et al. 1980), inde-
pendently change work tasks (Connis 1979), and initiate a series of vocational tasks
(Sowers et al. 1985).

For example, Wacker and Berg (1984) taught three adolescents who functioned
in the moderate to severe range of intellectual disabilities to set up workstations
independently using picture prompts. They used two tasks: valve assembly, and
packaging and setup. The picture prompts consisted of black-and-white photographs
of how to set up the valve assembly task and similar pictures of the parts and cards
containing colored horizontal lines for the packaging and setup. The pictures were
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sequenced and bound into a book that the individuals could use as prompts to
complete the two tasks. Using a multiple baseline (across both subjects and tasks)
with reversal design (Barlow et al. 2009), Wacker and Berg (1984) demonstrated
that following just four training sessions, the adolescents could complete the valve
assembly task errorlessly. Similar results were obtained with the packaging and
setup task, which was used to assess generalization of skills learned with the first
task. This study demonstrated that not only could the adolescents rapidly learn the
occupational skill through picture prompts, but they also generalize the skills to a
second task.

In a follow-up study, Wacker et al. (1985) taught three adolescents who func-
tioned in the severe to profound range of intellectual disabilities to use picture
prompts to complete three complex vocational or daily living tasks. The adolescents
were taught to complete one task each, and following training, their performance
was assessed on two generalization tasks. For example, one of the adolescents
learned to dust tables in an apartment, and his generalization tasks were (a) to clean
a window and (b) to complete a 22-step conduit-assembly task. Results showed that
although the adolescents required extensive training on the initial task, they were
able to generalize their use of picture prompts across settings and required substan-
tially reduced amounts of training on the generalization tasks. Furthermore, during
maintenance, two adolescents were able to maintain high levels of accurate perfor-
mance with and without the use of picture prompts, while the third continued to
need picture prompts.

Wilson et al. (1987) taught a 36-year-old man with severe intellectual disabilities
to use picture prompts to perform a variety of food service tasks at a restaurant. He
had good receptive language skills, but poor expressive language. He communi-
cated with a combination of gestures and some vocalizations, which could be
understood only by those who knew him well. He was taught four task-analyzed
skills: packaging silverware, packing hot sauce, packaging sour cream, and dish-
washing. Picture prompts were used to teach all four tasks within a multiple probe
design. Results showed that he was able to learn and independently perform all four
skills, maintain those skills, and continue to impress his employers with his correct
performance 20 months following the termination of training.

Singh et al. (1995) taught three adults who functioned in the profound range of
intellectual disabilities to cook using a commercial picture prompt cookbook. Each
adult was taught to make a dessert that involved 16 sequenced steps. Following
baseline, the three adults engaged in five rehearsal sessions in which they repeated
the task steps modeled by the trainers. This was followed by training in cooking
with the pictorial instructions. The trainers used error correction and social rein-
forcement to enhance training outcomes. All three adults were able to master the
16-step cooking procedure and maintained their correct task performance over time,
as well as generalize their cooking to novel settings.

Anderson et al. (1997) taught three adults, two of whom functioned in the severe
range of intellectual disabilities, to use self-arranged picture prompts to increase
their engagement with scheduled activities. Engaging in scheduled activities is an
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important prevocational skill because the kinds of jobs people with severe/profound
and multiple disabilities engage in are arranged in sequence, and engaging in them
with minimal staff prompts increases their independence and self-esteem.
Photographs were taken of the two individuals engaged in a series of activities, and
each one then self-arranged the pictures for scheduled activities on a daily basis.
When compared to baseline without a schedule, the two adults substantially
increased their participation in the scheduled daily activities by using the self-
arranged picture prompts.

Object or Tactile Prompts

While picture prompts work well with sighted individuals, they are of little use with
those who are blind. One alternative for them is to use objects as prompts, in which
objects are used to represent task steps or activities.

Taylor (1987) taught a 21-year-old woman who was deaf, blind, and functioning
in the severe range of intellectual disability to prepare three breakfast foods (i.e.,
cereal, chocolate milk, and juice). She was verbally prompted to use practice cards
that contained object cues. Following baseline, she was sequentially taught to pre-
pare cereal, chocolate milk, and juice, respectively. When she learned the first task,
that task was moved into maintenance while she learned the second task, and when
she learned the second task, the first two tasks were in maintenance while she
learned the third task. She took the longest to learn the first task (25 sessions) but
dramatically reduced the number of training sessions required for the remaining two
(10 and 9 sessions, respectively). This study showed transfer of learning across
tasks using object prompts.

Berg and Wacker (1989) taught a 19-year-old woman who was deaf and blind,
and functioning in the moderate to severe range of intellectual disabilities to use
tactile prompts to learn a vocational task (packaging). They also assessed generaliza-
tion to variations of this task (i.e., new materials and setting), and the need for
continued use of the tactile prompts following training. They used two envelope-
stuffing tasks and one bagging task, with one of the envelope-stuffing tasks and the
bagging task being used as the generalization tasks. The required materials were
placed in separate compartments of a wooden tray. The tactile prompts were either
numbers (training set) or letters (generalization set) drawn with glue and covered
with sand, with the prompts placed in either numerical or alphabetical order from left
to right across compartments. Further, the cues or prompts were attached with Velcro
one to a page and bound into a book. The cues in the book were rearranged each
session to correspond to the arrangement of the materials to be packaged. Results
showed that the woman was able to effectively use the tactile prompts on the training
task and generalized her performance to novel tasks and cues. Further, she continued
to need the tactile cues to maintain her performance on the tasks. Together with the
findings of Taylor (1987), this study suggests that object/tactile prompts function in
a manner similar to picture prompts for individuals who are blind and deaf.
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Self-operated Audio Prompts

Auditory prompts have been used for two key reasons. First, it is an appropriate
medium of instruction for those individuals who are blind and cannot use braille for
reading. Second, it provides a method for shifting stimulus control from the teacher/
trainer to the individual when self-operated auditory prompts are used. Typically, in
a work situation, workers are required to change from one task to the next without
assistance from other workers or supervisors. However, people functioning in the
severe or profound range of intellectual disabilities may not be able to change tasks
or to move from one component of a task to the next without external assistance. In
such cases, there are issues related to low productivity rates (Agran et al. 1986),
continued dependence on job coaches and limited behavioral maintenance (Rusch
1986), and the likelihood that the individual may engage in off-task behavior while
waiting for an externally delivered prompt (Browder and Shapiro 1985). These
issues are preempted if workers with severe/profound or multiple disabilities can be
taught to self-manage their work prompts.

Self-operated auditory prompts provide a simple self-management option that
requires an individual to use an electronic device (e.g., iPod) that has sequenced
instructions for initiating and completing a task-analyzed job. The auditory prompts
may be guided instructions (i.e., with predetermined pauses between prompts) or
instructions to pause or turn off the device while the task steps are being performed.
One cautionary note is that given the cognitive limitations of individuals in the
severe to profound range of intellectual disabilities, the instructions should be short
and easily understood by the participant.

Alberto et al. (1986) taught four adolescents who functioned in the severe range
of intellectual disabilities three vocational skills: a vocational assembly task, use of
a washing machine, and a food preparation sequence using a self-operated auditory
prompting system. They used a Walkman-like tape recorder for the auditory cues.
The adolescents wore the recorder on an adjustable belt around the waist and used
the accompanying headphones. They used a four-phase experimental sequence,
within a multiple baseline design (Barlow et al. 2009) to assess the effects of the
self-operated audio prompts: baseline (no prompts), acquisition (recorded prompts
with teacher assistance), faded assistance (recorded prompts without teacher assis-
tance), and maintenance (no recorded prompts). Results showed that each of the
four adolescents was able to learn with self-operated audio prompts and maintain
performance on each task.

Davis et al. (1992) taught three young adults who functioned in the severe range
of intellectual disabilities to increase the fluency of their work performance in a
community-based food preparation facility. They used a modified stereo cassette
player that had the “stop” and “play” buttons color-coded to facilitate independent
operation and the fast forward button removed to prevent inadvertent tape move-
ment. Each participant chose a song that they could only play during work, and the
instructions (e.g., “Keep working,” “Don’t stop until the alarm rings”’) were embed-
ded in the song. These auditory prompts were delivered on a variable time schedule,
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depending on the intervention phase. Performance fluency was assessed across three
conditions within a multiple baseline design: nonmusic baseline, music-only base-
line, and self-operated auditory prompts embedded in the music. Results showed all
three young adults increased their vocational task fluency when they used the audi-
tory prompts.

These studies, when taken in concert with similar research (e.g., Briggs et al.
1990; Steed and Lutzker 1999), suggest that self-operated audio prompts enable
individuals who function in the severe range of intellectual disabilities to learn new
vocational skills, to increase the fluency of the existing vocational skills, and to
generalize these skills to other tasks and settings.

Self-instruction Prompts

Self-directed verbal prompts have been reported to be effective in enabling indi-
viduals with severe intellectual disabilities to learn, maintain, and generalize voca-
tional skills and promote independence (e.g., Agran et al. 1992; Moore et al. 1989;
Salend et al. 1989). However, no technology is necessary for teaching verbal self-
instruction and thus will not be covered here.

Video Modeling and Video Prompts

Video modeling and video prompting have been used for simulated instruction
prior to instruction and performance in another setting. In video modeling, the
participants watch a video of a task being performed, discuss the nuances of the
task, and then engage in a simulated performance of the task (Lasater and Brady
1995). The participants are then taken to the setting where the task is to be per-
formed, given further instructions, and required to perform the task. In video
prompting, the participants are shown a videotape of a model performing each step
of the task (LeGrice and Blampied 1994). Instead of seeing the entire videotape,
only one video clip is shown at a time, giving the individuals time to perform the
first step of the task before seeing the clip for the second step, and so on, until the
entire task is completed.

Occasionally, researchers have combined the use of video modeling and video
prompts (Martin et al. 1992). These procedures have been found to be effective in
teaching vocational skills to individuals who function in the moderate range of
intellectual disabilities (Alberto et al. 2005; Cihak et al. 2006a; Goodson et al.
2007). Given previous findings on other forms of prompting, there is no reason
why these procedures will not be equally useful in teaching prevocational and
vocational skills to individuals who function in the severe range of intellectual
disabilities.
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Palmtop-Based Job Aid

In an innovate series of studies, Furniss et al. (2001) described the development and
evaluation of a palmtop computer that served as a job aid or prompt for individuals
who functioned in the severe range of intellectual disabilities. The initial model was
based on a Hewlett-Packard HP 2001 x palmtop with an 80C186 central processor,
1 Mb of RAM, and a black-and-white CGA LCD screen. After using and testing the
system in the first two studies described below, they enhanced the system by basing
it on IBM PC110 palmtop with an Intel 80486SX (33 MHz) central processor; 8 Mb
of Ram; a 640 x480 DSTN VGA screen (256 colors); infrared, serial, and PCMCIA
IIT communication ports; and the ability to run MS-DOS or Windows operating
system. This was paired with a specially designed radio communication system.
Both versions provided the individuals with instructional sequences and reminder
prompts.

In the first study, Lancioni et al. (1998) assessed the comparative effectiveness of
using a palmtop job aid against a card system in the context of occupational task
performance of three adults who functioned in the severe range of intellectual dis-
abilities. The three individuals ranged in age from 20 to 32 years, and all attended a
day activity center where they were involved in occupational/vocational tasks. For
this study, each individual was presented with two tasks (i.e., eight tasks in total).
The eight tasks (involving food preparation, cleaning, and table setting) were task-
analyzed into 18-32 steps each. The study included five phases: baseline (no
prompts), training (use of the palmtop with one task and cards with the other task),
maintenance (use of the palmtop with one task and cards with the other task), cross-
over (the task that previously employed a palmtop as a prompt now used cards and
vice versa), and preference assessment (participants could choose between the two
prompt modalities for the next task). When compared to baseline and use of card
prompts, correct performance was much higher when palmtop prompts were used.
The preference assessment showed that two of the three individuals chose the
palmtop over cards.

In the second study, Lancioni et al. (1999b) replicated the previous study with
four new participants who also functioned in the severe range of intellectual dis-
ability. These individuals were between 18 and 23 years of age, and all attended a
day activity center where they engaged in occupational/vocational tasks, such as
sorting objects and making embroideries. The procedure used in the first study was
essentially replicated with the new participants. Results showed the palmtop system
was more effective in terms of task performance with all participants. Furthermore,
three of the four participants preferred the palmtop while the fourth preferred the
card system.

In the third study, Lancioni et al. (2000) reported two interrelated experiments,
both using an enhanced palmtop computer (color screen) and auditory and vibratory
prompting mechanisms. This enhanced system was again compared to the card sys-
tem using different tasks. Six individuals ranging in age from 23 to 47 years and
functioning in the severe range of intellectual disabilities participated in Experiment
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1. They were chosen because of their reliance on external support to maintain their
engagement in simple daily occupations (e.g., putting objects in boxes, painting,
and elementary embroideries). Each individual used the palmtop system for one set
of tasks and the card system for the other set of tasks in an alternating treatments
design (Barlow et al. 2009). The same sequence of experimental phases was used:
baseline, training, maintenance, crossover, and preference test. Results showed that
the individuals had much higher rates of correct performance with the palmtop sys-
tem when compared with the card system. Furthermore, when given a choice, the
individuals preferred to use the palmtop system on an average of 90 % of the
sessions.

Three individuals who performed above 90 % accuracy in the last two phases of
Experiment 1 also participated in Experiment 2. The aim was to assess outcome
when the number of instructions was reduced and to evaluate whether the new
instruction format would maintain satisfactory performance. Instead of being pre-
sented individually, about two-thirds of the instructions were either clustered or
some instructions were omitted the new instruction format. Results showed the
three individuals had 53-61 % correct performance in the noninstruction condition,
73-89 % in the some instructions omitted condition, and 88—97 % in the clustered
instructions condition.

In the fourth study, Lancioni et al. (1999a) essentially replicated Experiment 2
from the previous study with four new participants. The four individuals ranged in
age from 19 to 39 years, and functioned in the severe range of intellectual disabili-
ties. All attended a day activity center where they engaged in simple occupational/
vocational tasks (object assembly, painting, embroidery). They required staff
prompts to stay on task because of short attention span. Each individual was taught
two tasks, with the palmtop computer presenting one pictorial prompt per task
step. Once they mastered the two tasks, the instructions were split into three types:
no instructions, some instructions omitted, and instructions clustered. Results
showed all four individuals had the most number of correct responses under the
clustered instructions condition, followed by some instructions omitted, and no
instructions.

In the fifth study, Furniss et al. (1999) assessed the effectiveness of the enhanced
palmtop system in real work situations and investigated the views of the partici-
pants’ caregivers regarding the effectiveness and social acceptability of the palmtop
computer prompting system. Six individuals ranging in age from 31 to 47 years and
functioning in the severe range of intellectual disabilities participated. All attended
day centers and all but one had been excluded from consideration for employment
because of the severity of their disabilities. During the study, each individual
engaged in work experience, performing a real job in a regular work environment
for half a day per week. The first two assembled aqualung pillar valves; the third
assembled and packed boxes of catering workers’ forage caps; the fourth prepared,
stamped, and sorted by department clocking-in cards for the workforce in a general
light engineering factory; and the last two assembled and packed kits of nuts, bolts,
and washers. Results showed all six individuals were able to use the palmtop
prompts effectively by increasing their levels of accurate work performance.
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Furthermore, interviews with the participants’ caregivers indicated general satisfac-
tion with regard to the overall benefit to the participants.

Other researchers have expanded on the use of palmtop computers to deliver
auditory and visual prompts. For example, it has been used to increase performance
of functional tasks performed by students with mild to severe intellectual disabili-
ties (Davies et al. 2002a, b, 2003), reduce the amount of time needed to complete
tasks and increase the work productivity of students with developmental delays
(Riffel et al. 2005), and facilitate generalization across increasingly complex tasks,
as well increase the probability of skill maintenance, by adolescents with moderate
intellectual disabilities (Cihak et al. 2006b). The palmtop computers used to deliver
auditory and verbal prompts are portable and economical devices that can enhance
the ability of individuals with severe/profound and multiple disabilities to engage in
gainful employment.

Electronic Control Devices

Technology has been used to develop devices that produce visual, auditory, or
mechanical (e.g., air blowing) prompts to assist individuals to achieve some degree
of independence in their occupation or vocational activities. For example, Lancioni
et al. (2011h) presented a case study using a new verbal instruction system to help a
woman successfully engage in food- and drink-preparation tasks. She was 31 years
old and had congenital encephalopathy linked to polymalformative syndrome, rigidity
of the legs due to structural problems of the hips and knees, blindness due to con-
genital microphthalmia and glaucoma, intellectual disability, and lacked sphincteric
control. She attended a day activity center where she engaged in work activities,
such as assembling key holders or the bases of baskets. She expressed an interest in
the use of verbal-instruction technology to perform food- and drink-preparation
tasks. Six food preparation tasks were selected: cold pasta dishes, multiflavor drinks,
sandwiches, stuffed breads, yogurt desserts, and blended fruit drinks. These tasks
included between 44 and 54 task-analyzed instruction steps.

The verbal instruction system used with her was similar to that used by Lancioni
et al. (2010d) for assisting individuals with Alzheimer’s disease recover their per-
formance of daily activities. Briefly, it consisted of three radio-frequency photo-
cells, light-reflecting paper, an amplified MP3 player with USB pen drive connection,
a pen containing the verbal instructions for the single steps of the task to be per-
formed, and a microprocessor-based electronic control unit. The electronic control
unit contained specifically developed software, which allowed it to respond to pho-
tocell inputs and to regulate the command functions of the MP3 player and, thus, the
presentation of the verbal instructions and the time intervals occurring between
them. In the first part of the study, this verbal instruction system was more effective
than a control system in enabling the woman to prepare cold pasta dishes and
multiflavor drinks. In the second part of the study, she successfully learned to pre-
pare the other four items—sandwiches, stuffed breads, yogurt desserts, and blended
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fruit drinks. Furthermore, the gains in performance were maintained at an 8-week
follow-up. This verbal instruction system enabled the woman to independently
engage in an important occupational skill.

Lancioni et al. (20111) replicated the above study with three adults with multiple
disabilities, including visual, physical, intellectual, and medical problems. The
three adults ranged in age between 33 and 36 years, suffered from congenital
encephalopathy due to infections or complications during pregnancy. They attended
care and rehabilitation centers where they were involved in simple occupational
and vocational tasks with variable levels of support. The same tasks as in the
Lancioni et al. (2010d) study were used, namely, preparation of cold pasta dishes,
multiflavor drinks, sandwiches, stuffed breads, yogurt desserts, and blended fruit
drinks. Prompts were provided through the new verbal instruction system described
in the previous study. The results of this study were in accord with the Lancioni
et al. (2010d) study and showed that the new verbal-instruction system was effec-
tive in enabling the three individuals to learn and maintain food preparation
skills.

In another example of the use of an electronic control device to produce custom-
ized automatic prompts, Lancioni et al. (2008b) used air-blowing prompts with two
individuals who were deaf and blind, and verbal prompts for another two who were
blind but had typical hearing. These prompts were developed to enable the individu-
als to move through and perform simple occupational activities that were arranged
within a room. The four adults ranged in age from 20 to 43 years and were
functioning within the profound range of intellectual disability. Three of them were
totally blind, and the fourth had minimal residual vision. They attended a center
for persons with profound and multiple disabilities that emphasized construc-
tive occupation.

The automatic prompting system consisted of a battery-powered, electronic con-
trol device placed at the entrance of the activity room and linked via radio to (a) fan
devices placed at the left side of each activity table (for two participants who were
both deaf and blind), or voice output boxes at the back of the tables (for the two
participants who had hearing) and (b) optic sensors attached to the front edge of the
tables. There were eight activity tables, and the individuals had to move from one
table to the next to trigger the optic sensor that in turn triggered a programmed
prompt, either an air-blowing prompt (from the fans) or a voice prompt at each
activity table. Results showed that all four individuals were able to move through
and perform the activities at each activity table with the assistance of automatic
prompting and independent of staff assistance.

In summary, a number of technological systems have been used to enable peo-
ple with severe/profound and multiple disabilities to learn and maintain occupa-
tional, prevocational, and vocational skills. Not only do these individuals prefer to
use technology, especially computer-based systems (Lancioni et al. 2001), but they
also develop the ability to engage in socially valued activities that enhance their
self-esteem, reduce the probability of them engaging in maladaptive behaviors,
enhance social engagement, and increase the likelihood of having a better quality
of life.
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Studies on Leisure Activities

A common understanding of leisure is that it involves a person choosing and partici-
pating in meaningful activity primarily for enjoyment and satisfaction (Dattilo and
Schleien 1994). Although leisure has been recognized as an important curricular
domain for individuals with severe/profound and multiple disabilities, there is only
limited literature on teaching such individuals a range of leisure skills. For example,
most individuals who function in the severe to profound range of intellectual dis-
abilities do not learn how to engage in common leisure pursuits (e.g., to indepen-
dently control a radio or TV, use a computer to send messages, take photographs,
use MP3 players or an iPod), and need to be taught such skills (Schleien et al. 1995).
Furthermore, although leisure skill training was popular in the research literature for
a decade beginning in the late 1970s, there has been a paucity of training and
research in this area until recently (Edrisinha et al. 2011). Over the past decade,
technology has been used to teach individuals with severe/profound and multiple
disabilities a small number of leisure skills. These include the use of microswitches
to choose among pleasurable leisure activities and learning to operate radio, TV,
multimedia device (iPod), electronic messaging, and computer for e-mails.

Microswitches

Individuals with severe/profound and multiple disabilities are often unable to interact
with standard leisure equipment because of their extensive neuromotor and sensory
deficits. If left on their own, they become isolated and slowly lose whatever skills
they may possess through lack of constructive engagement with their environment.
This then precludes self-determination in terms of their leisure time because they
are presented with leisure activities chosen by their caregivers at prescheduled times
that are convenient for staff or family members (Algozzine et al. 2001). Thus, they
become recipients of external input rather than active agents who can pick and
choose what activities to engage in and when they wish to engage in them.

Microswitches have been used to customize technology that enables people with
severe/profound and multiple disabilities to make choices and interact with their
environment (Lancioni et al. 2005a, 201 1f). This technology overcomes many of the
issues prevalent with standard leisure products and processes. Thus, microswitches
can be used to control environmental events with simple responses, often with mini-
mal effort (Crawford and Schuster 1993; Mechling 2006). The neat thing about
microswitches is that they can be customized to whatever large or small movement
the individual still possesses and uses that movement to activate a large number of
activities (Lancioni et al. 2011d; Varona et al. 2008). For example, if at all a person
can control is eye blinking, then an optic microswitch fixed to the frame of an eye-
glass and connected to a timer and an MP3 player may enable the individual to listen
to music through repeated eyelid closure.

A plethora of studies have been undertaken with a large number of microswitches
that enable individuals with severe/profound and multiple disabilities to access
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stimulation, including songs, music, games, stories, familiar voices, television, fam-
ily members, friends, vibrotactile events, massagers, flickering lights, light fiber
compositions, light tubes with bubbling effects, alarm sounds, doorbell sounds,
voices of family members, light air puff, and so on. In all of these studies, the par-
ticipants learned to use customized microswitches to access brief periods of stimu-
lation (e.g., Lancioni et al. 2004, 2005a, 2006, 2007c, 2011a; Tota et al. 2006).

In the above studies, the individuals accessed brief periods of stimulation from
an array provided by the software (see also Chap. 2). In the studies discussed below,
the individuals actively engaged with a leisure modality and made their own choices
in terms of when to access the leisure activity and for how long.

Radio

Managing to use a radio opens a major leisure modality for an individual who is
virtually immobile and permanently confined to bed. Self-directed use of a radio
enables the individual to be in touch with daily news, music, plays, politics, and
specialty programs, among others.

Lancioni et al. (2011e) reported two studies, one of which involved providing
technological assistance to a man so that he could use a radio. The man was 52 years
of age and confined to a totally static supine position in bed due to multiple sclero-
sis. He had a permanent tracheostomy tube and received mechanical ventilation. His
voluntary motor responses were reduced to minimal movements of his chin to the
left, small movements of the lips, and eye closures. Given his precarious medical
condition, he lived in a medical care center under close supervision. He enjoyed the
company of family members and caregivers and liked to listen to the radio.

The technology assistance included a modified radio digital device, a
microprocessor-based electronic control unit, a microswitch, an amplified MP3
player with USB pen drive connection, a pen containing verbal questions on radio
operations (i.e., to change programs and switching the radio on and off), and two
different earpieces connected to the radio and MP3 player, respectively. When all of
the technology aids were hooked up, the microprocessor-based electronic unit served
to present to the man choices that he could make (i.e., choice of radio programs or to
switch off the radio) via a microswitch that he could activate by a slight movement
of his chin, and to carry out his choices. Results showed that following training with
the new technology, the man was able to self-initiate radio programs that he wanted
to listen to and also to turn the radio off when he was done. This study showed that
an individual who has profound multiple disabilities, including being almost immo-
bile, can be given technological assistance to enhance the quality of his life.

Television

Television is ubiquitous in our society and is often used to inform and entertain us.
Like radio, but with visual input, television provides another leisure modality to
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people who have severe/profound and multiple disabilities. Indeed, it provides all of
the benefits of radio plus virtual reality in terms of people, places, and programs.
Thus, being able to independently operate a television set would enable individuals
to make personal choices with regard to programs they wish to watch, as well as
when they would like to watch the programs.

Lancioni et al. (2007a) described a study in which they used technology to assist a
young man with multiple disabilities to manage his leisure television engagement inde-
pendently. He was 18 years old and had severe spastic tetraparesis with very serious
problems of spastic hypertonia due to postnatal hypoxia. He had no functional move-
ments of arms, hands, legs, and trunk and was fed via a gastrostomy tube. His speech
was difficult to understand and laborious to produce. He lay in bed with the body and
face rotated to his right. The aim of the study was to help him to independently turn the
television on and off, select a channel, and increase or decrease the volume.

The technology involved three microswitches, an electronic control system, and
a television remote-control device. The first microswitch was a pressure device
placed on the right side of the young man’s face and served to select one of the three
sequenced functions built within the electronic control system, that is, on/off, chan-
nels, and volume control. Each activation of the microswitch, which was produced
by a slight movement of his face to the right, resulted in the selection of the next
function in this arrangement. The other two microswitches were optic sensors
(which could be activated by a protrusion of the tongue) placed at the left and right
sides of his lower lip. They enabled the television-management responses via the
electronic control system and the remote-control device. For example, if the on/off
function was selected via the first microswitch, activation of the left sensor turned
off the television, while activation of the right sensor turned it on. If the channel
function was selected, activation of the left sensor led to previous channels in the
sequence, while activation of the right sensor led to subsequent channels in the
sequence. Finally, if the volume function was selected, activation of the left sensor
decreased the volume, while activation of the right sensor increased it. Results
showed that the technology helped this young man to operate his television without
caregiver assistance. Preference assessment showed that he preferred to be indepen-
dent in managing his leisure television. Furthermore, 90 teacher trainees provided
social validation of the new technology by rating it very positively.

Lancioni et al. (2010b) described a technology-based program that promoted
independent television use by a man with acquired brain injury and multiple dis-
abilities. The man was 46 years old and had neuromotor, consciousness, and
communication disabilities following cerebral aneurysm rupture and coma. He had
tetraparesis, lack of trunk control, minimal head control, epilepsy, an absence of
sphincteric control, and used gastrostomy tube for enteral nutrition. He had previous
experience with microswitches, but he wanted to watch television programs without
assistance from his caregivers.

The technology involved two microswitches, a microprocessor-based electronic
control unit, an amplified MP3 player with USB pen drive connection, a pen contain-
ing the recording of verbal instructions (i.e., information statements concerning tele-
vision operations and responses), and an adapted remote-control device. The first
microswitch was a pressure-sensitive device placed on the man’s wheelchair tray.
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Its activation signaled to the electronic control unit to activate the MP3 player, which
emitted a verbal instruction about a possible operation and the response needed to
trigger it. The second microswitch was an optic (photocell) device fixed on his left
arm. Activating this microswitch served to confirm the operation indicated in the
instruction and to cause the electronic control unit to trigger and execute such an
operation. At the start of a session, the verbal instruction was “If you want the televi-
sion on, touch your arm.” Subsequently (i.e., when the man was already watching the
television), the instruction would be “If you want to change channel, touch your
arm.” Touching the arm (i.e., activating the optic device fixed on it) within 8 s from
the first instruction led the electronic control unit to switch on the television through
the adapted remote-control device. Touching the arm within 8 s from the second
instruction led the electronic control unit to change channel. A total of ten channels
were programmed, and a change always led to the next one in a circular fashion.
Reactivating the pressure-sensitive microswitch after the second instruction led the
unit to present (through the MP3 player) the third instruction, which was “If you
want the television off, touch your arm.” Results showed that the man learned to use
his television and could operate it without assistance from family members, thereby
becoming more independent and self-sufficient in one leisure activity.

iPod

The iPod is a portable multimedia device, like an MP3 player, that individuals can use
to listen to preferred music and watch entertainment videos. It is an age-appropriate
skill that provides individuals with severe disabilities a modality for engaging in a
preferred leisure activity at times of their choosing.

For example, Kagohara (2011) taught three adolescents, who were 15—19 years
old and functioned in the severe range of intellectual disability, to self-operate an
iPod Touch® to watch entertainment videos. All three understood simple commands
but none of them could carry an age-appropriate conversation. All three attended a
public school and were in a class of five students with developmental disabilities.
The study was conducted in their classroom. A preference survey indicated the first
adolescent enjoyed animation movies, the second enjoyed videos of her classroom
and school playground, and the third enjoyed videos of sports such as rugby, soccer,
and basketball. Several 30-s video clips aligned with the adolescents’ choices were
preloaded on their iPods, and new but similar content clips were added as the train-
ing progressed to prevent boredom.

A task analysis indicated that inexperienced users can be taught to operate an iPod
in seven steps. A 38-s video was made of a person completing the seven steps, and this
was used during the video modeling instruction. This video was also uploaded on each
adolescent’s 16-GB iPod Touch®. The three adolescents were taught how to operate
their iPod within a delayed multiple probe across participants design (Barlow et al.
2009), across baseline, video modeling and least-to-most prompting, video fading,
and follow-up. Results showed that the three adolescents were able to independently
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operate their iPods and were able to maintain their correct performance when the
video instructions were faded, with follow-up showing 80-100 % accuracy.

In a follow-up study, Kagohara et al. (2011) taught the same three adolescents,
who had learned to use the iPod Touch® to watch entertainment videos, to now oper-
ate the iPod to listen to music. In the previous study, the contribution of the video
modeling and least-to-most prompts to learning outcome could not be separated.
Thus, in this study, video modeling alone was used. As in the previous study, a
delayed multiple probe across participants design was used across baseline, video
modeling, video fading, and follow-up. Video modeling included eight task-ana-
lyzed steps for learning how to select and listen to music on the iPod. A 34-s video
of the steps being modeled was uploaded on each adolescent’s iPod Touch’s video
list. Results showed that the three adolescents were unable to fully operate the iPod
to listen to music during baseline, but they acquired the necessary skills during the
video modeling. Furthermore, they were able to maintain their skills when the video
modeling was faded and during follow-up.

These two studies demonstrate that individuals who function within the severe
range of intellectual disabilities can learn to independently use an iPod Touch® to
listen to music and to watch entertainment videos. They also demonstrate that such
individuals need not be simply the recipients of leisure activities, but can indeed
learn to be self-directed.

E-Mail

E-mails enable an individual to independently communicate with family and friends.
For example, Bache and Derwent (2008) presented a case study of a woman in her
early 20s with profound disabilities who had sustained a severe head injury following
a sports related accident resulting in a large right-sided extradural hematoma
leading to a diagnosis of low awareness state. She presented with severe extensor
posture of her neck, trunk, pelvis, and upper limbs. With very slow movements, she
could turn her head toward the left and slightly across midline to the right, but she
had no other voluntary control of any other part of her body. With therapy, a slight
movement was noted in her right middle and ring fingers, but she was unable to
elicit the movements on command. She was a competent computer user prior to her
accident, and electronic communication (i.e., e-mail, text-messaging, and social
networking websites) was very important to her.

An initial technology aid provided her with a custom-built touch-sensitive switch
that she could activate with her left temple, requiring no force at the end of the rota-
tion. She used this system to write free text messages using an on-screen scanning
keyboard. The software required her to scan row-column grids containing letters of
the alphabet and punctuation signs. Although this system was slow and laborious,
she could write messages. The drawback was that she could not use it for long
because the extensor posture in her neck and trunk rapidly fatigued her in this effort.
A second technology aid was developed based on her ability to move her eyes up
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and down quite easily, and horizontally with some effort. Thus, the touch-sensitive
switch was replaced by an eye gaze system which enabled her to control the on-
screen mouse pointer with her eyes. While there were technical issues that had to be
overcome (e.g., she could only scan a part of the computer screen given her limited
physical and sensory ability), she was eventually able to use the eye gaze system to
write letters and e-mails, and send them to family and friends without assistance
from her caregivers. Given that she was physically immobile and had enforced free
time, the technology aid gave her a degree of independence in terms of choosing
how she would use some of this time.

Enabling individuals with severe/profound and multiple disabilities to use e-mail
provides them with opportunities to communicate with distant family, friends, and
acquaintances. Furthermore, it has potential therapeutic value in terms of decreas-
ing isolation, reducing the probability of depression, and enhancing self-esteem
(Todis et al. 2005). Thus, there has been some emphasis on this form of leisure
activity, particularly in individuals with multiple physical and neurological disabili-
ties, such as those with traumatic brain injury (e.g., Egan et al. 2006).

Electronic Messaging

For some individuals, the severity of their multiple disabilities, including extensive
motor and visual disabilities, precludes them from using standard or adapted tech-
nology for e-mails and telephones (Gartland 2004). For these individuals, technolo-
gies need to be customized for their specific disabilities.

Lancioni et al. (2010c) described a study in which they developed a new technol-
ogy that enabled adults with acquired brain injury and extensive motor, visual, cog-
nitive, and behavioral disabilities to send and receive text messages. The two adults
were 39 and 50 years of age. The first adult had suffered an anterolateral myocardial
infarction followed by cardiac arrest and postanoxic coma about 6 years prior to the
study. At the time of the study, she presented a complex picture of postanoxic
encephalopathy with cortical blindness, urinary incontinence, compulsive and occa-
sionally aggressive behavior, rapid frustration, frequent sadness, spastic-dystonic
tetraparesis, and spastic dysarthria with slow-labored and difficult-to-understand
speech. She could use the telephone but it frustrated her because of her verbal com-
munication problems and her dependence on others for operating it. The second
adult had suffered aneurysm rupture at the top of the basilar artery about 7 years
prior to the study with consequent surgery and a period of coma for about 3 weeks.
At the time of the study, he had minimal visual functioning, anosognosia, urinary
incontinence, left hemiparesis with Babinski’s signs and severe reduction of any
fine motor coordination, apathy, depressive mood, and virtual mutism. He received
phone calls from family members, but he hardly responded due to his communica-
tion issues.

The technology to send out and receive messages consisted of a netbook com-
puter, a global system for mobile communication (GSM) modem, two microswitches
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(i.e., an optic device placed at the right ear of the first adult and a pressure device on
the wheelchair tray of the second) enabling the participants to activate the computer,
an interface connecting the microswitches to the computer, and a specifically devel-
oped software program. This program allowed the computer to present information
along prearranged schemes, respond to microswitch activations, send out text mes-
sages, and read and verbalize incoming messages. The initial microswitch activa-
tion triggered the computer to present a list of names to whom the messages could
be sent. The only exception occurred if the computer had signaled the presence of
unread incoming messages. In that case, microswitch activation led the computer to
read those messages. Results showed that, following training, both adults could
send and receive messages independently.

Lancioni et al. (2011b) provided further evidence of the utility of the special
messaging technology developed for the study described above. In the new study,
the two individuals were 54 and 43 years old, both had major injuries due to either
aroad or work accident (respectively), severe brain injury, and coma following their
accidents. Given their extensive physical, motor, and neurocognitive disabilities,
both were excellent candidates for using the special messaging technology that was
adapted to their unique circumstances.

The effectiveness of the special messaging technology was assessed within a
nonconcurrent multiple baseline across participants design (Barlow et al. 2009).
Each individual sent and received messages with the help of a research assistant
during baseline and without the research assistant during intervention. During inter-
vention, a research assistant provided ten training trials to familiarize both of them
with the new technology and the requirements for sending and receiving (listening)
messages. During the regular intervention sessions that followed, the computer sys-
tem reminded the participants of the possibility of sending messages and of the
response needed. Results showed that the two individuals could not send or receive
messages independent of the research assistant during baseline. During intervention,
on average, the two individuals sent more than 85 % and received more than 90 %
of the messages independently of the research assistant.

Lancioni et al. (2011e; Study 2) further examined the utility of the special mes-
saging technology with an adolescent who had multiple disabilities. This adolescent
was about 17 years old, functioned in the severe range of intellectual disabilities,
and had encephalopathy due to perinatal hypoxia and cerebral hemorrhage. He pre-
sented with spastic tetraparesis, was in a wheelchair, and was functionally blind. His
language was mostly nonintelligible, but he had good receptive language. The effec-
tiveness of the special messaging technology, which had been adapted to his unique
abilities, was assessed within a reversal design (Barlow et al. 2009). Results showed
he was unable to send or receive messages independently of the research assistant
during baseline. Following training on the use of the special messaging system,
he was able to send over 90 % of his messages and receive all of his messages
independently.

These three studies demonstrate that custom-built messaging technology was
effective in enabling leisure communication for individuals for whom no other tech-
nology had worked previously. This was possible because the new technology
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maximized the motoric and cognitive strengths the individuals had. These adapta-
tions enabled these individuals to achieve levels of leisure activity that would be
impossible without customized technology. Enabling their capacity for communica-
tion also has the added advantage of increased interaction and emotional bonding
with family, friends, and acquaintances.

Discussion
Writing

The results reported in the studies on writing were very positive, indicating the indi-
viduals were able to use the new technology to their advantage. The new technology
used microswitches (sensors) for single, simple responses and scanning keyboard
emulators. These sensors were deemed less demanding in terms of physical effort
by the individuals when compared to other devices developed for the same purpose
that require head movements and cheek puffs or eye rotation and eyelid closures.
Overall, the new technology was either as effective or more effective than what had
been previously available to the individuals in terms of writing speed, was always
less tiring in terms of effort, and was generally preferred by them. Although the total
number of participants in these studies was relatively small, there were several suc-
cessful replications across individuals with different disabilities, suggesting a robust
effect of the new technology.

In terms of practical considerations, the microswitches required simple
responses such as hand closures, vocalization, hand stroking, tongue protrusion,
single eye movement, and finger movements. The use of a keyboard with an
automatic scanning function was highly effective with individuals who had
extensive motor disabilities. In all likelihood, given their physical limitations,
these individuals may well have found it impossible to manage two responses as
necessitated by the older technologies, that is, one to move the cursor to the let-
ters required for the target words and the other to select and write those letters
(Simpson et al. 2010).

While these studies showed that individuals could reduce the time it took them to
write individual letters and words, the absolute times they took was still much higher
than those without or with minimal disabilities. Thus, there is still much room to
improve the technology (Baker and Moon 2008). For example, the scanning process
could be made more functional by reducing the number of keys available and by
grouping two or three letters on each of the keys (Lancioni et al. 2011g). Furthermore,
combining the visual scanning process with auditory cues from the system may
facilitate the identification of the target letters and, eventually, response efficacy.
These are issues that future research must answer. An additional research issue con-
cerns social validation of the new technology by the individuals, caregivers, and
family members (Callahan et al. 2008).
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Developing or enhancing the ability of individuals with extensive motor disabili-
ties to write independently through custom-designed technology is important not
only for communicating to caregivers their immediate needs but also to enhance
recovery, social networking, and leisure skills. Increasing their writing speed would
have beneficial effects beyond just practical considerations because it increases
their sense of efficiency and self-efficacy (Anson et al. 2006). Indeed, the use of the
writing technology can also be instrumental in enabling them access to electronic
mail, Internet, and videogames by combining the microswitches and keyboard emu-
lator with commercial software such as QualiSURF (QualiLife UK, Kent TN15
7DA) (Moisey and Van de Keere 2007).

Occupational and Vocational Skills

The results reported in the studies on occupational and vocational skills were very
positive in terms of outcomes of the instructions. The outcomes were measured in
terms of learning as opposed to work products. The studies used a number of instruc-
tional prompts ranging from low-tech to high-tech solutions. However, regardless of
the nature of the prompts used, the individuals were able to master the tasks pre-
sented to them (Lancioni and O’Reilly 2001). Of course, the characteristics of the
individuals (i.e., severity of cognitive and physical disabilities) varied among the
studies, as well as the complexity of the tasks. Simpler instructional prompt tech-
niques appeared to work well with those individuals who had less severe disabili-
ties. Those with severe/profound and multiple disabilities need more customized
technological solutions to enable them to learn simple occupational/vocational
tasks. Overall, regardless of the nature and/or severity of their disabilities, the indi-
viduals were able to acquire the skills they were being taught with the assistive
technology they were provided.

Strengths and shortcomings can be identified with each of the instructional tech-
niques. For example, pictures on cards are the most used form of instructional
prompts in this population and so ingrained in the system that virtually no recent
research has been published on it. It has face validity for teaching a task because it
is a simple technique, easy and economical to prepare, and can be easily modified.
There are probably only two major drawbacks in using picture prompts. First, they
are usually arranged in a book form or stacked in an array, and the individuals need
to have the skill to turn the pages or handle the cards one at a time in sequence.
These are skills that usually need to be taught to individuals who function in the
severe to profound range of intellectual and physical disabilities (Lancioni and
Oliva 1988). Thus, a prerequisite for using picture prompts may include systematic
training on handling the cards (Wacker et al. 1985). Second, a similar systematic
training may be needed with those individuals who have severe cognitive impair-
ments and have not developed an awareness of pictures as representations of objects
and actions (Dixon 1981).
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Object cues provide an alternative to picture cues and are particularly useful
for individuals who have severe visual impairment or blindness. Objects have
similar drawbacks as picture prompts. Audio prompts have been used as alterna-
tives to picture and object prompts for individuals with or without visual impair-
ment. Its major shortcoming is that individuals who function in the severe to
profound range of intellectual disability usually do not have the necessary recep-
tive language skills to utilize them (Alberto et al. 1986; McLean et al. 1999). A
similar problem arises with self-instructional prompts because of the lack of nec-
essary receptive and expressive language capability in individuals with severe or
profound intellectual disability to use this self-management strategy (McLean
et al. 1999).

Video modeling and video prompts have been used with individuals with mild
to moderate intellectual disabilities and in a few studies with individuals with
severe disabilities (Kagohara 2011; Kagohara et al. 2011). They appear to be effec-
tive for tasks that do not have a large number of sequential steps. Palmtop-based
job prompts were used in a series of studies with individuals who functioned in the
severe range of intellectual disabilities (Furniss et al. 2001). Although successful,
there have been no follow-up studies attesting to a wider use of this instructional
prompt system. It has the advantage of being small, portable, and relatively inex-
pensive. The use of electronic control devices that produce visual, auditory, or
mechanical (e.g., air blowing) prompts has been found to be rather effective in
teaching individuals with very severe disabilities to engage in simple occupational
and vocational tasks.

The use of assistive electronic technology is in its nascent stages as applied to
instructional prompts for occupational and vocational training in this population.
Thus, the field is open to further research. For example, Lancioni et al. (1999a)
assessed whether instructions can be grouped following initial acquisition of a skill
via palmtop-based instructions so that the number of instruction can be reduced.
They found the individuals were able to maintain a high level of correct performance
even under this condition. Similar efficiencies can be researched with other assistive
technology instructional prompts (such as audio prompts). In addition, there has
been a dearth of comparison studies across different instructional modalities in
people with severe to profound intellectual disabilities to determine which
procedures work best and under what conditions.

Another important research area is the assessment of attitudes of caregivers,
family members, and the individuals toward different assistive technologies. For
example, some caregivers may consider the use of self-verbalizations a prefera-
ble strategy because it does not require the individuals to depend on external cues
and allows them to appear more in control of the situation and more autonomous
(Hughes and Agran 1993), while others may find it to be a difficult and time
consuming strategy and a relatively artificial approach with individuals who have
limited receptive language (Storey and Provost 1996). Furthermore, the
individuals may have specific preferences themselves that they may find
more motivating to engage in than a lesser preferred instructional strategy
(Lancioni et al. 1999b).
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Leisure Skills

If given a choice, most individuals would undoubtedly choose to engage in leisure
activities that give them pleasure and increase their happiness (Helm 2000).
Individuals with severe/profound or multiple disabilities have limited choices in
terms of leisure activities they can access that makes them happy (Green and Reid
1999; Lancioni et al. 2005¢). Their choices are apparently inversely related to the
degree of their cognitive and physical impairments; their disabilities restrict their
response repertoire that, in turn, reduces their opportunities for constructive engage-
ment with their environment. Thus, researchers have been very active in developing
assistive technology options that can increase their choice of leisure activities
(Lancioni et al. 2008a). These have included the identification and assessment of
new responses and matching microswitches that might allow a person with minimal
motor movement to benefit from microswitch programs and the availability of mul-
tiple microswitches to exercise choice (Lancioni et al. 2005b).

There has been a plethora of studies that have assessed the utility of single and
multiple microswitches that allow individuals to access single or multiple leisure
activities (see also Chap. 2). Results reported in these studies were generally very
positive, indicating that individuals with a range of severe physical and intellectual
disabilities could learn to use the microswitches and to make choices among alter-
native leisure activities. The unique aspect of this research is that it encompassed
individuals with a vast array of minimal motor responses that could be used to
develop movement-specific individualized microswitches, which enabled the per-
son to access stimulation. Indeed, virtually every body part has been used to operate
microswitches.

The majority of the microswitch studies demonstrated the utility of the micro-
switches to access brief stimulation. However, a minority of the studies included
assistive technology to enable the individuals to actually engage in the leisure activ-
ities for longer durations of their choice. These studies used assistive technology to
enable individuals to self-operate such devices as a radio, television, and iPod
Touch® to listen to music or watch entertainment programs. In addition, a few
studies explored the use of computers to write e-mail to family and friends, or use
technology to send and receive electronic messaging, thereby expanding the indi-
vidual’s social horizon beyond the confines of the wheelchair or bed.

Using microswitches as a tool to access stimulation or leisure activities, or using
assistive technology to operate devices for entertainment is an emerging field. In
addition to finding easy-to-use and physical energy-efficient personalized micro-
switches, future research should assess new assistive technologies for enabling
individuals with severe/profound and multiple disabilities to access and use elec-
tronic devices, including smart phones; HD television; portable media players
(e.g., MP3 players and iPods) for music, video, and picture taking; and computer
tablets (e.g., iPad) for a large range of leisure activities, including texting and social
networking. The room for new research initiatives in this area appears to be
boundless.
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Chapter 5
Orientation Systems for Promoting
Indoor Travel

Abstract This chapter provides an overview of studies assessing the use of orientation
systems to help persons with severe/profound and multiple disabilities (including
persons with Alzheimer’s disease) travel to indoor destinations independently. The
first part of this chapter analyzes the studies that used orientation systems relying on
direction cues. The studies were divided based on the types of cues employed, that
is, auditory (buzzer-like) sounds, verbal messages (without and with procedural
extensions), and visual cues. The second part of this chapter analyzes the few stud-
ies that used orientation systems relying on corrective feedback. The final part of
this chapter analyzes the outcomes of the studies reviewed and their implications for
daily programs, examines practical aspects concerning the use of the systems, and
suggests questions for new research in the area.

Introduction

Orientation and mobility problems within indoor daily contexts are common among
(a) persons with severe visual impairment and other disabilities, such as neuromotor
and intellectual disabilities, as well as (b) persons without severe visual impairment
but with profound intellectual disabilities or degenerative neurological syndromes
(e.g., Alzheimer’s disease) (Gadler et al. 2009; Joffee and Rikhye 1991; Lancioni
et al. 1995a, b, 1996b, 2000b, 2010a, b, 2011; Marquardt and Schmieg 2009;
Provencher et al. 2008; Uslan et al. 1983, 1988). These problems can have serious
negative implications for the persons affected, namely, they can interfere with and
reduce the persons’ activity engagement, curtail their independence, limit (damage)
their self-assurance, and ultimately depress their developmental and social opportu-
nities and general mood (Algozzine et al. 2001; Karvonen et al. 2004; Konrad et al.
2007; Lachapelle et al. 2005; Lancioni et al. 2000a, b; Petry et al. 2005, 20009;
Provencher et al. 2008).
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In light of the negative implications of orientation and travel problems, there is
wide consensus on the general need to address such problems and improve the situ-
ation of the persons affected by them (Draheim et al. 2002; Gibson et al. 2004;
Higgerty and Williams 2005; Lancioni et al. 2007; Rainville et al. 2001). The strate-
gies suggested to this end vary substantially, and their suitability for persons with
severe/profound and multiple disabilities and their caregivers may also be largely
different. For example, teaching the persons to use tactile maps, that is, miniature
replicas of the travel area and possible landmarks characterizing it (as orientation
material), may prove too difficult for persons with profound intellectual disabilities.
These persons would easily fail to discriminate the distinctive/characteristic fea-
tures of the replicas or to relate them to the corresponding features of the real con-
text (Cherrier et al. 2001; Joffee 1995; Lancioni et al. 2007; Martinsen et al. 2007).
Similar problems could also be found with persons with direction and laterality
problems (Guth and LaDuke 1994, 1995; Lancioni et al. 2007). The use of auditory
maps, that is, verbal descriptions of the environment as illustration and guidance
cues, would not resolve the problems mentioned above. To the contrary, it could add
extra difficulties, as many of these persons would not be able to discriminate and
utilize verbal cues (Lancioni et al. 2008).

The use of backward-chaining strategies to teach specific routes may have some
potential as well as some clear limits (Kazdin 2001). Those strategies begin by pro-
moting independence on the last portion of a route to a specific (relevant) destina-
tion. Once the person achieves independence on this portion, the intervention
focuses on gradually extending the length of space that he or she can manage inde-
pendently (i.e., adds a new portion to the last of the route that the person already
possessed) (Jerome et al. 2007; Lancioni et al. 2011; McGilton et al. 2003;
Provencher et al. 2008). Eventually, the intervention would target the entire route.
The main problems with these strategies are (a) the high implementation cost (i.e.,
the relatively long time required to teach the travel skill), (b) the frequent lack of
generalization (i.e., the effects of teaching are generally specific/limited to the route
on which it was applied and fail to generalize to other routes), and (c) a declining
effectiveness of the intervention as the number of routes in the program increases
(i.e., due to discrimination difficulties and confusion risks) (Brooks et al. 1999;
Lancioni et al. 2011; Martelli et al. 2008).

A possible alternative to the aforementioned approaches may be represented
by the use of assistive orientation technology (Baldwin 2003; Lancioni et al. 2007;
Parker 2009; Ross and Kelly 2009). Early research on an assistive technology
system, which was to promote orientation in persons with profound intellectual
and multiple disabilities, was conducted by Uslan and his associates (Uslan 1976;
Uslan et al. 1983, 1988). Their system was designed to provide auditory (musical)
stimuli as spatial cues for orientation and travel. It included (a) a central elec-
tronic unit allowing the selection of the destinations to reach, (b) electronic floor
sensors that were triggered by the participants while walking on them (and as a
result activated auditory/musical cues), and a number of loudspeakers, which
were along the routes to the destinations and served to emit the cues. The results
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were reported to be positive in terms of the system’s effectiveness to guide the
participants to the destinations. Nevertheless, some reservations were expressed
as to the general practicality of the system, as it required that staff and participants
always return to the starting point (i.e., to the central electronic unit) to select a
new destination.

This early research was the basis for a variety of new studies aimed at building/
improving on the technology and results presented by Uslan and associates. Some
of the new studies focused on the development of a mobile robot to guide/support
the participant to different destinations (i.e., according to the selection made by staff
or by the participant on his or her own at each new travel instance) (Lancioni et al.
1993a, b, 1994b). The selection was made on the robot (through modified keys that
could be discriminated and used also by persons with blindness and severe/pro-
found intellectual disabilities). The robot seemed quite effective in terms of guid-
ance and support for the participants but also presented serious drawbacks. For
example, it was quite expensive, not easily transportable from one place to another,
and not suitable for environments with drop-offs or stairs (Lancioni et al. 1995a, b,
2007).

Other studies (in addition to those focused on the development of the robot) were
directed at assessing various orientation technology solutions that could respond to
different personal needs (Lancioni et al. 1995a, b, 2008, 2009b). The basic reason-
ing was that persons who are blind and have a very limited notion of space and
virtually no orientation abilities might benefit most from a system that does not
require much initiative and self-direction from them (Lancioni et al. 2007). Such a
system could be envisaged as one that provides direction cues, that is, cues that
guide the person’s travel by marking/specifying the space to the destination
(Lancioni et al. 2007, 2010b). On the contrary, persons who have functional vision
and/or possess a general notion of the spatial reality surrounding them could resort
to a system that is less intrusive than the one mentioned above. This latter system
would not resort to directive cues but would simply employ corrective feedback.
Specifically, the person would be allowed to engage in travel using his or her self-
management and initiative skills (Lancioni et al. 2009b). The system would only
intervene in case the person deviates from or loses the correct direction. In that case,
a feedback would be presented that lasts until the person has found the correct direc-
tion again.

This chapter provides an overview of studies assessing orientation systems to
help persons with severe/profound and multiple disabilities (including persons with
Alzheimer’s disease) travel to indoor destinations independently. The first part of
this chapter analyzes the studies that used assistive orientation technology involving
direction cues. The studies were divided based on the types of cues employed, that
is, auditory (buzzer-like) sounds, verbal messages (without and with procedural
extensions), and visual cues. The second part of this chapter analyzes the few stud-
ies that used assistive orientation technology involving corrective feedback. The
final part of this chapter analyzes (discusses) the outcomes of the studies reviewed
and their implications for daily programs, examines practical aspects concerning
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Table 5.1 Studies of orientation systems with direction cues grouped according to the types of
cues used

Studies Participants ~ Age (years) Cues used

Lancioni et al. (1995a) 4 12.5-15 Auditory (buzzer-like) cues

Lancioni et al. (1996a) 2 17,28 Auditory (buzzer-like) cues

Lancioni et al. (1998b) 2 16, 17 Auditory (buzzer-like) cues

Lancioni et al. (1997b) 2 17,19 Auditory (verbal-message) cues

Lancioni et al. (1998d) 1 19 Auditory (verbal-message) cues

Lancioni et al. (1999a) 2 30, 32 Auditory (verbal-message) cues

Lancioni et al. (2001) 2 18, 21 Auditory (verbal-message) cues

Lancioni et al. (2008) 2 28, 38 Auditory (verbal-message) cues

Lancioni et al. (2010a) 4 32-50 Auditory (verbal-message) cues

Lancioni et al. (2010b) 2 21,24 Auditory (verbal-message) cues

Lancioni et al. (2011) 3 73-83 Auditory (verbal-message) cues

Lancioni and Mantini (1998) 2 31,39 Auditory (verbal-message) cues
with extensions

Lancioni et al. (2009a) 1 27 Auditory (verbal-message) cues
with extensions

Lancioni and Oliva (1999) 1 18 Visual (light) cues

Lancioni et al. (1996¢) 2 18, 19 Visual (light) cues

Lancioni et al. (1998a) 2 19, 27 Visual (light) cues

Lancioni et al. (1998c¢) 1 28 Visual (light) cues

Lancioni et al. (2000b) 1 35 Visual (light) cues

the use of the orientation technology systems reported, and suggests questions for
new research in the area.

Studies of Orientation Systems with Direction Cues

Orientation systems relying on direction cues require the persons to follow in the
direction of the cues and walk toward them (Lancioni et al. 2007). Generally, the
cues are auditory signals and can consist of complex sound (buzzer-like) cues or
verbal messages. A number of studies have also assessed the use of visual cues
(lights). The cues are not continuous but repeated at intervals of different lengths
to avoid habituation effects and reduce the level of disturbance in the context in
which they occur (i.e., for the family/staff members or other patients available in
that context). Table 5.1 presents a list of 18 studies grouped according to the type
of cues they employed. The first three studies listed in the table involved the use of
auditory (buzzer-like) cues (Lancioni et al. 1995a, 1996a, 1998b). The following
eight studies of the table involved the use of auditory (verbal-message) cues
(Lancioni et al. 1997b, 1998d, 1999a, 2001, 2008, 2010a, b, 2011). The next two
studies involved the use of auditory (verbal-message) cues but with procedural
extensions (Lancioni and Mantini 1998; Lancioni et al. 2009a). The last five studies
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involved the use of visual (light) cues (Lancioni and Oliva 1999; Lancioni et al.
1996¢c, 1998a, ¢, 2000b).

Auditory (Buzzer-Like) Cues

The study by Lancioni et al. (1995a) included four participants between 12.5 and
15 years of age who were totally blind and were considered to be functioning within
the profound intellectual disability range. The participants were expected to travel
to several indoor destinations for their daily activities, but their orientation was
poor, and they required fairly consistent assistance from caregivers/staff. The tech-
nology involved a portable electronic control device and a variety of acoustic
sources, which were used to mark the routes to the different destinations. Each
acoustic source involved a coded radio receiver activated by a signal of the portable
device, an electromagnetic generator for the proximity sensor of the portable device,
and a battery. The portable device (worn by the participant at his chest) included
selection keys, a coded radio transmitter, a proximity sensor, and a battery. Before
each travel, the supervising staff person selected the route that the participant was to
follow on the portable device. This was done by entering the route’s identification
number through the aforementioned selection keys. This operation could be carried
out from any area where the participant was (rather than from a central selection
unit, as it was the case in the studies by Uslan et al. 1983, 1988). Once the route had
been entered, the first acoustic source available on that route (the closest to the par-
ticipant’s position) was activated. That is, it started emitting a complex harmonic
sound with a perceived pitch of about 360 Hz, which alternated “on” and “off”
phases of 3-5 s. When the participant came close to the source, the proximity sensor
of the portable device deactivated that source and activated the next one in the route.
The process was repeated until the last source (i.e., the one at the destination) was
reached. Several sources could be used for the routes. Results showed that during
baseline phases, the participants’ percentages of correct travel were between 0 and
about 30. During the last portion of the intervention, their percentages were near or
above 90.

Lancioni et al. (1998b) carried out a study with two adolescents between 16 and
17 years of age who were diagnosed with total blindness and profound intellectual
disabilities. The main goal of this study was to find a solution whereby the partici-
pants could be independent in entering the destinations that they were to reach into
the portable device. Given that they would not be able to use the keys and digit the
number codes (see above), the following conditions were arranged. First, the
research assistant programmed a sequence of destinations within the portable device
(i.e., memorized a series of number codes). Second, the device was provided with a
front panel that worked as a switch. Third, at the start of the session and at each
activity, the participant found a Velcro tag (a token to exchange for favorite items at
the end of the session) that he was to attach to the front panel of the device. Pressing
(attaching) this tag to the panel-switch activated the first acoustic source of the first/
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next route programmed in the device. The participant was to reach that source and
proceed as described above until he reached the destination. Both participants were
successful in using the aforementioned Velcro tag solution. This ensured that they
could be independent throughout the activity sessions (i.e., in entering the destina-
tions and reaching them and in carrying out the activities scheduled at the
destinations).

Auditory (Verbal-Message) Cues

In an attempt to make auditory cues less artificial, Lancioni et al. (1997b) replaced
the buzzer-like sounds with spoken messages, which consisted of two to four words
(e.g., the name of the participant and a word of encouragement). The message at the
destinations also included words of praise. The messages were recorded by a person
familiar to the participants and were emitted by the sound sources marking the
routes (see above). The messages would occur at intervals of nearly 10 s until the
participant had reached the destination. The system included the features to pro-
mote independence, described in relation to the article by Lancioni et al. (1998b).
That is, the portable control system was programmed for a sequence of routes/des-
tinations prior to the sessions, and its front panel was adapted as a switch for activat-
ing any of these routes/destinations according to the sequence preset. Moreover, the
participants would find together with the object signals (i.e., the objects indicating
the activity that they were to perform at the destinations) a Velcro tag serving as
token to be attached to the front panel-switch of the device. The study, which was
carried out with two boys of 17 and 19 years, showed that both participants learned
to use the system and attend to the spoken cues very effectively and reached a per-
centage of correct travels exceeding 90. Their performance with the spoken cues
matched the performance they displayed during comparison sessions in which the
spoken messages were replaced with buzzer-like cues.

Lancioni et al. (1999a) carried out two case studies aimed at assessing a new ver-
sion of the system designed for persons with limited attention and poor manipula-
tion skills who could have difficulties finding the Velcro tag and attaching it to the
front-switch part of the portable device. Such device allowed the staff/supervisor to
program (a) the sequence of destinations (as described above) as well as (b) the
intervals between the participant’s arrival at a destination and the activation of the
first source toward the next destination scheduled in the sequence. Activation of a
source led to the emission of encouragement messages at intervals of nearly 10 s.
When the participant reached a destination, the source there emitted a praise mes-
sage and a timer in the portable device switched on. At the end of a preset interval
(i.e., a time estimated to be sufficient for the participant to carry out the activity
available at that destination), the device automatically activated the first source to
the next destination. The participant was to follow the usual procedure by walking
to that source and then continuing until he or she arrived at the next destination.
Here, all the conditions described above were repeated (i.e., praise message, resetting
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of the timer, and eventually activation of the first source to the next destination). The
two participants included in the case studies were a 30-year-old woman and a
32-year-old man. The first participant was highly successful with the program
and reached levels of correct travels close to 100 %. The second participant also
showed great improvement in performance. His mean level of correct travels
exceeded 85 %.

Lancioni et al. (2010b) assessed an innovative portable device within an orienta-
tion program for two women of 24 and 21 years of age, respectively. The women
were totally blind and presented with levels of intellectual disabilities estimated to
be within the moderate or moderate to severe ranges. During each session, the
women were to travel to six different destinations at each of which they were to
carry out a familiar activity. The system involved the presence of a sound source at
each of the destinations and a new portable device. This was a boxlike instrument of
20 cmx 15 cm x4 cm that the participants had at their chest. The main (external)
face of the box included six key areas, which corresponded to destinations to reach
(activities to perform). Each of the key areas consisted of an embedded optic sensor
covered with a discriminated (familiar) object representing the activity available at
one of the destinations. As soon as the participant removed/detached an object for
an activity (i.e., uncovering the underlying optic sensor), the sound source at the
corresponding activity destination was activated. That is, brief encouragement mes-
sages were emitted at intervals of about 15 s until the participant reached the desti-
nation. At that point, the participant could receive verbal praise. The order with
which the participants detached the objects from the portable device (selected the
activities to carry out) depended totally on the participant’s free will and self-deter-
mination. Both participants learned to use the system (and in particular the new
portable device) rapidly and were successful in reaching the destinations and carry-
ing out the activities available there. The participants also increased the speed with
which they walked to the destinations over the course of the study.

Lancioni et al. (2011) reported the application of a basic version of the orienta-
tion program with three participants with Alzheimer’s disease. The participants
were between 73 and 83 years of age and had lost their abilities to carry out daily
activities. Two of them were also diagnosed with mild levels of depression. All
three participants attended a day center in which they were provided with some
form of support for activity engagement. They had difficulties walking to different
rooms of the center to engage in small activities or meet people and often required
to be accompanied. The basic version of the program consisted in the supervisor
activating the target destinations (one at a time) in the portable device and in the
use of only one sound source per destination. The source emitted verbal (encour-
agement) messages at intervals of about 15 s. Two of the participants seemed able
to orient to the messages/cues emitted by the sound sources and thus were intro-
duced into the program directly. One did not seem capable of orienting to those
messages/cues and was exposed to a preliminary intervention phase. At the begin-
ning of this phase, the cues were presented at intervals of 5-6 s and were accom-
panied by the voice of the supervisor calling the person by name from the destination
that was to be reached. When the person started to reach the destinations
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successfully under this condition, the interval between cues (and supervisor’s calls)
increased to about 10 s. Subsequently, the intervals were extended to 15 s, and the
supervisor’s voice was faded out. Data showed that the first two participants learned
to use the system’s cues very rapidly reaching a nearly errorless travel perfor-
mance. The third participant benefited from the preliminary intervention phase and
subsequently displayed a highly accurate travel performance similar to that of the
first two participants.

Auditory (Verbal-Message) Cues with Program Extensions

The study by Lancioni and Mantini (1998) was aimed at evaluating an activity con-
dition in which the orientation system was not used for a single person as in the
other studies but for two persons simultaneously. The two persons were women of
39 and 31 years of age who had a diagnosis of total blindness, were rated in the
profound intellectual disability range, and were familiar with the use of auditory
orientation cues for indoor travel. The program was carried out in a multiroom set-
ting, and sound sources with verbal messages were available to reach the destina-
tions. One of the women wore the portable device in which the sequence of
destinations to reach within the activity session was already programmed. The other
woman wore a small box containing a radio and a proximity sensor. When the
women approached a sound source on the way to a destination, the proximity sensor
of either one of them was sufficient to deactivate that source and activate the next
one. The source at the destination, however, continued to be active until it was
approached by both women (i.e., until it was triggered by both proximity sensors).
At the destination, each woman had an activity to carry out (i.e., one beside the
other). Below the material for the activity, the women found an object signal indi-
cating the next activity to carry out. The woman wearing the portable device was
also to attach the tag available with that object to the device and, in so doing, acti-
vated the first sound source to the next destination. The same procedure was repeated
for each activity. Data showed that both women were successful with the system and
reached percentages of correct travels that were above or about 90.

Lancioni et al. (2009a) carried out a study with a 27-year-old woman who was in
a wheelchair, had minimal residual vision, and was rated within the moderate intel-
lectual disability range. The woman used a portable device with six keys. Five of
them corresponded to as many destinations/activities and were covered with a small
object that signaled the activity available at the related destination. Each of these
keys was also encircled by small lights. As soon as the woman pressed one of the
keys, (a) the sound source at the corresponding destination was activated and emit-
ted verbal messages at intervals of 15 s, (b) the lights around the key switched off
(and the key would no longer respond to any additional/erroneous pressure), and (c)
the door of the room containing the destinations was marked with colored lights.
The sixth key served to the woman to deactivate the sound source as soon as she
arrived at the destination. Data showed that the percentage of correct travel was
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below 10 during the initial baseline, increased to a mean of about 75 during the first
intervention phase, and dropped to 20 during the second baseline to increase to
about 90 during the second intervention phase.

Visual (Light) Cues

Lancioni et al. (1996c) carried out the first study with the use of visual orientation
cues. The main reasoning behind the use of visual cues was that they (a) may be as
effective as auditory cues for persons with some levels of visual ability even when
those levels are limited or minimal, (b) can be applied with persons who have audi-
tory impairments, and (c) can minimize the amount of disturbance caused to indi-
viduals sharing the context in which those cues are employed (Lancioni et al. 1996c,
2007). The participants were two young men of 18 and 19 years of age who were
rated within the profound intellectual disabilities range and presented with severe
visual impairment. The system included a portable device for the selection of the
destinations similar to that used by Lancioni et al. (1995a) and a variety of light
sources used along the routes to the destinations. Each light box contained a coded
radio receiver activated by a signal of the portable device, an electromagnetic gen-
erator for the proximity sensor of the portable device, and a battery. Two lamps were
mounted on each box. Each lamp emitted approximately one flash per second. The
cumulative intensity of two flashes was about 3 lux at a distance of 1 m. The selec-
tion of a destination through the portable device activated the first light box on the
way to the destination. Once the participant was close to the box, the proximity sen-
sor switched it off and activated the next/last one so that the participant could reach
the destination. The participants’ overall percentages of correct travels during the
baseline phases were below 20. Their percentages during the intervention phases
were close to 90 or above it.

Lancioni et al. (1998a) carried out two single-case studies with a 27-year-old
woman and a 19-year-old man, respectively. In both studies, the aim was to promote
activity and travel in persons who had the tendency to be passive and sedentary. The
woman was diagnosed with blindness in one eye and highly reduced vision in the
other, deafness, and profound intellectual disability. The procedural conditions
were identical to those applied in the study by Lancioni et al. (1998b) except that the
light cues replaced the sound sources. In essence, the participant found a Velcro tag
(a token) to attach to the front panel of the portable device at the start of the session
and at each activity. Pressing (attaching) this tag to the panel-switch activated the
first light source of the first/next route programmed in the device. The man was
diagnosed with low vision and profound intellectual disability. The procedural con-
ditions applied with him involved the use of a portable device that worked on a time
basis, that is, activated a new destination automatically after a preset interval from
the man reaching the previous one had elapsed (see Lancioni et al. 1999a). In prac-
tice, when the participant reached a destination, a timer in the portable device
switched on. At the end of a preset interval (i.e., a time estimated to be sufficient for
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the participant to carry out the activity available), the device automatically activated
the first source to the next destination. The results of both studies were positive with
the two participants developing effective orientation performance and reaching per-
centages of correct travels of approximately or above 90.

Lancioni et al. (2000b) used the orientation system with visual cues to help a
35-year-old woman to travel and carry out activities as a form of exercise that was
intended to improve her general physical condition in addition to increasing her
adaptive engagement. Both these goals were considered important because the
woman tended to be passive and sedentary and was overweight. The woman, who
was generally provided with two 30-min sessions in the morning and two 30-min
sessions in the afternoon, learned to use the system and maintained its use over a
relatively long period of time. The travel and activity (i.e., exercise) that the woman
performed seemed to (a) have a positive effect on her ability to rise from a squatting
position with reduced amount of help (i.e., suggesting an improvement in muscle
condition), (b) promote a reduction in the excretion levels of urinary calcium and
urinary hydroxyproline (i.e., suggesting positive effects on bone metabolism with
possible long-term effects on bone mineral density), and (c) bring about a reduction
in body weight independent of special diets (i.e., suggesting a beneficial impact in
an area of concern with this participant and many other persons with intellectual and
multiple disabilities, that is, excessive body weight).

Studies of Orientation Systems with Corrective Feedback

Orientation systems relying on corrective feedback (contrary to orientation systems
with direction cues) are intended for persons with traveling initiative and relatively
adequate spatial knowledge. They are designed to allow these individuals self-deter-
mination and freedom and, at the same time, to provide them with a form of assistance
(i.e., a reliable help line) that would guarantee a successful outcome to their travel
performance (Lancioni et al. 2007, 2009b). In practice, the system would not inter-
vene at all on the participant’s performance (thus avoiding any interference with his
or her personal independence) as long as he or she follows the correct direction.
It would, however, intervene with corrective feedback if the person takes an incorrect
direction (i.e., a direction not contemplated within his or her route to the destina-
tion). The feedback would continue until the person finds the correct direction again.
Only five studies were directed at assessing the use of this system (Lancioni and
Mantini 1999; Lancioni et al. 1994a, 1995b, 1997a, 2000b). Those studies included
a total of seven participants.

Lancioni et al. (1994a) carried out the first study aimed at developing this type of
orientation system. Two men were involved as participants. One of them presented
with blindness, motor impairment, and spatial disorientation but was not considered
to have specific intellectual disability (i.e., he was described as a borderline case).
The other man had a diagnosis of total blindness, deafness, and hemiplegia.
Moreover, he presented a level of functioning seemingly compatible with a severe
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intellectual disability condition. Both participants had been involved in travel
programs with the help of a mobile robot (see Introduction and Lancioni et al.
1993a, b). The orientation system developed for them consisted of three main parts,
that is, a control unit, infrared light sources, and a portable device. The control unit
served to regulate the other two components of the package and was on a desk in the
orientation setting. The infrared light sources represented spatial reference points
for the portable device and were at the destinations and along the routes to them.
The portable device contained a microprocessor, light sensors to detect the signals
of the infrared light sources, a radio receiver linking it to the control unit, a vibrator,
and input keys. It was designed to perform two practical functions, that is, (a) pro-
viding vibratory feedback in case of direction errors and (b) allowing the participant
to enter/activate the routes to the destinations. The first function was realized
automatically through the activation of the aforementioned vibrator. The second
function required the participants to use the keys available on the main (external)
side of the device. Those keys were modified so that they could be readily discrimi-
nated by the participants. In practice, the keys had specific covers/tags attached to
them with prominent configurations of different textures.

For each activity (travel to a destination), the participant started by collecting an
object signal representing it. Then, he checked the tag attached to it, found the key
of the device with the identical tag, pressed this key/tag, and started to walk. If he
walked in the right direction, the device remained silent. If he strayed from the right
direction, the device started providing vibratory feedback. At that point, the partici-
pant was to interrupt his walking and start turning around slowly until the vibration
stopped (i.e., until he had recovered the right direction again). Once the vibration
had ended, he could resume walking. Once he reached the destination, he would sit
and carry out a useful (familiar) activity. Thereafter, he would collect a new object
signal for the next activity and restart the sequence described above. The partici-
pants reached a preset learning criterion of six sessions without staff prompting/
guidance after 24 and 19 intervention sessions, respectively. The sessions were 45
min long for both participants. The correct performance seemed to remain consis-
tent through a second intervention phase following an intermediate baseline check.

Lancioni et al. (1997a) carried out a study with a 38-year-old woman who was
diagnosed with total blindness and had serious (albeit unspecified) intellectual
disability with a Vineland age equivalent of about 3 years on her daily living skills.
She was eager to engage in simple activities but required some assistance in traveling
from one activity destination to the next within her daily context. The orientation
system developed for the participant included small boxes emitting ultrasonic
waves, which marked the routes to the activity destinations, and a portable control
device connected to earpieces. The portable device interacted with the aforemen-
tioned boxes and served to present verbal praise or a buzzer feedback through the
earpieces. Each travel started with the woman taking an object signal indicating
the activity to carry out and attaching the Velcro tag available with that object to
the front panel (switch) of the portable device. This activated a destination and the
emission of praise or buzzer feedback. In practice, she received a brief praise
message at intervals of about 10 s as long as she maintained the right direction.
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In case of wrong direction, a buzzer sound started. Upon hearing this sound, the
woman was to turn until the sound stopped and then she was to resume her walking.
The woman learned to use the system profitably. She required some level of super-
visor’s guidance during the initial period of the intervention, but she gradually
became independent showing high percentages of correct travel performance.

Lancioni and Mantini (1999) worked with a 30-year-old woman who was totally
blind in one eye and had a minimal residual vision in the other eye. The woman was
also deaf and had a diagnosis of profound intellectual disability. The orientation
system included (a) a variety of boxes emitting ultrasonic waves, such as those
described above for the study by Lancioni et al. (1997a), and (b) a portable device
combined with a feedback case. The procedural sequence that the woman was to
follow for each activity was identical to that described for the study mentioned
above. The functioning of the portable device was, however, different. It remained
totally silent while the woman was walking within the route to the destination
selected. It provided vibratory feedback in case of incorrect direction (i.e., if the
woman was diverging of about 20° from the direction required). In the latter situation,
she was to turn to her left, as cued by the position of the feedback case, until the
vibration stopped. Then, she could resume her walking to the destination. Data
showed that the woman’s percentages of correct travel increased above 95. She
displayed a mean of about two correction instances per travel occasion. The mean
time required for each correction instance declined to about 10 s.

Discussion

Outcome of the Studies

The results reported by the studies reviewed were generally quite positive, thus
suggesting that orientation technology may be a highly valuable resource within
education and rehabilitation programs for persons with severe/profound intellectual
and multiple disabilities. The first consideration one can make in relation to this
general picture is largely methodological (research-related) and may amount to a
cautionary note. This note originates from the fact that, although all the studies
employed adequate experimental designs, (a) the overall number of participants
involved was relatively small and (b) the experimental work was carried out by
basically one research center. Obviously, this note does not intend to diminish the
value of the findings but simply to pinpoint the need for independent replications to
establish the generality of the findings and investigate issues of generalization (e.g.,
generalization across patients, across research and staff personnel, and across
cultural contexts) (Kennedy 2005; Parker 2009; Ross and Kelly 2009).

The reasons for the positive results of the studies/programs employing direction
cues may be found on the linearity of the orientation behavior required to the
participants, the large amount of support provided by the technology, and the avail-
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ability of carefully arranged motivational conditions (Lancioni et al. 2007, 2009b).
The behavior of directing one’s own attention to a sound or a light cue is largely
available among persons with severe/profound and multiple disabilities. The behav-
ior of reaching the source may also be often available or easily established. The
presence of these skills was generally checked among the participants of the studies.
Whenever the skills were missing and the person had great uncertainty, preliminary
intervention conditions would be arranged for him or her. One such case (a man
with Alzheimer’s disease), for whom specific intervention conditions were arranged,
was reported by Lancioni et al. (2011).

Regarding the support provided by the technology, one can underline that (a) two
or more sound or light sources were often used within each travel route so as to
avoid large distances between the person’s position and the cue (i.e., distances that
could prevent the person from orienting properly and remaining consistently ori-
ented) and (b) the interval between cues was initially relatively small so as to avoid
that the person could walk into a lost position in between cues. Obviously, the
amount of support was typically smaller with persons who had higher orientation
and travel abilities and could be reduced as the persons became more familiar with
orientation and traveling performance (see below). Regarding the motivational con-
ditions, it should be emphasized here that the studies ensured that each of the par-
ticipants would receive forms of stimulation considered to be motivating (reinforcing)
in relation to the travel or the activity carried out immediately after the travel (at the
destination). Based on the characteristics of the participants, the stimulation avail-
able could be (a) exclusively social (e.g., praise and approval comments) produced
by the sound sources at the destinations or by the staff members the participants met
at the destinations or (b) edible (e.g., a small portion of favorite food) available
underneath the activity material at the destination and at the end of the session in
relation to the exchange of the tokens (see above) (e.g., Lancioni et al. 1998b, c,
1999a, 2000b; Lancioni et al. 2010a, b, 2011).

The positive results obtained in the studies/programs using orientation systems
with corrective feedback may require some clarification. The high percentages of
correct travels may reveal only one side of the systems’ impact. Namely, they
explain that the participants could use such a feedback to correct their direction and
eventually reach the destinations independently. The side that the percentages do
not reveal concerns the number of times that the participants were required to
correct their direction during each travel and the total amount of time that they spent
in correcting their direction and eventually reaching the destination. Two studies in
particular may help to shed some light on this side of the story, which cannot be
considered secondary given its practical and personal implications (i.e., Lancioni
and Mantini 1999; Lancioni et al. 2007, 2009a, b). The first of the two, which was
summarized above, included a woman with minimal residual vision who lost the
correct direction a mean of about two times per travel route and corrected herself in
about 10 s at each instance. The second study (Lancioni et al. 1995b) involved two
women with total blindness who were exposed to two programs, one including an
orientation system with auditory direction cues and the other including an orienta-
tion system with corrective feedback. The data showed that both programs
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promoted high percentages of correct travels. Yet there were large differences in the
amount of time required to reach the destinations with the two systems. Specifically,
using the system with corrective feedback could double the traveling time to the
destinations. Although no specific data were provided as to the number of correc-
tions needed within each travel route and the time needed for each correction, the
suggestion is that both these values were higher than those reported in the study by
Lancioni and Mantini (1999).

In light of the above, one might argue that the use of orientation systems with
corrective feedback should be adopted (as a realistic and likely successful
approach) when at least one of the following three conditions is met. First, the
person (with or without residual vision) is fairly competent about his or her travel-
ing space and is likely to make only few mistakes. Second, the person has a resid-
ual vision, which helps him or her walk without veering (i.e., without straying
from a path) or with few veering instances, thus incurring relatively few direction
errors and requiring only infrequent corrections (Millar 1999). Third, the person
is totally blind and likely to veer but can rely on walls or other walking lines for
much of the travel routes, with the consequence that the number of direction errors
is automatically reduced (limited) (Guth and LaDuke 1994, 1995; Lancioni et al.
2007).

Implications of the Studies

The data reported seem to represent fairly encouraging and cohesive evidence as to
the possibility of promoting orientation and mobility with persons with severe/pro-
found and multiple disabilities (including persons with degenerative neurological
syndromes such as Alzheimer’s disease). The ability to travel independently (without
extra burden on staff and caregivers in general) can provide them new opportunities
within their environment with obviously positive implications. The basic opportuni-
ties pointed out (and realized) within the studies include (a) traveling to different
rooms of a day center and interacting with different people as part of a social-
occupational engagement, (b) reaching different work and home areas connected
with one’s own desires and needs, (c) carrying out a series of relevant activities
distributed over different workrooms as part of a vocational program, and (d)
carrying out activities and traveling across work and residential areas for extended
periods of time as a form of physical exercise.

The realization of the aforementioned opportunities may largely modify or
erase a stereotyped picture of persons with orientation and traveling problems that
are confined to a specific room and provided with limited forms of engagement
within a circumscribed space. Traveling to different rooms of a day center and
delivering or picking up objects and meeting different staff people could be a viable
and desirable occupational employment for a number of persons who can carry out
small transport duties and enjoy social interaction (Lancioni et al. 2010a, 2011).
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They would not need to have specific activity skills or to be able to manage the
portable device to enter the new destinations. In fact, the staff members that
they meet could (a) provide them with new material to transport and (b) concur-
rently enter (activate) the destinations to which that material should be deliv-
ered in their portable device (Gadler et al. 2009; Gitlin et al. 2008; Mausbach
et al. 2008).

Using the orientation system for reaching different work and home areas con-
nected with one’s own desires and needs may be an objective for persons whose
level of functioning is sufficiently high (i.e., persons who are able to monitor their
desires and needs’ general strength as well as the right time for their satisfaction)
(Lancioni et al. 2008). Obviously, caregivers may intervene with requests connected
to those (desire and need) issues so as to promote or delay their realization. The
level of independence (freedom) of those persons would be determined by their
ability to use the orientation cues or corrective feedback to travel efficiently as well
as their ability to enter the destinations required in the portable device (Lancioni
et al. 2008).

Using an orientation system to carry out a series of relevant activities distributed
over different spaces/rooms as part of a vocational program may be a positive (and
preferred) alternative to engaging in a few activities within a small space (Lancioni
et al. 1999b). This vocational occupation would be fully functional for the context
if the participants were to be totally independent throughout the occupation session.
To this end (i.e., to promote full independence), the studies have assessed different
forms of portable devices, which seem suitable for persons with different levels of
ability, not excluding those at the lower end of the range. For example, one of the
devices (suitable for fairly resourceful persons) has the key areas covered by small
objects corresponding to the activities to be carried out at the destinations. The per-
son needs to remove one of those objects to activate a specific destination (Lancioni
et al. 2010b). Another type of device (used extensively with auditory as well as
visual direction cues) consists of a box with a front panel serving as switch. A
simple response such as attaching a Velcro tag to it activates the first/following des-
tination of the sequence prearranged for the work session (e.g., Lancioni et al.
1997b, 1998a, b). A final type of device (suitable for persons with a low level of
functioning who would have difficulties to reliably/consistently attach a Velcro tag
to the switch panel) works on a time schedule. It activates a new destination after a
preset interval of time has elapsed from the participant reaching the previous desti-
nation of the sequence (e.g., Lancioni et al. 1999a).

Using an orientation system to carry out extended activities and travel as a form
of physical exercise may be considered a valuable (health-promoting) employment
of the system. This type of employment would be viable only in situations in which
the person can carry out a number of activities, can use the direction cues or correc-
tive feedback properly, and can manage the portable device to activate the destina-
tions independently. To facilitate the participants’ performance concerning the last
aspect of the sequence, one should choose the most suitable form of portable device
out of those listed above (Lancioni et al. 1998a, 1999a, 2010b).
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Practical Considerations on the Use of the Systems

In light of the data reported and of the considerations put forward above, one could
easily hypothesize that orientation systems with direction cues would be much more
frequently used than orientation systems with corrective feedback. While the latter
systems remain a plausible and functional solution for a rather specific (and rela-
tively advanced) group of people, the former systems with direction cues may be
applied with a large variety of people showing a wide range of problems (Lancioni
et al. 2007, 2009b).

An analysis of these more widely applicable systems with direction cues cannot
simply be restricted to their possible benefits for the persons directly relying on
them (as done through the review of the studies), but it may also need to include a
basic evaluation of their implications for the educational or rehabilitation context as
a whole. The most immediate implications one might discuss concern (a) their
workability/practicality within the environment (i.e., the ease with which they can
be used, their cost in terms of staff time, and the interference they can have with
other people sharing the environment) and (b) their transportability/applicability
and effectiveness across settings (i.e., their capacity to promote generalization of
orientation skills across settings).

With regard to the first point, at least three considerations may be in order. First,
sound sources or light boxes are battery-powered devices that can easily be arranged
along the routes (i.e., on the walls or at the doors) conducting to the destinations as
well as at the destinations. They are relatively small (e.g., 13 cmx 10 cmx 6 cm) and
could also be made smaller through the use of new (upgraded) technical compo-
nents (Bache and Derwent 2008; Baker and Moon 2008; Chantry and Dunford
2010; Reichle 2011; Johnson et al. 2009; Kagohara 2011). Thus, their physical pres-
ence can hardly create any difficulties for other persons in the context. Second, the
time required to staff for preparing the technology for the participant (e.g., program-
ming the sequence of destinations that he or she has to reach in the portable device
and distributing the sources along the routes and at the destinations) is relatively
small and may not need to be done on a daily basis. Third, the sound and visual cues
emitted by the sources/boxes may easily interfere with other persons (staff and
patients) sharing the environment with study participants. Given the nature of the
cues, one cannot imagine of eliminating the disturbance. Efforts, however, can be
made to reduce it to an acceptable level. To this end, studies have investigated the
possibility of increasing the intervals between cues and have succeeded in maintain-
ing high levels of correct travel performance with lower frequencies of cues
(Lancioni et al. 1998d, 2001).

With regard to the second point, the first comment is that the technology is suited
(given the small dimensions of the components involved and the fact that they are
battery-powered) for being transported to and used in different settings. The possi-
bility to transport the technology with ease is the basic requirement for using it to
promote generalization of the participants’ orientation and travel skills across
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settings (Cherrier et al. 2001; Kazdin 2001). Indeed, a number of the studies
reviewed above have assessed the generalization aspect and have reported highly
positive results in this area (Lancioni et al. 1995a, 1996¢, 1998c, 2009a, 2010b).
These findings are highly relevant to justify the use of orientation technology with
persons with severe/profound and multiple disabilities. Other attempts to teach them
the orientation and travel skills (e.g., backward-chaining strategies; see Introduction)
would be very costly in terms of staff time and relatively uncertain as to the general
outcome. Moreover, they could not ensure that the skill trained would easily gener-
alize to new environments (Brooks et al. 1999; Kazdin 2001; Lancioni et al. 2011;
Provencher et al. 2008).

Conclusions

The studies reviewed in this chapter underline the relevance of orientation systems
for promoting independent travel and activity in persons with severe/profound and
multiple disabilities. Systems based on corrective feedback may be realistically
used only with persons who have a relatively advanced notion of traveling and space
and can avoid frequent direction errors. Systems based on direction cues can be
used very widely. The decision to rely on auditory or visual cues is to be determined
on the person’s characteristics. The same characteristics would also determine
which type of portable device should be adopted, that is, (a) a portable device where
the participant is to select each activity/destination directly, (b) a portable device
where the participant is entering the destinations according to the sequence preset
by the supervisor, or (c) a portable device where the selection of destinations is
automatically performed (i.e., it is time-based). Successful use of the system within
the learning setting is likely to generalize across new settings with important practi-
cal implications.

New research initiatives in the area could focus on several methodological and
practical questions. First, additional participants should be involved in research pro-
grams with both systems to determine the generality of the data reported. Moreover,
the research should be carried out by different experimenters and in different geo-
graphical and national contexts to isolate any possible influence of environmental
and cultural variables (Kennedy 2005; Parker 2009). Second, special research atten-
tion may be devoted to an emerging group of persons with special needs, that is,
persons with neurodegenerative diseases such as the Alzheimer’s disease. Third,
efforts may be made to upgrade the technology so as to reduce the dimensions of the
different components and make their programming easier and less time costly. The
new technology may also be more versatile so that its functioning could be easily
tailored to the characteristics of the persons involved. Fourth, preference assess-
ments might be carried out to determine whether the participants enjoy activity and
traveling supported by the orientation devices more than other activity arrangements
(Lancioni et al. 1999b).
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Chapter 6
Technology-Based Approaches
for Promoting Ambulation

Abstract This chapter provides an overview of studies using technology-based
approaches to promote ambulation in participants with intellectual disabilities and
motor delays (i.e., children with Down syndrome) or with multiple disabilities
(i.e., combinations of intellectual and neuromotor disabilities or of intellectual, neu-
romotor, and sensory disabilities). The most popular technology-based approach
consists of the use of treadmills. A second technology-based approach combines the
use of walker devices with microswitches. The microswitches allow the monitoring
of the person’s stepping responses and the automatic delivery of brief periods of
preferred stimulation contingent on those responses. A third technology-based
approach, representing an early attempt to develop technological support for ambu-
lation, consists of the use of a mobile robot. This chapter provides an overview of
the different approaches by summarizing the studies using them, their procedural
conditions, their differences in emphasis and aims, and their outcomes. This chapter
also provides (a) a discussion of the results obtained with the different approaches
and their implications in terms of applicability, practicality, and suitability of the
approaches within education (rehabilitation) contexts and (b) a brief presentation
of some relevant issues for future research in the area.

Introduction

Walking (or ambulation) is a critical skill with a multitude of practical and social
implications. Indeed, walking can be instrumental in allowing a person to reach dif-
ferent target places, to get involved in different activities, and to meet others
(Hayakawa and Kobayashi 2011; Lancioni et al. 2009b; Schmidt et al. 2007). Walking
is also a strategy that a person may use to promote his or her overall fitness and health
condition (Cirignano et al. 2010; Lancioni et al. 2000a, b; Lee et al. 2010; Lotan et al.
2004a). While walking and the fulfillment of all its functions appear very natural
(and unfold in a largely predictable manner) in typically developing persons, a different
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picture often emerges for persons with developmental disabilities (Cernak et al.
2008; Cherng et al. 2007; Chia et al. 2010; Katz-Leurer et al. 2010).

A certain group of persons with developmental disabilities may present with
very extensive neuromotor impairment that prevents them from achieving any func-
tional walking skills and confines them to the use of wheelchairs or similar means
(Lancioni et al. 2009a; Liso 2010; Simard-Tremblay et al. 2010). A second group of
these persons may also present with neuromotor impairment, but the level and
extensiveness of this impairment may be more contained and allow them to achieve
some form of functional walking (Maher et al. 2011; Whittingham et al. 2010).
Such walking may fail to be fluent and require some level of support or the use of
aids such as crutches and orthoses (Lancioni et al. 2009b; Nolan et al. 2010; Van
Gestel et al. 2008).

The most common intervention approach employed to improve the condition of
children with cerebral palsy and persons with motor and intellectual disabilities in
general (and possibly foster some level of walking with them) has relied on the
neurodevelopmental method (Bar-Haim et al. 2006; Begnoche and Pitetti 2007;
Day et al. 2004; Ketelaar et al. 2001; Tsorlakis et al. 2004). The neurodevelopmen-
tal method is largely based on the conceptual model devised by the Bobaths (see
Bobath 1980; Bobath and Bobath 1984). This model emphasizes the importance of
promoting normal muscle activity as a basis for improving posture and the develop-
ment of postural control as the foundation for movement. Rehabilitation is consid-
ered a process whereby the person gains motor abilities with the help of the
therapist’s facilitation and inhibition procedures. Facilitation refers to the use of
sensory information (i.e., verbal directions and tactile cues/guidance) to promote
and support weak posture or movement components. Inhibition, by contrast, refers
to the use of the aforementioned types of information for reducing posture or
movement components that are abnormal and interfere with the performance of
the correct ones (Cherng et al. 2007; Ketelaar et al. 2001; Tsorlakis et al. 2004).
Within this model, the use of compensation (i.e., increased role of the more
functional side to make up for the less functional side) is viewed as unnecessary and
dangerous. Similarly, the use of muscle strengthening exercises is viewed as an
inadequate approach that is likely to increase spasticity and promote abnormal
movement patterns.

The influence of the neurodevelopmental method, albeit still considerable, has
been declining steadily over the last 10-15 years, due to (a) the evidence countering
the method’s early interpretation of the reflexes and their functions, (b) demonstra-
tions that exercises for strengthening legs’ muscles are effective in achieving such a
goal and improving the muscles’ functional use without increasing spasticity, (c)
lack of specific scientific evidence attesting that the neurodevelopmental method
produces rehabilitation effects significantly greater than other intervention methods,
and (d) increasing attention and data concerning the training and exercise approach
(Anttila et al. 2008; Blundell et al. 2003; Day et al. 2004; Hamed and Abd-elwahab
2011; Ketelaar et al. 2001; Kollen et al. 2009).

This last approach, which is based on the notion of experience-dependent plas-
ticity, suggests that the way to improve a person’s ambulatory behavior is to allow
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that person to successfully practice such behavior (Begnoche and Pitetti 2007;
Kollen et al. 2009). The most popular technology-based approach developed in line
with this new perspective is the one that relies on the use of treadmills generally
combined with partial body weight support (Accivatti et al. 2006; Damiano and
DelJong 2009; Dannemiller et al. 2005; DeJong et al. 2005; Sanders et al. 2005;
Zwicker and Mayson 2010). The strategy of supporting the person’s body weight
(e.g., through a harness) may be essential to facilitate his or her stepping responses
particularly when the level of motor impairment is more severe or the person’s
(child’s) motor condition is largely immature (Angulo-Barroso et al. 2008a, b;
Beard et al. 2005; Provost et al. 2007; Schindl et al. 2000). Orthopedic shoes and
orthoses can be kept in use (i.e., for those persons who are accustomed to them)
(Schindl et al. 2000; Willoughby et al. 2010). A second technology-based approach,
in line with the same perspective, is the one that combines the use of walker devices
with microswitches. The walkers can be equipped with supporting features that
promote postural control and partial weight lifting. The microswitches allow the
monitoring of the participant’s stepping responses and the automatic delivery of
brief periods of preferred environmental stimulation contingent on those responses
(Lancioni et al. 2005a, 2007a). A third technology-based approach, which might
be briefly presented here as one of the early attempts to resort to technological sup-
port in promoting ambulation, concerns the use of a mobile robot (Lancioni et al.
1993a, b, 1997).

This chapter is directed at examining the aforementioned technology-based
approaches by providing an overview of the studies using those approaches to pro-
mote ambulation in participants with intellectual disabilities and motor delays (i.e.,
children with Down syndrome) or with multiple disabilities (i.e., combinations of
intellectual and neuromotor disabilities or of intellectual, neuromotor, and sensory
disabilities). The overview (summary) of the studies is aimed at providing an illus-
tration of the specific procedural conditions (and specific emphasis and aims) char-
acterizing the single approaches and a general picture of the outcomes reported.
This chapter also provides (a) a discussion of those outcomes and their implications
in terms of applicability, practicality, and suitability of the approaches within education
(rehabilitation) contexts and (b) a brief presentation of some relevant issues for
future research in the area.

Studies Reporting the Use of a Robot

As suggested above, the use of a mobile robot as a support system for persons with
multiple disabilities was an early attempt to employ technology for promoting
ambulation (Lancioni et al. 1989, 1993a). The first point to clarify about this
approach is that it was aimed at persons who could walk with support. The second
consideration is that the reasoning behind the studies was not specifically focused
on improving the persons’ walking skills per se. Rather, it was to ensure that they
could practice walking and make this useful to reach activity destinations and
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engage in some form of physical exercise (countering their excessive sedentari-
ness). Four studies may be listed here as examples of this approach providing a view
of its application and impact (Lancioni et al. 1993b, 1994, 1997, 2000a).

Lancioni et al. (1993b) carried out a study with two participants (a man and a
woman) of 18 and 19 years of age, respectively. The man was totally blind and deaf
and was affected by hemiplegia with poor balance and uncertain ambulatory behav-
ior. He was able to carry out a variety of simple activities and communicated through
gestures, mimicry, and some basic fingerspelling. The woman also was blind, but
she had typical hearing and could express herself verbally. She presented with hemi-
plegia, needed physical support for walking, and was overweight. Like the man, she
could engage in a variety of small vocational activities within her daily context. The
setting for the robot-assisted program included three connecting rooms. The robot
was 52 cm wide and 106 cm high. It had large handles at the two main sides of it.
One handle was just beneath a large keyboard (with keys covered by object replicas;
see below). The participants could comfortably hold onto the handles to receive
physical support and guidance to the activity destinations. It moved by means of
four driving wheels connected to two independent battery-powered engines. The
speed was programmable and was regulated at 0.27 m/s for the man and 0.19 m/s
for the woman. Withdrawal of the participant’s hands from the handle or an obstacle
on the way made the robot stop its movement.

The robot was used in combination with a supply device. At the start of an ambu-
lation and activity session, the participants were to choose between two object sig-
nals (i.e., small object replicas representing two different activities) at the supply
device. The choice of one object (activity) was to be followed by the activation
(pressing) of the key of the robot covered by an object replica matching the one that
they had selected from the supply device. This made the robot select the route to the
related activity destination out of the routes that had been programmed into its
memory. The robot started moving as the participant took hold of the handle beneath
the keyboard, thus breaking the light beam of optic sensors located there. When the
robot reached the activity destination, the sensors at the handle that the participant
had used went off and the sensors at the other handle switched on. Once the partici-
pants had carried out the activity, they could take hold of the robot’s handle closer
to them (the only one with the sensors “on”). This triggered the robot to travel the
route back to the supply device where the sequence restarted. Both participants
were able to use the robot successfully to reach the activity destinations from the
supply device and return to the supply device to operate new activity choices. This
allowed them to maintain a combination of travel and constructive occupational
engagement through the sessions, which lasted up to 45 min.

Lancioni et al. (1994) used the same mobile robot described above with a man
and a woman of 23 and 18 years of age, respectively. The man was rated in the pro-
found range of intellectual disability and presented with total blindness, deafness,
spastic tetraparesis, and a form of ataxia making his balance very precarious. When
provided with support, he could walk slowly but without apparent difficulties. The
woman was diagnosed with total blindness, profound intellectual disability, spastic
tetraparesis with severe scoliosis, and pelvic asymmetry. She could walk in small
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steps when provided with adequate support. The program was aimed at promoting
ambulation and activity. The participants were to transport objects through an
adapted shirt, which was provided with specially arranged pockets. After receiving
the objects, the participants would take hold of the robot’s handle and walk behind
the robot until reaching a couch. At that point, they would sit on the couch and put
away the objects. The participants were allowed to sit on the couch for 1-3 min
before starting the next move to the next destination/couch where to sit and put
away the objects. Both participants managed a fairly successful performance in
terms of activity and ambulation. Their average walking time was between 20 and
22 min per session. Staff personnel interviewed about the participants’ appearance
and behavior during different daily conditions expressed positive views of the
participants’ performance during the sessions with the robot.

Lancioni et al. (1997) replicated and extended the results of the previous Lancioni
etal.’s (1994) study with two men of 24 and 18 years of age, respectively. Both men
were diagnosed with blindness and profound intellectual disabilities. They also pre-
sented with severe auditory impairment and extensive neuromotor disabilities that
prevented them from walking without support. As in the previous studies, the aim
was to promote the participants’ ambulation and occupational engagement. The par-
ticipants were to transport objects and put them away once they had reached a couch
where they would sit for 2-3 min and receive vibratory (preferred) stimulation.
Three measures were recorded during the study, that is, the frequency of correct
activities (i.e., transporting and putting away objects independently), the number of
minutes that the participants walked independently, and staff’s judgments of the
participants’ tiredness on the basis of videotaped sequences. Data showed that the
participants performed most of the activities correctly and reached a mean time of
over 20 min of independent walking per session by the end of the first intervention
phase. Given their successful performance and lack of any detectable signs of tired-
ness, the number of activities was gradually increased so that by the end of the
second intervention period, they reached a mean walking time per session of about
30 min. This increase did not interfere with the high level of correct (independent)
performance. No evaluation was carried out of any specific improvements in the
participants’ walking. The view was that the walking experience (practice) would
be likely to have beneficial effects on muscle strength and coordination and could
also reduce the risks associated with the sedentary lifestyles that these persons are
accustomed to have (Cirignano et al. 2010; Lancioni et al. 2000a, b; Lee et al. 2010;
Lotan et al. 2004a). The walking was also thought to have a positive impact on the
participants’ social image, in line with the support for ambulation and activity
expressed by the staff in the previous study (Lancioni et al. 2004).

Studies Reporting the Use of a Treadmill

The studies using the treadmill approach were mostly characterized by (a) the inclu-
sion of children as participants, (b) the use of partial body weight support to help
them respond appropriately and avoid rapid tiredness, and (c) the emphasis on
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Table 6.1 Studies using treadmill intervention and involving participants with Down syndrome,
cerebral palsy, and Rett syndrome

Studies Participants Age Conditions

Down syndrome

Ulrich et al. (2001) 30 10 months Treadmill intervention versus control
Wau et al. (2007) 45 10 months Higher-intensity-personalized treadmill

protocol versus lower-intensity-
generalized treadmill protocol
versus control

Ulrich et al. (2008) 30 10 months Higher-intensity-personalized treadmill
protocol versus lower-intensity-
generalized treadmill protocol

Angulo-Barroso 30° 10 months Higher-intensity-personalized treadmill
et al. (2008a) protocol versus lower-intensity-
generalized treadmill protocol
Angulo-Barroso 300 10 months Higher-intensity-personalized treadmill
et al. (2008b) protocol versus lower-intensity-
generalized treadmill protocol
Wau et al. (2008) 300 10 months Higher-intensity-personalized treadmill

protocol versus lower-intensity-

generalized treadmill protocol
Looper and Ulrich (2010) 22 10 months Treadmill intervention plus orthosis

versus treadmill intervention
Cerebral palsy and Rett syndrome

Schindl et al. (2000) 10 6-18 years Treadmill intervention

Dodd and Foley (2007) 14 5-15years  Treadmill intervention versus control

Borggraefe et al. (2008) 1 6 years Treadmill intervention

Willoughby et al. (2010) 26 5-18 years  Treadmill intervention versus
overground walking practice

Lotan et al. (2004b) 4 8.5-11 years Treadmill intervention

*These same participants are involved in these studies

walking practice and exercise with the aim of improving the whole gait cycle and
eventually promoting walking skills (Accivatti et al. 2006; Begnoche and Pitetti
2007; Damiano and DeJong 2009; Zwicker and Mayson 2010). Of the numerous
studies that have been conducted with the use of treadmills, only 12 are referred to
in this chapter. Those 12 studies were selected because they included participants
with apparent intellectual and communication disabilities in addition to their motor
impairment or delay. Seven of the 12 studies were concerned with infants and young
children with Down syndrome (Angulo-Barroso et al. 2008a, b; Looper and Ulrich
2010; Ulrich et al. 2001, 2008; Wu et al. 2007, 2008). The other five studies included
children with cerebral palsy or Rett syndrome (Borggraefe et al. 2008; Dodd and
Foley 2007; Lotan et al. 2004b; Schindl et al. 2000; Willoughby et al. 2010).
Table 6.1 lists all the aforementioned studies.
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Participants with Down Syndrome

The age of the children at the beginning of the studies was mostly around 10 months.
The two main criteria used for their inclusion in the studies were (a) the ability to
produce six steps per minute while supported on the treadmill or (b) the ability to sit
independently for 30 s. Body weight support was obtained via direct intervention of
parents and therapists rather than through a harness.

Ulrich et al. (2001) assessed the impact of early treadmill intervention on
the achievement of raising self to stand, walking with help, and walking indepen-
dently. The study involved the participation of 30 children whose age at the start
of the study averaged 307 days. The children were divided into two groups.
One group received treadmill intervention and biweekly pediatric physical therapy.
The other group received only biweekly pediatric physical therapy. The first group
had custom-engineered treadmills placed at their homes, and parents were instructed
to position them on the treadmills, hold them upright so their feet were flat on the
treadmill belt, and carry out the intervention (i.e., ensure that they produced step-
ping responses in relation to the movement of the treadmill belt) 5 days a week. The
intervention was programmed to last 8§ min per day. Initially, the children would be
held on the treadmill per intervals of 1 min followed by 1-min rest periods. Gradually,
the intervals on the treadmill were extended up to the point that they covered the
8-min period with no rest interruptions. The children receiving treadmill intervention
reached each of the three milestones on which measurements were made (i.e., rising
to stand, walking with help, and walking independently) in a shorter amount of time
from entering the program than the control children. Specifically, they reached (a)
rising to stand after a mean of 134 days, (b) walking with help after a mean of
166 days, and (c) walking independently after a mean of 300 days. The control
children reached the same milestones after 194, 240, and 401 days, respectively.
The differences on the last two milestones (i.e., walking with help and walking
independently) were statistically significant.

Wau et al. (2007) evaluated the impact of different intensities of treadmill inter-
vention on the acquisition of walking skills and on the subsequent development of
gait patterns. Their hypotheses were that (a) children who received treadmill inter-
vention would walk earlier and present a more advanced gait pattern (e.g., faster
walking speed or longer strides) than children who did not receive such intervention
and (b) children receiving a higher-intensity-individualized intervention protocol
would have better results than those receiving a lower-intensity-generalized inter-
vention protocol. The treadmill speed was set at 0.18 m/s. Higher-intensity-
individualized intervention involved a rise in demands tailored to individual
progress. The rise concerned increases in the treadmill speed (which reached about
0.22 m/s), extensions in the daily use of the treadmill (which reached about 9 min),
and application of little weights to the children’s ankles (which exceeded 300 g).
The intervention protocols were maintained until the children reached the criterion
of walking onset (i.e., three independent steps performed successively overground).
The walking onset criterion was achieved at 23.9 months of age by the 15 children
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who constituted the control group (i.e., who had no treadmill intervention), at
21.4 months of age by the 14 children who received the lower-intensity-generalized
intervention protocol, and at 19.2 months of age by the 16 children who received the
higher-intensity-individualized intervention protocol. Statistical analyses indicated
that the differences were significant only between the first and the third group of
children. In line with the walking onset results, gait data indicated that the stride
length of the children who received the higher-intensity-individualized intervention
protocol was significantly longer than the stride length of the control group.

Ulrich et al. (2008) extended the evaluation of the higher-intensity and lower-
intensity intervention protocols started by Wu et al. (2007). The conditions available
for the two protocols were matching those previously described by Wu et al. The
authors wanted to determine the effects of the protocols on the children’s frequen-
cies of alternating steps and on the onset of a variety of locomotor skills (e.g., mov-
ing forward using prewalking methods and raising self to stand). Data showed that
the frequencies of alternating steps were similar at the start of the study, favored the
children with lower-intensity protocol during the earlier parts of the intervention
and the children with higher-intensity protocol during the later parts of the interven-
tion. The attainment of all basic locomotor milestones occurred at an earlier age for
the children with higher-intensity protocol. However, differences between groups
were statistically significant only on moving forward using prewalking methods and
rising to a standing position.

Angulo-Barroso et al. (2008a, b) and Wu et al. (2008) compared the effects of the
different treadmill intervention conditions (i.e., higher- and lower-intensity protocols)
on longer-term performance of the children experiencing the intervention. Angulo-
Barroso et al. (2008a) examined the level (intensity) of physical activity of the children
who had followed the higher- and lower-intensity treadmill protocols for 1 year after
the end of the intervention protocols. For that purpose, they analyzed the children’s
engagement data in terms of sedentary-to-light activity and moderate-to-vigorous
activity and differentiated the activity in trunk and legs activity. The results
suggested that children who had experienced the higher-intensity treadmill protocol
continued to have a higher level (longer periods) of intense activity during the fol-
low-up year. This finding was considered particularly relevant in view of the fact
that children with Down syndrome tend to be less active and less energetic/intense
than their typical counterparts.

Angulo-Barroso et al. (2008b) conducted a 1-year follow-up study to determine
the long-term effects of higher- and lower-intensity treadmill protocols on children’s
gait. Six gait parameters were examined: step length, step width, normalized veloc-
ity, cadence, double support percentage, and dynamic base. Data showed that both
groups of children had a significant increase in normalized velocity, cadence, step
length, and dynamic base and a decrease of step width and double support percent-
age over the follow-up. The children experiencing the higher-intensity protocol pro-
duced significantly higher normalized velocity and cadence and lower double
support percentages compared to the children with lower-intensity protocol.

Wu et al. (2008) collected 1-year follow-up data on obstacle clearance for the
children who had experienced higher- and lower-intensity treadmill protocols until
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they reached walking criterion. The follow-up data collection concerned the way the
children approached and cleared obstacles that they encountered on the walking
pattern. The height of the obstacles increased over the various assessments carried
out through the follow-up period. Overall findings showed that all children increased
the percentages of walking (and reduced percentages of crawling) over the obstacle.
Yet the percentages of walking of the children who had experienced a higher-inten-
sity treadmill protocol were significantly larger than those of the children who had
experienced the lower-intensity protocol. This difference suggested that the first
group of children had managed a greater development in adaptive gait.

Looper and Ulrich (2010) extended the research scope of the previous studies by
assessing the possible influence of early orthosis use with treadmill intervention. At
the start of the study, 12 children were allocated to the control group receiving
treadmill intervention, and 10 children were allocated to the experimental group
receiving treadmill intervention and orthosis use. The study started when the chil-
dren could pull themselves to a standing position and continued until they had
1 month of independent walking experience. Treadmill intervention stopped 1 month
earlier (i.e., at the onset of independent walking). Treadmill intervention was intro-
duced in small steps (i.e., using 1-min walking followed by 1-min rest) before being
carried out in an uninterrupted session. The length of the intervention sessions was
planned to be 8 min (even though parents seemed to eventually manage sessions of
about 6 min). Sessions were carried out 5 days a week. Children of the experimental
group were also to wear a supramalleolar orthosis for several hours a day. The chil-
dren’s progress was evaluated through the overall scores on the gross motor func-
tion measure (GMFM; Russell et al. 2002), as well as through the scores on the
specific domains of this measure, that is, crawling and kneeling, standing, and walk-
ing, running, and jumping. All the children showed large improvements in their
overall scores on the GMFM as well as on the single domains (scales) of this mea-
sure over time. The scores at 1 month after walking onset (i.e., at the end of the
study) showed that the control group scored significantly higher than the experimental
group on the GMFM total score, the standing scale score, and the walking,
running, and jumping scale score.

Participants with Cerebral Palsy and Rett Syndrome

The studies carried out with these participants resorted to the use of partial body
weight support to help the participants respond appropriately and avoid rapid tired-
ness. Schindl et al. (2000) carried out a study with ten participants with cerebral
palsy (and possible intellectual and communicative disabilities), whose ages ranged
from 6 to 18 years with a mean of over 11 years. Six of these participants, who
presented with tetraparesis, were not able to walk at all unless firm support was
provided to them. Of the remaining four participants, two required support for bal-
ance and/or coordination, one needed verbal supervision and occasional physical
support, and one could walk in an athetoid manner. The participants received
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different levels of body weight support in line with what was required by their
general situation. Two therapists would be available at the sides of the treadmill to
facilitate their step movements and their leg and foot positions and also to ensure
that they would not sit on the harness supporting them. The treadmill was set at
speeds ranging from 0.14 to 0.42 m/s at the beginning of the intervention. The
speeds were gradually increased and reached ranges of 0.25-0.47 m/s by the end of
the study. The net walking ranged from about 10 to 19 min at the beginning of the
study and increased gradually for eight of the participants while remained virtually
the same for two of them (i.e., two participants who showed signs of fatigue). The
program lasted 3 months and involved three 30-min sessions a week. Participants
were encouraged to walk continuously for periods of 5-10 min followed by rest
periods. Prior to the start of the study, all participants had been familiarizing with
treadmill sessions. Group results showed significant improvements in standing and
walking. Of the six participants of the first group (i.e., those with more severe neu-
romotor impairment), five were reported to have an improvement of their standing
and walking abilities. All four participants of the second group showed improve-
ment in standing (and postural abilities) and in walking.

Dodd and Foley (2007) sought to determine whether a 6-week program involv-
ing treadmill sessions with partial body weight support could increase (a) the self-
selected, overground walking speed and (b) the walking endurance of participants
with cerebral palsy and intellectual/developmental disabilities. To answer those
questions, the authors compared the performance of seven participants who were
provided with 12 treadmill sessions of up to 30 min with the performance of seven
matched, control participants. The participants were reportedly walking with differ-
ent levels of supports and were 5.4—14.6 (M =8.9) years old. Partial body weight
support and treadmill speed were adjusted through the sessions provided to the
experimental group. Results showed that this group had a significant increase in
self-selected overground speed as indicated by the 10-m walking test. Indeed, six of
the seven members of the group showed an improvement on their selected speed at
the test, compared to their baseline performance on it. By contrast, only two mem-
bers of the control group showed an improvement in their speed. Some improve-
ment also occurred in their overground walking endurance as indicated by the
10-min walking test. Five members of the experimental (vs. three of the control
group) had an improvement on this test.

Borggraefe et al. (2008) carried out a study with a 6-year-old child who was
diagnosed with bilateral spastic cerebral palsy and some level of intellectual and
adaptive disability. The child was able to walk with an assistive mobility device and
was able to communicate possible pain and discomfort. The aim was to assess the
impact of 12 treadmill sessions carried out over a period of 3 weeks. The sessions
lasted over 30 min during which the child was shown preferred videos to motivate
his participation. Initially, about 50 % of the child’s body weight was supported dur-
ing the sessions. Such support decreased to nearly zero by the end of the interven-
tion. The treadmill speed was set at 0.27 m/s at the start of the study and increased
across sessions. The child showed marked improvement in overground walking
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velocity on the 10-m walking test (i.e., from about 0.25 to about 0.60 m/s), and his
speed was preserved at a 4-month follow-up. Similarly positive data were obtained
on the 6-min walking test (i.e., from a distance of 55 m to a distance of 115 m,
which became 152 at the 6-month follow-up). GMFM scores also improved with
regard to the standing domain as well as on the walking, running, and jumping
domains (Russell et al. 2002).

Willoughby et al. (2010) (a) assessed the safety and feasibility of a treadmill
intervention program with partial body weight support within a special school envi-
ronment and (b) compared the effects of the aforementioned program with those of
overground walking practice on the walking endurance, walking speed, and walking
function of participants with cerebral palsy and moderate to severe intellectual dis-
ability. Twenty-six participants of 5—18 years of age (mean of about 11 years) were
included in the study: 12 were involved in the treadmill intervention program and 14
in the overground walking practice. The treadmill program involved two sessions
per week for 9 weeks. The body weight support was systematically reduced in rela-
tion to the participants’ improvement. The treadmill speed was gradually increased
to levels tolerable for the participants. Participants were helped with standing
upright and performing the gait cycle. A mirror was also available as a way to pro-
vide them feedback as to the postural condition and promote motivation. The over-
ground (control) program involved the use of a walking/supporting device through
which the participants could practice walking in the school corridors or on the
grounds. The staff could provide assistance with the components of the gait cycle.
At each session, the participants were encouraged to walk faster and for a longer
duration. The maximum walking time across conditions was 30 min. Sessions could
be interrupted if the participants asked to do so or stopped walking. There were no
significant differences between the two programs in terms of their overall effects
(i.e., walking speed, walking endurance, and walking function). Also, none of the
participants suffered any adverse events or negative safety issues during the tread-
mill intervention program or the control program. Thus, both programs can be con-
sidered safe and feasible within school contexts.

Lotan et al. (2004b) conducted a study with four girls with Rett syndrome
whose ages were between 8.5 and 11 years (with a mean of 10 years). The girls
were provided with treadmill intervention over a period of 2 months, during which
they had 36-50 treadmill sessions. Initially, the sessions lasted 5 min. Then they
were gradually increased to a maximum of 30 min. Eventually, their length was
set at about 20 min. The maximum speed of the treadmill was about 0.42 m/s, and
the inclination remained at the zero level. During the sessions, the girls were pre-
sented with their preferred songs and music. Functional effects of the treadmill
intervention were measured through a multi-item motor functioning scale set up
for the study. The items on which the authors found significant differences/
improvements between pre- and postintervention measurements were those con-
cerning (a) knee walking, (b) walking speed over a 25-m distance, (c) speed in
descending a staircase of three stairs, and (d) speed in ascending the same
staircase.
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Table 6.2 Studies using walkers with microswitches and contingent stimulation

Studies Participants Age (years) Microswitches

Lancioni et al. (2004) 1 19 Two optic microswitches at the heels

Lancioni et al. (2005a) 1 13 Two optic microswitches (one on the walker’s
side and one on a shoe)

Lancioni et al. (2005b) 2 11,47 Two optic microswitches on the walker’s
sides

Lancioni et al. (2007a) 4 7-41 Two optic microswitches at the heels or one
optic microswitch on the side of a leg

Lancioni et al. (2007b) 2 8, 10 Two pressure microswitches under the shoes
or two optic microswitches at the heels

Lancioni et al. (2008) 2 3,12 Two optic microswitches on the walker’s sides

Lancioni et al. (2010) 5 5.5-11 Two optic microswitches on the walker’s

sides, or two pressure microswitches
under the shoes, or one pressure
microswitch under a shoe

Studies Reporting the Combined Use of Walker
Devices and Microswitches

In these studies, the walker devices ensured the participants’ upright posture and
could also provide them partial body weight support (through a saddle or harness)
so as to facilitate their performance of step responses (or of other foot-leg move-
ments). The microswitches monitored the occurrence of the target responses and
allowed them to be followed by an automatic (contingent) delivery of brief periods
of preferred stimulation. This aspect was considered of critical importance to moti-
vate the participants to make an effort to take independent steps and have a positive
(happy) experience of the sessions (Green and Reid 1999a, b; Lancioni et al. 2005b, c;
Miltenberger 2004). Seven studies (see Table 6.2) reported the use of walker devices
and microswitches with contingent stimulation for participants with multiple dis-
abilities, that is, intellectual, motor and, often, also sensory disabilities. Their level
of intellectual disability was rated in the severe to profound range. Six studies were
aimed at promoting stepping responses (locomotion) with a total of 15 participants
(Lancioni et al. 2004, 2005a, b, 2007a, 2008, 2010). The seventh study targeted
preambulatory leg-foot movements of two children (Lancioni et al. 2007b).
Lancioni et al. (2005a), for example, worked with an adolescent of 13 years of
age who was rated in the profound intellectual disability range, was totally blind,
and presented with spastic tetraparesis and scoliosis. He could stand and briefly
walk only if he received extensive physical support from a person or used a four-
wheel support walker. His performance with the walker was, however, reported to
be fairly modest with only a low frequency of steps taken. This was thought to be
largely due to a motivation problem (i.e., disinterest in making an effort without
positive/reinforcing consequences for it). To increase his motivation to walk, two
optic microswitches with contingent stimulation were used in combination with the
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walker. One microswitch was attached to the right lateral panel of the walker to
monitor the steps the participant made with his right foot. The other microswitch
was attached to his left shoe to detect steps he made with his left foot. The micro-
switches were connected to an electronic control system, which was attached to the
walker frame. Microswitch activation triggered the control system, which in turn,
activated recording devices (available with the control system), which played pre-
ferred music or recorded praise statements. The study was carried out according to
an ABAB sequence in which A represented baseline phases and B intervention
phases. Baseline and intervention phases involved two to four 5-min sessions per
day. During intervention sessions, the occurrence of a step (the activation of one of
the microswitches) caused the occurrence of 3 s of preferred stimulation. During the
first baseline, the participant’s mean frequency of steps per session was about 45.
During the first intervention phase, the mean frequency increased to over 100 per
session. During the second baseline, the frequency declined. During the second
intervention, it increased again above 100. Data also showed that during the inter-
vention phases, the participant had an increase in indices of happiness (i.e., smiles
or excited vocalizations).

Lancioni et al. (2005b) worked with a child and a woman of 11 and 47 years of
age, respectively. Both participants were rated in the profound intellectual disability
range. They presented with spastic tetraparesis and scoliosis, could only walk with
support, and were familiar with the use of a four-wheel support walker. The walker
was fitted with a saddle, a feet divider, and a frame passing under the participants’
arms and around their chest. As with the previous case, these participants’ frequen-
cies of steps while on the walker were relatively modest, and thus, microswitches
and contingent stimulation were included in the intervention program. The micro-
switches (i.e., optic sensors) were (a) attached to the left and right panels of the
walker device, respectively, so that they could detect steps performed with the left
and the right foot and (b) connected to an electronic control system, which regulated
the occurrence of preferred stimulation. The intervention was carried out after base-
line phases of different lengths for the two participants (i.e., according to a multiple
baseline design across participants) and involved three or four 5-min sessions per
day. The performance of steps led to 3 s of preferred stimulation. Data showed that
the participants had mean frequencies of 24 and 70 steps per session during the
baseline and 103 and 194 steps per session during the intervention. The participants
also showed increases of indices of happiness indicating that they enjoyed their
walking performance.

Lancioni et al. (2007a) used the aforementioned approach with two children of
about 7 and 9 years of age, and a man and a woman of 19 and 41 years of age. One
of the children presented with spastic tetraparesis and visual impairment; the other
child had low muscle tone and visual and auditory impairments. Both adults pre-
sented with spastic tetraparesis. One of them also had severe visual impairment. All
participants were considered to function in the profound intellectual disability range
but could stand and take some steps with support. They were provided with
four-wheel support walkers, which for three of them also included a harness secur-
ing them and lifting part of their weight. The walkers were combined with
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microswitches, control systems, and, during the intervention, with contingent stim-
ulation as well. Microswitches varied across participants. For two of them, optic
microswitches were attached to the heels of their shoes. For the other two, only one
microswitch was used, and this was attached to the external side of the right leg,
slightly above the ankle. During intervention, the control system ensured (a) the
occurrence of 2.5 s of preferred stimulation at each step (for the former two partici-
pants) and (b) the occurrence of 5 or 6 s of preferred stimulation at each micro-
switch activation (for the latter two participants). Participants usually received
several 5-min sessions per day according to an ABAB sequence in which A repre-
sented periods of baseline sessions (with no stimulation) and B represented periods
of intervention sessions (with contingent stimulation). The results showed that all
participants (a) had relatively low frequencies of step responses during the first
baseline, (b) increased those frequencies greatly during the first intervention phase,
(c) showed drastic frequency declines during the second baseline, and (d) restored
high frequencies during the second intervention phase. All participants also showed
increases in indices of happiness, such as smiles, during the intervention phases.

Lancioni et al. (2010) extended the approach to five new children between about
5.5 and 11 years of age. They were reported to be in the severe or profound intel-
lectual disability ranges and presented with spastic tetraparesis. Four of them also
showed different levels of visual impairment. All children could walk with exten-
sive physical support from a caregiver or through the use of four-wheel walkers
equipped with a frame passing around their chest and under their arms and a harness
or saddle securing their posture and lifting part of their body weight. Yet their fre-
quency of steps (i.e., their motivation to walk) seemed quite modest, so the use of
microswitches and contingent stimulation (i.e., preferred stimulation following the
performance of steps) was added as in the studies reviewed above. The position and
characteristics of the microswitches varied across participants in an attempt to
increase their efficiency and practicality. For two of the participants, the micro-
switches were fixed to the right and left panels of the walker device so that they
could monitor step responses with the right and left foot. For two other participants,
the microswitches were attached to the shoes. For the fifth participant, only one
microswitch was used, and it was connected to his left foot. The study was carried
out according to an ABAB sequence (see above) for four of the five participants and
a simple AB for the fifth participant and involved several 5-min sessions per day.
During the intervention (B) phases, steps were followed by brief periods of pre-
ferred stimulation. The stimulation varied from 3 to 5 s for the four participants who
used two microswitches and lasted 8 s for the fifth participant who used only one
microswitch. During the initial baseline, the participant’ mean frequencies of steps
varied between 7 and 26 per session. During the first intervention phase, the mean
frequencies varied between 23 and 110 per session. The frequencies declined during
the second baseline and increased again during the second intervention phase (i.e.,
for the four participants with the ABAB sequence).

Lancioni et al. (2007b) used the same approach to foster preambulatory foot-leg
movements of two children of 8 and 10 years of age. The study involved an ABAB
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sequence and adopted technological and procedural conditions similar to those of
the studies summarized above. The difference from the other studies concerned the
responses targeted. These were not regular steps but foot-leg movements prelimi-
nary to them, that is, foot-leg movements that ended with the child’s foot touching
the floor (after any minimal lifting from it), in a way that resembled a side, forward,
or backward step. These movements were followed by 5 s of preferred stimulation
during the intervention phases of the study. Baseline and intervention phases were
carried out through 5-min sessions repeated three to five times during the day. Both
children started with relatively low baseline levels (i.e., 18 and 14 movements per
session) and increased those levels drastically during the first intervention (i.e.,
reached mean frequencies of 52 and 82 movements per session). The second base-
line led to a drop of responding. The second intervention phase increased the mean
frequencies to 58 and 129 movements for the two participants, respectively.

Discussion

Outcome of the Studies Using a Robot

The studies included in the overview concerned three different forms of assistive
technology (i.e., robot, treadmills, and walkers combined with microswitches and
contingent stimulation), which seemed adequate to promote relevant outcomes
emphasizing different educational and rehabilitation target areas. The studies using
the robot were not really aimed at enhancing walking skills or establishing new
levels of walking performance as such but rather at ensuring a technology-supported
walking behavior that was instrumental for the participants’ activity engagement
and physical exercise (Lancioni et al. 1993b, 2000a). Indeed, the robot seemed to
work in a satisfactory manner to promote the participants’ independence from the
staff, increase their engagement opportunities, and extend their overall walking time
and distance (i.e., allowing walking to become a basic opportunity of mild physical
exercise; Lancioni et al. 2000a).

The robot’s effectiveness was clearly connected to the fact that the participants
were capable of walking with support and required only a steady object to use for
that purpose. The robot’s role, however, was not only that of being a steady object
and supporting the participants during their walking but also that of leading/guid-
ing them through the space that they had to travel to reach the target destinations.
This second aspect was critical given the fact that the participants presented with
visual impairment or blindness and had most serious orientation problems (see
Chap. 5).

The activities carried out by the participants at the destinations that they reached
with the robot differed in relation to their basic characteristics and abilities. More
skillful participants were provided with the opportunity to choose and perform
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constructive, vocational activities (Lancioni et al. 1993b). Less skillful participants
were only required to perform simple object transportation and object disposal
(setting away), but the staff considered this engagement together with the indepen-
dent walking socially/practically relevant and desirable (Lancioni et al. 1994,
1997).

Further analysis and generalization of the aforementioned results would require
some caution due to two methodological/research limitations of the studies reviewed.
The first limitation concerns the fact that the number of persons involved in the stud-
ies was small (i.e., a total of seven participants) (Kazdin 2001; Richards et al. 1999).
The second limitation concerns the fact that all the studies were carried out by the
same research unit, within a single rehabilitation and care cultural context (Lancioni
et al. 1993b, 1994, 1997, 2000a).

Outcome of the Studies Using Treadmills

The use of the treadmill with children with Down syndrome seemed to promote
earlier achievement of basic milestones, such as rising to stand, walking with help,
and walking independently (Ulrich et al. 2001). Higher-intensity-individualized
intervention (involving a rise in demands tailored to individual progress) seemed
more effective than a lower-intensity-generalized intervention protocol (Wu et al.
2007). However, the differences between the two protocols reached levels of statis-
tical significance only on moving forward using prewalking methods and rising to a
standing position (Ulrich et al. 2008). Higher-intensity-individualized intervention
seemed also to have positive, long-term effects, that is, it was associated with (a)
higher levels and longer duration of intense activity, (b) higher normalized velocity
and cadence and lower double support percentages, and (c) higher percentages of
walking (and reduced percentages of crawling) over obstacles (Angulo-Barroso
et al. 2008a, b; Lloyd et al. 2010; Wu et al. 2008). The addition of a supramalleolar
orthosis to treadmill intervention did not seem to bring about improvements in the
outcome. To the contrary, children of the control group scored significantly higher
than the experimental group on the GMFM total score, the standing scale score, and
the walking, running, and jumping scale score.

These findings seem convincing in suggesting that the treadmill intervention
and, in particular, the higher-intensity-individualized protocol can have beneficial
effects in promoting the achievement of independent walking and other locomo-
tor skills relevant for development and adaptive performance. The questions one
can raise are whether (a) the treadmill continues to be the only exercise/practice
means after the initial period or other overground forms of technology (e.g.,
walkers and microswitches) may also be used and (b) the parents/caregivers’
approval, encouragement, and praise are sufficiently reinforcing events for the
treadmill exercise or other sensory events could also be programmed to increase
the child’s motivation to perform (Kazdin 2001; Lancioni et al. 2010; Vashdi
et al. 2008).
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The use of the treadmill with persons with cerebral palsy indicated that partici-
pants of different levels of disability had an improvement of their standing and
walking abilities after relatively brief intervention periods. Marked improvement
was found in overground walking velocity on the 10-m walking test and in walking
endurance on the 6-min walking test (Borggraefe et al. 2008; Dodd and Foley 2007).
Yet the effects of treadmill intervention did not seem to differ significantly from the
effects of a control program involving the use of a walking/supporting device
through which the participants could practice walking in the school corridors (i.e.,
overground) (Willoughby et al. 2010). This particular finding seems to cast some
doubts as to the specificity of the treadmill intervention per se and to emphasize
instead an intervention approach that involves increased walking practice and exer-
cise regardless of the means through which these specific objectives are pursued and
realized (Begnoche et al. 2005; Hayakawa and Kobayashi 2011).

A second point that was raised above and applies again here is that of motivation.
Of the four studies directed at participants with cerebral palsy, only two seemed to
consider this issue. One was explicit about using reinforcing events (preferred videos
and movies) during treadmill walking (Borggraefe et al. 2008), while the other used
a mirror as a source of feedback and possible motivation (Willoughby et al. 2010).
The limited emphasis on motivation and reinforcement could represent a clear
weakness of these intervention programs. In fact, they require the participants to
produce a large effort on the basis of a goal that might be too far and too difficult for
them to appreciate (i.e., insufficiently motivating) given their disabilities. A recent
study by Vashdi et al. (2008) was aimed at providing some clarification on this
issue. The authors compared four different conditions that were activated during
the treadmill walking of a group of 13 children ranging in age from 5.5 to 11 years.
The conditions consisted of a close proximity of the supervisor, a distant presence of
the supervisor, the use of positive reinforcement (i.e., the use of videos with movies),
and paired modeling (the use of two treadmills with two children involved in the
walking in parallel). The dependent variable was the participants’ attempts to dis-
continue their walking during the sessions. The results of the study showed that the use
of the reinforcement led (a) to a significantly smaller number of attempts to discon-
tinue walking than the close proximity and distant presence of the supervisor but
(b) to a significantly larger number of attempts than paired modeling. The authors
argued that the positive reinforcement condition may have failed to be the strongest
(most effective) condition simply because it presented weaknesses in terms of the
stimuli included (i.e., not selected for the individual children) and in terms of its
application (i.e., at fixed intervals).

The use of the treadmill for children with Rett syndrome led to a generally posi-
tive outcome in knee walking, walking speed over a 25-m distance, and speed in
descending and ascending a staircase of three stairs. These results, although encour-
aging, may need to be taken with great caution given the fact that they are based on
only one study with four participants (Lotan et al. 2004b). An interesting (positive)
aspect of the intervention program was that it included the use of positive reinforce-
ment stimuli (preferred songs and music) to motivate the participants to engage in
treadmill walking.
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Outcome of the Studies Using Walkers and Microswitches

The studies using walkers with microswitches and preferred stimulation contingent
on the participants’ steps (or foot-leg movements) presented consistently positive
results in terms of steps/movements’ increases. This favorable outcome may, first of
all, be ascribed to the fact that the participants selected for inclusion were largely
suitable to the programs. That is, they possessed (i.e., except those included in the
study on foot-leg movements) the basic stepping skills required for progressing
toward satisfactory supported ambulation. Secondly, the use of preferred stimulation
contingent on the step responses appeared to be motivating (reinforcing) and there-
fore succeeded in strengthening the participants’ efforts to walk and in increasing
their overall frequencies of steps.

The finding that the increase in the frequencies of step responses was accompa-
nied by increases in indices of happiness seems to make the program package more
interesting and respectful of the participants and of their quality of life (Lancioni
et al. 2005a, b, 2007a). Indeed, the increase in indices of happiness may be taken to
suggest that the stimulation provided largely exceeded the efforts required by the
walking performance and the participants were able to enjoy the experience (Dillon
and Carr 2007; Green and Reid 1999a, b; Green et al. 2005; Horton and Taylor
1989; Lalli et al. 1994; Lancioni et al. 2005c¢; Strawbridge et al. 1989).

Although no specific measurements were taken as to the technical aspects of
walking per se, one would reasonably expect the general walking performance to
improve as a consequence of the extended practice the participants experienced
with regular daily recurrence (Anttila et al. 2008; Blundell et al. 2003; Day et al.
2004; Hamed and Abd-elwahab 2011; Ketelaar et al. 2001; Kollen 2009).

Questions may be raised as to whether the participants of the Lancioni et al.’s
(2007b) study (i.e., those exposed to the program in which simple foot-leg move-
ments were followed by preferred stimulation) could have benefited more from a
treadmill intervention protocol. Indeed, a treadmill intervention would have made
the participants exercise the step cycle and the muscle components involved in the
performance of it. By contrast, the program carried out in the study reported did not
target the step cycle but rather focused on the participants’ initiative and motivation
to carry out basic movements that could develop into functional step/travel
instruments (Borggraefe et al. 2008; Willoughby et al. 2010).

Implications of the Studies’ Outcomes

The results obtained with the use of the different approaches and the comments
provided about them may have important implications on two specific grounds. On
the one hand, they seem to provide a set of data that constitutes an encouraging basis
in favor of direct (functional) intervention for promoting ambulatory behavior and
against the need of relying exclusively (predominantly) on the neurodevelopmental
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method (Begnoche and Pitetti 2007; Day et al. 2004; Ketelaar et al. 2001). On the
other hand, they provide a variety of specific examples (and relevant observations)
that can be viewed as forms of practical intervention guidance for regular rehabilita-
tion settings as well as home/family contexts (Bodkin et al. 2003; Palisano et al.
2003; Zwicker and Mayson 2010; Tieman et al. 2004; Wu et al. 2007). For example,
the use of the treadmill, which might be considered a plausible strategy for many
persons with cerebral palsy and multiple disabilities, may need to be programmed
in combination with positive stimulation. This stimulation would be critical to moti-
vate the person to endure the effort required by the situation (and thus avoid attempts
to discontinue the walking engagement or to show other problem behaviors) and
improve the overall mood and possibly display indices of happiness (Vashdi et al.
2008). Obviously, the stimulation is to be selected for the single persons specifically
to maximize its positive impact on their behavior (Kazdin 2001; Lancioni et al.
2010; Vashdi et al. 2008).

The use of treadmills and the use of walkers with microswitches and contingent
stimulation, which have been reported as two different approaches directed at per-
sons with possibly different characteristics, might not need to be viewed as com-
pletely separate. In fact, one might argue that the two approaches can represent two
segments of the same rehabilitation program for many persons (Lancioni et al. 2010;
Willoughby et al. 2010). For example, the first segment could involve the use of the
treadmill to help staff or parents establish basic stepping responses and eventually
promote walking performance with partial levels of body weight support. The sec-
ond segment could involve the use of the walker and microswitches, which would
provide posture control and body weight support and ensure the presence of contin-
gent stimulation to guarantee a successful practice of the new skills (Ketelaar et al.
2001; Lancioni et al. 2007a, 2009b).

Once the person has acquired the ability to walk with some form of support, he
or she should probably be enabled to use such a new skill as a means to reach target
places and carry out specific activities. In this way, the new walking skill would be
fully integrated within the person’s education/rehabilitation plan. The use of the
walker device with microswitches would be the best solution to ensure the achievement
of this goal for its flexibility in allowing different travel routes, for its possibility of
providing stimulation contingent on walking, as well as for its practicality and
affordability (see below).

The question of whether the provision of stimulation for the step responses would
remain necessary cannot be answered in general. One might hypothesize that most
persons with severe/profound and multiple disabilities and extensive neuromotor
impairment (a) would continue to find walking a demanding task rather than a sim-
ple and enjoyable engagement, (b) would not have particular interests in exploring
the environment and reaching specific places (i.e., may not possess specific/intrinsic
motivation for walking as such), and (c) would not find self-fulfillment and satisfac-
tion in performing most of the daily activities available for them to perform. For
these persons, the question then might be not whether to eliminate the stimulation
for the step responses but rather when and how to reduce this stimulation from a
continuous basis to an intermittent level (Lancioni et al. 2005a, b, 2010). A different
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perspective may exist for persons who have a less serious disability situation. They
could find the walking engagement less demanding, and their walking and activity
performance could be maintained through the reinforcing events that normally fol-
low the completion of the activities (Kazdin 2001; Lancioni et al. 2000a, 2005b,
2007a).

Practical Considerations on the Use of the Different Technologies

The different technologies can easily be viewed as complementary tools in a com-
plex intervention job such as that directed at establishing some level of walking and
integrating it (making it functional) within the education/rehabilitation program
designed for the person (Begnoche and Pitetti 2007; Kollen et al. 2009; Lancioni
et al. 2009b; Simard-Tremblay et al. 2010). The treadmill is the basic technology,
that is, the only resource one can use at the beginning of the process when the per-
son does not have walking skills. At this preliminary level, the treadmill can also be
combined with an assistive mobility device that helps the therapist in ensuring the
person’s performance of the step cycle (Borggraefe et al. 2008). Obviously, the
combined use of the two would complicate the procedure, require higher levels of
professional expertise, and limit the application of the intervention sessions to spe-
cialized places rather than conventional daily contexts (Damiano and DeJong 2009;
Lancioni et al. 2009b). In practice, the availability of these resources and the exper-
tise to apply them properly may not be widely expected.

The treadmill may remain a basic exercise instrument that maintains (or
enhances) the person’s skills long after the person has acquired the initial walking
levels (Zwicker and Mayson 2010). Two clarifications need, however, to be made
at this point. First, the use of the treadmill may require to be reconsidered with the
view of ensuring the person’s motivation to exercise walking through the delivery
of positive (reinforcing) stimulation. Second, the treadmill cannot be seen as a tool
to help persons who walk with support to practice their skill level functionally
within their daily context. In fact, these persons would be expected to make their
walking part of their occupational engagement and manage to reach different activity
destinations, with beneficial consequences for their adaptive behavior and their
social status (Lancioni et al. 2009b; Maher et al. 2011; Whittingham et al. 2010;
Van Gestel et al. 2008).

The only way these persons can integrate walking with daily activities is through
the use of the robot or the walker with microswitches. The robot has the advantage
of guiding the persons to the destinations and avoiding any orientation problems.
The fact that it does not provide stimulation for the step responses could be over-
come by adding a stimulation source that becomes active in connection with the
robot’s movement (Lancioni et al. 2000b, 2008). This combination could make its
use not only effective but also relatively pleasant for the person thus preventing
(minimizing) problem behaviors (e.g., Vashdi et al. 2008) and possibly increasing
indices of happiness (Dillon and Carr 2007; Green and Reid 1999a, b; Green et al.
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2005; Lancioni et al. 2005a, b, ¢, 2007a). The real problem with the robot is that it
cannot be considered a practical and affordable technology for families and daily
contexts. These specific reasons largely explain why the early studies were not fol-
lowed by new research initiatives directed at developing further (upgraded) versions
of the robot and at assessing new applications of it for promoting ambulation and
activity (Claxton et al. 2011; Hubbard Winkler et al. 2010; Lancioni et al. 2001,
2005b, 2008).

The use of walkers with microswitches and contingent stimulation may be
viewed as the only real option to promote the integration of supported walking into
the daily occupational program of the person. Indeed, walkers are widely available
and can be supplemented with microswitches and stimulus sources for a relatively
accessible cost. In this way, they become the technology that staff and parents can
resort to in the longer term and for most part of the day. The question of whether
stimulation should be maintained on a consistent basis has been addressed above.
For some (most difficult) cases, it would be expected to remain indispensable, and
thus, it would need to occur consistently. For other (less difficult) cases, the stimula-
tion may be reduced into some form of intermittent scheme (Kazdin 2001;
Miltenberger 2004). In both situations, the ultimate goals would be to preserve the
participant’s motivation to walk and to ensure the participant’s satisfaction (happi-
ness) through the walking time (Lancioni et al. 2007a; Samuelsson and Wressle
2008). In order to achieve these goals, the stimulation available would need to be
reviewed regularly and adapted to the participants’ preferences.

Conclusions

The studies reviewed and the following discussion seem to underline among others
that (a) the three approaches (the three forms of technology) were met with encour-
aging results; (b) caution is needed in interpreting the results obtained with the use
of the robot due to the fairly small number of participants involved, in addition to
the fact that the studies were carried out by the same research group; (c) the use of
the treadmill and the use of the walker with microswitches (or of the robot) may be
seen as two segments of the same rehabilitation program for a large number of
persons; (d) the notion of walking motivation needs to be tackled within treadmill-
based programs to avoid problem behavior and promote positive mood; and (e) the
use of the robot, although apparently promising in terms of impact, may not be
considered a really plausible option in practice due to the cost problems (Dillon and
Carr 2007; Kazdin 2001; Lancioni et al. 2001; Samuelsson and Wressle 2008;
Vashdi et al. 2008).

Any new developments in this area may require specific research efforts. One
such effort could be directed at assessing (a) ways of arranging positive stimulation
within treadmill-based intervention programs, (b) possible benefits of such stimulation
in terms of participants’ general behavioral compliance and mood (indices of hap-
piness), and (c) social validation ratings of treadmill-based intervention situations
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with and without positive stimulation (cf. Green and Reid 1999a, b; Lalli et al. 1994;
Lancioni et al. 2005¢). The social validation assessment could involve the employ-
ment of family members, rehabilitation personnel, as well as service organizers in
the position of raters (Callahan et al. 2008; Lancioni et al. 2006; Storey 1996).

A second research effort could investigate ways of coordinating treadmill-based
programs and programs based on the use of walkers with microswitches and contin-
gent stimulation within practical rehabilitation situations. For example, participants
could be initially exposed to the treadmill program (i.e., to a higher-intensity version
of it with the addition of positive stimulation) to develop basic stepping (walking)
responses. Subsequently, they could be shifted to the use of a walker with microswitches
and contingent stimulation to foster self-determination and integrate walking with
daily activities (Ketelaar et al. 2001; Lancioni et al. 2009b; Palisano et al. 2003).

A third research effort could be directed to determining whether it is possible to
develop a new form of technology which is simpler and more affordable than the
robot previously used but allows the participants to receive prompts for walking and
direction cues so as to promote the walking performance and facilitate the orienta-
tion to the activity destinations (Borg et al. 2011; Brown et al. 2009; Deutsch 2009;
Green 2010).
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Chapter 7
Assistive Technology for Reducing
Problem Behavior

Abstract In this chapter, we describe the use of assistive technology to treat or support
individuals with severe/profound and multiple disabilities who engage in problem
behavior. This chapter consists of two major sections. First, we begin with an over-
view of the nature of problem behavior with this population. As such, we will
attempt to define problem behavior and describe what it looks like, examine the
extent of these difficulties with this population, and finally outline strategies of clin-
ical assessment and categorization of such behavior. Second, we present a selective
overview of published peer-reviewed research that has examined the use of assistive
technology to reduce such problem behaviors with this population. This overview of
the assistive technology intervention research is presented according to the various
categories of problem behavior outlined in the first major section of this chapter.
Finally, we provide an overall summary of the use of assistive technology to reduce
problem behavior and offer suggestions for future research in this area.

Introduction

Definition and Description of Problem Behavior

The definition and description of problem behavior with individuals with intellectual
disabilities has and continues to receive an enormous amount of attention in the
literature (Emerson and Einfeld 2011). While numerous definitions of problem
behavior abound, these varieties can be distilled into two fundamental properties:
behavior that is (a) harmful to the person’s health and safety or to the health and
safety of others sharing the person’s environment and/or can (b) interfere with the
person’s access to regular community settings. This definition is purposefully broad.
As such, it can accommodate an infinite number of types or topographies of behavior.
This definition also allows for contextual sensitivity when defining problem
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Table 7.1 Frequently reported topographies of problem behavior

Aggression Self-injury Stereotyped behavior* Property destruction
Hit with hand Head hit open hand Hand flapping Break windows

Hit with object Head hit fist Body rocking Tear materials

Kick Eye poke Finger flicking Break chairs
Scratch Head hit object Object manipulation® Rip clothes

Bite Pinch/scratch Head weaving Breaks electronics
Pull hair Picar Pacing

Pinch Bruxism?

Verbal abuse Hand mouthing

“These patterns of stereotyped responding do not typically produce injury to self
"Using everyday toys/utensils in a repetitive nonfunctional manner

‘Eating inedible objects

Teeth grinding

behavior. For example, a behavior such as masturbation is problematic in a grocery
store but may be acceptable in the privacy of one’s bedroom.

Problem behavior with persons with intellectual disabilities is typically described in
terms of three broad categories including aggression, self-injury, and property destruc-
tion (Emerson et al. 2001; Oliver et al. 1987; Sigafoos et al. 2003). Non-self-injurious
stereotyped patterns of responding are sometimes added as a fourth category
(Lancioni et al. 2012). Aggression is a deliberate act of violence or threat of such
against another. Self-injury involves behaviors that produce harm to the self. Self-
injurious behaviors can be dramatic and dangerous such as banging one’s head
against an object or they may seem innocuous at first glance but produce deleterious
outcomes in the long term (e.g., hand mouthing). Property destruction involves
breaking and damaging items and materials in the immediate environment.
Non-self-injurious stereotyped movements involve repetitive nonfunctional body
movements such as head weaving. Such behaviors are problematic in that they may
interfere with adaptive programming and may be stigmatizing in community set-
tings. While there are a wide variety of different topographies of problem behavior
reported under each of these categories, some frequently reported topographies are
illustrated in Table 7.1.

Extent of Problem Behavior with Individuals with Severe/
Profound and Multiple Disabilities

Despite the enormous amount of published research dedicated to the study of preva-
lence of problem behavior with this population, the picture remains unclear (Cooper
et al. 2009a, b; Sigafoos et al. 2003). Prevalence estimates of problem behavior for
the broader population of intellectual disability have ranged from as low as 2 % to
a high of over 40 % and even as high as 70 % in some studies. This discrepancy in
findings reflects differences in populations sampled and data collection methods
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(Sigafoos et al. 2003). For example, studies conducted with institutionalized
populations usually reflect a higher prevalence of problem behavior (e.g., Saloviita
2000). However, individuals may be admitted or remain in institutions for the very
reason that they engage in severe problem behavior. Hence, such samples may be
biased toward finding a high prevalence of such behaviors. More accurate estimates
of prevalence can be accomplished through sampling whole populations (e.g.,
Emerson et al. 2001; Qureshi and Alborz 1992; Sigafoos et al. 1994). Methods of
collecting information on problem behavior have also varied across studies. Some
studies have conducted mailed surveys while others have involved interviews with
caregivers and still others have used combinations of questionnaires and interview.
As a result, definitions of problem behavior and the depth of information gleaned
differ across prevalence studies. Despite these discrepancies across studies, Sigafoos
et al. (2003) analyzed the whole population prevalence studies and surmised
that approximately 15 % of individuals with intellectual disabilities engage in
problem behavior.

When we begin to examine the extent of problem behavior with individuals with
severe/profound multiple disabilities, the water becomes even murkier. Very few stud-
ies have attempted to examine the extent of problem behavior with this population, and
many of these studies have looked at subgroups of this population such as people with
severe disabilities and autism (e.g., Chadwick et al. 2008; Murphy et al. 2005) or pro-
found multiple disabilities (e.g., Poppes et al. 2010). It is difficult to get a clear picture
as to the prevalence of different types of challenging behavior in some of these studies.
For example, Murphy et al. (2005) report aggression, rebellion, uncooperative, temper
tantrums, and public behavior as separate variables. On the face of it, these vari-
ables may have considerable overlap (variations of aggression) and combined might
produce a broader picture as to the overall prevalence of aggression with this sample.
The research by Chadwick et al. (2008) primarily focuses on risk factors associated
with challenging behavior for individuals with severe disabilities.

The most comprehensive overview of prevalence of problem behavior with indi-
viduals with severe/profound multiple disabilities was conducted by Poppes
et al. (2010). In this study, the authors used the Behavior Problem Inventory (BPI)
(Rojahn et al. 2001) to assess prevalence of self-injury, stereotypy, and aggressive
behavior in a sample of 181 individuals with profound intellectual and multiple dis-
abilities. They also examined the presence of sensory (e.g., visual impairment) and
health problems (e.g., epilepsy) with the sample. Again, this study has limitations
for our purpose as it is limited to individuals with profound multiple disabilities (not
severe disabilities). Additionally, the entire sample was obtained from institutional
settings. As mentioned earlier, institutional samples tend to reflect higher levels of
problem behavior. However, it may be difficult to obtain a large sample of individu-
als with profound disabilities residing in community settings in any case. The results
of this study show that 82 % of the sample engaged in self-injury and stereotypy,
respectively, while 45 % engaged in aggressive behavior. These are staggering prev-
alence figures when we compare prevalence of problem behavior to the broader
population of intellectual disability described earlier in this section (i.e., 15 %). In
an interesting addendum to this research, Poppes et al. (2010) note that Rojahn et al.
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(2001) administered the BPI to a sample with broader levels of disability and pro-
duced contrasting results. In the Rojahn et al. findings, self-injury, stereotypy, and
aggression occurred with 43 %, 54 %, and 43 % of their sample, respectively. This
comparison of results seems to indicate that self-injury and stereotypy may be more
prevalent among persons with profound/multiple disabilities.

Another interesting finding of the Poppes et al. (2010) study was that a large
percentage of participants suffered from sensory and health problems. Visual and
auditory problems were experienced by 73 % and 39 % of the sample, respectively.
Bowel and abdominal problems were experienced by 78 % while 66 % suffered
from epilepsy. Other health problems experienced by a large proportion of this sam-
ple included psychiatric, sleep, and respiratory disorders. Health and sensory prob-
lems may predispose and/or exacerbate challenging behaviors such as self-injury
and aggression with this population (Carr and Smith 1995; Lancioni et al. 1999;
Sigafoos et al. 2003).

Clinical Assessment and Categorization of Problem Behavior

Thus far in this chapter, we have defined what we mean by problem behavior and
described the most common types or topographies of problem behavior with indi-
viduals with severe/profound and multiple disabilities. We then attempted to under-
stand how pervasive problem behaviors are with this population by examining the
prevalence of problem behavior. In this section, we are going to talk about the clini-
cal assessment of problem behavior. Clinical assessment is not interested in what
problem behavior looks like, as topography does not dictate what the most effective
treatment might be for such behavior. Instead clinical assessment of problem behav-
ior focuses on the function of such behaviors. Understanding the function of prob-
lem behavior entails an examination of the reinforcing or stimulating consequences
produced by the problem behavior. Clinical assessments designed to identify the
function of problem behavior usually take the form of rating scales, observational
protocols, or analogue functional analyses. It is now accepted practice to conduct
some form of assessment of the function of problem behavior prior to selecting an
intervention strategy (Lancioni et al. 2012). Two of these clinical assessment tools
are described below to illustrate.

The Questions about Behavioral Function (QABF) is a rating scale that consists
of a series of structured questions about the possible functions of problem behavior
(Matson et al. 1999; Matson and Wilkins 2009; Paclawskyj et al. 2000; Singh et al.
2009). The questionnaire is designed to be answered by staff that works closely with
the person with problem behavior. It can be administered in a short period of time
(about 30 min). This rating scale consists of a 25- or a briefer 19-item questionnaire
that is designed to identify contexts under which challenging behavior is more likely
to occur. A total of five contexts are probed using the QABF including whether the
problem behavior is more likely when the person is (a) left alone (indicating that
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the problem behavior is self-stimulatory or stereotyped in nature), (b) engaged in
difficult tasks (indicating that problem behavior is a form of protest in order to avoid
or escape demanding tasks), (c) denied access to preferred items (indicating that
problem behavior is an attempt to gain access to preferred items), (d) in a social
context where attention is diverted away from him or her (indicating that problem
behavior is an attempt to access social attention from others), and (e) suffering from
physical discomfort (indicating that problem behavior may be a response to some
form of physical distress/pain).

The analogue functional analysis is by far the most researched clinical assess-
ment technique to identify function of problem behavior (Hanley et al. 2003; Iwata
et al. 1982/1994). In an analogue functional analysis, the person is repeatedly
exposed to a series of social situations that are analogous to commonly experienced
social contexts. Each social situation usually lasts anywhere from 5 to 20 min and is
repeated in a random or semirandom fashion, thereby demonstrating experimental
control. Targeted problem behavior is measured during these social situations. If
problem behavior occurs more frequently in one or more social situations relative to
others, then it is inferred that consequences in those particular social situations are
maintaining problem behavior. The social situations examined in the analogue func-
tional analysis mirror many of the contexts identified in the QABF.

Three of the social conditions of the analogue functional analysis will be
described (attention, demand, alone) to give the reader an impression of how such
an assessment is conducted. In the attention condition, the person is placed in a
room with a therapist. The therapist appears busy (often writing or reading) and
does not interact with the person unless problem behavior occurs at which point the
therapist delivers statements of concern (“Don’t do that. You’ll hurt yourself”).
The therapist then returns to reading or writing and does not interact with the per-
son again unless problem behavior occurs. If there is a high frequency of problem
behavior in the attention condition relative to other conditions, then we can infer
that problem behavior is maintained by access to attention from others. In the
demand condition, the therapist presents tasks to the person that they have difficulty
completing. Tasks used in this condition are often selected from the person’s indi-
vidualized education plan and have not yet been mastered. Instruction is continued
on these tasks throughout the condition unless problem behavior occurs at which
point the task is removed for a minimum time period or until problem behavior
desists at which point the task is reintroduced. Instruction again continues until
problem behavior occurs once more. If there is a high frequency of problem behav-
ior in the demand condition relative to other conditions, then we can infer that
problem behavior is maintained by escape from task demands. Finally, in the alone
condition, the person is placed in a room on their own. Typically, there are no
stimulating items (e.g., toys, books) available in the room in order to simulate a
barren environment. No consequences are programmed for problem behavior in
this condition. High levels of problem behavior in the alone condition relative to
other conditions indicate that problem behavior is self-stimulatory or stereotyped
1n nature.
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The above descriptions of the QABF and analogue functional analysis present
examples of assessments from a wide variety of interviews, rating scales, and
observational techniques that can be used by the clinician to identify the function of
problem behavior. The common thrust of all these clinical assessment techniques is
to identify contexts in which problem behavior is more likely. In particular, these
assessments are geared to identify consequences that maintain problem behavior
such as self-stimulation, escape from aversive demands, access to tangible items, or
attention. Some of these assessments also include attempts to identify health and
other biological variables that may predispose the person to challenging behavior
(e.g., QABF).

Information derived from these assessments is then used to tailor interventions to
treat the problem behavior. For example, if a person’s problem behavior is shown to
be self-stimulatory in nature, then one intervention option might be to provide the
person with similar but appropriate forms of alternative stimulation and possibly
teach the person to request this stimulation. Persons whose problem behavior is
maintained by escape from demanding situations might be taught to communicate
for brief breaks from the task and/or to request help with said task. Those whose
problem behavior is maintained by access to tangible or attention may be taught
appropriate means to request tangibles or attention. Overall, we can see that the
results of such assessments allow for the clinician to adopt a positive educational
approach to the treatment of problem behavior by replacing such behavior with
adaptive alternative responses (Sigafoos et al. 2003).

In the next section of this chapter, we will outline interventions using assistive
technology to reduce problem behavior with individuals with severe/profound and
multiple disabilities. These interventions will be discussed according to whether
they were used to treat problem behavior that is maintained by access to attention or
tangible items, escape from demands, or are self-stimulatory in nature.

Overview of Assistive Technology Used to Treat
Problem Behavior

In this section, we present a selective overview of intervention studies using assis-
tive technology designed to treat problem behavior with individuals with severe/
profound and multiple disabilities. The studies are grouped according to the clinical
classifications (demand, tangible, attention, and self-stimulation). In the last decade
or so, it has become accepted clinical practice to use some form of clinical assess-
ment/judgment as to what might be maintaining problem behavior and then use this
information to build an intervention (Kahng et al. 2002). For each clinical
classification (e.g., attention, demand), we provide a detailed description of one or
more cases from the intervention studies. This includes a detailed description of the
participants involved, topography of problem behavior, type of technology used,
and experimental protocols (e.g., instruction, maintenance, and generalization of
treatment effects).
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Assistive Technology to Treat Problem Behavior
Maintained by Escape

A small number of studies have used assistive technology to treat problem behavior
maintained by escape from demands (e.g., Durand 1993, 1999; Steege et al. 1990).
Preintervention assessment of the function of problem behavior was conducted in
these studies. Several layers of functional assessment were utilized across the stud-
ies including interviews with caregivers (parents, teachers) as to the nature, extent,
and history of the behaviors; questionnaires such as the Motivation Assessment
Scale (Durand and Crimmins 1992); and analogue functional analysis. Following
these assessments, an augmentative communication device was selected, and par-
ticipants were taught to use this technology to communicate a desire to terminate
demands. Problem behavior is typically ignored during these instructional sessions.
The goal of these interventions was to teach the person to use the augmentative
communication device to escape or terminate demands, thus making the escape-
maintained problem behavior unnecessary.

For example, Steege et al. (1990) report an intervention with Dennis, a 6-year-
old boy who was nonverbal, was nonambulatory (confined to a wheelchair), and
was diagnosed with profound intellectual disabilities. He possessed no independent
communication skills and was dependent on others for all self-care needs. He was
referred to a hospital inpatient unit because of problem behavior, and intervention
took place in a classroom that was located in this inpatient unit. Dennis engaged in
self-injury consisting of hand, wrist, and arm biting. This self-injury, while present
since Dennis was 2 years old, had recently increased in severity and frequency,
causing open wounds on his hands and arms. Interviews with Dennis’s mother and
teacher indicated that self-injury was most problematic when he was engaged in
self-care routines (e.g., face washing, hair combing, tooth brushing). These self-
care tasks were subsequently included in the demand conditions of an analogue
functional analysis. Results of the analogue functional analysis indicated that self-
injury occurred almost exclusively during the demand condition for Dennis. The
results of the analogue functional analysis therefore indicated that Dennis engaged
in self-injury primarily to escape self-care tasks. The augmentative communication
device used in this study included a contact (pressure) microswitch (15 cmx 15 cm)
which when pressed operated a tape recorder which played the message “Stop!”
The intervention consisted of teaching Dennis to press the switch during grooming
routines producing a removal of the task for 10 s. He was physically guided to press
the switch by the therapist or he could independently press the switch. In either
case, the pressing of the switch produced removal of the task for 10 s. If Dennis
engaged in self-injury during instruction, the task was continued (he was not allowed
to self-injure and was physically guided through the task). This intervention pro-
duced a rapid decrease in self-injury with a concomitant increase of prompted and
independent use of the augmentative communication device. Dennis was further
evaluated at 6 months following the intervention, and these follow-up results
remained positive with high levels of independent use of the communication device
and low levels of self-injury.



164 7 Assistive Technology for Reducing Problem Behavior

Assistive Technology to Treat Problem Behavior
Maintained by Access to Tangible Items

As with demand-related problem behavior, there are a limited number of examples
of using assistive technology to treat tangibly maintained problem behavior with
persons with severe/profound multiple disabilities (e.g., Durand 1993, 1999).
Preintervention assessment was conducted initially to identify the nature of problem
behavior. This assessment process consisted of general interviews with significant
caregivers to identify severity, nature, and context of the problem behavior. These
general interviews were then followed with rating scales such as the Motivation
Assessment Scale (Durand and Crimmins 1992) and in some cases analogue func-
tional analysis to identify reinforcing consequences for the problem behavior.
Following these assessments, new communicative responses were selected. These
new responses would serve the same function of problem behavior (access the same
tangible items that problem behavior produced) and eventually come to replace
such problem behavior. Augmentative communication devices were also selected
based on the nature of the problem behavior. Such devices needed to be simple
enough for the participant to operate efficiently and effectively given the severity of
their disabilities. Considerations with regard to the robustness of the device were
also addressed given the nature of some of the problem behavior with some of these
participants (i.e., aggression and property destruction). Following these assess-
ments, the participant was taught to use the augmentative device to communicate a
desire to access tangible items. Problem behavior was ignored during instructional
sessions (did not result in access to tangible items as before). The goal of these
interventions was to teach the participant to use the augmentative communication
device to access the desired tangible items and thus make problem behavior unnec-
essary in such circumstances.

For example, Durand (1993) describes an intervention with Joshua, a 3-year-old
boy with severe intellectual disability. Joshua lived at home with his parents and
attended a public preschool. He had no formal communication system and was
reported as having a language age of 15 months. He was capable of feeding himself
and was cooperative with self-help skills routines. No physical disabilities were
described. His parents were interviewed regarding problem behavior and reported
that it occurred primarily around meal and snack time. Parents also noted that he
was very fond of food. Joshua’s problem behavior consisted of tantrums and
included crying, screaming, and hitting others. His parents described his problem
behavior as being frequent. A teacher and assistant teacher administered the
Motivation Assessment Scale (Durand and Crimmins 1992), and the results of this
functional assessment indicated that Joshua’s behavior was tangibly maintained
(access to food). Intervention then was targeted at those times when behavior was
problematic (mealtimes), and the communication response selected to replace the
problem behavior was “T want more.” A Wolf™ communication device was used
with Joshua. The author notes that this device was selected based on cost and durability
considerations (it can withstand some physical abuse). The Wolf™ uses synthesized
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speech and is activated using a pressure pad. Joshua was then taught to use the
communication device to signal that he wanted more food during mealtimes. Parents
and teachers used a combination of instructional prompts such as physically guiding
Joshua’s hand to press the device during meals. All activations of the device were
reinforced with food while problem behavior was ignored during training. Training
continued for 2 weeks until Joshua used the device on five consecutive occasions
without any instructional prompts. Joshua continued to independently use the device
to request food following training while his problem behavior remained at very low
levels. An interesting addition to this study is that the author measured expressions
of affect during intervention. Affect included measures of positive facial expression
and smiling. Joshua’s positive affect increased dramatically during mealtimes with
the introduction of the augmentative communication system. This additional mea-
surement of affect adds further to the veracity of using augmentative communica-
tion devices to replace challenging behavior with this population.

Assistive Technology to Treat Problem Behavior
Maintained by Access to Attention

Again, there are a limited number of studies demonstrating the use of assistive tech-
nology to treat attention-maintained problem behavior with the severe/profound
multiple disability population (Durand 1993, 1999). The process of assessment,
device selection, and general intervention protocols are similar to the case studies
described with escape-maintained and tangible-maintained problem behavior above.
In general, the intervention process begins with a detailed unstructured interview
with caregivers to clarify the nature and contexts in which problem behavior occurs.
Following the unstructured interview, rating scales are then administered. These
scales are designed to clarify the function (consequences produced) of the problem
behavior. In all cases reviewed for attention-maintained behavior, the participants
were finally assessed using the analogue functional analysis technique to verify the
maintaining consequences for their problem behavior. Following this assessment
process, an augmentative communication device was selected. Issues considered
when selecting the device included ease of use (matched to the intellectual and
physical disabilities of the participant), robustness (device needed to be able to
withstand some abuse as problem behavior included aggression with most partici-
pants), and cost (device had to be cost-effective). The device was then programmed
with a vocalization that would elicit attention from caregivers. The participant is
then taught to use the device to solicit attention while problem behavior is ignored.
The goal of these interventions is to eventually replace problem behavior with
appropriate responding via the augmentative communication device.

For example, Durand (1999) reports an intervention with Ron, a 9-year-old boy
diagnosed with autism and severe intellectual disability (reported language and
mental age of 45 and 38 months, respectively). He was reported to use some words,
but these were not used in a contextually appropriate manner. He did not speak
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when prompted. His problem behavior was aggression and was defined as hitting
forcefully with his hands. Ron was described as being very aggressive and targeted
family, teachers, and fellow students. Assessment and intervention was carried out
in Ron’s classroom with subsequent generalization probes conducted in the com-
munity by his teachers. The Motivation Assessment Scale (Durand and Crimmins
1992) was completed by his teacher and teacher aide, and then an analogue func-
tional analysis was conducted. The results of both the rating scale and analogue
functional analysis indicated that Ron’s aggression was maintained by access to
attention from others. Following these assessments, the author (V. M. Durand) met
with parents, teacher, and an assistive technology professional to agree upon an
augmentative communication device that would be appropriate for Ron. The
Introtalker™ was selected as it requires little force to press the keypad, it is a rela-
tively robust device, and it uses digitized speech that is highly intelligible to the
listener. The Introtalker™ was programmed with one phrase to request attention,
“Would you help me with this?” Ron was then taught to use his device to request
attention in the classroom. Instruction continued for approximately 4 weeks.
Throughout the school day, Ron was prompted (physical, gestural, and verbal
prompts) to use his device to gain attention. Prompts were gradually faded (teaching
staff waited between 3 and 5 s before delivering a prompt) to promote indepen-
dence. Instruction continued until Ron used his device independently in the appro-
priate context on five consecutive occasions. This training in the classroom lasted
approximately 4 weeks. Ron’s aggression was virtually eliminated in the classroom
with the introduction of the communication device. Corresponding with the decrease
of aggression, there was a concomitant increase in spontaneous communication for
Ron. A very interesting extension of this work was that generalization of the inter-
vention to a regular community setting was assessed. Ron enjoyed visiting a local
magazine store. Prior to the intervention, his aggression attempts were measured in
the store. The teacher was present to block any attempts at aggression toward cus-
tomers and staff. Aggression was quite high in the store prior to the intervention.
Ron was again escorted to the store once he had reached independent performance
with his communication device in the classroom. Ron independently used his device
to request attention, and aggression was reduced dramatically in the magazine store.
Additionally, store staff responded to 100 % of his requests for help/attention. In
sum, Ron learned to use his communication device independently in the classroom,
and he spontaneously generalized the use of this device to a community setting.
Problem behavior was virtually eliminated in both contexts.

Assistive Technology to Treat Self-stimulatory Problem Behavior

The majority of published research that has used assistive technology to treat prob-
lem behavior with individuals with severe/profound multiple disabilities has focused
on the treatment of self-stimulatory behavior (see Lancioni et al. 2009 for a compre-
hensive review). This emphasis on intervention with this type of problem behavior
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should be expected given our discussion of prevalence earlier in this chapter. As we
may recall, the Poppes et al. (2010) study reported that 82 % of their sample of
individuals with profound multiple disabilities engaged in self-injury and stereo-
typy. These types of self-stimulatory behavior patterns do not serve a communica-
tive function (such as escape from aversive situations, attention from others, etc.).
The positive consequences that motivate such behavior are best considered to be
endogenous. As such, we do not see externally directed problem behavior (i.e.,
aggression and property destruction) addressed with these interventions but rather a
focus on self-injurious and stereotyped behaviors (see Table 7.1). This is not to say
that self-injurious or stereotyped behaviors cannot serve a social-communicative
function. However, in this body of work, it was determined via prior interview of
significant others, casual observation, or analogue functional analysis that the
behaviors in question did not serve a social function (e.g., Kennedy and Souza 1995;
Lancioni et al. 2007).

A variety of assistive technologies have been included in programs to treat self-
stimulatory problem behavior such as tilt, pressure, and optic microswitches. These
microswitches have often been adapted to capture minimal levels of motor behavior
with the participants in these studies (e.g., foot, back, tongue, head responses). The
intervention studies themselves can be categorized into three general types of inter-
vention strategy: (1) microswitches linked to a self-stimulatory response that pro-
duces a prompt to reduce the response, (2) microswitches that produce positive
stimulation when an adaptive alternative behavior to self-stimulation occurs, and (3)
microswitch clusters where an adaptive response (monitored by one microswitch)
produces positive stimulation only when the self-stimulatory response (monitored
by the second microswitch) does not occur. Examples from each of these three cat-
egories of microswitch intervention are described below to illustrate.

As an example of category 1 above, Lancioni et al. (2005b) evaluated the use of
a microswitch to deliver prompts to reduce persistent tongue protrusion. The par-
ticipant involved was a 39-year-old woman who was reported to be functioning in
the severe to profound range of intellectual disability. She attended a day activity
center where she engaged in simple activities such as sorting objects and listening
to music. She possessed no intelligible speech but could understand simple directions
such as to withdraw her tongue. The behavior targeted for intervention was tongue
protrusion and was defined as the tongue sticking out of the lower lip. Observations
prior to intervention or when the intervention was withdrawn demonstrated that she
engaged in tongue protrusion at or above 50 % of the time. Tongue protrusion also
seemed to occur independent of the social context. Assistive technology consisted
of (a) an optic sensor (miniphotocell) attached to the lower lip using medical tape,
(b) a signal transmission box, and (c) a Walkman. Both the Walkman and signal
transmission box were placed in a pocket of the woman’s clothing. The optic sensor
was activated when tongue protrusion occurred, and this activated the Walkman that
delivered a phrase to prompt the woman to withdraw her tongue. Tongue protrusion
was virtually eliminated with use of this technology. However, each time the
technology was withdrawn, protrusion returned to prior levels (approximately 50 %
of the time). The authors note that while the optic sensor location might be too
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intrusive for use over extended periods of time, it might be valuable to consider fad-
ing the technology perhaps to phrases intermittently delivered by the Walkman
alone. This technology therefore served to automatically prompt the woman to
withdraw her tongue each time protrusion occurred. It proved to be highly effective
and virtually eliminated self-stimulatory behavior for sessions of anywhere between
20 and 60 min.

An example of a category 2 intervention is illustrated in Lancioni et al. (2011).
In this study, the authors examined the use of microswitch technology to treat drool-
ing, a prevalent difficulty with individuals with severe intellectual and physical dis-
abilities. The authors note that drooling is typically associated with some physical
difficulty such as overproduction of saliva or mouth malocclusion rather than serv-
ing a social function. To illustrate, one of the participants in this study was Graham,
a 46-year-old man with severe to profound intellectual disability. He possessed
residual vision due to optic atrophy and suffered from severe (partially controlled)
epilepsy. He had some echolalic speech and could perform some simple occupa-
tional tasks such as collecting and matching objects. He attended day care rehabili-
tation where he received physiotherapy and was engaged in simple leisure activities.
Drooling was reported to be always present. Graham seemed to overproduce saliva,
rarely swallowed or tried to clean his mouth spontaneously. The assistive technol-
ogy consisted of a special napkin placed around his neck. The lower half of the
napkin was thick and absorbent and could be replaced when wet. Graham was to use
this thicker section of the napkin to wipe his mouth. Two pressure sensors were
embedded in the thick section of the napkin. A mouth-wiping response (bringing
the lower part of the napkin to the mouth and pushing the napkin to the mouth)
would activate at least one of these pressure sensors. The activation of a pressure
sensor in the napkin triggered a microprocessor that in turn activated an MP3 player.
The microprocessor and MP3 device were small items that were housed in the upper
part of the napkin. Thus, when Graham wiped his mouth, he received 10 s of highly
preferred music and songs. This music and songs were systematically identified
using a preference assessment prior to the study. Once the 10 s of music elapsed,
Graham could again wipe his mouth and activate the music once more. Eventually,
additional music was added to the MP3 device (approximately 10 s of additional but
less preferred music) to increase the intervals between mouth wipes with Graham
(a lower frequency of mouth wiping looked more socially acceptable but continued
to be effective in terms of eliminating drooling). Chin wetness and mouth wiping
were measured when the technology was present and absent. Results of the research
demonstrated that assistive technology resulted in substantial increases in mouth
wiping and virtually eliminated chin wetness. The technology continued to be
effective for controlling drooling at a 3-month follow-up. This research demon-
strates that simple assistive technology (pressure microswitch, microprocessor,
MP3 device) can be used to deliver positive stimulation that established a routine
behavior pattern (mouth wiping) to control the effects of drooling.

Several examples of category 3 (use of multiple microswitches) will be presented.
The reason why we dwell on category 3 interventions is because these interventions
are clinically the most significant of the microswitch technologies used to treat self-
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stimulatory behavior with this population. As mentioned above and as discussed in
the final section of this chapter, such combined microswitch technologies serve a
dual purpose of increasing adaptive responding while simultaneously managing/
reducing self-stimulatory responding.

Our first example of using multiple microswitches (category 3) to treat problem
behavior can be found in Lancioni et al. (2007). As mentioned above, microswitch
clusters usually involve one microswitch that is used to access positive stimulation
when problem behavior (monitored by a second microswitch) does not occur. This
combination of microswitches is valuable as it allows for the learning of adaptive
responding while simultaneously controlling or reducing problem behavior
(Lancioni et al. 2009). Lancioni et al. (2007) used a microswitch cluster to treat
hand mouthing and eye poking for a 12-year-old boy. The boy was in the profound
range of intellectual disability. He suffered from congenital cerebropathy with spas-
tic tetraparesis, possessed minimal residual vision, and suffered from seizures. He
had no speech, consistent communication, or self-help skills and was confined to a
wheelchair. The authors report that hand mouthing (bringing the fingers or other
parts of the hand into or over the mouth) and eye poking (placing the fingers into or
over the eye) occurred independent of social contingencies. Both eye poking and
hand mouthing were monitored by optical microswitches (photocells) that were
held to the right side of the boy’s face via light wires, and these wires were in turn
attached to a headband (worn during sessions). The boy’s left arm did not func-
tion—hence the reason for the positioning of the photocells at the right side of the
head. The adaptive response consisted of repeated lifting and shaking of the right
foot (while seated in a wheelchair), and this activated a motion microswitch attached
to the foot. The adaptive response produced 8 s of pleasant stimulation (determined
via a prior preference assessment) and consisted of music, recorded voices of favor-
ite persons, light displays, and vibratory stimulation. Microswitch responses were
inputted to a control system, and this system recorded all three responses including
adaptive responding in the absence of problem behavior. Eventually, the boy could
access pleasant stimulation via the foot response but only when problem behavior
did not occur. For example, if the boy attempted to eye poke or hand mouth while
pleasant stimulation was occurring, then this was recorded by the optic microswitch(s)
at the head, and pleasant stimulation was immediately interrupted. In other words,
the boy could only access pleasant stimulation when he did not engage in hand
mouthing and eye poking. The results of the study demonstrate substantial decreases
in problem behavior with concomitant increases in foot responses. This intervention
model is posited by the authors as a form of self-determination whereby the boy
learned to control his problem behavior in order to access alternative pleasurable
consequences via the adaptive response.

In a second example of category 3, Lancioni et al. (2010) implemented a micro-
switch intervention to reduce dystonic stretching of one or both arms either forward
or sideward for Glen, a 5-year-old boy with a diagnosis of severe to profound intel-
lectual disability. He was diagnosed with encephalopathy that was due to premature
birth and perinatal hypoxia, and he also presented with spastic tetraparesis combined
with dystonic movements. He spent most of his day in a wheelchair. He possessed
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no speech or means of communication, and his vision was severely impaired (he
was reported to see relatively large objects within 1 m and at the center of the visual
field). Glen lived at home with his parents and attended a day activity center that
focused on physiotherapy and general stimulation goals.

Dystonic stretching is a relatively prevalent behavior pattern in individuals with
multiple disabilities and can interfere with ongoing habilitation efforts. However,
until this study, no research had attempted to reduce this problem behavior with this
population. In essence, such patterns of behavior were seen as an essential charac-
teristic of the disability and not as behaviors that were amenable to change.

The intervention consisted of Glen manipulating five to seven objects that were
placed in an open box in front of him (base of box 37 cmx27 cm and 10 cm high).
The items placed in the box included such preferred items as favorite toys. These
items were loosely tied to the bottom of the box. Adaptive responding for Glen
consisted of manipulating these objects (by placing both hands in the box). This
response was deemed adaptive as it was incompatible with dystonic arm stretching.
In terms of microswitches, there were a number of microswitches placed in the box
(including optic and tilt microswitches) that were placed under and on the objects.
Manipulation of the objects activated the microswitches and produced preferred
stimulation (these preferred stimuli were identified prior to the intervention using a
stimulus preference screening approach). Preferred stimulation included music,
familiar voices, vibratory input, and light displays for about 8 s contingent on
manipulation of any of the items in the box. The second component of the micro-
switch cluster consisted of magnetic watch-like sensors attached to both wrists.
These sensors detected the removal of one or both arms from the box (any distance
greater than 10 cm for 2 s or more). Arm removal from the box produced termina-
tion of the preferred stimulation. Arm removal rather than dystonic arm movements
was targeted for intervention as it was considered a precursor to dystonic arm move-
ments. The effectiveness of this intervention was evaluated using an ABAB design.
In the A phase, manipulation of the objects in the box did not activate microswitches
to produce positive stimulation nor did removal of arms from the box produce ter-
mination of stimulation. In the B phase, microswitches produced the consequences
described above. High levels of object manipulation (and therefore low levels of
dystonic arm stretching) occurred in the B phases of the research. These findings
indicate that this microswitch cluster was effective in controlling dystonic arm
stretching for Glen.

A final example of a microswitch cluster was developed by Lancioni et al. (2008)
to manage head control in persons with multiple disabilities. Poor head control (e.g.,
head forward tilting) can be considered a problem behavior as it interferes with
educational programming and can have deleterious consequences on physical con-
dition (such as breathing, muscle tone, etc.). As head tilting occurs almost continu-
ously and in the absence of social contingencies for those affected, it would appear
that such behavior is automatic in nature. In a series of case studies, Lancioni and
colleagues have demonstrated that appropriate head control can be accomplished
during active engagement sessions using microswitch cluster technology (e.g.,
Lancioni et al. 2004, 2005a, 2008). Lancioni et al. (2008) present the case example
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of Sid, a 7-year-old boy with encephalopathy, spastic tetraparesis, and severe to
profound intellectual disability. He was confined to a wheelchair and had little hand,
arm, and leg movement coupled with minimal trunk control. His head tended to tilt
forward constantly. He had typical hearing but suffered from minimal residual
vision. Sid lived at home with his parents and attended a day facility that focused on
physiotherapy and stimulation. The adaptive response selected for Sid was foot lift-
ing, and a tilt microswitch was attached to his leg in order to capture this response.
A tilt microswitch was also attached to Sid’s head via a headband. The head micro-
switch was activated when the head was upright and deactivated when his head was
tilted. Sid was first taught to use the foot-lifting response to access preferred stimuli
such as music, noises, chimes, television clips, and a variety of vibratory inputs.
These preferred stimuli had been identified for Sid via a preference assessment
screening procedure prior to the study. Activating the foot microswitch produced 8 s
of a selection of these preferred stimuli. Once Sid had consolidated the foot-lifting
response to access preferred stimuli, he was then required to hold his head upright
(monitored by the second tilt microswitch) while making the foot-lifting response
in order to access preferred stimulation. If his head tilted, then preferred stimulation
did not occur or was immediately terminated. Results of this study show that Sid
was able to learn to access the preferred stimuli via the foot-lifting response while
keeping his head in an upright position.

Summary and Suggestions for Future Research

In this chapter, we examined the use of assistive technology to treat problem behav-
ior for individuals with severe/profound and multiple disabilities. Problem behavior
was defined broadly as any behavior that persistently interferes with the health and
safety of the individual or others and/or limits successful community inclusion.
Problem behaviors were broadly categorized as aggression, stereotyped behavior,
self-injury, and property destruction. While prevalence of problem behavior with
individuals with severe/profound multiple disabilities requires further research,
it does seem that a large percentage of this population engage in such behavior.
Problem behavior seems more likely with this population than with other individuals
with developmental disabilities. Individuals with severe/profound multiple disabili-
ties seem particularly prone to engage in self-injurious and stereotyped patterns of
behavior. For the purposes of developing clinical interventions, problem behavior is
assessed in terms of its functions or what outcomes it produces for the individual.
The typical functions of problem behavior include gaining attention or tangible
items, escaping demands, or are self-stimulatory in nature. Clinical interventions
are tailored to the function of problem behavior, and we examined clinical interven-
tions utilizing assistive technology to treat problem behavior across escape, tangible,
attention, and self-stimulatory functions with this population.

Our selective review of the intervention research showed very positive outcomes in
terms of using assistive technology to treat problem behavior with individuals with
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severe/profound multiple disabilities. In fact, all studies reviewed demonstrated a virtual
elimination of problem behavior when the intervention was introduced. Interventions
were successful across the range of functions including attention, tangible, demand,
and self-stimulatory problem behavior. Additionally, the types of problem behavior
could be considered as quite severe in many of these papers (eye poking, hitting, self-
biting, tantrums) and chronic (present for several years for most of the participants).
These findings illustrate that such interventions have robust utility. Additionally, while
the number of studies reviewed is small, all studies utilized rigorous single-subject
research design methodologies such as withdrawal and multiple-baseline (or probe)
designs (Barlow et al. 2009). So while this is a small body of research, it does demon-
strate replication of intervention effectiveness within participants (withdrawal design),
across participants (multiple-baseline design), and finally across studies. Such experi-
mental rigor allows us to be fairly confident about the findings of these studies.

A number of general points can be made regarding the assessment and instruc-
tional strategies used in these studies. First, all studies initially focused on an assess-
ment of the status of the individual and function of the challenging behavior prior to
designing an intervention using assistive technology. Some of the studies provide an
extensive history of the disability and associated medical conditions (e.g., Lancioni
etal. 2007, 2011). Such information can help with eliminating possible functions of
problem behavior (e.g., drooling occurs because of physical malformation such as
mouth malocclusion associated with the disability and therefore does not serve a
social function) and determining the assistive technology to use based upon the
physical abilities of the person. Other studies describe the severity of the challeng-
ing behavior (such as aggression and tantrums) and note that this influenced the
selection of fairly robust assistive technology (because of the potential of abuse;
Durand 1999). All studies that treated socially maintained problem behavior used a
series of assessments including interview, questionnaire, and functional analysis to
determine what consequences were maintaining problem behavior (Durand 1993,
1999; Steege et al. 1990). These functional assessment protocols were critical in
determining subsequent interventions. Overall, the use of pretreatment assessments
in all of these studies are in line with current consensus regarding pretreatment
assessment of problem behavior and how these results should inform intervention
selection (Sigafoos et al. 2003).

Second, studies that used assistive technology to treat socially maintained prob-
lem behavior (i.e., behavior maintained by access to attention, tangible items, or
escape from demanding situations) used this assistive technology as part of a gen-
eral functional communication intervention (FCT) protocol. FCT interventions are
designed to replace problem behavior by teaching the person to access the desired
outcomes (e.g., escape from a difficult task) using appropriate forms of communica-
tion. Participants learned to use a variety of assistive devices (e.g., Introtalker™,
pressure microswitch and tape recorder, Wolf™ communication device) to produce
an alternative appropriate response while the problem behavior was placed on
extinction (Durand 1993, 1999; Steege et al. 1990). Participants were taught to use
the devices to request desired consequences using relatively simple systems of
instructional prompts such as physical guidance by a teacher, therapist, or parent to
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operate the switch. Many of the participants learned to independently operate the
device in a relatively short period of time.

Third, studies that have employed assistive technology to treat self-stimulatory
problem behavior have used a different approach to assessment and intervention. It
is difficult, if not impossible, to isolate consequences that may be maintaining such
patterns of responding. Earlier in this chapter, we hypothesized that consequences
maintaining self-stimulatory behaviors may be endogenous in nature and so are not
accessible to direct observation by a third party. Implementing an FCT model of
treatment may therefore have limited success with many of these individuals. FCT
is based on the premise that the individual is taught an appropriate alternative
response to access the consequences maintaining problem behavior. In many of the
studies reviewed, participants were first assessed to identify highly preferred items
and activities (e.g., music, familiar voices, vibratory and light stimulation). These
positive consequences were made contingent upon incompatible behavior (e.g.,
chin wiping for drooling responses) or an alternative adaptive behavior (e.g., foot
lifting) when the problem behavior did not occur (e.g., eye poking). In all of these
studies, the preferred items apparently overpowered whatever consequences were
maintaining the self-stimulatory behavior as we see a virtual elimination of self-
stimulatory behavior with concomitant increases in alternative and adaptive
behaviors.

Fourth, the assistive technology used in interventions to treat self-stimulatory
problem behavior was developed to meet the idiosyncratic needs of each of the
participants. In comparison, commercially available technology was used in the
interventions to treat socially mediated problem behavior. A number of reasons can
be posited for developing and adapting technology in these studies. Participants
with self-stimulatory behavior in these studies were functioning in the very severe
and profound range of intellectual disability. Therefore, teaching them to indepen-
dently utilize such devices as the Introtalker™ may have been an arduous or even
impossible task. Participants also suffered from multiple physical disabilities and
therefore often had minimal and idiosyncratic response patterns (see Lancioni et al.
2007 above). The assistive technology developed in these studies was intended to
capture these minimal responses and establish a contingency between these
adaptive responses and positive stimulation.

A number of considerations might be addressed in future research on the use of
assistive technology to treat problem behavior with this population. While we only
presented a selective overview of research on the use of technology to treat problem
behavior with individuals with severe/profound disabilities, it is clear that there are
a limited number of peer-reviewed empirical evaluations published on this topic.
This is particularly true with regard to the use of assistive technology to treat socially
mediated problem behavior. Future research should be conducted to replicate and
extend the current body of research, particularly for socially mediated problem
behavior. It is likely that individuals with multiple and profound disabilities also
engage in socially mediated problem behavior. We could not find any research
where communication devices such as an Introtalker™ were adapted using
supplemental microswitch technology to treat socially mediated problem behavior.
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In general, more research needs to be conducted on the use of assistive technology
to treat such behaviors with this population.

In future research, the focus of intervention effectiveness should be extended
beyond the ability of the technology and other intervention parameters to control
problem behavior. This is not to say that there are no examples of generalization and
maintenance of treatment effects and social validity measures in the studies reviewed.
However, measures of generalization, maintenance, and validity should be incorpo-
rated as a routine agenda within all such research. For example, some technology,
while effective in reducing problem behavior under certain circumstances, may be
difficult to implement within some community settings, thus limiting the generaliz-
ability of intervention effects. Long-term evaluation of the effectiveness of such
technologies may bring to light supplemental intervention protocols that may be
necessary to maintain success (e.g., teaching different communicative functions,
fading or changing preferred items). Finally, social validity measures such as par-
ticipant’s preferences for assistive devices or other stakeholder evaluations (e.g.,
parents, teachers) of the practicality of the interventions may predict the success of
such interventions.
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