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As the number of individuals without physical access to communication or environmental interaction es-
calates, there are increasing efforts to uncover novel and unconventional access pathways. In this chapter,
we introduce three emerging access technologies for individuals with severe disabilities: near-infrared
spectroscopy, electroencephalographic measurement of visually-evoked potentials and infrared thermo-
graphic imaging of the face. The first two technologies harness activity directly from the brain while the
third exploits spontaneous temperature changes in the face. For each technology, we discuss the physi-
ological underpinnings, the requisite instrumentation, the scientific evidence to date and the future outlook.

INTRODUCTION

Personal autonomy in the context of physical
chronic illness can be conceptualized as the cor-
respondence between the desired and actual life
of an individual (Mars et al., 2008). To achieve
this correspondence, Mars etal. (2008) asserts that
individuals need to “develop principles expressing
what their lives to be like” (p. 345) through daily
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interactions, choice-making and experiences.
However, many individuals do not have physical
access, due for example to an environment that
does not support the functional capability of the
individual. A lack of access severely limits one’s
daily interactions, choice-making and social
experiences and thus impinges upon personal
autonomy. To restore a level of correspondence, a
common approach in rehabilitation is to augment
the opportunities for interpersonal connection
through an access solution.
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An access solution provides a means of inter-
acting meaningfully with one’s milieu (people
and objects within the environment) when func-
tional speech or movements are not available, due
for example to severe motor impairments. Often
times access solutions are technology-mediated.
In such case, the technical components of an ac-
cess solution include an access technology and
a user interface technology (Tai et al., 2008)
as depicted in Figure 1. The access technology
comprises of an access pathway, that is, the
input devices by which an expression of func-
tional intent (e.g., a movement or physiological
change) is translated into an electrical signal,
and a signal-processing unit that analyzes (e.g.,
filtering and pattern classification) the input
signal and generates a corresponding control
signal. The control signal in turn operates a user
interface, which may be an iconic display for an
electronic communication aid, a front panel for
an environmental control unit, or an on-screen
keyboard running on a computer.

The objective of this chapter is to introduce the
reader to three nascent access technologies for
individuals with severe disabilities, namely, near-
infrared spectroscopy, electroencephalographic
measurement of visually-evoked potentials and

facial infrared thermography. While these pathways
are in the pre-clinical research stages, existing
scientific evidence supports their continued devel-
opment into viable body-machine interfaces.

BACKGROUND

A Growing Population
without Access

The incidence of severe and multiple disabilities
(concomitant profound sensory, physical and
speech impairments) among children has been
increasing globally (Tudehope et al., 1995). This
upward trend is expected to continue into the fore-
seeable future due to improved early identification
of disabilities (Rumeau-Rouquette et al., 1997),
increased life expectancy of medically fragile
children with multiple disabilities (Jeppesenetal.,
2003; Eagle et al., 2002) and higher survival rates
of very low birth-weight, premature infants, the
majority of whom develop disabilities (Goldson,
1996). According to United Cerebral Palsy (www.
ucp.org), there are annually 5,000 new cases of
children born in Canada and the USA with severe
physical involvement.

Figure 1. Components of a technology-mediated access solution

Functional
Intent

Access Technology

Functional
User Interface Activity

Augmentative and

Alternative > Communication
Communication (AAC) aid

Access | |  Signal
Pathway Processing

Control of the
Environment Control Unit |_, environment,

(ECU) e.g. TV, doors, lights

Computer access,
e.g. education, games,
e-mail, internet

Computer —>

User’s environment

721



18 more pages are available in the full version of this document, which may
be purchased using the "Add to Cart" button on the publisher's webpage:
www.igi-global.com/chapter/nascent-access-technologies-for-individuals-

with-severe-motor-impairments/80640

Related Content

Video Games as a Form of Therapeutic Intervention for Children with Autism Spectrum
Disorders

Toby Mehl-Schneiderand Shimon Steinmetz (2014). Innovative Technologies to Benefit Children on the
Autism Spectrum (pp. 197-211).
www.irma-international.org/chapter/video-games-as-a-form-of-therapeutic-intervention-for-children-with-autism-

spectrum-disorders/99569

Implementing UN CRDP Through Human Interface Equivalencies (HIEs) With Semantic
Interoperability: Case Study — Use of the International Standard ISO/IEC 20016-1

Jake V. T. Knoppers, Frederic Andresand Sangeeta Dhamdhere (2022). Assistive Technologies for
Differently Abled Students (pp. 160-192).
www.irma-international.org/chapter/implementing-un-crdp--through-human-interface-equivalencies-hies--with-semantic-
interoperability/305469

Effective Deep Learning-Based Attack Detection Methods for the Internet of Medical Things
Shabnam Kumariand P. Muthulakshmi (2023). Al-Based Digital Health Communication for Securing
Assistive Systems (pp. 151-177).
www.irma-international.org/chapter/effective-deep-learning-based-attack-detection-methods-for-the-internet-of-medical-
things/332961

Supporting Writing and the Writing Process Through the Use of Assistive Technology
Vicki Donneand Mary A. Hansen (2023). Using Assistive Technology for Inclusive Learning in K-12
Classrooms (pp. 156-189).
www.irma-international.org/chapter/supporting-writing-and-the-writing-process-through-the-use-of-assistive-
technology/329331

Technology-Facilitated Assessment, Monitoring, Treatment, and Intervention for Mental Health
and Behavioral Issues Among Individuals With Special Needs

Xiongyi Liuand Zhilin Wang (2022). Technology-Supported Interventions for Students With Special Needs
in the 21st Century (pp. 206-223).
www.irma-international.org/chapter/technology-facilitated-assessment-monitoring-treatment-and-intervention-for-mental-

health-and-behavioral-issues-among-individuals-with-special-needs/300028



http://www.igi-global.com/chapter/nascent-access-technologies-for-individuals-with-severe-motor-impairments/80640
http://www.igi-global.com/chapter/nascent-access-technologies-for-individuals-with-severe-motor-impairments/80640
http://www.irma-international.org/chapter/video-games-as-a-form-of-therapeutic-intervention-for-children-with-autism-spectrum-disorders/99569
http://www.irma-international.org/chapter/video-games-as-a-form-of-therapeutic-intervention-for-children-with-autism-spectrum-disorders/99569
http://www.irma-international.org/chapter/implementing-un-crdp--through-human-interface-equivalencies-hies--with-semantic-interoperability/305469
http://www.irma-international.org/chapter/implementing-un-crdp--through-human-interface-equivalencies-hies--with-semantic-interoperability/305469
http://www.irma-international.org/chapter/effective-deep-learning-based-attack-detection-methods-for-the-internet-of-medical-things/332961
http://www.irma-international.org/chapter/effective-deep-learning-based-attack-detection-methods-for-the-internet-of-medical-things/332961
http://www.irma-international.org/chapter/supporting-writing-and-the-writing-process-through-the-use-of-assistive-technology/329331
http://www.irma-international.org/chapter/supporting-writing-and-the-writing-process-through-the-use-of-assistive-technology/329331
http://www.irma-international.org/chapter/technology-facilitated-assessment-monitoring-treatment-and-intervention-for-mental-health-and-behavioral-issues-among-individuals-with-special-needs/300028
http://www.irma-international.org/chapter/technology-facilitated-assessment-monitoring-treatment-and-intervention-for-mental-health-and-behavioral-issues-among-individuals-with-special-needs/300028

