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Executive Summary

Self-service interactive devices, or kiosks, refer to devices that require user input to provide physical or electronic 
output to access information or services without interacting with service personnel. Self-service devices are used 
in retail, banking, travel, and health care. While practical benefits to self-service devices for both service providers 
and users are unequivocal, the requirement for increased accessibility is growing as a result of national and 
international efforts to develop inclusive societies.

CSA/ASC B651.2, Accessible Design for Self-service Interactive Devices, specifies the requirements for electronic 
and mechanical self-service interactive devices to be accessible and usable by people with blindness or low vision, 
hearing, physical, cognitive, or intellectual disabilities and impairments. Here, accessibility refers to the extent to 
which products, systems, services, environments, and facilities can be used by people from a population with the 
widest range of user needs, characteristics, and capabilities to achieve identified goals in identified contexts of use. 

The main goal of this research project is to review new and existing input and output technologies that could be 
incorporated into self-service interactive devices to enhance accessibility and usability of self-service interactive 
devices. Each technology was evaluated to determine its purpose, readiness for use and implementation, direct or 
indirect applicability, applicable standards, and the evidence for its usability by people with disabilities. 

The usability of a technology was determined based on the quality of the experience that people have when 
interacting with the technology or a product or system with which that technology is integrated. Applicability to 
CSA/ASC B651.2 was based on the technology’s ubiquity for both personal and commercial uses as well as the 
quality of available literature on the usability of the technology.

Exploration of the objectives was done through two successive research approaches:

1.	  �Literature search and technology review on existing and emerging input and output 
technologies potentially applicable for self-service interactive devices; and

2.	 �Stakeholder consultations with people with lived experience of disability and industry and 
regulation experts to validate and explore the applicability of the research findings.

Overall, of the approximately 20 technologies assessed, 14 are recommended for consideration for review in the 
preparation of the updated standard: facial detection, facial recognition, sign language avatars, gesture recognition, 
personal device integration, word completion and prediction, screen readers, antiglare screens, text-to-speech 
capability, fingerprint recognition, iris recognition, voice command and dictation, text enlargement, and refreshable 
braille displays. These technologies were re-examined in order to take into account relevant guidance. However, 
the recommendations discussed in this report are not universal for all self-service devices, as various technologies 
recommended for inclusion may have different impacts, utility, and legal implications in varying contexts. Finally, 
recommendations for future research are provided. 
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1 Introduction
1.1 Impact of Disabilities
The Accessible Canada Act was passed in 2019 with the 
goal of making Canada barrier-free by 2040. The Act 
defines a barrier as “anything physical, architectural, 
technological or attitudinal, anything that is based on 
information or communications or anything that is the 
result of a policy or a practice – that hinders the full and 
equal participation in society” of people with a disability 
[1]. A disability is defined as a functional limitation or 
restriction of an individual’s ability to perform an activity 
[2]. According to the 2017 Canadian Survey on Disability, 
6.2 million Canadians aged 15 years and older, or 
around 22% of the overall population, reported having 
a disability [3]. Among those surveyed, 23% reported 
having recurrent disabilities, 25% had fluctuating 
disabilities, and 13% had progressive fluctuating 
disabilities [4]. These proportions are expected to 
increase as the Canadian population ages [2].

Nearly 45% of people surveyed reported difficulties 
using information and communication technology [3]. 
Of these, 27% were impeded when trying to use self-
service technologies [3]. To mitigate the barriers, 48.1% 
of youth (15 to 24 years old) reported using at least one 
kind of aid, assistive device, or accommodation [5]. 
Assistive technology describes any product, software, 
or equipment purchased commercially, modified, or 
customized to maintain or improve the functional 
capabilities of people with disabilities [4], [6]. These 
devices are not designed exclusively for people with 
disabilities and are commonly utilized as functional 

aids for hearing, vision, mobility, walking, memory, 
dexterity, and learning. Assistive technologies include 
reading glasses, closed-captioning, and switch-
adapted appliances [4].

A subset of assistive technologies is adaptive 
technologies. Adaptive technologies are objects or 
systems specifically designed to adapt or modify 
existing technologies to increase or maintain the 
accessibility of devices for persons with disabilities 
[4], [6]. Examples of adaptive technologies include 
screen readers, braille, braille embossers, and tactile 
or haptic devices. The most frequently used adaptive 
technologies are specialized software or laptops and 
tablets (43.6%) [2].  Almost half (41.7%) of people with 
hearing disabilities use at least one type of assistive 
technology, while about one in ten (10.8%) people with 
vision disabilities reported using assistive devices [5].

According to the Canadian Survey on Disability,  
14.0% of people with a vision disability reported having 
unmet needs for aids or assistive devices, while 29.6% 
of individuals with a hearing disability and 54.4% of 
individuals with learning or developmental disabilities 
reported that their needs for assistive technology were 
not being met [5].

1.2 Types of Technological 
Needs and Definitions
A self-service interactive device, or kiosk, is an 
electronic or mechanical device that requires user 
input to provide physical or electronic output [7]. Such 
devices, typically interactive tablets or touchscreen 

“Adaptive technologies are objects or systems 
specifically designed to adapt or modify 
existing technologies to increase or maintain 
the accessibility of devices for persons with 
disabilities.” 
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computers, allow a person to access information 
or services without directly interacting with service 
personnel. Self-service devices are used in retail, 
banking, travel, and health care, and include (but are 
not limited to) check-in tablets at medical offices, 
check-in kiosks at airports, self-ordering kiosks in 
restaurants, and point-of-sales systems at retail stores 
[8]. For retailers and service providers, the benefits 
of using self-service devices include cost reduction, 
increased customer satisfaction, and extended market 
reach [8]–[10]. On the other hand, the accessibility 
of self-service devices must take into account their 
usability by people with disabilities and the security  
of these technologies. 

The ISO 9241 series outlines ergonomic requirements 
for human–computer interactions, providing guidance 
on the accessibility and usability of interactive systems 
[11]. ISO 9241-112 [12] defines accessibility as “the extent 
to which products, systems, services, environments 
and facilities can be used by people from a population 
with the widest range of user needs, characteristics 
and capabilities to achieve identified goals in identified 
contexts of use,” and the term accounts for “direct use 
or use supported by assistive technologies”. ISO 9241-11 
[13] defines usability as “the extent to which a system, 
product or service can be used by specified users to 
achieve specified goals with effectiveness, efficiency 
and satisfaction in a specified context of use.”

A major limitation in the accessibility of self-service 
devices is beyond the technical characteristics of the 
self-service devices themselves. Users, particularly 
those with vision disabilities, may not be aware of 
the presence of adaptive technologies in a self-
service device when encountering it for the first time. 
Furthermore, the available accessibility features may 
not meet a person’s specific needs. In those instances, 
the user may have to request assistance from staff, 
which undermines the fundamental purpose of a self-
service device, or resort to asking a stranger for help, 
risking revealing their personal information [14].

CSA/ASC B651.2 [7] specifies the requirements for 
accessible electronic and electromechanical self-
service interactive devices usable by people with 

vision, hearing, and physical disabilities. CSA/ASC 
B651.2 is referenced in the Accessible Transportation 
for Persons with Disabilities Regulations [15]. CSA/ASC 
B651.2 [7] includes requirements for accessible design 
for automated teller machines (ATMs).

CSA/ASC B651.2 [7] defines a self-service interactive 
device as “any machine where the user may need 
to enter data, read presented information, respond 
to prompts, or select from a number of choices for 
a service to be performed.” Moreover, it defines 
accessible as the way “the design or adaptation, or 
both, of self-service interactive devices, sites, and 
exterior spaces possess the necessary characteristics 
for them to be as usable as practicable.” 

1.3 Objectives
The goal of this research project was to review new 
technologies and provide recommendations for 
consideration of applicable technologies to update 
the CSA/ASC B651.2 Standard, and to enhance the 
accessibility and relevancy of self-service interactive 
devices. The main objectives were to identify and 
review novel input and output technologies and 
determine the feasibility of including them in self-
service interactive devices to enhance the accessibility 
and relevancy of these devices, as well as to determine 
the feasibility of including novel input and output 
technologies by people with disabilities. Other 
objectives of this work were to:

	• Exemplify the use of the identified emerging 
technologies to enhance the accessibility of input 
technologies (which prompt the device to perform 
some action) or output technologies (which present 
information to the user) for self-service devices; and

	• Understand users’ experiences in order to 
identify gaps and provide recommendations 
for improvement of self-service devices.

	• The research into the identified technologies 
considered the barriers experienced by people 
with disabilities that, for the purpose of this 
report, have been grouped into the following 
types: physical, vision, cognitive, and hearing. 
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2 Methods 
Qualitative research methods [16]–[18] were used in 
two phases:

1.	  �Literature review of scientific journals, standards, 
and other documents, and an environmental 
scan of applicable emerging technologies; and

2.	 �Analysis of data obtained through interviews with 
people with lived experience of disability and 
experience with the use of adaptive technologies 
in a real-world setting, advocacy groups or 
organizations, industry experts, and regulators.

2.1 Technology Review
The research team undertook a literature review and 
environmental scan to identify and examine novel 
technologies currently on the market. The reviewed 
documents included academic peer-reviewed literature 
and grey literature published between 2012 and 2023 
and retrieved via the databases Scopus, PubMed, 
EconLit, and GreyNet International and via the search 
engines Google Scholar and Google Search. Search 
terms included “kiosks,” “self-service,” “disability,” 
“accessibility,” and “usability,” the disability types, 
and technologies discovered through the preliminary 
literature review and interviews, and advisory panel. 
This multifaceted search protocol was necessary 
because of the number of technologies covered by  
the research objectives and the technologies’ different 
levels of maturity [19, 20]. 

A list of 22 existing technologies (refer to 
Recommendations section for the summary of 
technologies) was retrieved based on a literature search 
of the available evidence [3], [21], [22]. Each technology 
was evaluated to determine its purpose, readiness for 
use and implementation, direct or indirect applicability, 
applicable standards, and the evidence for its usability 
by people with disabilities.

Each of these technologies was reviewed in terms 
of their applicability to CSA/ASC B651.2 based on 
the following criteria: usability; privacy and security; 
potential for integration into self-service devices, or 
usefulness; and technology readiness level (TRL). These 
criteria are detailed further in sections 2.1.1 through 2.1.4. 

Findings are discussed in detail in the Results and 
Discussion sections and summarized in Tables 1 and 
2. The evaluation based on these criteria describes the 
broad application of these technologies in self-service 
devices. However, the recommendations that are based 
on these criteria are not universal and the context 
of use must be taken into account, that is, some 
technologies (e.g., facial recognition) may be limited 
by legal or practical considerations in one setting, but 
advantageous and widely acceptable in others.

2.1.1 Usability 
Usability refers to the extent to which specified users 
can use a system, product, or service to achieve 
specified goals effectively, efficiently, and to their 
satisfaction in a given context of use [13]. The usability 
of a technology was determined based on the quality of 
the experience that people with and without disabilities 
have when interacting with the technology or a product 
or system with which that technology is integrated. 
Applicability to CSA/ASC B651.2 was based on the 
technology’s ubiquity for both personal and commercial 
uses as well as the quality of available literature on the 
usability of the technology.

Published empirical usability data were considered 
complete if the technologies were tested by people 
with disabilities and people without disabilities. 
Published literature on usability testing of technologies 
by people without disabilities was considered to be 
“partial,” having potential, but with limitations. The 
literature that did not include empirical tests to assess 
usability of technologies was considered inadequate. 

The insights of people with lived experience of 
disability and experience with the use of these 
technologies in real-world settings were also taken 
into account in the recommendations. Interviewees’ 
descriptions of the technology as functional and easy 
to access was considered more useful than their 
comments on how hard or useless the feature was.

2.1.2 Privacy and Security
Data privacy refers to the rights and obligations of 
individuals and organizations with regard to the 
collection, use, retention, disclosure, and disposal 
of personal information [23]. Security refers to the 
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protection of data from intentional or unintentional 
destruction, modification, or disclosure [24]. For 
example, dictation functions could pose a privacy 
concern if people nearby can overhear someone 
dictating their personal information; however, dictation is 
not a security concern unless the voice data are stored 
to serve as a form of identification and could be stolen.

The governance of privacy and security issues are 
outlined under the Personal Information Protection and 
Electronic Documents Act (PIPEDA), Canada’s federal 
privacy statute [25]. PIPEDA regulates identifiable 
data collection and information storage to ensure the 
safety and privacy of the people whose data were 
collected [25]. Further information about PIPEDA and 
its implications on the technologies are outlined in 
section 3.1.

2.1.3 Potential for Integration  
The potential for integration, or usefulness, of a 
technology was defined as the extent to which it can 
be integrated into self-service devices. Two forms of 
integration were considered: either the technology 
could be built into, or integrated into, the self-
service device; or a user’s personal device, with the 
technology, could be connected to and synchronize 
with the self-service device, to fully or partially interact 
with the system. Personal device integration was only 
considered for the technologies brought by the user, 
such as headphones or braille notetakers.

2.1.4 Technology Readiness Level
The technology readiness level (TRL) refers to 
a technology’s level of maturity, or degree of 
development and readiness for use, described on a 
nine-point scale [26]. There are four broad technology 
development stages in TRL: fundamental research; 
research and development; pilot and demonstration; 
and adoption and commercial availability [26]. Each 
TRL score is associated with a checklist of activities 
that must be met before a technology is considered 
at a particular level [26]. To be considered in this 
feasibility assessment, a technology had to be 
commercially available or have a TRL of 9, meaning 
that it was in the early adoption stage, had been 
successfully deployed and proven in a variety of 
operational settings, and operational tests and reports 
have been completed for the prototype. TRLs were 
assigned based on a technology’s readiness and level 
of adoption as reported in economic articles, press 
releases, or other product-related communications.

2.1.5 Availability of Relevant Standards
Relevant standards that provide guidance on the design 
or performance of each technology were identified. 
Although these standards do not necessarily outline 
requirements related to the use of the technology in 
self-service interactive devices, many of the reviewed 
technologies are commonly used in other contexts.

“Data privacy refers to the rights and 
obligations of individuals and organizations 
with regard to the collection, use, retention, 
disclosure, and disposal of personal 
information.”  
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Most of the relevant standards were developed 
by International Organization for Standardization/
International Electrotechnical Commission (ISO/
IEC) technical committees and subcommittees. The 
scope of the ISO/IEC JTC 1 technical committee is 
standardization in the field of information technology 
[27]. ISO/IEC JTC 1/SC 35 subcommittee specifically 
manages standards related to how user interfaces 
in information and communication technology 
environments support all users, including those with 
different accessibility needs [28]. ISO/TC 159/SC 
4 subcommittee manages ergonomic guidance for 
human-system interactions and is responsible for the 
standardization of hardware ergonomics (e.g., input 
and output devices, displays, and interactive devices), 
software ergonomics (e.g., interaction and interface 
design), ergonomics in the context of use (e.g., task 
relevance and built environment), and human-centred 
design processes and methods (e.g., participative 
design, accessibility, and usability engineering) [29]. 
ISO/TC 173/ SC 7 subcommittee is responsible for 
standards related to assistive products designed to 
assist people with impaired sensory functions in their 
daily activities and social interactions [30]. ISO/IEC JTC 
1/SC 37 covers the standardization of generic biometric 
technologies involving human beings to support 
interoperability and safe and secure data exchange [31].

2.2 Stakeholder Consultations
Results of the literature review and environmental 
scan led to identifying major areas of technological 
accessibility for further investigation to better inform the 
semistructured interviews. The semistructured interviews 
were conducted according to established qualitative 
methods [16]–[18], [22], [32],  in consultation with the 
project advisory panel, which was made up of individuals 
with lived experience of disability, industry members, and 
disability advocates. A semi structured interview allows 
questions to be modified during the interview based on 
the backgrounds and expertise of the interviewees [33]. 
Interviewees included experts from three domains:

	• Users with lived experience of disability;

	• Disability advocates; and

	• Manufacturers and regulators of self-service 
devices and accessible technology. 

The project advisory panel suggested relevant groups 
and individuals who might be interested in participating 
in the interviews. Potential participants were sent an 
informed consent letter outlining the purpose of the 
interview and the intended outcomes of this report and 
were asked to confirm their participation. Interviews 
were conducted via Microsoft Teams or Zoom, 
according to each participant’s preference. Interviews 
were recorded and transcribed, and the content of the 
transcripts analyzed by three researchers using content 
analysis [16], [34]–[36], with the aim of understanding 
the participants’ perspectives on and concerns  
related to the use of select technologies, including  
any complexities not reported in the literature. 

The main themes that arose in the interviews 
are discussed as recommendations for further 
consideration by the technical committee responsible  
for maintaining CSA/ASC B651.2, outlined in section 3.3 
of this report. The interview guide was slightly modified 
for experts operating in the industry. For a full list of 
interview questions, refer to Appendix A.

The interview questions were designed to explore  
the following: 

	• Participants’ own experiences with 
accessible technologies, if applicable;

	• Users’ comprehension of an ideal accessible 
system for self-service devices;

	• Concerns about self-service devices; and

	• The current state of industry efforts to make 
self-service technologies more accessible, 
including training and usability.

While the needs of the participants were taken into 
account wherever possible, limited project resources 
precluded providing sign language interpretation 
services. As such, we acknowledge a limitation in our 
ability to represent the perspectives of the Deaf people 
and sign language users.



NEW TECHNOLOGIES FOR SELF-SERVICE DEVICES AND THEIR IMPACTS ON USABILITY FOR PERSONS WITH DISABILITIES

11csagroup.org

3 Results and Discussion
3.1 Security and Privacy
PIPEDA establishes rules for the use and collection 
of biometric data, including facial, palm, fingerprint, 
and iris recognition [25]. PIPEDA is Canada’s federal 
privacy statute and regulates the collection, use, and 
disclosure of personal information by the private sector 
for all commercial settings in Canada, including federally 
regulated organizations (e.g., banks, air transportation, 
telecommunications) [25]. Alberta, British Columbia, 
and Quebec are exempt, but have enacted similar laws 
governed at the provincial level [25]. 

Within the scope of technologies for self-service devices 
discussed in this report, biometric data may be used to 
identify or authenticate an individual for several reasons, 
including confirming their entitlement to services, 
monitoring or recording certain individual experiences, 
or authenticating personal identity [37]. Furthermore, 
as biometric data are unique to each individual, the 
organizations collecting these data must operate under 
PIPEDA’s fair information principles to ensure the 
protection of each user’s personal information [25].

3.2 Technologies for Accessible 
Self-Service Devices
This section describes each technology’s purpose and 
the barriers the technology could help overcome. Note 
that in some cases, the technology was not explicitly 
designed as an assistive technology, but persons with 
disabilities may still benefit from its integration into 
a self-service device. Technologies were grouped 
into input and output technologies for accessible 
self-service devices based on whether they prompt 
the device to perform some action (input) or present 
information to the user (output). 

3.2.1 Input Technologies for Accessible  
Self-Service Devices
In this section, 15 input technologies are described in 
terms of their usability, privacy and security, integration 
(or usefulness), the barriers the technology could help 
overcome and relevancy to CSA/ASC B651.2. All but 
one are commercially available.

3.2.1.1 Facial Detection 

Facial detection is a technique that allows machines to 
scan images and videos and determine the presence 
of human faces via artificial intelligence [38]. This 
technique generally involves an algorithm that, when 
paired with a camera, can read images and distinguish 
between human faces and background images. This 
technology is often the precursor to facial recognition 
and facial gesture recognition [38]. To recognize a face, 
the algorithm first locates and maps human eyes, lips, 
nose, and ears to construct an image of the face [38]. 
Once that mapping is done, the algorithm conducts 
more tests to ensure that what it detected is a human 
face [38]. 

Facial recognition algorithms have been upgraded 
over the last couple of years to take into account the 
increased use of facemasks during the COVID-19 
pandemic [39].

Several commercially available solutions are available, 
including ones that could be suitable for self-service 
interactive devices.

Facial detection is an accessible technology that 
could play an important role in automating self-
service devices. On detecting and identifying a user, 
facial detection technology could trigger planned 
interactions, such as greetings and appropriate offers 
of assistance. The technology can also be used to 
determine the presence of other people, which could 
affect user privacy. Although a user must show their 
face, or a part of it, for the technology to identify them, 
sacrificing some privacy, facial detection does not 
affect an individual’s data security as biometric data  
are not stored in the self-service device after a face  
has been detected and identified.

There are no existing standards related to facial detection 
technologies. Nevertheless, facial detection should be 
considered for integration with self-service interactive 
devices because it is a preliminary technology for other 
facial analysis algorithms, including facial recognition 
[40]. While facial recognition will authorize certain 
system functions based on an individual’s identity, facial 
detection can determine whether a human face is in an 
image and activate general system functions.
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Facial detection technology could be useful for 
people with blindness or low vision, cognitive and 
other disabilities because the system can begin to 
operate and automatically provide guidance when 
a face is detected, without requiring physical input. 
However, the inclusion of facial detection also requires 
taking into account output technologies that can 
support individuals with physical, cognitive, and 
vision accessibility needs to receive the information 
a self-service device presents. Difficulties may arise 
when there are too many faces in the image, poor 
lighting, low image resolution, complex background, 
face occlusions (e.g., glasses, scarves, hair), facial 
expressions, and anthropometric differences [40].

3.2.1.2 Facial Recognition

Facial recognition technologies match the image of a 
user’s face against a reference image for authentication. 
This process involves using sensors to recognize a 
human face, analyzing facial geometry and key features, 
and comparing the unique facial signature against a 
database of known faces [41]. 

Commercially and operationally deployed facial 
recognition solutions relevant to self-service interactive 
devices are available on the market [42-43]. Recent 
advances have enabled facial recognition tools to 
accommodate individuals who are wearing glasses 
[44] or facemasks [39]. However, facial recognition 
presents a challenge for both privacy and security: an 
individual’s face must first be detected by the self-
service device, with the biometric data then analyzed 
alongside a database of images stored for identification 
purposes. According to PIPEDA, users must be aware 
of the collection, use, and disclosure of personal 
information, and any such collection, use, or disclosure 
of personal information must only be for purposes that 
are reasonable and appropriate in the circumstances. 
The requirement to demonstrate reasonable purpose 
for collection may be challenged in various contexts, 
including numerous commercial and retail settings. 
This is especially prudent where minors use the 
devices; while PIPEDA does not differentiate between 
adults and youth and children, the photography and 
collection of data of youth and children should be 
treated with sensitivity and may require additional 
safeguards and security measures [25].

Three relevant standards for facial recognition 
technology were identified. CSA ISO/IEC 19794-5 [45] 
specifies the data format and the scene, photographic, 
and digitization properties required for images 
of faces to be used in the context of both human 
verification and computer-automated recognition. 
It presents specifications for the storage, recording, 
and transmission of facial images and data. Using 
technologies that comply with CSA ISO/IEC 19795-5 
[46] would facilitate scalability and interoperability 
across different self-service interactive devices and 
technologies. However, CSA ISO/IEC 19795-5 [46] 
specifies that these guidelines are not tailored to users 
with disabilities, lacking provisions for irises that are 
not visible or faces that are incorrectly positioned 
in front of the camera. It specifies that specialized 
applications will warrant specialized testing processes. 

IEEE P2884 [47] defines requirements and testing 
methods for a facial recognition testing system for 
end-user devices. Key metrics for this standard 
include false acceptance rates, false rejection rates, 
attack presentation false acceptance, and bona fide 
presentation false rejection rate. 

Alongside IEEE P2884 [47], CSA ISO/IEC 30137-1 
[48] sets a precedent for facial recognition devices, 
including cameras and software, to produce high-
quality, consistent, and accurate images, minimizing the 
number of system errors and improving device usability. 
Improving system functions and the capabilities of facial 
recognition technologies will allow an individual with 
anthropometric differences or with disabilities to direct 
their eyes at the self-service device, to be recognized by 
the self-service device, and to be authorized to complete 
tasks [48]. Reducing the number of system errors allows 
individuals with and without disabilities to operate self-
service devices independently, without assistance from 
service personnel.

Facial recognition requires the self-service device  
to obtain and store biometric data and subsequently 
access the data from within the device. The 
organizations operating the devices must adhere 
to PIPEDA’s fair information principles [25], and 
request consent from the individuals whose data are 
being collected. Based on the sophistication of this 
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technology, facial recognition technology may be of 
greater use in some self-service devices, for example, 
an ATM or health kiosk versus a point-of-sale or food-
ordering kiosk. 

The adoption of facial recognition technologies will 
need to take into account the legal limitations of 
integrating them and the hesitancy towards their 
widespread adoption, particularly in terms of the 
personal data of minors. However, facial recognition 
technology offers individuals, including those with 
physical, vision, and cognitive disabilities, another input 
method when accessing services and completing tasks 
that require a high level of personal authentication. 
As such, facial recognition technology should be 
considered for integration with self-service interactive 
devices and is recommended to be considered for 
inclusion in CSA/ASC B651.2.

3.2.1.3 Facial Gesture Recognition 

Facial gesture recognition can be applied to self-
service devices to provide users with an input option 
that does not rely on the use of arms or hands. Instead, 
the systems read the facial gestures of users and 
convert them into actions. For example, a person can 
use their tongue or head to point at something on a 
screen and the interface will read that movement and 
respond accordingly [49]. Specific commands could 
be associated with gestures such as nods, smiles, and 
winks [50]. Aspects of this technology were originally 
developed with the intent of supporting people with 

limited mobility or balance and posture impairments 
[51]. Facial gesture technology may improve 
accessibility for people with physical, and intellectual 
disabilities [52], [53]. 

The TRL score for facial gesture recognition is 6 (TRL 
6) as prototypes have been demonstrated and tested in 
a simulated environment [26]. However, the prototypes 
are generally being tested for usability under limited 
conditions by, for example, research groups and 
manufacturers. There are no perceived privacy or 
security concerns associated with this technology.

Although there are no standards specific to facial 
gestures, standards related to gesture technologies 
for the control of interfaces could serve as basis for 
their development. As an example, ISO 9241-960 [54] 
provides guidance on determining and selecting body 
gestures and the factors to consider when defining 
gestures, although not specifically facial gestures. ISO/
TS 9241-430 [55] informs the selection of the most 
effective arm and hand gestures for human–computer 
interaction, specifically recommending usability and 
ergonomics in gesture selection to prevent fatigue and 
discomfort while gesturing. ISO 9241-960 [54] and ISO/
TS 9241-430 [55] could be used as guidelines when 
evaluating and assessing facial gesture technologies 
to support accessibility and usability of self-service 
devices by people with varying mobility functions.

ISO 9241-910 [56] defines common terms and 
describes various concepts that are relevant when 

“The adoption of facial recognition 
technologies will need to take into account 
the legal limitations of integrating them 
and the hesitancy towards their widespread 
adoption, particularly in terms of the 
personal data of minors.”  
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designing devices with tactile and haptic interactions. 
ISO 9241-940 [57] describes ways of evaluating tactile 
and haptic interaction based on interaction quality, 
haptic device attributes, and logical space and design 
usability. ISO 9241-910 and ISO 9241-940 could include 
people with disabilities when evaluating tactile and 
haptic interactions to determine how individuals who 
use wheelchairs and mobility aids may benefit from 
different physical configurations of the space around 
self-service devices.

No facial gesture devices are currently commercially 
available or operational. Therefore, facial gesture 
technology should not be considered for integration 
with self-service interactive devices and is not 
recommended for consideration for CSA/ASC B651.2. 
However, as facial gesture recognition is an adaptive 
technology for individuals who may not benefit from 
full-body gesture recognition, for example, people 
with physical disabilities, this technology could be 
reconsidered in the future after further development.

3.2.1.4 Head-Mounted Pointers

Head-mounted pointers are a group of devices that 
allow objects to be manipulated or mouse pointers 
to be controlled via voluntary head movements [58]. 
Variations include a simple mechanical pointer, which 
acts like a finger, and a laser pointer that often requires 
an embedded sensor in the screen. Commercially 
and operationally deployed head-mounted pointers 
are available, but have typically been developed for 
people’s personal use, rather than being part of a 
communal commercial device.

There are no security or privacy concerns associated 
with using head-mounted pointers. In the case of 
simple mechanical pointers, no additional modification 
is needed to allow the user to interact with the self-
service device. In the case of laser pointers, self-service 
devices would require embedded laser sensors.

ISO 9241-410 [59] provides guidance on the design 
of physical input devices for interactive systems. 
These devices include keyboards, mice, pucks, 
joysticks, trackballs, trackpads, tablets and overlays, 
touch‑sensitive screens or touchscreens, styli and 

light pens, and voice- and gesture‑controlled devices. 
Although ISO 9241-410 does not specifically cover 
head-mounted pointers, the guidance could apply as it 
provides generic design criteria based on user abilities. 
In turn, ISO/TS 9241-411 [60] specifies ways to evaluate 
the design of these physical input devices. 

Although head-mounted pointers may be beneficial 
to individuals with physical disabilities, there is 
insufficient evidence on their usability and practicality 
when integrated with self-service interactive devices. 
This technology is not recommended for consideration 
in CSA/ASC B651.2.

3.2.1.5 Voice Command and Dictation

Voice command and dictation allow the user to 
interact with a device solely through speech. The 
device has a built-in microphone and uses artificial 
intelligence and natural language processing to 
analyze a user’s speech and accommodate variations 
in speech quality and phrasing [61]. Voice command 
allows the user to direct the device to perform certain 
actions. Dictation, or speech-to-text, transcribes a 
user’s speech, providing an alternative to typing. Any 
voice command technology should theoretically have 
dictation capability, but a dictation technology will not 
necessarily have voice command and invoke specific 
actions. Either voice command or dictation can be 
combined with voice recognition for additional security 
or a more personalized user experience. 

Several commercially and operationally deployed 
solutions are on the market, including for self-service 
interactive devices. This technology could apply to a 
wide range of accessibility needs [62], [63]. 

While there are no security concerns associated with 
voice command technologies, there are significant 
privacy concerns if individuals audibly input personal 
information and passwords in the presence of 
bystanders.

Two standards apply to voice command and dictation, 
and both have been adopted in Canada. CAN/CSA 
ISO/IEC 30122-1 [64] provides a framework and general 
guidance for essential voice commands and outlines 
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a limited number of commands that the user could 
memorize to facilitate the use of devices, but it does 
not provide guidance for natural language processing. 
CAN/CSA ISO/IEC 30122-2 [65] provides test methods 
for voice commands and speech recognition, including 
phonetic requirements for spoken words or phrases. 
Applying both standards to self-service devices 
would result in a relatively consistent user experience 
at different self-service devices, improving overall 
accessibility and usability. 

In addition, ISO 9241-154 [66] and ISO/IEC 13714 
[67] describe interactive voice response and voice 
messaging applications in telephone-based services. 
ISO 9241-154 [66] provides general guidance for user 
interface design in interactive voice and automated 
speech systems and contains requirements developed 
to accommodate callers with special needs. ISO/
IEC 13714 [67] provides guidance on maintaining a 
consistent mode of interaction, independent of the 
underlying operating system. While these standards 
are not directly related to the development of self-
service devices, they are useful for understanding 
the requirements of interactive voice systems across 
different operating systems. Although incorporating 
call answering into self-service devices is not 
recommended, these standards demonstrate ways 
of improving voice controls and dictation that may 
be relevant to how users interact with self-service 
devices. Lastly, ISO 9241-410 [59] provides guidance on 
interaction design for voice commands and dictation 
systems, while considering the capabilities and 
limitations of different users.

ISO 9241 could specify use conditions for user 
populations with different disabilities, including 
physical, vision, hearing, and cognitive disabilities. 
Further consideration should also be given to the 
environment where the device will be used, and how 
noise levels may affect voice command features. Voice 
command is a widely adopted and practical technology 
that individuals, including those with vision, physical, 
and cognitive disabilities, can use to input information 
and complete tasks. While individual security needs 
to be taken into account, voice command that can be 
applied to many self-service devices, including food-
ordering kiosks, check-in stations, and point-of-sale 
terminals. As such, voice command and dictation 

are recommended for integration with self-service 
interactive devices and for consideration for inclusion 
in CSA/ASC B651.2. 

3.2.1.6 Palm Recognition

Palm recognition technology scans the user’s palm and 
authenticates them based on specific characteristics 
such as lines, ridges, vein patterns, palm prints, and 
hand geometry [68], [69]. Typically, the user hovers 
their palm over a scanner, without having to touch the 
palm reader, which makes the process more hygienic 
than fingerprint recognition techniques [69]. 

A number of commercially and operationally deployed 
solutions are on the market. Palm recognition has 
been adopted on a global scale in a variety of settings 
including federal institutions (e.g., banks) and retail 
stores [68], [70]. While there are no associated privacy 
concerns, there are several security concerns because 
palm recognition requires the collection, use, and 
possible disclosure of biometric data to identify the 
user and enable functions on self-service devices.

ISO/IEC 19794-15 [71] specifies requirements for 
interchangeable record formats for palm creases for 
the purpose of identification and verification, which 
falls under PIPEDA’s regulation of the use of personal 
information [25]. 

Palm recognition may enhance the user experience by 
reducing additional input for personal authentication. 
However, the technology requires that users locate 
the palm recognition sensors and then hold their hand 
steadily in a precise position over the scanner [ [72], 
which may present difficulties for people with vision or 
physical disabilities [58], [72]. 

Given these accessibility challenges, palm recognition 
technology is not recommended to be considered 
for integration with self-service interactive devices or 
inclusion in CSA/ASC B652.2.

3.2.1.7 Fingerprint Recognition

Fingerprint recognition compares a person’s fingerprint 
with existing verified fingerprint scans to authenticate 
the person’s identity. This technology: (1) captures 
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fingerprint data through a sensor; (2) pre-processes 
the data to remove impurities or incomplete data; 
(3) processes the image to extract data about the 
fingerprint that can be used for recognition; and (4) 
matches the fingerprint data with an existing database 
to confirm the user’s identity [73]. Fingerprint data can 
be collected in several ways, including through two-
dimensional imaging, three-dimensional mapping of 
finger ridges, or comparing the minute details inherent 
in each fingertip [74], [75]. 

The technology is commonly applied in cellphones, 
and various fingerprint recognition systems are 
commercially available. Still, fingerprint recognition 
requires individuals to correctly place and hold their 
finger over a scanner, which can be challenging  
[76], [77]. 

Fingerprint recognition in a self-service device 
presents a security concern as it involves the 
collection, use, and possible disclosure of a user’s 
biometric data. In these instances, the organization 
responsible for the self-service device must adhere to 
PIPEDA’s ten fair information principles [25].

ISO/IEC 19794-8:2011 [78] provides guidance on how a 
fingerprint can be recorded, thus defining parameters 
for algorithmic and computational procedures [60]. 
ISO/IEC 19794-2:2011 [79] focuses on the concept of 
minutiae, which is the matching of two fingerprints 
based on the number of minute details shared. IEEE 

P2891 [80] specifies a fingerprint test system for smart 
devices, to evaluate performance metrics such as false 
acceptance rates and false rejection rates [80].

Overall, fingerprint recognition is recommended to be 
considered for integration with self-service interactive 
devices and inclusion in CSA/ASC B651.2, as this 
technology provides an alternative input method for 
individuals with cognitive or physical disabilities, 
while minimizing the amount of personally identifiable 
information necessary to authorize certain system 
functions. Although there are some accessibility 
concerns related to the fine motor functions required 
to scan a fingerprint, ergonomic considerations can 
be given to the size and design of finger scanners. 
Fingerprint recognition may not be necessary on 
self-service devices that do not require personally 
identifying information, such as food-ordering kiosks 
and self-checkout machines.

3.2.1.8 Iris Recognition

Iris recognition is widely regarded as one of the most 
effective ways to collect biometric information [81]. 
After an invisible infrared light is shone into the eye to 
reveal the unique and otherwise invisible patterns of an 
iris [82] , the technology compares these patterns with 
existing verified iris scans. Iris recognition can be used 
in dark or poorly lit environments [81]. Moreover, it is 
contactless and unaffected by face accessories such 
as glasses or face masks [81], although false rejection 
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rates vary with different types of contacts and artificial 
lenses [82].  There are no privacy concerns, although 
there are security concerns as this technology involves 
the collection, use, and possible disclosure of biometric 
data. Under PIPEDA, organizations must comply with 
the rules and regulations for data collection, use, and 
disclosure, and must obtain informed consent from the 
users [25]. 

A number of commercially and operationally deployed 
iris recognition solutions are on the market. 

ISO/IEC 19794-6 [83] details iris image interchange 
formats for enrolling (i.e., collecting and storing data for 
later comparison), identifying, and verifying systems. 
ISO/IEC 29794-6 [84] establishes standards and 
methods to quantify the quality of iris images, including 
normative requirements on the software and hardware 
that produce the iris images and measure the image’s 
usability. Lastly, IEC 62471 [85] provides requirements 
such as exposure limits for lamps and lamp systems 
used in iris cameras and reference measurement 
techniques for the control of the photobiological 
hazard.

Overall, iris recognition is recommended to be 
considered for integration with self-service interactive 
devices and inclusion in CSA/ASC B651.2, as this 
technology may be useful as a way of confirming 
identity without requiring additional user input. 
However, iris recognition may be inaccessible or 
not useful for people who are blind or with a visual 
impairment. Additional consideration must be given to 
the ergonomic design of iris recognition technologies 
in self-service devices, taking into account people’s 
different heights or if users have to approach the 
device at an angle.

3.2.1.9 Braille Keyboard

Braille keyboards are built-in or portable assistive 
technologies intended for inputting information into, 
rather than receiving information from, a digital system 
[86]. Braille keyboards include standard braille-
embossed QWERTY keyboards, which require the 
user to memorize the sequences of keys to select the 
correct character. These are less popular than braille 

notetakers, which typically have unique custom-
designed hardware and software that includes a 
refreshable braille display for reading braille output 
and either a braille keyboard or touchscreen-based 
emulation for braille input. 

A number of commercially and operationally deployed 
solutions are on the market. There are no security 
or privacy concerns associated with using braille 
keyboards.

ISO 17049 [87] details the requirements for braille 
users around the world as well as guidelines for 
implementation of braille on equipment, appliances, 
and signage. There are two distinct forms of Unified 
English Braille (UEB), the official braille language 
of North America: contracted and uncontracted. 
Uncontracted UEB uses the complete form of words, 
whereas contracted UEB uses shorthand, special 
symbols, or abbreviated words. French diacritics can 
be added to UEB braille tiles to denote accents and 
pronunciation, but Code Braille Français Uniformisé 
(Unified French braille, or CBFU) is commonly used by 
people who know French braille [88]. 

Although alternatives to braille input exist (e.g., voice 
commands and dictation), they may not be preferred by 
or appropriate for everyone. In addition, consideration 
must be given to individuals who use braille systems 
from before the adoption of UEB in 2010 and are familiar 
with Nemeth code for mathematics and scientific 
notations in braille [89]. While braille keyboards are 
equipped to produce both forms of UEB, it is necessary 
to consider whether a self-service device can 
understand input in all braille forms.

Braille keyboards are not currently recommended 
for consideration in CSA/ASC B651.2 as both braille-
embossed QWERTY keyboards and braille notetakers 
are difficult to integrate with self-service devices and 
will not benefit braille users, including people with vision 
loss or visual impairment, to the extent that other input 
methods may. Braille-embossed QWERTY keyboards 
are outdated and require the user to have memorized 
the sequences of keys to select the correct character. On 
the other hand, braille notetakers are highly customized 
devices that are unique to each braille user. Other 
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considerations are the space and configuration required 
to embed a braille keyboard on a self-service device 
and the hardware necessary to incorporate a personal 
device into the self-service device. 

3.2.1.10 Gesture Recognition Devices

Gesture recognition devices (e.g., mice, styli, joysticks, 
touchscreens) allow the user to interact with a device 
through hand movements. These movements are 
captured by sensors and interpreted by the device as 
commands. Tactile gestures that are specific to the 
screen readers are described in Section 3.2.2.1. 

A number of commercially and operationally deployed 
solutions for gesture recognition are on the market, 
mostly for use in or with personal devices such as 
computers and cellphones [90]. Although these 
gesture recognition devices are designed for the 
convenience of all users, they may be useful alternative 
input methods for those with fine motor control 
disabilities or difficulties with manual dexterity. Gesture 
recognition may not be useful for individuals who have 
quadriplegia or whose ability to gesture or maintain 
control of their hands or arms is affected. 

The usability of this technology has been tested with 
people with spinal cord injuries and with hearing 
impairments and people experiencing the physical 
and mental effects from a stroke. Users have found 
gesture recognition technology a positive addition 
when learning to use a new system, increasing their 
motivation to use a device [91], [92]. 

There are no security or privacy concerns associated 
with gesture recognition devices.

ISO 9241-971 [93] provides guidance for increasing 
the accessibility of interactive systems that make 
use of tactile and haptic input and output modalities, 
including gestures, vibration, and force feedback. ISO 
9241-971 [93] also describes the application of haptic 
and tactile interactive systems to inaccessible devices, 
which CSA/ASC B651.2 could reference as guidance 
on the implementation of haptic interactions in self-
service devices. An important consideration is the 
placement of the sensors on the devices; they should 

be able to capture the movements of people with 
different statures or those who position themselves in 
a different way in front of the device. For example, if 
someone in a wheelchair cannot face the self-service 
device, they may have to approach it from the side. 

Similarly, ISO 9241-410 [59] provides recommendations 
for ergonomic design. These recommendations 
are given for a context-free environment; CSA/
ASC B651.2 could therefore take into account cases 
that are specific to individuals with disabilities, in 
environments with varying degrees of distraction, 
space requirements, and lighting. In addition, ISO 
9241-960 [54] provides guidance on the selection or 
determination of the gestures to be used in a gesture 
interface. Using devices that comply with ISO 9241-960 
would ensure that all self-service interactive devices 
using this technology provide a relatively consistent 
user experience, improving accessibility. ISO 9241-960 
does not dictate system response and, therefore, may 
be adapted for the needs of the device [54].

ISO/IEC 30113-11 [94] defines common single- and 
multi-point gestures for gesture interfaces. Single-point 
gestures, such as single taps and clicks, swipes, and 
drags, are common system actions in information and 
communication technologies, performed with an input 
device (e.g., mouse and stylus) or a body part (e.g., 
fingertip and hand). ISO/IEC 30113-12 [95] specifies 
common multi-gesture movements or inputs, such as 
two-point taps or two-finger swipes. 

Overall, it is recommended that the broad application 
and feasibility of single-point gestures in self-service 
devices be determined, and that gesture recognition 
devices be considered for inclusion in CSA/ASC 
B651.2. 

3.2.1.11 Single-Switch Entry Devices

A single-switch entry device refers to an assistive 
technology that is typically used with on-screen or 
virtual keyboards to eliminate physical interaction with 
these devices. A cursor moves automatically across the 
keys of the on-screen keyboard or menu, and when the 
desired item is in focus, the user presses, flips, or clicks 
the switch [96].
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A number of commercially and operationally deployed 
solutions are available. However, these are most 
commonly embedded in or used with personal devices 
such as personal computers. Still, single-switch entry 
devices can provide an alternative input method for 
people with physical disabilities. Furthermore, single-
switch devices do not present security or privacy 
concerns for users. 

No relevant standards apply to this technology.  

Single-switch entry devices are not recommended 
for integration with self-service interactive devices 
or CSA/ASC B651.2 consideration as there is not a 
large enough commercial interest to necessitate their 
inclusion in a meaningful way. 

3.2.1.12 Foot Switches

A foot switch is an adaptive foot-operated switch, 
pad, or pedal. By tapping or pressing the foot switch, 
the user prompts the compatible software to enact 
a specific action or command in a computer [96]. A 
number of commercially and operationally deployed 
solutions are available, but these are most commonly 
embedded in or used with personal devices such as 
computers or home appliances and fixtures. 

Although similar to single-switch entry devices, foot 
switches offer individuals an input method that does 

not require hand and finger dexterity, potentially 
providing support for users with physical disabilities. 
However, these devices are likely to only benefit a small 
portion of people with mobility issues.

No relevant standards apply to this technology. 
There are no security or privacy risks associated with 
using foot switches in self-service devices. While 
the interest in and ubiquity of these devices is still 
growing, there is not a large commercial demand for 
foot switches as assistive accessibility technologies. 
As such, foot switches are not currently recommended 
for integration with self-service interactive devices or 
CSA/ASC B651.2 consideration. 

3.2.1.13 Eye Tracking

Eye tracking allows users to interact with a device by 
controlling a cursor or a keyboard on a screen or surface 
through voluntary eye movements. This technology 
typically involves using a low-power, infrared light-
emitting diode (LED) and a camera. The LED may be 
mounted on a personal device, a self-service device, or 
on a pair of glasses worn by the user. The emitted light 
is pointed toward the user’s eye and is reflected toward 
the camera, which tracks the eye movements and allows 
the user to perform specific actions [97].

A number of commercially and operationally deployed 
solutions are on the market. While these are most 
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commonly used in or with personal devices such as 
computers, there are some commercially available 
solutions for self-service interactive devices [98].  

There are no relevant standards specific to this 
technology. ISO 9241-400 [99] and ISO/TS 9241-
411 [60] include ergonomic design and testing 
requirements for physical tracking input devices 
(including trackballs and trackpads), but do not 
apply to eye tracking. Similarly, WCAG2.1 addresses 
input modalities, specifically the capacity for motion 
actuation and the ability to disable this feature 
intermittently to prevent accidental actuation [100]. 
EN301-549 [101] emulates this by recommending that 
specific accessibility features should be accessible for 
both software and hardware with closed functionality.

Eye-tracking software does not present any significant 
security or privacy concern for users.

Eye-tracking technology has the potential to assist 
individuals with physical or mobility disabilities 
when inputting information and navigating a self-
service device. Although eye-tracking devices are 
commercially available, they are highly personalized 
and require a large amount of precision. User testing 
of eye-tracking and gaze-interaction devices found 
that these devices can be difficult to calibrate and 
recalibrate when a system or user error occurs, limiting 
their practicality in a self-service device [102]. For 
that reason, eye-tracking devices are not currently 
recommended for integration with self-service 
interactive devices or CSA/ASC B651.2 consideration.

3.2.1.14 Adaptive Keyboards, Word 
Prediction, and Word Completion

Adaptive keyboards describe commercial keyboards 
that have undergone modifications to better suit 
a person with disabilities. Adaptations include 
keyguards, larger keys, compact size, and on-screen 
keyboards [103]. A keyboard can be combined with 
other assistive technologies, such as word prediction 
and word completion, to suggest words as the user is 
typing or automatically complete phrases without the 
user having to finish typing [104].

Some types of adaptive keyboards (e.g., keyguards and 
keyboards with larger keys [103]) are commercially 
available. Word prediction and completion technologies 
are also commercialized and widely adopted across 
multiple software. This type of technology is useful for 
people with physical, vision, and cognitive disabilities, 
as it serves as assistive technology for writing and 
manual input. 

No relevant standards were identified for these 
technologies. No security or privacy concerns have  
been associated with word prediction technologies  
or adaptive keyboards.

Word prediction and completion are recommended 
to be considered for integration with self-service 
interactive devices and inclusion in CSA/ASC B651.2.  

3.2.1.15 Personal Devices 

Personal devices are often loaded with accessibility 
software and tools to which users are accustomed 
[105], [106], with the software settings tailored to 
people’s specific preferences and needs [107]. One 
way to support people with disabilities may be to 
accommodate the use of their personal devices with 
self-service devices, rather than attempting to integrate 
a technology into the self-service device. Personal 
device integration refers to an option for users to 
connect their own input or output devices with the self-
service device through a wired or wireless connection. 
Examples include a smartphone or tablet, relevant 
mobile applications, and any other device used for 
augmentative and alternative communication.

Personal device integration presents several significant 
concerns for individuals’ security and privacy because 
the self-service devices will require access to users’ 
data to coordinate accessibility features. PIPEDA 
requires disclosure of the use, collection, and storage 
of data, and user consent before enabling device 
integration [25]. Other common threats and hacking 
schemes may occur, primarily via wireless and 
Bluetooth connections.

In general, self-service devices may be vulnerable to a 
variety of network assaults, even without connecting 
to personal devices, via a wired or wireless mode. 
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Attackers can use various techniques to bypass 
security, access controls, and intercept users’ personal 
information. Specifically, apps with integrated Visual 
Basic (VB) editors and web browsers pose a threat to 
self-service devices [108] [109]. Most health terminals, 
for example, use VB editors so that programmers can 
alter system applications [108]. Attackers can enable 
these editors and use them to create short coding 
scripts that open security vulnerabilities and give 
attackers unrestricted access to the system [108]. 
Alternatively, an attacker can reach protected file 
systems through a browser. Although many browser 
features are blocked on most terminals and the URL 
bar is usually turned off, clicking a hyperlink while 
holding down the shift key will launch the link in a new 
browser tab, typically with the address field activated. 
This will launch the online browser and give access to 
additional file system locations [109].

Bluetooth is a widely used technology that enables 
mobile devices to connect and share information 
wirelessly within a close range [110]. Despite its 
reasonable reliability, Bluetooth has some shortcomings 
in its protocol and is susceptible to attacks and malware 
[110]. Hackers may attempt to gain unauthorized 
access to a person’s devices, either actively (e.g., by 
manipulating the owner into providing access) or 
passively (e.g., via hacking schemes to gain control of 
the device). Malware, or malicious software (e.g., trojans 
and worms), is covertly embedded in a system with the 
intent of compromising the device’s integrity [110]. Both 
attacks and malware can be classified as high, medium, 
or low severity based on the extent of the effects on the 
victims. High-severity attacks may result in the loss of 
personal information, data theft, location tracking, and 
financial losses, whereas low-severity attacks include 
temporarily impairing a device or interfering with 
Bluetooth connection [110]. 

Given the common Bluetooth vulnerabilities, there 
is a need to evaluate current security leaks, conduct 
security updates to protect Bluetooth operations, and 
increase user and manufacturer knowledge of risk 
mitigation [111]. Implementing risk mitigation measures 
at both individual and organizational levels can aim to 

address vulnerabilities and uphold the user’s security 
and privacy. Users should be conscious of potential 
security threats and exercise care to prevent security 
breaches.  Some risk mitigation strategies include 
personalizing default Bluetooth settings on a personal 
device, using strong passcodes, monitoring device 
activity, and updating Bluetooth security software on 
personal devices [109]. 

Alternatively, developers and businesses can 
implement more advanced risk mitigation strategies 
to protect their users. Advanced programming 
techniques can be applied to block surveillance 
devices from accessing the information on the user’s 
personal devices. Specifically, user-space script on the 
Bluetooth control system can be easily implemented on 
all self-service device terminals without modifying the 
hardware of the device [112]. This user-script changes 
the state of subchannels, making it is more difficult for 
a hacker to learn the adaptive bouncing method [112]. 

3.2.2 Output Technologies for Accessible 
Self-Service Devices
All of the technologies described in this section are 
output devices that facilitate the transmission and 
presentation of information from the self-service 
device to the user. Six technologies were reviewed 
and assessed for their usability, privacy and security, 
potential for integration into self-service devices, and 
relevancy to CSA/ASC B651.2. 

3.2.2.1 Screen Readers

Screen readers can read aloud the content of files, 
texts, dialogue boxes, images, and menu options on 
a screen or send the output to a refreshable braille 
display device [113]. Using keyboards, touchscreen 
gestures, or voice commands, users with visual 
impairments or difficulty reading commonly operate 
screen readers on personal devices, at work, and in 
community settings to perform everyday tasks as well 
as complex operations [113]. 

A number of commercially and operationally deployed 
screen readers are on the market. Commercially 
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available screen-reading systems are compatible with 
most common computer operating systems. The most 
well-known of these is a lean version of JAWS [Job 
Access With Speech] screen-reader software used in the 
Microsoft environment that was specifically developed 
for use at self-checkouts, check-in counters, bill-paying 
counters, and other self-service devices for applications 
[114]. These systems can also be adapted for individuals 
with cognitive disabilities to ease identification and 
comprehension of information on a screen [113]. Screen 
readers are typically personalized and customized 
for the individual, and as such, the versions of the 
software on self-service devices are more limited in their 
functionality [114]. Furthermore, although screen readers 
do not affect the individual’s security, privacy may be 
compromised if the on-screen personal information is 
audible to people other than the user.

ISO/IEC 30113-60 [115] provides guidance for common 
touchscreen gestures and functions specifically for 
screen readers operating on various information 
and communication technology devices. The goal 
is to overcome the issues with information and 
communication technology device feedback for people 
with visual impairment. Standardizing navigation 
controls of screen readers enhances user learnability 
and accessibility, ensuring that various screen-reading 
software have common system functions. Further, 
ISO/IEC 30113-61 [116] defines movements for single-
point gestures recognized by the screen readers in a 
consistent manner regardless of the operating system. 

3.2.2.2 Text-to-speech Technologies

Text-to-speech software contains individual phonemes, 
pronunciation dictionaries, and other synthetic speech 
components that enable a computer to speak [117]. 
Text-to-speech technology is implicit in screen-
reading technology. Text-to-speech software reads 
aloud the text on a screen but lacks the navigational 
tools of screen-reading technology. While screen 
readers are designed for use by people with visual 
impairments, text-to-speech synthesizers are generally 
built into most devices, including smartphones, 
computers, laptops, tablets, and self-service devices. 
Text-to-speech programs can also be retrofitted to 
web browsers and digital applications to enhance 
accessibility, serving as a less comprehensive screen 
reader. Some devices and programs allow users to 
change the language, speech rate, and pitch  to suit 
their preferences and needs. However, these control 
functions often vary with the computer operating 
system, search engine, and applications. 

Several commercially and operationally deployed text-
to-speech technology solutions are on the market. As 
an adaptive technology that facilitates reading, text-to-
speech can assist people with blindness or low vision, 
or cognitive disabilities. Text-to-speech capability does 
not jeopardize an individual’s security, although privacy 
may be compromised if personal information is read 
aloud to confirm correct input.

“As an adaptive technology that facilitates 
reading, text-to-speech can assist people 
with blindness or low vision, or cognitive 
disabilities.”  
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CSA/ASC B651.2 [7] specifies requirements for voice 
output technologies: 

	• There are two distinguishable voices, one for 
instructions and the other one for dynamic content. 

	• Any abbreviated text is spoken in the unabbreviated 
form.

	• Numbers are spoken as single digits (e.g., “12” is 
spoken as “one” and “two”). 

	• Users can control the speed of speech.

	• Users can choose between voices in different pitches 
to accommodate their frequency tolerance and 
preference.

In addition, ISO 24551 [118] recommends that devices 
provide instructional feedback on the status of the 
product or system operation or both. In doing so, a 
user with blindness or low vision or with a cognitive 
disability can use devices mostly independently [118].

3.2.2.3 Refreshable Braille Display Devices

Refreshable braille display devices convert on-screen 
text to braille. This technology is either embedded in a 
computer or is a stand-alone device compatible with 
existing computer hardware. Braille displays typically 
contain a single row of keys to represent individual 
braille cells. Each key has six or eight tiny pins that are 
lowered and raised in groups that correspond to braille 
characters [119]. To use a braille display device, the user 
runs their fingers along the keys to read text outputs 
reflecting what is displayed on the computer screen. 

Braille display devices come in various forms, including 
larger units comparable to the size of a computer 
keyboard and smaller units intended for use with 
laptops and tablets. There are also several apps for 
smartphones and tablets that connect to a Bluetooth 
braille display device and operate wirelessly. However, 
the apps on mobile devices or computers are typically 
screen readers, with only Nix operating systems 
running a braille translation program independently. 

Still, there are several commercially and operationally 
deployed solutions on the market. There may be 
no easily identifiable security or privacy concerns 
associated with wired braille display devices, but there 
may be concerns with wirelessly connected models. 

More information on these concerns is presented in 
section 3.2.1.15.

Although other available output technologies, including 
text-to-speech capability and screen readers, may 
not be appropriate for or universally preferred by 
individuals with a visual impairment, and braille 
display devices are tailored to a smaller number of 
individuals who can read braille or who have both 
vision and hearing loss, this technology may be the 
most appropriate for some users. ISO/IEC 24751-1 [120] 
highlights that everyone’s experience with disability 
is different and each person’s needs and preferences 
should be taken into consideration, especially in the 
case of educational digital technology.

3.2.2.4 Antiglare Screens 

An antiglare screen has a protective overlay or a 
coating that limits the reflection of light from light 
sources, including the sun and artificial lights. Glare 
can prevent seeing what is on the screen and cause 
discomfort, reducing operability [121]. 

Several commercially and operationally deployed 
solutions are available on the market. 

3.2.2.5 Text Enlargement Software

Text enlargement software is an assistive technology 
that allows users to magnify the screen content and 
increase visual clarity. There are three main ways to 
adjust sizing on a screen: by adjusting the size within the 
operating system; by adjusting the zoom level within the 
program; and by using screen magnification software. 
Users should be able to manipulate the size of what they 
see without distorting what is on the screen.

Several commercially and operationally deployed text 
enlargement software solutions are on the market. 
Such software is commonly found on personal devices 
and is suitable for work, social, and commercial 
environments. Solutions include buttons for scaling 
text or a screen magnifier that enlarges touch-selected 
sections of the screen [122, 123]. Many self-service 
devices in retail and food service environments already 
have large screens, ostensibly to make marketing 
displays more attractive, but these screens may also 
improve accessibility [124].
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Text enlargement could benefit people with visual 
impairment as well as those with physical, learning, 
and cognitive disabilities. This technology could 
potentially compromise an individual’s privacy if the 
on-screen personal information could be visible to 
bystander others in the vicinity.

CSA/ASC B651.2 [7] acknowledges that interactive 
electronic devices, where the required visual acuity is 
greater than 20/70, should include at least one other 
visual or non-visual mode of operation, and exemplifies 
enlarged print output. While CSA/ASC B651.2 does 
not require magnification software, it acknowledges 
that enlargement software is a common assistive 
technology for individuals with low vision.

3.2.2.6 Sign Language Avatars

Digital sign language avatars convert on-screen text 
into visual gestures. The on-screen text can include 
web pages, interactive e-learning platforms, or service 
announcements [125]. Sign language is a complete 
set of gestures and symbols organized linguistically. 
Each gesture, primarily composed of the signer’s hand 
shape, the position of the hands, and the movement 
of the hands, represents a sign. The clarity of a sign 
can be enhanced by specific finger movements, 
facial gestures, and body movements [125]. Digital 
sign language avatars are digital two- and three-
dimensional graphic representations of humans (and 
hence are also known as digital humans). 

Two distinct sign languages are used in Canada: 
American Sign Language (ASL) and Langue des signes 
québécoise (LSQ). Both languages use the same 
alphabet and number systems, but the symbols and 
phrases differ between the two [126].

The TRL score for this technology is 9 (TRL 9), meaning 
that fully operational prototypes have been developed 
and there is some early adoption. However, videos 
are often prerecorded sign language interpretations 
and cannot adapt to dynamic user needs. Studies of 

sign language avatar use indicate that usability and 
acceptance vary depending on the user’s hearing status, 
their age at sign language acquisition, and the avatar 
type [127]. Type of avatar refers to the framing of signs 
(e.g., full body, half body, close up), whether the avatar is 
based on human or computer-synthesized movements, 
and the appearance of the avatar [127], [128]. 

There are no standards specific to digital sign language 
avatars. Sign language avatar use does not affect a 
user’s security or privacy.

3.3 Consultation with Stakeholders
3.3.1 Participant Characteristics
A total of 22 interviews were conducted during January 
2023. The interviews were conducted with 16 people 
with lived experience of disability, three advocates for 
people with disabilities, and three members of industry. 
All the advocates had lived experience of disability and 
contributed their insights across two of the groups. 
The same interview guide was used for people with 
lived experience and for advocates for people with 
disabilities, and a separate interview guide was used 
for members of industry. Refer to Appendix A for both 
interview guides.

All interview transcripts from these two groups were 
analyzed for content by the research team.

Of the 22 participants, 18 self-identified as having a 
vision disability, four as having a physical disability, 3 as 
having a hearing disability, and 1 as having a cognitive 
disability. Four participants self-identified as having 
two or more disabilities and acknowledged the ways in 
which the combination of disabilities leads to unique 
challenges when using self-service devices. 

The findings in this section were grouped by recurring 
themes throughout the interviews. Where relevant, 
participants’ disabilities were indicated. 
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3.3.2 Major Themes

3.3.2.1 People with Lived Experience of  
Disability and Advocates

3.3.2.1.1 Privacy and Security

Privacy and security when using self-service devices 
was one of the themes study participants mentioned 
most frequently (15/19). The participants, particularly 
those with vision disabilities, were concerned about 
exposing their personal information while using self-
service devices. Seven participants (7/19) reported 
worrying that someone behind them could be watching 
what they are doing on the screen or PIN pad without 
them knowing, and obtaining their passwords or other 
personal information. Some described heightened 
concerns if they were unsure whether screen blanking 
was applied or whether the screen was physically 
protected from the sight of others.

Three participants (3/19) with vision disabilities 
described being unable to use touchscreens because of 
the lack of tactile indicators, alternate modes of input, 
or audio feedback confirming their entries and, as a 
result, having to ask strangers to input their information 
for them. The participants explained that this scenario 
made them uncomfortable and undermined their 
independence. Their preferred solutions were audio 
feedback enabled when headphones are detected 
and tap-based payment methods that do not require 
manually inputting information. 

3.3.2.1.2 Inconsistency

Thirteen participants (13/19) brought up the lack 
of consistency across self-service devices and 
the resulting inability to use the devices intuitively 
rather than having to learn another unique system. 
The primary concern was a lack of consistency and 
continuity in the accessibility features across self-
service devices, including the types of features and 
how they are accessed and used. The participants 
reported having difficulties discerning how to interact 
with the self-service device, especially in the absence 
of guidelines for device use. One participant mentioned 
that even when they were familiar with the technology 
and aware of the specific accessibility features, service 
providers may not be familiar with these features and 

allow their use, creating inconsistent opportunity for 
their use. A participant with a vision disability gave the 
example of ordering food using a tablet at a restaurant, 
but not being able to access the voiceover that they 
would normally use when operating such a device.

Seven participants (7/19) described how the variety in 
accessibility features in different self-service devices 
requires them to memorize several systems, hindering 
usability. One participant described preferring having 
a standard format across self-service devices so that 
they would always know how to operate a device.

Three participants (3/19) reported that the audio jacks 
that enable screen-reader functionality vary. The location 
of audio jacks and the style of compatible earphones 
can vary from machine to machine. One participant 
suggested that audio jacks should not be the only 
technology designed for use with self-service devices, 
as headphones may not be available to the user at  
all times.

Six participants (6/19) expressed the need for greater 
consistency across the specific types of accessibility 
features available in self-service devices. The lack of 
information on the location of accessible devices or their 
specific features were separate but related issues. Four 
participants (4/19) mentioned that they typically avoid 
self-service devices because they did not know which 
accessibility features were offered or how to use them. 

3.3.2.1.3 Staff Support

Eight of the interviewees (8/19) mentioned a lack of 
support from on-site staff when using self-service 
devices. In general, concerns were about a lack of staff 
available to ask for assistance or the staff not knowing 
enough to support individuals’ accessibility needs 
rather than being unwilling to help. Three of these 
participants (3/19, 16%) described their experiences 
using self-service devices as isolating and frustrating, 
explaining how few people are available to help 
navigate the self-service device, resolve errors, and 
intervene when devices become inaccessible. One 
participant noted that the ability to ask for help or draw 
attention differs for a person with disabilities; they may 
not be able to make eye contact or wave someone over 
or know that a staff member was nearby. The participant 
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suggested incorporating a call button on self-service 
devices to alert staff that someone required assistance. 
Although mainstream devices have basic accessibility 
features, they are commonly disabled in social and 
commercial settings, and the staff is either unaware  
that these functions exist or unable to activate them.

The participants noted that enabling accessibility 
features allows people with disabilities to maintain 
their independence when performing everyday tasks. 
Two participants (2/19) described situations where 
staff actions contradicted their independence goals. 
In one case, a participant asked a staff member to 
enable the text-to-speech function on a device, but 
the staff member insisted on completing the task 
for the participant. Another participant described 
being overlooked by staff members who interacted 
exclusively with the participant’s companions when 
they were asked for help.

3.3.2.1.4 Lack of Accessible Instructions  
and Feedback
A common topic was a lack of instructions and 
feedback in accessible self-service devices (15/19). Five 
interviewees (5/19) described the instructions for use 
of devices and the subsequent feedback as crucial for 
user experience. Nevertheless, guided audio feedback, 
navigational instructions, braille markings, or other 
methods of giving instructions and feedback were 
often missing in self-service devices. One participant 
suggested adding an optional guided tour of the device’s 
features to allow users to learn to operate the device 
independently. Another participant explained that 
accessible feedback from self-service devices provides 
assurance that a task has been correctly completed and 
enables independent interactions with the device. Two 
participants described situations where the price and 
item information was not being read aloud in a self-
service store checkout, making it difficult to know that 
they are using the device as intended. Both participants 
emphasized the importance of ensuring that the same 
display options are offered to people with and without 
visual impairments.

Four participants (4/19) discussed the need for 
feedback that was not merely operational and 
instructions for accessible self-service devices. 

Specifically, users who are blind or with a visual 
impairment require descriptions of the layout of the 
self-service devices and the physical environment to be 
able to follow the device’s operational instructions and 
feedback. One participant described retail self-service 
checkout devices directing users to place a scanned 
item in a bagging area without audibly explaining 
where this bagging area was located.  

Two participants (2/19) explained that instructions are 
necessary because the built-in features and physical 
configurations of self-service devices. The ability to 
navigate one self-service device may not translate into 
successful navigation of another self-service device. 
One participant described being unable to locate self-
service devices in the physical environment and having 
difficulty determining the function of each. Similarly, 
another participant discussed being unable to tell 
when and which device was available for use without 
a system or staff member to direct users to the next 
available station. In this case, the participants proposed 
using sound beacons to identify the self-service 
device’s availability, location, and purpose.

Seven participants (7/19) discussed inadequate or 
incomplete instructions and feedback that make self-
service devices only partly accessible. For example, 
self-service checkout machines at grocery stores often 
provide audio output that is incomplete, guiding the 
user through some, but not all, of the functionalities. 
One participant with a visual impairment described 
trying to use an accessible blood pressure monitor 
that provided audio instructions on how and where to 
position their arm, but did not read out the results or 
provide the results in any way other than by displaying 
them on-screen.

3.3.2.1.5 Design and User Interface Issues
Six participants (6/19) described their concerns 
regarding the design and user interface of self-service 
devices. Two participants (2/19) discussed the size of 
on-screen text and the visibility of the screen. They 
explained that the height and angle of a device may 
affect what users see on the screen and how they use 
it. Three participants (3/19, 16%) described having 
difficulty operating devices because of their short 
stature or because they use wheelchairs or mobility 
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aids. They mentioned that there is often inadequate 
space to position a wheelchair in front of a self-service 
device or to accommodate having to approach the 
device at an angle to reach it. 

Two participants (2/19) noted how it would benefit 
many users if the height of all self-service devices 
could be adjusted while allowing adequate space to 
position a wheelchair or mobility aid in front of it. A 
participant referred to height-adjustable immigration 
kiosks at airports as an example. These kiosks 
immediately recognize a human face and adjust  
to its height so that the camera is level with the 
person’s eyes. 

Two participants (2/19) expressed dissatisfaction with 
dictation and audio recognition features in self-service 
devices, especially in loud and busy environments.  
One of these participants mentioned limited time 
frames to complete tasks while using a self-service 
device audio input.

Two participants (2/19) described their health and safety 
concerns about the cleanliness of self-service devices 
and the frequency with which they are sanitized. They 
described how for people with compromised immunity, 
touching high-contact surfaces can be unsafe, and 
antimicrobial surfaces alongside regular cleaning of 
input devices are preferable.

3.3.2.1.6 Preference for Use of Personal Devices

Six participants (6/19) described the advantages 
of using their personal devices (e.g., smartphones) 
with the self-service device. Four participants (4/19) 
explained that familiarity with the accessibility features 
in their personal devices allows efficient and effective 
navigation. Two (2/19) described how using their 
personal devices grants them greater independence, 
as they can troubleshoot issues in ways that they 
would not be able to with an unfamiliar public 
self-service device. Two participants with hearing 
impairments (2/19) described how using their personal 
devices might make interfacing with their hearing aids 
simpler, as the audio output could play directly to their 
hearing aids, making it more audible. Nevertheless, 
one participant did raise a concern about the equity 
of personal device integration, as not everyone has a 
smartphone, and self-service devices should have the 
option to operate in a self-contained way.

3.3.2.1.7 Absence of Regulations

Five participants (5/19) expressed concern about 
the lack of regulations related to accessibility in 
self-service devices. They considered that without 
consistent enforcement, manufacturers and companies 
are not incentivized into making systems accessible. 
One participant observed that, although the standards 
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for accessibility already exist, companies often do not 
appear to adhere to them, possibly to avoid incurring 
additional expenses when integrating accessibility 
features that are not required by law. Another participant 
explained that this lack of enforcement has serious 
implications for people with disabilities, potentially 
adding to any vulnerabilities. The participants described 
having to say their credit card PIN out loud to a staff 
member in a busy store to complete a transaction 
because there was no accessible payment option. One 
participant emphasized the importance of making all 
self-service devices accessible – without exception – 
given that accessing information and communications is 
a human right. 

3.3.2.2 Industry and Regulation Insights

The three interview participants who represented the 
self-service and accessible device industry described 
having frequent conversations with clients who 
prioritize flashy, marketable features over accessible 
operations. In other words, a disproportionate amount 
of companies’ manufacturing budgets are allocated 
toward features that entice and excite some users (e.g., 
LED lighting and facial recognition) rather than features 
that enhance usability and accessibility. The industry 
members repeatedly stated that the priority should 
be the user experience, and that features enabling 
basic accessible use should be implemented before 
all else. They also noted the challenges and limitations 
of implementing some technologies. For example, 
screen readers and word prediction are personalized 
features that build on users’ behaviour over time, 
which is not possible on a communal device, although 
implementing lean versions of these technologies 
could improve accessibility.

Two of the participating industry members observed 
that self-service devices should be usable as well as 
accessible. One participant stated that it is best to 
offer several functioning accessibility technologies 
and avoid removing or disabling any of the features or 
functions that improve accessibility. They suggested 
offering more than one input method and more than 
one payment method, and adaptability of the user 
experience between different modes of use so that a 
consistent experience is still provided. 

One participant noted that widespread accessibility 
was hampered by a gap in existing Canadian 
guidelines regarding instruction and feedback change. 
It is unclear whether the input method change is 
through the standard modes of input or those meant 
to enhance accessibility. This gap in the guidelines 
makes it difficult for various manufacturers to maintain 
consistency and therefore for users to expect a 
consistent experience. 

All the participants in this group emphasized the 
importance of user flow testing for all devices by 
people with lived experience of disability.

3.3.3 Solutions Proposed by Interview 
Participants
3.3.3.1 Suggestions for User Interface

The interview participants proposed a number of 
solutions to improve the user interface of self-service 
devices. Many of these suggestions, such as, large 
buttons, greater spacing between keys, and large and 
high-contrast text, are already established in existing 
standards and accessibility guidelines.

User flow testing is critical to ensuring that accessibility 
guidelines have been adequately followed, especially in 
real-world settings where there is movement and noise. 
Furthermore, the participants recommended a greater 
focus on tactile features because many people with 
vision disabilities rely on touch or physical sensation 
to help them navigate. Suggested tactile features 
included physical buttons (instead of or in addition to 
touchscreens) to orient the user with the device, or a 
floor mat of a certain texture to help determine where 
to stand. Multiple modes of input and output should be 
offered on all self-service devices, wherever possible.

The participants considered it essential to standardize 
accessible mode activation so that users needed to 
memorize fewer features on the various self-service 
device types they use. Some participants suggested 
implementing a screen-reader mechanism similar 
to that found on some ATMs; these screen readers 
are activated by entering a particular number on 
the PIN pad. Another suggestion was to standardize 
the placement of common components, such as 
audio jacks or the universal symbol for accessibility. 
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“The participants noted that self-service 
devices are difficult to navigate when no 
instructions, directions, or feedback are built 
into the device.”  

The participants felt that ATMs were, in general, the 
most universally accessible self-service device and 
suggested that their design principles be more widely 
implemented.

3.3.3.2 Improved Instruction and Feedback

The participants noted that self-service devices are 
difficult to navigate when no instructions, directions, 
or feedback are built into the device. An initial step 
in mitigating such difficulties is a visual and audible 
guided tutorial explaining the layout of the device’s 
input and output components (e.g., a help button, 
audio jack, card slot, etc.). This would help prevent 
accidentally triggering an undesired action and 
restarting the process. The option to skip or cancel the 
guided tour should be possible at any moment if the 
user is sufficiently familiar with the device. 

The participants emphasized the importance of 
receiving feedback when interacting with a self-service 
device. It should be clear to all users where they are in 
the user flow and what action they have just performed. 
Information should not be read back only when 
personal information is being input and headphones 
are not plugged into the device. Overall, instruction and 
feedback should not be given exclusively through audio 
or through visual means, but in combination.

3.3.3.3 Personal Device Integration

There is a strong interest in using personal devices, 
particularly smartphones, with self-service devices, 

because these are often individuals’ primary 
accessibility tools. The use of personal devices would 
allow users to minimize manual input through autofill 
functions, and save them having to remember preferred 
settings, potentially compensating for any accessibility 
shortcomings in the self-service device. However, 
the participants did acknowledge that enabling 
interoperability may be complicated by logistics (i.e., 
difficulty connecting wireless devices, transfer of 
data between devices, software that can interface 
with the self-service device, etc.) and privacy issues. 
One suggestion was to encourage the development 
of compatible applications as interfaces between 
smartphones and self-service devices and test these  
in accordance with accessibility guidelines. 

Personal device integration also includes personal 
headsets; integration of headsets is hampered 
by inconsistent and incompatible hardware (e.g., 
many headphones are wireless or use USB Type-C 
connectors or lightning cables, whereas many self-
service devices are equipped with 3.5 mm audio jacks). 
In this case, an option would be to exchange connector 
modules, as a modular approach to hardware would 
enable flexibility and allow users to upgrade their 
personal devices while remaining compatible with self-
service devices.

Note that to avoid unequal access to services, self-
service devices should not rely solely on the integration 
of personal devices as accessible tools; accessibility 
features should be always incorporated into the self-
service devices and continue to be improved.
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3.3.3.4 Feature Promotion

A recurring theme in the interviews was the need for 
greater promotion of any accessible features. The 
participants explained that they often found out about an 
accessible device through word of mouth. Acceptance 
of self-service devices depended on knowing what 
accessibility features were available, and how to access 
and use them. Increasing awareness of self-service 
devices could be achieved through greater promotion, 
advertising, and training of on-site staff. The participants 
noted that company or organization websites are where 
users frequently look for information, so it is particularly 
important that websites clearly state that organizational 
self-service devices have accessibility features.

3.4 Recommendations for Inclusion  
of Technologies
Technologies recommended for consideration for 
integration with self-service interactive devices and 
inclusion in CSA/ASC B651.2 are facial detection, 
facial recognition, sign language avatars, gesture 
recognition, personal device integration, adaptive 
keyboards and word completion and prediction, screen 
readers, antiglare screens, text-to-speech technology, 
fingerprint recognition, iris recognition, voice command 
and dictation, text enlargement, and refreshable braille 
displays. Seven other technologies – facial gesture 
recognition, hand gesture recognition, eye tracking, 
palm and iris recognition, head-mounted pointers, 
single-switch entry devices, foot switches, and braille 
keyboards – are not a priority for consideration at this 
time, but may be in future.

Table 1 summarizes the assessment of technologies 
recommended for consideration for inclusion in CSA/
ASC B651.2, as discussed in section 3.2. Table 2 
summarizes the technologies that are not currently 
recommended for inclusion in CSA/ASC B651.2. The 
criteria are summarized as follows: 

	• Privacy and security – Privacy refers to the rights 
and obligations of individuals and organizations with 
respect to the collection, use, retention, disclosure, 
and disposal of personal information [22]. Security 
refers to protection of data from intentional or 
unintentional destruction, modification, or disclosure. 

	• Usability testing – Usability refers to the extent to 
which specified users can use a system, product, 
or service to achieve specified goals effectively, 
efficiently, and to their satisfaction in a given 
context of use [12]. Usability testing was considered 
complete (“yes”) if empirically tested data on 
the usability of the technology included people 
with disabilities. Usability testing was considered 
“partial” if the testing either did not include 
people with disabilities or did not focus entirely 
on usability. The usability testing was considered 
“inadequate” if no testing had been conducted. 

	• Integration – A technology was considered 
“integrated” if the technology could be integrated 
into the self-service device, a “personal device” 
if the technology could be brought by the user 
on a personal device to attach to the self-service 
device, or “both” if both options were possible. 

	• Readiness level – The majority of the technologies 
reviewed in this report were commercially available.

	• Disabilities – The research into the identified 
technologies considered the barriers experienced by 
people with disabilities that have, for the purpose of 
this report, been grouped into the following broad 
types: physical, vision, cognitive, and hearing. Listed 
in Tables 2 and 3 are the broad disability types that 
each technology could contribute to overcoming 
when integrated into self-service interactive devices. 

For more information, refer to sections 2.1 and 3.2.

3.4.1 Technologies Recommended for 
Consideration for Inclusion in CSA/ASC 
B651.2
Although CSA/ASC B651.2 [7] refers to some of the 
technologies described in this report, the following 
technologies are recommended for consideration for 
inclusion in CSA/ASC B651.2.

Facial detection and facial recognition technologies are 
recommended for integration into self-service interactive 
devices for, respectively, the automatic detection and the 
authentication of users. In addition, it is important that 
the cameras used for facial detection and recognition 
accommodate a range of heights and take into account 
wheelchair and mobility aid users [129]. 



NEW TECHNOLOGIES FOR SELF-SERVICE DEVICES AND THEIR IMPACTS ON USABILITY FOR PERSONS WITH DISABILITIES

31csagroup.org

Table 1: Summary of assessment of technologies recommended for consideration for inclusion in CSA/ASC B651.2 Standard

Technology Is privacy 
jeopardized?

Is security 
jeopardized?

Did usability 
testing include 
people with 
disabilities?

Can the 
technology 
be integrated 
into the 
self-service 
device? 

Can the 
technology 
be brought 
by a user on 
their personal 
device?

Readiness 
level

Supported 
disabilities

Facial detection Yes No Partial Yes not available Commercially 
available

Vision, 
physical, 
Cognitive

Facial 
recognition Yes Yes Yes Yes not available Commercially 

available

Physical, 
vision, 
Cognitive

Sign language 
avatars No No Yes Yes Yes TRL 9 Hearing 

Gesture 
recognition No No Yes Yes not available Commercially 

available

Vision, 
Cognitive, 
physical

Personal device 
integration Yes Yes Inadequately  n/a Yes n/a All disabilities

Adaptive 
keyboards, word 
completion, 
word prediction

No No Yes Yes not available Commercially 
available

Physical, 
vision, 
Cognitive

Screen readers Yes No Yes Yes Yes Commercially 
available Vision 

Antiglare 
screens No No Inadequately Yes not available Commercially 

available All disabilities

Text-to-speech 
capability Yes No Yes Yes Yes Commercially 

available
Vision, 
Cognitive

Fingerprint 
recognition Yes Yes Yes Yes not available Commercially 

available
Cognitive, 
physical

Iris recognition No Yes Partially Yes not available Commercially 
available Physical

Voice command 
and dictation Yes No Yes Yes not available Commercially 

available

Vision, 
physical, 
Cognitive

Text 
enlargement Yes No Partially Yes Yes Commercially 

available Vision

Refreshable 
braille displays No No Yes Yes Yes Commercially 

available Vision, hearing
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Table 2: Summary of assessment of technologies not currently recommended for consideration for inclusion in CSA/ASC B651.2

Technology Is privacy 
jeopardized?

Is security 
jeopardized?

Did usability 
testing include 
people with 
disabilities?

Can the 
technology 
be integrated 
into the 
self-service 
device? 

Can the 
technology 
be brought 
by a user on 
their personal 
device?

Readiness 
level

Supported 
disabilities

Facial gesture 
recognition No No Yes Yes not available TRL 6 Physical

Hand gesture 
recognition No No Yes Yes not available Commercially 

available

Vision, 
Cognitive, 
physical

Eye tracking No No Partially Yes not available Commercially 
available Physical 

Palm 
recognition No Yes Partially Yes not available Commercially 

available

Physical, 
Cognitive, 
physical

Head-mounted 
pointers No No Inadequately  n/a Yes Commercially 

available Physical

Single-switch 
entry devices No No Inadequately Yes not available Commercially 

available Physical

Foot switches No No Inadequately Yes not available Commercially 
available Physical 

Braille 
keyboardss

No No Yes Yes not available Commercially 
available

Vision

Facial recognition on smartphones frequently serves as 
a way of accessing a protected device without keying 
in a password or using fingerprint recognition. Facial 
recognition on personal devices and smartphones has 
been extensively studied, with overall positive results 
[129], [130]. While the grey and peer-reviewed literature 
report some concerns regarding the usability and 
security of biometric authentication, especially in terms 
of user behaviour and habituation [131]–[133], many 
users reported feeling comfortable with this technology 
and they do not struggle to adjust their actions to make 
biometric authentication systems work [30], [133].

Sign language avatars are recommended as an output 
technology. Although automatic translation of written 
languages to another written language or to speech 
is widespread, there has not been similar progress for 
sign languages, despite evidence supporting the need 
of such translation [133]. Interview participants and 

advisory panel members pointed out that refining and 
implementing this technology in self-service devices 
would allow users who communicate primarily through 
sign language to interact with the device more easily. 
That said, there are several limitations to virtual sign 
language displays, including the lack of a complete 
written form corresponding to the syntax of ASL or 
LSQ, the quality of signs, language modality, and 
display technology for animated, three-dimensional 
avatars [133]. Although additional usability testing may 
be necessary prior to widespread integration, virtual 
sign language displays are highly recommended for 
consideration for integration with self-service interactive 
devices and inclusion in CSA/ASC B651.2. 

Adaptive keyboards, word prediction, and word 
completion are valuable additions for users who have 
trouble typing; however, either better integration of 
personal devices or improved user flow testing of these 
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technologies is needed. In fact, interviewed participants 
with vision disabilities have described word prediction 
and word completion features as cumbersome. These 
caveats will need to be taken into account when 
considering the integration of these technologies into 
self-service interactive devices and inclusion in CSA/
ASC B651.2. It will also be necessary to consider 
extensive usability testing by people with different 
abilities before these technologies are implemented.

Gesture recognition devices are recommended for 
consideration for inclusion in CSA/ASC B651.2 because 
some common movements could be leveraged in self-
service integrated devices. Furthermore, guidance is 
available on the development and implementation of 
gesture recognition devices into self-service devices to 
support individuals with vision, cognitive, or physical 
disabilities. In addition, the usability of this technology 
by individuals with physical disabilities may be impacted 
by which part of their body their disability affects.

The ability to integrate personal devices such as 
smartphones or personal refreshable braille display 
devices, into self-service devices is recommended 
for consideration for inclusion in CSA/ASC B651.2 as 
this technology was a recurring theme in the literature 
review and in interviews with participants with lived 
experience of disability. There is evidence indicating 
the advantage of enabling people to use the personal 
devices they are comfortable with and a precedent for 
users to plug in or connect personal devices for the 
purposes of interpretation [135], [136]. Personal device 
integration increases usability by allowing people to 
use the technologies they are familiar with and that are 
adapted to their needs, patterns, and preferences.

Privacy concerns will need to be investigated, however, 
as the data collected would fall under the federal 
regulations of PIPEDA. As for all technologies that deal 
with identifiable data, manufacturers must be aware 
of the privacy laws and security concerns that govern 
their integration and implementation.

Voice command and dictation are recommended 
for consideration for inclusion in CSA/ASC B651.2 
to improve accessibility, particularly for people with 
physical or vision disabilities. Usability of voice 

command features on personal and home devices 
has been extensively tested, with positive results, 
including by people with disabilities [137], [138]. That 
said, noise interference can limit the effectiveness of 
voice command in an open public space [139], and 
there are privacy and security concerns with using 
dictation, as mentioned by the participants. Physical 
barriers, soundproofing, and other environmental 
design strategies to reduce noise and isolate voices in 
the immediate area around a self-service device would 
be worth considering. 

Two technologies recommended for authentication 
purposes are fingerprint recognition and iris recognition. 
Although there is little existing literature on usability 
testing and there are several concerns related to 
accessibility for people with vision, cognitive, and 
physical disabilities [77], as a result of their widespread 
adoption and immediate ability to authenticate users, 
these technologies may be valuable to integrate into self-
service devices as long as other authentication options 
are also available. If fingerprint and iris recognition are 
fully tested with people with different disabilities, they 
have the potential to assist authentication in a way that 
enhances comfort by reducing the amount of physical 
input. Further usability testing is recommended before 
their inclusion in self-service devices.

Refreshable braille displays require either additional 
technologies embedded into the self-service devices 
or compatible hardware and software that allow a user 
to integrate a personal braille display device with the 
self-service device. As such, consideration must be 
given to how individuals access braille display options 
(i.e., how the option is enabled, whether the position of 
the menu item or physical button is consistent across 
self-service devices, whether this is intuitive), connect 
their personal refreshable braille display devices to the 
self-service devices, or where they are able to place 
their display to be able to use it. A small ledge or shelf 
in a consistent position may be useful here.

Antiglare technology has benefits for most users. 
Because text or images on a screen may be distorted 
when these are looked at from different angles, 
which limits usability [140], it is necessary to evaluate 
how both standing and seated users interact with a 
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technology to accommodate individuals with various 
mobility needs and take into account the different 
angles from which users, including those who use 
wheelchairs or mobility aids, will look at the device. 
Also essential is the need to conduct extensive testing 
when screen or text-enlargement technology is used 
in order that the resized content displayed on the 
screen remains usable when looked at from all angles. 
For example, when text is enlarged, it may not appear 
enlarged at all angles, since the viewing angle can 
change the shape and size of an object. Furthermore, 
it is necessary to consider whether screen/text 
enlargement will magnify to predetermined ratios  
(e.g., 125%, 150%, 175%, 200%) or if users can choose  
by how much to enlarge the screen or text.

It is also necessary to consider how people using 
text-to-speech technologies interact with this function 
when they do not have access to headphones. This 
may be a particular concern in a busy environment, 
where the quality and clarity of the audio are reduced. 

Based on the extent of key informants’ praise for 
screen readers, the inclusion of this technology into 
self-service interactive devices should be mandated. 
The interviewed participants described screen readers, 
particularly those that used the JAWS software, as 
significantly contributing to accessibility. Although 
this technology was developed to mitigate the 
technological barriers experienced by people with 
visual impairments, others also benefit from receiving 
information via audio [113]. However, the uniformity of 
navigational tools across screen readers is essential for 
the user experience and acceptance of the technology 
[141]. Further considerations raised during the research 
process include instances where individuals may 
require a screen reader to produce an audio transcript 
of confidential information, thus underscoring the need 
to protect privacy. Lastly, it is crucial to use clearly 
distinguishable voices for providing instructions and 
outlining descriptions of what is on a screen.

Finally multiple assistive technologies need to be able 
to interact smoothly with one another. For example, 
some interview participants said they wanted to be 
able to use text enlargement and a screen reader at  
the same time.

3.5 Recommendations for Future 
Research 
As discussed at various points throughout this report, 
it is crucial to include people with lived experience 
of disability in research into accessible self-service 
devices and accessible technologies at large and 
prioritize their experience and input in any testing or 
training processes.

3.5.1 Usability Testing of Accessible 
Technologies
One of the major themes identified during the 
interviews with stakeholders was the inadequate 
design of accessible technologies in self-service 
devices and the overall low user experience. In 
addition, the lack of consistency in the design of 
different self-service devices resulted in users 
struggling to use them [97], [105], [126], [131]. In the 
medical device industry, the United States Food and 
Drug Administration (FDA) has recommended that 
manufacturers implement a comprehensive user-
centred design and evaluation program for their 
technologies. The FDA guidance “Applying Human 
Factors and Usability Engineering to Medical Devices” 
[141] helps ensure that industry aligns medical devices 
with user needs and designs devices to minimize the 
number of errors. Similar guidelines, protocols, and 
certification programs for the usability of accessible 
self-service devices should be developed in Canada  
to benefit users with accessibility needs. 

3.5.2 Training in Using Accessible 
Technologies
The development and implementation of accessible 
self-service devices in Canada is highly dependent on 
training end users and on-site support staff in the use 
of the technologies. The interviews revealed that users 
typically do not know which devices have accessibility 
features and are not familiar with the accessibility 
features or technologies in self-service devices. They 
also do not know if the technologies they are familiar 
with are available and if so, in what devices, or they 
do not know how to access them. In addition, support 
staff working in the facility or organization where the 
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self-service device is located may often be improperly 
trained on the correct use and activation of any 
accessibility features. In the future, training guidelines 
and resources (e.g., digital tutorials, audio guides, 
etc.) should be developed so that users of accessible 
technologies can receive training or support from 
trained service provider staff when using an unfamiliar 
self-service device. For example, staff training should 
include information of the needs of people with various 
disabilities and how to accommodate these when using 
with the technologies already implemented in the self-
service device.

3.5.3 International Comparison of 
Accessible Technologies and Policies
The stakeholder interviews highlighted the differences 
between countries in regulations and policies for 
accessible technologies and accessible self-service 
devices. The participants described how accessible 
they found devices to be in the United States and 
their experiences while travelling in Europe. An in-
depth global evaluation of accessibility policies and 
regulations is recommended to identify best practices 
for implementation in Canada.

3.5.4 Wayfinding for Self-Service Devices
Several research participants highlighted the 
difficulties associated with navigating open-concept 
spaces to locate and use accessible self-service 
devices. Accessibility features are critical for enabling 
users with disabilities to access services and 
information, and work is needed on the establishment  
of consistent and standardized wayfinding for 
accessible self-service devices.

4 Conclusions
Although self-service devices may include accessibility 
features, users with disabilities often struggle to use these 
technologies. Improved guidelines are needed for the 
design and evaluation of accessible self-service devices.

The following technologies should be considered for 
integration with self-service interactive devices and 
inclusion in CSA/ASC B651.2: facial detection, facial 
recognition, sign language avatars, gesture recognition, 
personal device integration, word completion and 
prediction, screen readers, antiglare screens, text-
to-speech capability, fingerprint recognition, iris 
recognition, voice command and dictation, text 
enlargement, and refreshable braille displays. Although 
some of these technologies are present in CSA/ASC 
B651.2, this research proposes additional considerations. 

Through the interviews with participants with lived 
experience of disability, several areas of consideration 
for the implementation of new technologies for 
self-service devices were identified. These include 
privacy and security, consistency, staff support, 
lack of feedback, inadequate accessibility, overall 
design, personal device integration, and regulations. 
Addressing the practical considerations for the 
integration of input and output technologies in self-
service interactive devices has the potential to support 
a more secure and accessible experience for all users. 
Training guidelines for using self-service devices 
and training resources for the users of the accessible 
technologies that need to be consistently implemented 
across different self-service devices will help enable 
consistent, safe, and reliable user experiences for all. 
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Appendix A: Interview Questions

A.1 People With Lived Experience of Disability and Advocates
	• What is your name?

	• What disabilities do you identify with?

	• How much experience do you have with technologies in general? Do you consider yourself a tech savvy person?

	• What is your experience with accessible technologies? Can you tell us what you have used in the past?

	• How much experience do you think other people with disabilities have with a self-service interactive devices  
(e.g., accessible kiosks)?    

	• If yes: have you heard of any issues with accessible kiosks in the past? 

	• How much experience do you have with self-service interactive devices (e.g., accessible kiosks, check-in 
tablets at medical offices, check-in kiosks at the airport, ordering kiosks and point of sales at restaurants like 
McDonalds)

	• Have you used a self-service interactive device as a kiosk in the past? Which ones? Can you tell us about it?

	• Did you find it accessible?

	• What were your major problems when using the device?

	• If you needed help, how did you get support?

	• What would you like an accessible system in a self-service interactive devices (e.g., kiosk) to do for you? What 
would be your ideal system?

	• We are reviewing the following list of accessible technologies that can be used in a self-service 
interactive devices. Which of the following technologies do you have previous experience with?

	• Facial detection and facial recognition

	• Voice command

	• Voice recognition 

	• Screen readers 

	• Mobile payments in multiple methods 

	• Fingerprint recognition

	• Braille keyboard and display

	• What are your major concerns when using accessible kiosks (prompt for privacy, confidentiality, safety, etc.)?

	• Is there anything else you want to discuss?

	• Do you have any suggestions of other people with lived experiences that would be interested in participating in 
our study?

	• On-screen or virtual keyboards

	• Eye-tracking software

	• Dictation

	• Word prediction

	• Adaptive keyboard

	• Predictive keyboards (word completion)

	• Text to speech
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A.2 Industry and Regulation
	• What is your name?

	• What’s your role in your organization?

	• What does your organization work with?

	• What industry do you work in?

	• What service does your industry offer? How do you offer it? Do you use kiosks to deliver it?

	• What types of accessible technologies are you planning to integrate into your products in the future?  
Are you currently exploring new technologies to help increase the accessibility of your systems/products?

	• What is your experience working with accessible design?

	• How much experience does your company have with accessible kiosks? 

	• We are reviewing the following list of accessible technologies that can be used in a self-service interactive 
devices. Which of the following technologies has your company previously explored?

	• Facial detection and facial recognition

	• Voice command

	• Voice recognition 

	• Screen readers 

	• Mobile payments in multiple methods 

	• Fingerprint recognition

	• Braille keyboard and display

	• Do you have a system for making products accessible? If yes, how does it look like?

	• Do you include people with lived experience as part of your design/consultation process?

	• Do you have any training in place for using accessible technology? If yes, what does it look like?

	• Do you use accessibility focused usability testing when developing your products? If yes, what does it look like?

	• What are your major concerns when making accessible kiosks, if there are any (prompt for privacy, 
confidentiality, safety, etc.)

	• Do you follow any standards?

	• Is there anything else you want to discuss?

	• Do you have suggestions of other companies or people that we could interview for this project?

	• On-screen or virtual keyboards

	• Eye-tracking software

	• Dictation

	• Word prediction

	• Adaptive keyboard

	• Predictive keyboards (word completion)

	• Text to speech
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