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Abstract. In contemporary society, technological advances play a crucial role in
daily life. Digital inclusion is essential to ensure that the maximum number of
people benefit from the opportunities these technologies offer. However, this in-
clusion is not universally guaranteed, as technology can either act as a barrier or
a facilitator depending on its design. This study aims to identify the characteris-
tics of accessibility recommendations for digital technologies through a system-
atic literature review (SLR). Analysing 32 peer-reviewed articles, we identified
596 accessibility guidelines across various technologies, including ICT,
Web/apps, immersive, robotics, and artificial intelligence. The findings highlight
significant differences in accessibility recommendations between established and
emerging technologies. Established technologies, such as ICT and Web/apps, of-
ten rely on widely recognized guidelines like WCAG, ADA, and Section 508,
while emerging technologies tend to adopt user-centred design approaches. This
difference underscores the need for more robust and specific accessibility guide-
lines tailored to the unique challenges posed by each technology. The results
identify research gaps and propose future lines of study to enhance accessibility
in the rapidly evolving technological landscape. We anticipate that this contribu-
tion will lead to the development of more accessible technological solutions,
thereby promoting digital inclusion for everyone.

Keywords: accessibility guidelines, inclusive design, digital technologies, sys-
tematic literature review (SLR), digital inclusion, user-centred design.

1 Introduction

In the current digital era, the need for digital inclusion is evident, as the swift adoption
of technological advancements has become crucial in daily life [1, 2]. Digital inclusion
ensures that a wider population can gain access and the skills to use Information and
Communication Technologies (ICT) effectively, safely, and meaningfully, to enable
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their full participation in the digital society [3—7]. The European Union has launched a
Europe-wide initiative to guarantee that everyone can contribute to and benefit from
the digital world [1].

Digital inclusion has positively impacted the quality of life and well-being of indi-
viduals [8-10]. This positive impact is reflected across various areas, including com-
munication, the workplace, education, health, and personal finance:

¢ In the realm of communication, ICT plays a critical role in bridging distances [11]
and strengthening social contact [12]. This helps reduce the risks associated with
depression, loneliness, and social exclusion [13—-16], which is especially important
for individuals facing challenges in leaving their homes;

¢ In the employment sector, online work has led to improved job opportunities, which
in turn expands learning and training opportunities [17];

¢ In the educational sphere, technology, such as tablets, has been shown to improve
reading outcomes in students with intellectual disabilities, as well as reading com-
prehension and vocabulary in individuals with attention disorders [18]. Furthermore,
it offers greater freedom to explore content independently [19];

o Within the healthcare sector, ICT offers greater accessibility and efficiency in health
services [10], allowing monitoring of health issues such as diabetes, asthma, and
weight control. A positive impact on mental health improvement has also been ob-
served with the use of ICT [15], which is associated with a reduction in dementia
and enhances cognition and functional ability. In the case of Alzheimer, the use of
technologies has been positively linked with preventive behaviours against the dis-
ease [20];

e As for personal finance, digital inclusion facilitates better tracking of income and
expenses [21].

However, it is important to note that not everyone can fully leverage the benefits of
digital resources [8, 22]. In fact, certain people risk being isolated from the digital so-
ciety if they do not develop the skills that allow them to take advantage of technological
advancements [16]. As a result, the concept of the digital divide emerges, which can
limit opportunities and participation for individuals based on their differences, thereby
increasing marginalisation and inequality among groups [23-25]. Therefore, address-
ing the digital divide is key to removing one of the main obstacles to full and effective
inclusion.

1.1  Thedigital divide

The digital divide is a complex, dynamic, and evolving multidimensional phenomenon
[6, 26]. Although the term initially referred to ICT, this concept can be extended to
other emerging technologies and their impact on society. Currently, it is conceived as
the inequality between individuals, communities, or countries in terms of access or the
ability to leverage the benefits that technological evolution can offer [9, 27, 28]. As
technology and society progress, three levels of the digital divide have been defined,
shown in the Figure 1, illustrating: access to technologies at the first level, their use at
the second level, and the outcomes achieved at the third level [29].



At the first level - technology access - the digital divide refers to the "gap between
those who have and those who do not have access to technologies” [6]. This level can
be influenced by factors such as infrastructure, the availability of devices, cost, user
cultural and social context, and even the legal and policy frameworks in place [4, 6,
30]. As access to digital resources becomes more widespread, the definition of the dig-
ital divide has expanded to include factors such as content accessibility, user knowledge
and skills, interface design, user experience and digital literacy [31, 32]. This has given
rise to the second-level digital divide, which concerns individual skills and effective
utilization of technologies [31, 33]. However, it is now acknowledged that merely hav-
ing access and using technologies is insufficient to leverage their full potential [34].
Consequently, a third level of the digital divide has been defined, which considers the
outcomes and consequences of using digital technology [25, 35, 36]. This third level
considers the extent to which individuals can meaningfully integrate technology into
their daily lives to fully benefit from it. Key factors influencing this level include the
depth and breadth of use, user engagement, community support, and other aspects of
sustained interaction with digital resources [7, 34].

03 Benefits

Breadth of use, active participation,
engagement, community, privacy,
security, daily life integration, etc.

Skills, interface, interaction, user experience,
training opportunities, education, motivation,
problem-solving abilites, etc.

01 Acces

Infraestructure, cost, geographic and
physical access, cultural and social
context, legal and policy framework, etc.

+

Level of inclusion _

Fig. 1 Levels of the digital divide

For most individuals, technology simplifies life. However, for people with disabili-
ties, accessible technology enables possibilities that were otherwise unattainable [8].
This underscores the critical importance of the digital divide for individuals with disa-
bilities, as it can deprive them of independence and opportunities in education, employ-
ment, social networking, and mobility [9, 37]. Conversely, accessible technology can
enhance their quality of life and mitigate the severity of their disabilities. In certain
contexts, particularly within the workplace, technology serves as an equalizer, offering



individuals with disabilities equitable conditions for competition [38]. For those with
developmental disabilities, technology provides a safe, controlled, and predictable
learning environment [39]. Therefore, for many individuals with disabilities, access to
technology is not merely a convenience but an essential means to perform critical tasks
[40]. Despite having access to technological tools, these individuals often encounter the
second level of the digital divide, where they are unable to fully utilize the available
technologies [33, 41].

Similarly, older adults represent a vulnerable group that could be deprived of the
benefits of digital inclusion [42, 43]. Access to technology not only promotes the well-
being of older adults but also compensates for the losses - physical, emotional, or social
- associated with the aging process [44]. This has a negative impact on independent
living and aging actively and with dignity [12, 45-48]. Therefore, the lack of digital
inclusion is creating a health divide that has become one of the social determinants of
health in older adults [45].

1.2  Digital technologies

Although the digital divide is a reality for millions of people, technologies hold the
potential for inclusion [49]. The rapid evolution of technology is transforming tools for
older adults and individuals with disabilities from assistive technologies to augmenta-
tive technologies, enhancing cognitive, physical, social, and aesthetic aspects of life
[50]. Gandy et al. [50] question whether disabilities will continue to be viewed as spe-
cific limitations or if we will begin to recognize that every individual has characteristics
they seek to improve or modify through technology.

However, technologies are not always accessible. Immersive experiences, such as
augmented reality (AR) and virtual reality (VR), present a significant risk of exclusion
due to their immersive nature [51]. These technologies often assume the ability to per-
form gestures, use both hands simultaneously, rotate the head and torso, or point at
objects within a scene [52]. Additionally, it has been observed that VR glasses, for
example, do not fit children properly [53]. Subtitles that are understandable on rectan-
gular 2D screens can also pose challenges in an immersive environment [51].

Ensuring that immersive experiences are inclusive is as crucial as making the phys-
ical environment accessible to everyone [54, 55]. These technologies can serve as tools
for empathy, highlighting deficiencies and fostering a better understanding of the chal-
lenges faced by individuals [56]. Inclusive virtual worlds reinforce a sense of commu-
nity among participants, regardless of their abilities [57]. Achieving this requires a re-
consideration of existing accessibility features for immersive formats from the early
stages of design to develop barrier-free immersive environment [55].

Acrtificial intelligence (Al) is another emerging technology that can either reduce or
exacerbate disparities and inequalities depending on its application. Microsoft high-
lights the role of Al in narrowing the digital divide for all people, provided that acces-
sibility is addressed from the design phase [58]. However, Microsoft acknowledges that
the inclusiveness of Al largely depends on the diversity and representativeness of the
data it is trained on.



Addressing the limitations inherent in training data is crucial not only in Al but also
other technologies, especially when this data lacks diversity and does not represent vul-
nerable populations. According to the Washington Group on Disability Statistics, data
related to vulnerable populations, such as people with disabilities, is often scarce and
inconsistently collected across countries [59]. This inconsistency complicates the com-
parison and integration of data, hindering efforts to develop inclusive systems. Given
that digital technologies rely on large datasets, it tends to reproduce and even amplify
existing biases if methods to mitigate the lack of inclusive data are not implemented.
To address this, promoting collaborations with specialized organizations, such as the
Washington Group on Disability Statistics, could support this goal by providing exper-
tise on inclusive data practices. Techniques like data augmentation could also be em-
ployed to simulate diverse populations, compensating for the lack of representative data
when necessary [60]. Until data collection practices become more inclusive and diver-
sity is naturally embedded in datasets, it is essential for designers to be particularly
aware of these issues. They should have access to tools, guidelines, and best practices
to address inclusivity from the initial stages of digital system design.

Other emerging technologies, such as smart homes, wearables, and robots, are also
expanding and are expected to continue growing, particularly in light of the aging pop-
ulation [61]. To ensure their accessibility, these technologies must be designed with
Inclusive Design principles from the earliest stages [62]. This approach will transform
technologies from being merely assistive to becoming augmentative, benefiting every-
one.

1.3 Inclusive Design

Fortunately, the digital divide is increasingly preventable, as solutions designed with
consideration of the needs of people can bolster digital inclusion [49]. As the World
Health Organization states, systems need to be designed from a Universal Design phi-
losophy [63] and it might also be beneficial to apply gerontological design principles
[64]. In this sense, the digital divide can be partially addressed through Inclusive Design
[65]. According to the standard BS 7000-6:2005 [66], Inclusive Design is the design of
products, services, and environments that are accessible and usable by as many people
as reasonably possible, regardless of age, sex/gender, sensory, cognitive and physical
capabilities, and cultural background, without the need for adaptation or specialized
design. Therefore, Inclusive Design considers diversity from the start of the design pro-
cess, making technology adapt to the needs of people rather than requiring people to
adapt to it [9, 62].

Despite the importance of accessibility, it is often overlooked during the early stages
of design [62]. This oversight largely stems from a market perception that views acces-
sibility as merely a set of compliance requirements, rather than as an opportunity to
expand market reach and enhance the experience for all users. Research indicates that
incorporating accessibility from the outset not only reduces the likelihood of costly and
complex modifications later in development but also contributes to a more inclusive
product that benefits a wider range of users [67]. This same research demonstrates that



designs prioritizing accessibility yield higher user satisfaction and broader market po-
tential, underscoring the strategic value of accessibility beyond compliance.

To address this, Human-Centred Design (HCD) provides a framework where users
are actively involved throughout the design process. From needs analysis to co-creation
and user evaluation sessions, HCD ensures that products are designed with a deep un-
derstanding of user needs [68]. However, while HCD is essential for meaningful acces-
sibility, it can be resource-intensive demanding significant time, cost, empathy, and
expertise [69].

In this context, incorporating pre-established accessibility guidelines can enhance
the efficiency and effectiveness of HCD tools. By providing clear and structured prin-
ciples, these guidelines allow design teams to focus more on user engagement and iter-
ative improvements, rather than spending time debating basic accessibility principles.
Although interactions with vulnerable populations are essential from an HCD perspec-
tive, employing predefined guidelines can improve the quality and impact of these in-
teractions.

Accessibility guidelines provide support throughout the entire design process, start-
ing from the earliest stages, by establishing a solid foundation for accessibility. They
facilitate the ideation phase by helping to incorporate the accessibility features defined
in the initial stages, aiding in the creation of concepts that are inclusive. Furthermore,
these guidelines remain important in the later, more detailed phases of development and
implementation, where they help define technology attributes and parameters that ad-
dress the diverse range of user characteristics [70]. This approach not only reduces re-
liance on the experience or sensitivity of individual designers but also optimizes re-
source use by providing a standardized foundation for designers to build upon [71].

Although there are known accessibility recommendations for ICT and the web [72],
to the authors knowledge, there has been limited analysis on how these guidelines are
structured and defined to ensure that accessibility in future emerging technologies does
not rely on the personal experience and sensitivity of the designer. Therefore, this paper
presents a Systematic Literature Review (SLR) to identify the characteristics of recom-
mendations for accessible digital technologies.

By doing so, it seeks to identify potential gaps and establish a foundational starting
point for making emerging technologies accessible from the initial phases of design.
This effort will help ensure that accessibility is prioritized early on, thereby reducing
the need for costly modifications later.

2 Research methodology

The primary purpose of this literature review is to collect and analyse the characteristics
of guidelines and recommendations that support the accessible design of digital tech-
nologies from the perspective of Inclusive Design. To this end, a SLR, which identifies
and analyses all research works published until May 2024 was conducted. This ap-
proach aims to ensure comprehensive and rigorous coverage of the existing literature
in the field of study.



The literature review was conducted by following the methodological procedure out-
lined by Kitchenham et al. [73] and the recommendations provided by Carrera-Rivera
et al. [74]. These guidelines encompass several components including: (1) the formu-
lation of research questions (RQ), (2) the process of searching and selecting data/infor-
mation sources, (3) the establishment of inclusion/exclusion criteria for the selection of
documents, (4) the development of the systematic review strategy, and finally, (5) the
execution of data extraction and synthesis. Each of these phases is presented below.

2.1  Research questions

Within the framework of this SLR, two fundamental research questions were formu-
lated. These questions guide the identification and extraction of the necessary data ele-
ments to address the objectives of this study. Table 1 presents the research questions.

Table 1 Research questions

1D Research guestions
RQ-1 What are the characteristics of accessibility guidelines for digital technologies?
RQ-2 How are new accessibility guidelines for different digital technologies defined?

In this context, it is essential that accessibility recommendations aim to include as
many people as reasonably possible, thereby addressing discrimination and ensuring an
equivalent user experience for all individuals. While some recommendations may en-
hance usability, resulting in a more effective, efficient, and satisfactory design, it is
important to acknowledge that usability does not necessarily equate to accessibility
[75]. A system can be usable but not accessible. Therefore, the objective of the recom-
mendations identified in this article is to ensure that technologies are designed to be
used by the widest possible range of people without requiring specific adaptations.

2.2  Data/Information sources

Scholars use varying terms to describe the concepts under study. Therefore, a combined
search was conducted covering four groups of keywords, focusing on accessibility, dig-
ital technologies, guidelines, and Inclusive Design. The terms presented in Table 2 were
used in the search for information.

Table 2 Search keywords

Search term Keywords

Digital inclusion "accessib*" OR "inclusiv*" OR "equit*" OR "enabl*" OR “diversi*”

Digital technologies ~ "artificial intelligence" OR "vr" OR "mr" OR "xr" OR "ar" OR "virtual reality"
OR "augmented reality” OR "mixed reality" OR "extended reality” OR “immer-
sive technologies" OR "emerging technologies" OR " robot*" OR "metaverse"
OR "Al" OR "new technolog*" OR "cutting edge technolog*" OR "innovative
technolog*" OR "digital technolog*" OR "information technolog*"* OR "“commu-
nication technolog*”

Guidelines "protocol” OR "standard*" OR "practi*" OR "recommendation*" OR "guidelin*"
OR "procedure*" OR "framework™ OR "directive*" OR “criteri*" OR "rule*"
OR "instruction" OR "methodolog*”




Search term Keywords
Inclusive design "inclusive design" or "universal design" or "design for all"

Thus, the following main search string was constructed:

("accessib*" OR "inclusiv*" OR "equit*" OR "enabl*" OR “diversi*”’) AND ("artificial intel-
ligence” OR "vr" OR "mr" OR "xr" OR "ar" OR "virtual reality" OR "augmented reality" OR
"mixed reality" OR "extended reality” OR "immersive technologies" OR "emerging technolo-
gies" OR " robot*" OR "metaverse” OR "Al" OR "new technolog*" OR "cutting edge tech-
nolog*" OR "innovative technolog*" OR "digital technolog*" OR "information technolog*" OR
"communication technolog*”) AND ("protocol" OR "standard*" OR "practi*" OR "recommen-
dation*" OR "guidelin*" OR "procedure*" OR "framework" OR "directive*" OR "criteri*" OR
"rule*" OR "instruction" OR "methodolog*””) AND ("inclusive design" or "universal design" or
"design for all")

The electronic databases used for the search are shown in Table 3.

Table 3 Databases, search dates and number of results obtained

Data bases Area Date search was No. of
carried out results
Web of Science Interdisciplinary 12/05/2024 149
Scopus Interdisciplinary 14/05/2024 166
ACM Digital Library Computing and information technology 18/05/2024 246
Compendex Engineering 14/05/2024 120

2.3  Literature search

The search was conducted in each database up to the month of May 2024. The search
string was adapted in accordance with the requirements of each database, as detailed in
Table 3. Additionally, two further criteria were incorporated into the search through
advanced search options (Table 4).

Table 4 Additional criteria incorporated in advanced search options

Criteria Code  Description
Limited quality LQ Limit the search to publications that are articles, reviews, or book chapters
Limited language LL Limit the search to publications primarily written in English or Spanish

A total of 681 articles were identified, with approximately half of them found in the
ACM Digital Library database, which focuses on the fields of Computing and Infor-
mation Technology.

2.4 Literature selection

Following the guidelines proposed by Carrera-Rivera et al. [74], the next step involved
literature selection. Inclusion and exclusion criteria were applied to ensure that all stud-
ies selected were directly related to Inclusive Design recommendations for digital tech-
nologies.



Criteria for inclusion/exclusion. Table 5 outlines the inclusion and exclusion criteria
applied during the literature selection. Initially, duplicate articles (DP) were identified.
Following this step, article selection was carried out through the review of titles and
abstracts, considering the inclusion criteria of direct relevance (DR) and partial rele-
vance (PR), and the exclusion criterion for loosely related articles (LR1). After reading
the full text, publications that did not provide any Inclusive Design or accessibility rec-
ommendations (LR2) were also identified and excluded.

Table 5 Inclusion and exclusion criteria

1/E Criteria Code  Description

LR1 An abstract indicates that the full text of the article does
not respond to any research guestion

LR2 After reading the full text, does not respond to any

Loosely related

Exclusion research question
Duplicated DP A paper is duplicated on the different studied databases
publication
. DR An abstract indicates that the full text of the article
Directly related d he th h .
inclusion responds to the three research questions

PR An abstract indicates that the full text of the article

Partially related responds at least one of the research questions

Systematic process review. Figure 2 illustrates the flow of the SLR process aimed at
addressing the research topic and minimizing subjectivity and bias. In the first phase, a
total of 681 articles were identified, of which 104 were found to be duplicates and
therefore discarded. In the second phase, titles, abstracts, and keywords were read con-
sidering the inclusion and exclusion criteria defined earlier (Table 5). A total of 577
titles and abstracts were reviewed, of which 491 were discarded. Thus, a total of 90
articles were read in full text. During this process, 36 publications were identified that
did not provide any recommendations. Additionally, among those that included recom-
mendations, 22 publications did not include accessibility and were thus excluded. Con-
sequently, 32 publications were selected for in-depth analysis, data extraction, and syn-
thesis.
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Fig. 2 Data collection process

3 Results

3.1 Literature characterisation

This section presents a quantitative overview of the selected works, addressing research
trends, the most cited publications, as well as the journals and their impact.

Evolution in the Field. As shown in Figure 3, the earliest identified article dates back
to 1988 [76], marking the beginning of work on interface systems for people with dis-
abilities. Initially, the earliest articles focused on ICTs, websites, and their applications,
including one related to robots [77] and a book on virtual reality [78]. However, from
2016 onwards, an upward trend becomes evident, with more than 56.2% of all analysed
publications.
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Fig. 3 Number of articles published during the years
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In the past eight years, while the initial trend of working on ICT accessibility per-
sists, representing 33.3% of the publications, there is also a noticeable increase in re-
search on accessible immersive technologies, which account for 27.7% of all publica-
tions. Research addressing recommendations for accessible robots follows with 16.6%
of the publications in this technology. The remaining publications focus on applications
and websites and a variety of other technologies such as interactive television and Al.

Nature of Journals. The journal that recorded the highest number of identified articles,
totalling three, is "Universal Access in the Information Society". This international in-
terdisciplinary journal is dedicated to exploring the accessibility, usability, and accept-
ability of technologies in the information society, ensuring their universal accessibility
in terms of time, place, medium, and device for any individual. According to Guanyu
Lietal. [2], this journal is a leader in cited publications in the field of Design for Digital
Inclusion (DfDI).

Additionally, two articles were identified in "ACM Transactions on Computer-Hu-
man Interaction," a world-renowned conference on human-computer interaction (HCI)
that addresses how people interact with technology and how to design this interaction
to be more effective, efficient, and satisfying. Another two publications were found in
"Paladyn," which explores the analogy between robotic autonomy and human behav-
iour. Two articles were also identified in "PL0oS ONE," a multidisciplinary science jour-
nal, and in "Translation Studies," within the field of translation. The journals in which
two or more publications were identified are presented in Figure 4.

3
I 2 2 2 2

Universal Access in ACM Transactions Paladyn PLoS ONE Translation studies
the Information on Computer-
Society Human interaction

Fig. 4 Journals in which two or more articles have been identified

Regarding the impact of the publications, Table 6 shows the quartile distribution of all
the collected journals. Of the total, 33.3% of the publications belong to Quartile 1,
40.7% to Quartile 2, nearly 19% to Quartile 3, and 7.4% to Quartile 4.
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Table 6 Impact of journals identified (SJR: Schimago Journal Rank)

Journal Quartile SJR 2024
ACM Sigchi Q3 0.35
ACM Transactions on accessible computing Q2 0.57
ACM Transactions on computer human interaction Q2 0.84
Assistive Technology Q2 0.35
British Journal of Educational Technology Q1 211
Computers in human behaviour Q1 2.46
Disability and rehabilitation: assistive technology Q2 0.5
EAI Endorsed transactions on energy web Q4 0.21
Electronics Q2 0.62
Frontiers in Education Q2 0.62
Interacting with computers Q2 0.36
International journal of education and information technologies Q1 1.24
International journal of Emergency management Q3 0.18
International journal of information and learning technology Q2 0.66
International Journal of modern education and computer science Q3 0.29
Journal of educational technology and society Q1 1.04
Paladyn Q3 0.47
PLoS ONE 01 0.88
PS Political Science and Politics Q1 0.83
Robotics Q1 0.81
SN Computer Science Q2 0.6
Technology and disability Q3 0.19
Telecommunication Journal of Australia Q4 0.10
Telematics and informatics Q1 1.87
Translation studies Q1 0.73
Transportation research record Q2 0.62
Universal access in the information society Q2 0.75

Number of Citations per Article. The most cited article is by Abascal et al. [40] with
286 citations. The second most cited article, with a total of 142 citations, is by Zallio &
Clarkson [55]. In third place is the publication by Sevilla et al. [79], with a total of 103
citations. Table 7 provides details of the 10 most cited articles identified in this review,
together with their year of publication and author.

Table 7 10 most citated papers, retributive from May 2024

Ref. Paper title Authors Year No. of
citations
[40] Moving towards inclusive design guide- Abascal J, Nicolle C 2005 286
lines for socially and ethically aware HCI
[55] Designing the metaverse: A study on in- Zallio M, Clarkson PJ 2022 142

clusion, diversity, equity, accessibility and
safety for digital immersive environments
[79] Web accessibility for individuals with Sevilla J, Herrera G, Al- 2007 103
cognitive deficits: A comparative study cantud F
between an existing commercial Web and
its cognitively accessible equivalent
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Ref. Paper title Authors Year No. of
citations
[80] Web site accessibility: what logo will we Witt N, Mcdermott A 2004 55
use today?

[81] Whiteboard: Synchronism, accessibility, Santarosa L, Conforto D, 2014 42
protagonism and collective authorship for ~ Machado R
human diversity on Web 2.0

[75] Accessible and usable websites and mo- Dattolo A, Luccio F 2017 34
bile applications for people with autism
spectrum disorders: A comparative study

[82] Attuning speech-enabled interfaces to user ~ Neerincx M, Cremers A, 2009 32
and context for inclusive design: Technol-  Truong K
ogy, methodology and practice

[53] Accessible play in everyday spaces: Seaborn K, Edey J, Fels 2016 28
Mixed reality gaming for adult powered D
chair users

[83] Audio description in 360° videos Fidyka A, Matamala A 2018 28

[61] A proposal of accessibility guidelines for Qbilat M, Iglesias A, 2021 27
human-robot interaction Belpaeme T

3.2 Characteristics of accessibility recommendations for digital
technologies

In response to RQ-1, which seeks to identify the characteristics of accessibility recom-
mendations applicable to digital technologies, the articles are presented in Table 8 for
this analysis. This table sets out articles containing guidelines designed to address dis-
criminatory aspects and promote accessibility.

For the analysis, recommendations were extracted from the 32 identified articles and
classified according to the technologies they address. The category of ICT is the most
represented, with 14 articles covering applications ranging from health and education
to cyber infrastructure and emergency communications. Web/apps also have significant
representation with 6 articles. Immersive technologies and robots follow with 5 and 4
articles, respectively, highlighting the growing importance of these emerging technol-
ogies in digital inclusion. Additionally, a category labelled "Others" was classified, en-
compassing 2 articles that include various technologies such as interactive TV and Al.

Regarding the scope of the guidelines, it is noteworthy that the majority of the ref-
erences are primarily identified in the education sector, with 11 references coming from
this field. This indicates a concentration of efforts in the literature to make educational
technological environments accessible. The next most common field is health, with 5
references, mainly focusing on the personalization of technologies for older adults. The
field of games is represented with 2 references, emphasizing the importance of acces-
sibility in this area as well.

As recommended in Inclusive Design, 87.5% of the references consider the diversity
of the population when proposing accessibility recommendations. Among these, people
with disabilities are the most frequently addressed group, followed by older adults. Spe-
cifically, within the category of people with disabilities, 11 references focus on disabil-
ities in general, while others address specific capacities: 7 references focus on visual
impairments, 6 on cognitive disabilities, 1 on hearing impairments, and 2 on motor
disabilities. Additionally, 4 references target specific cases within cognitive disabilities,
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such as dementia, autism spectrum disorders, developmental disabilities, and difficul-
ties with reading and writing.

When analysing the recommendations by considering the type of technology and the
target audience, specific patterns emerged. Immersive technologies, such as virtual re-
ality, focused on individuals with visual, auditory, and motor disabilities. For instance,
references [84] and [83] addressed virtual reality for people with visual impairments,
while reference [85] centred on extended reality for individuals with auditory impair-
ments. Similarly, reference [53] discussed mixed reality for people with motor disabil-

ities.

Table 8 References for the SLR: technology classification, number of guidelines, field, target

and total guidelines with percentage per technology

Ref No. of Field Target
guidelines

ICT

[16] 18 Education People with cognitive disabilities

[33] 13 Cyber infrastructures People with disabilities

[40] 16 - People with disabilities

[76] 7 Education Children with disabilities

[82] 12 Voice technologies People with sensory, physical, cognitive dis-
abilities, and allergies

[86] 6 Health Older adults

[87] 42 Distance communication People with cognitive disabilities affecting
reading and writing

[88] 31 Education, games People with visual impairments

[89] 13 Education People with visual impairments

[90] 28 Education Students

[91] 4 Emergency communications -

[92] 12 Traveller information sys- People with sensory and/or cognitive disa-

tems bilities

[93] 47 Video calls People with dementia

[94] 9 Education People with visual impairments

[95] 22 Education Students with disabilities

Total 280 (47%)

Web/apps

[39] 40 Education, gesture interac- People with developmental disabilities

tion

[75] 27 - People with autism spectrum disorders

[79] 20 E-commerce People with cognitive disabilities

[80] 5 Education -

[81] 15 - People with disabilities

[96] 58 - People with disabilities

Total 165 (28%)

Robotics

[61] 18 Home People with disabilities: vision, hearing,
cognition, mobility

[97] 9 Health, rehabilitation Older adults, people with disabilities

[98] 7 Health, exoskeletons People with motor disabilities

[99] 56 Voice interfaces People with visual impairments

90 (15%)
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Ref No. of Field Target
guidelines

Immersive technologies

[563] 10 Games, mixed reality People with motor disabilities

[55] 10 Metaverse Experts

[84] 8 Virtual Reality, 360° People with visual impairments
videos

[83] 3 Virtual Reality, 360° People with visual impairments
videos

[85] 12 Education, extended reality People with hearing impairments

Total 43 (7%)

Others
[100] 10 Home, interactive TV People with visual impairments
[101] 8 Education, augmented intelli-  People with disabilities

gence

Total 18 (3%)

On the other hand, ICT generally addresses people with disabilities without specify-
ing a particular type of disability, as 8 out of the 15 references target this group broadly.
In the field of education, the guidelines apply to a variety of disabilities, both general
and specific, such as visual and cognitive impairments. However, in the health sector,
the guidelines are more focused on older adults. This reflects the diversity of accessi-
bility needs across different technological contexts and target groups.

When focusing on the source of the identified guidelines, Table 9 reveals that 25
references recommend design approaches such as HCD, Universal Design principles,
Inclusive Design, and Design for All. These approaches often employ tools like focus
groups, interviews, user journeys, user analysis, observations, and workshops. This
trend is particularly evident in more recent technologies like immersive and robots.
Notably, all five references related to immersive technologies utilize design approaches
for generating guidelines, similar to the references concerning robots.

Mature technologies, such as ICT and web/apps, tend to rely on more established
sources of accessibility guidelines. For example, the Web Content Accessibility Guide-
lines (WCAG) is the most cited source, with 7 references in ICT and 6 in web/apps.
Additionally, even though WCAG is not primarily oriented towards robots, there is also
a reference that proposes accessibility guidelines for robots based on WCAG.

Furthermore, although most sources originate from the field of accessibility, it is
important to highlight those other domains, such as usability, have also been referenced
for defining accessibility guidelines.

Thanks to the analysis of the 32 publications, a total of 596 accessibility guidelines
applicable to digital technologies were compiled. As shown in Table 8, the ICT cate-
gory comprises the largest number of guidelines, totalling 280 and representing 47% of
the set. The "Web/app" category follows with 27.5% of the total, amounting to 165
guidelines. Robots constitute 15% with 90 guidelines. The category of immersive tech-
nologies accounts for 7% with a total of 43 guidelines. The smallest number of guide-
lines were found in the "Other" category, with 18 guidelines, representing 3% of the
total.
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Table 9 Guideline sources

(<]
s 2
g g 5 2
- 2 =& £ 2
. - = ¢ E &
Domains Guideline sources Ref.
WCAG 21 7 6 1 - -
Americans with Disability Act (ADA) of [102]
1990 -
Section 503 of the Rehabilitation Actof 1973 [103] |1 - - - -
Section 504 of the Rehabilitation Actof 1973  [104] |1 - - - -
Section 508 of the Rehabilitation Act of 1973  [105] | 2 - - - -
EN 301 549 [106] |1 - - -
Game Accessibility Guidelines (GAG) [107] ' 1 - - - -
- ATAG [t - 1 - - -
Accessibility BBC [109] - - 1 - -
Funka Nu [110] - - 1 - -
IBM [111] - - 1 - -
WAI-ARIA[112] - - N - -
PUX [113] - - 1 - -
ADLAB Guidelines [114] - - - 1 -
Guidelines for the design of accessible infor-  [115]
mation and communication technology sys- - - - - 1
tems
Usability guidelines for PDAs - 1 - - - -
Play — the Desurvire’s Heuristics for good us-  [116] 1 ) ) )
ability in games
- Usability guidelines. U.S. Department of [117]
Usability Health & Human Services B . )
Nielsen Norman Group Usability Heuristics [118] - 1 - -
Guidelines for Easy Navigation Design - - 1 - - -
Digital TV usability checklist [119] - - - - 1
Human-centred design (HCD) [120] ' 1 1 2 4 1
Universal Design Principles [121] ' 3 1 1 - -
Design Universal Design for Learning Guidelines [122] 4 - - - -
approaches Universal Design in Instruction Principles [123] |1 - - - -
Inclusive Design [124] =2 - 1 1 1
Design for All guidelines [125] 1 - - - -
Gee’s learning principles from good games [126] 1 - - - -
Others Google general principles of mobile app de-  [127] 1 ) ) )
sign

In addition to categorizing the recommendations by type of technology, some iden-
tified guidelines have been organized into various subgroups in their original articles.
11 references have been identified that classify the guidelines in this manner. For ex-
ample, in the field of ICT technologies, Datollo A. et al. [16] classified the recommen-
dations into three groups: (1) Content and navigation, (2) Online navigation, and (3)
Game features. Other authors used more recognized categorizations such as the princi-
ples of Universal Design [93], which include (1) Equitable use, (2) Flexible use, (3)
Simple and intuitive use, (4) Perceptible information, (5) Tolerance for error, (6) Low
physical effort, and (7) Appropriate size and space for approach and use. In the same
technology, Taylor M. et al. [94] proposed following the same classification of the
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seven principles of Universal Design, adding three additional categories: (8) Percepti-
ble, (9) Community, and (10) Context. Continuing with Universal Design, Varoneis E.
et al. [90] suggested creating subgroups based on the type of disability they support
[90], namely, Universal Design for (1) Visual, (2) Auditory, (3) Motor, and (4) Cogni-
tive disabilities. Similarly, Qbilat M. et al. [61] proposed classifying accessibility
guidelines generated for robots according to the WCAG principles, grouping the guide-
lines into (1) Perceivable, (2) Operable, (3) Understandable, and (4) General.

Table 10 Specific classification in origin articles

Type of Ref.  Classification subgroups
technology

[16] (1) Content and navigation, (2) Online navigation, (3) Game features
[87] (1) General aspects, (2) Access to standard technology devices, (3) Access to
websites, services, and applications, (4) Alternative access, (5) General as-
pects of assistive technologies, (6) Augmentative and alternative communica-
tion (ACC) and remote communication
[90] Universal Design for (1) Visual disabilities, (2) Auditory disabilities, (3) Mo-
tor disabilities, (4) Cognitive disabilities
[93] 7 Principles of Universal Design: (1) Equitable use, (2) Flexible use, (3) Sim-
ICT ple and intuitive use, (4) Perceptible information, (5) Tolerance for error, (6)
Low physical effort, (7) Appropriate size and space for approach and use
[94] 7 Principles of Universal Design: (1) Equitable use, (2) Flexible use, (3) Sim-
ple and intuitive use, (4) Perceptible information, (5) Tolerance for error, (6)
Low physical effort, (7) Appropriate size and space for approach and use, (8)
Perceptible, (9) Community, (10) Context
[95] (1) Physical action, (2) Perception, (3) Engage interest, (4) Language and
symbols, (5) Comprehension, (6) Sustaining effort and persistence, (7) Self-
regulation, (8) Communication
[39] (1) Application design, (2) Research study design, (3) Context guidance

Web/app [75] (1) Graphic design, (2) Structure and navigation, (3) User, (4) Language
[61] WCAG: (1) Perceivable, (2) Operable, (3) Understandable, (4) General
Robots [99] (1) Dialogue content, (2) Social manners, (3) Aesthetics and anthropomor-

phism, (4) Support for passive users, (5) Short commands, (6) Individualiza-
tion, (7) Speech recognition and output
Immersive [53] (1) Controls, (2) Display, (3) Context, (4) Mechanics, (5) Multimodality
technologies

Following the approach outlined by Varoneis E. et al. [90], this article categorizes the
recommendations based on the abilities they impact. According to Goodman-Deane J.
etal. [128], grouping guidelines based on individual abilities facilitates their application
in the field of accessibility. The established groups focus on the primary capacities re-
quired to interact with a product, service or environment: vision, hearing, cognition,
dexterity, mobility, and touch [129, 130]. A guideline is considered to affect a capacity
when it reduces the demand on that capacity, thereby improving the accessibility of the
technology and expanding the group of people who can benefit from it. In addition to
these groups, three additional categories have been created: "general”, "other", and "dis-
carded":

e General: Recommendations with broader application, where their implementation
reduces the demand on four or more capacities;
¢ Other: Recommendations that impact capacities indirectly or consider other aspects;



18

e Discarded: Recommendations whose implementation does not generate any impact.

The recommendations collected in Table 8 have been categorized according to the ca-
pacities into the nine mentioned categories. It is important to note that 76 recommen-
dations have been identified that impact more than one capacity, but not enough to
classify them in the "General" category. For example, "Responses to questions should
be reinforced with visual and/or auditory feedback" [16] is a recommendation that has
been included in both the vision and hearing categories, as it affects both capacities.

After the classification, a total of 672 recommendations have been collected. Figure
5 shows the distribution of these recommendations: 34% focus on cognition, 19% are
classified as general, 18% on vision, 10% on other aspects, 7% are discarded, 5% on
hearing, 4% on dexterity, 2% on mobility, and 1% on touch.

Cognition 34%

Touch 1%

Mobility 2% i

Discarded 7% ‘
Others 10% d

General 19%

Vision 18%

Fig. 5 Distribution of guidelines

Table 11 provides a detailed comparison of the number of accessibility recommenda-
tions categorized by the types of technology and their respective capabilities (for a de-
tailed list of guidelines, see the full document [here]). It is evident that the "Cognition"
category is the most prevalent across all technological areas, except for immersive tech-
nologies, where "Vision" is the most prominent category.


https://www.dropbox.com/scl/fi/d4ifeb1cl9zjgjyi1o6w6/Guidelines-Characterisation-of-accessibility-guidelines-for-digital-technologies.xlsx?rlkey=o36trn4r2cucx0i5vmxu4qv9h&st=z4efrbvx&dl=0
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Table 11 Distribution of guidelines according to capabilities and technologies

120

100

80

60

40

) | I I I
0 I [ | I _II I | _II ll - Il il = [ |
ICT Web/app Robots Immersive Others

m General 55 51 18 8 5
m Vision 63 28 22 12 6
Hearing 26 7 1 2 0
= Cognition 107 72 26 4 3
= Mobility 10 0 6 2 0
Dexterity 10 7 7 3 0
m Touch 4 1 1 0 0
m Others 31 10 11 12 5
m Discarded 11 12 10 7 0

The "General™ category includes 55 references for ICT, 51 for Web/apps, 18 for
robots, 8 for immersive, and 5 for other technologies. This category encompasses a
variety of recommendations applicable to all technologies, such as providing assistance,
offering user feedback, minimizing errors and ensuring tolerance, flexibility of use, and
compatibility with assistive technologies. Additionally, this category includes recom-
mendations for user-centred design, such as involving users in the design process and
considering accessibility from the outset of technological development.

The "Vision" category represents 18% of the recommendations, with a notable focus
on immersive technologies, where there are 12 specific recommendations for immer-
sion that are not considered in other technologies. For example, recommendations in-
clude "Head movements trigger different audio description cues related to various sec-
tions of the visual scene™ [83] and "Use different levels of surround sound to help indi-
viduals feel more immersed in the content and distinguish the main action from sur-
rounding actions in the scene" [83]. Additionally, other vision-related recommenda-
tions are identified across all technologies, such as 63 for ICT, 28 for Web/apps, 22 for
robots, and 5 for other technologies. These recommendations include common acces-
sibility features such as text size, contrast, brightness, and the option to zoom, among
others.
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The "Hearing" category has relatively few recommendations, except in the case of
ICT, where 26 recommendations are identified. For Web/apps, there are 7 recommen-
dations, 1 for robots, 2 for immersive technologies, and none for the "Other" category.
Out of the 38 total recommendations in this category, 30 include guidelines related to
multimodality, such as "Use different modes: pictorial, verbal, tactile for the redundant
presentation of essential information™ [79].The remaining 8 recommendations focus on
aspects like volume adjustment and background noise reduction across all technologies,
among other considerations.

The next category, related to "Cognition", includes a total of 107 guidelines for ICT,
72 for Web/apps, 26 for robots, 4 for immersive technologies, and 3 in the "Other"
category. The recommendations in this category focus on reducing the cognitive load
of using technologies. For instance, they suggest the use of simple and clear language,
consistent structures and navigation throughout the experience, and the management of
levels that enable users to achieve goals and adapt to new knowledge progressively.

The categories of "Mobility" and "Dexterity" are present across all technologies,
with a maximum of 7% of the guidelines for the most represented technology, ICTs. In
this category, 10 recommendations have been identified for "Mobility" and another 10
for "Dexterity." For Web/apps, no recommendations were found for "Mobility," but
there are 7 for "Dexterity." For robots, 6 recommendations for "Mobility" and 7 for
"Dexterity" have been identified. Immersive technologies have 2 guidelines for "Mo-
bility" and 3 for "Dexterity". Notably, no recommendations were found in these cate-
gories for other technologies. These recommendations include guidelines addressing
the complexity and dexterity of the required movements, such as "Simplify the move-
ment necessary for navigation" [90] and "Consider speed to minimize fatigue" [97].
Additionally, the importance of personalization is highlighted with recommendations
such as "Allow alternative configurations and/or reassignment of keys/buttons/ges-
tures” [53] and "Enable voice interfaces for input and/or output" [83].

The "Tactile" category has the fewest accessibility recommendations, with a total of
5 guidelines identified in ICTs, Web/apps and robots. These recommendations primar-
ily focus on multimodality, such as the guideline suggesting, "Communicate necessary
information effectively, regardless of environmental conditions or individuals' sensory
abilities" [33].

The "Others" category is notably prominent in immersive technologies and robots,
with 24% (12 recommendations) and 14% (11 recommendations) of the recommenda-
tions, respectively. In comparison, this category does not exceed 9.5% (28 recommen-
dations) in ICTs. These guidelines cover various aspects that do not specifically reduce
the demand on any particular capacity, thus they are grouped into this category. Some
of the recommendations include "Consider the potential psychological, mental, and
emotional impact of virtual reality" [55] ,"Integrate socially acceptable gestures, avoid-
ing dangerous behaviours" [39] , and "Design the robot's voice output with social man-
ners and etiquette, offering polite and task-oriented communication" [99].
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4 Discussion

This article has focused on analysing the characteristics and the definition process of
accessibility recommendations identified for various technologies. After reviewing the
32 selected references, a total of 596 guidelines were identified. These recommenda-
tions aim to support the development of accessible technologies, ranging from estab-
lished fields like ICT and web/apps to emerging technologies such as immersive tech-
nologies, robots and Al.

4.1  Impact of technological maturity on accessibility guidelines

The analysis revealed a significant disparity between accessibility recommendations
for established technologies (e.g., ICT and web/apps) and emerging ones (e.g., immer-
sive environments, robotics, Al). Well-established technologies benefit from long-
standing, globally recognised standards, references such as the Web Content Accessi-
bility Guidelines (WCAG) [72], ADA Accessibility Standards [102], Section 508 of
the Rehabilitation Act of 1973 [105] and EN 301 549: European Standard for Accessi-
bility for Information and Communication Technology Products and Services [101].
These well-defined frameworks have guided accessibility practices across various do-
mains for years, providing clear, mature reference points for designers and developers.

In contrast to the lack of specific regulatory frameworks or mature accessibility
standards for emerging technologies, some existing standards, such as WCAG, have
been adapted as foundational guidelines. Originally designed for web applications,
WCAG has been used as a starting point for newer fields. For example, Qbilat M. et al.
[61] used WCAG as a basis for developing accessibility guidelines for robots, integrat-
ing these guidelines with HCD tools like user testing. However, emerging technologies
still rely on qualitative methodologies and HCD practices to develop accessibility rec-
ommendations. Tools such as customer journey maps, workshops, and user testing play
a crucial role in generating recommendations, especially when considering the needs
of people with disabilities or older adults, as suggested by Inclusive Design principles
[124]. Generally, the method for reviewing guidelines involves testing solutions with
users to identify barriers and opportunities for improvement.

This disparity highlights the pressing need for more comprehensive and standardized
accessibility guidelines tailored specifically to emerging technologies. As A. Rothberg
notes [131], the integration of accessibility guidelines early in the design process can
accelerate development by embedding accessibility into the framework from the outset.
Moreover, ensuring that accessibility is addressed through a structured and repeatable
process guarantees more consistent and scalable outcomes [132]. This allows HCD pro-
fessionals to focus on iterative improvements without needing to rediscover accessibil-
ity needs at every step, thereby reducing the resources required and enhancing overall
efficiency.
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4.2 Types of accessibility guidelines

The analysis of accessibility guidelines across various technologies revealed the lack
of a universally accepted classification system in the existing literature. However, delv-
ing into the guidelines themselves, three distinct types of accessibility recommenda-
tions emerged based on their applicability to different technological domains: (1) ge-
neric, (2) adapted, and (3) specific.

1. Generic recommendations refer to those that were identified in all technologies.
For example, in the case of "Vision", recommendations related to contrast, bright-
ness, or zoom are identified in all technologies;

2. Adapted recommendations, appear across all technologies but which require spe-
cific adaptation depending on the technology. This is the case, for example, of mul-
timodality. Although this is identified as an accessibility recommendation in all tech-
nologies, its implementation in immersive environments may require adaptation due
to the additional complexities it may present. For example, Fidyka et al. [83] high-
light the need to work on the challenges that applying multimodality in immersive
environments can pose, such as 3D subtitles;

3. Specific recommendations are tailored to promote accessibility for each technol-
ogy. Following the example of "Vision" in the case of immersive technologies, this
category would include recommendations such as: "Head movements trigger differ-
ent audio description cues related to different sections of the visual scene" [83] and
"Use different levels of surround sound to help people feel more immersed in the
content and differentiate the main action from surrounding actions in the scene" [83].
These recommendations are related to responding to the nature of each technology.
Thus, Fidyka et al. [84] reinforced this idea, pointing out the need to analyse and
develop specific recommendations.

By differentiating between generic, adapted, and specific recommendations, it becomes
evident that accessibility needs vary greatly depending on the technology. This high-
lights the importance of developing guidelines that not only account for universal needs
but also adapt to the distinct features of each technological domain.

4.3 New considerations for emerging technologies

Another finding is the growing recognition of the "Other" category of recommenda-
tions. It reflects the diversity of accessibility considerations necessary in the develop-
ment of new technologies, beyond those related to specific capacities that had not been
previously addressed. Ethical considerations are one such aspect, particularly for
emerging technologies. Ethical issues, such as privacy, decision-making, and the integ-
rity of users, are increasingly being addressed in accessibility recommendations, as
demonstrated by Fox D. et al. [51, 133] and Zallio M. et al. [55]. An example of this
includes recommendations such as "The ethical considerations associated with the use
of intelligent and responsive systems, particularly in contexts where decision-making
impacts individuals or communities, are very important" [96] and "Valuing privacy,
ethics, and the integrity of individuals in designs" [53]. This category underscores the
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importance of a holistic approach to accessibility that includes ethical considerations
and social impact, to ensure that emerging technologies are developed in a way that is
inclusive and beneficial to all users —going beyond mere usability for the greatest
number of people.

Finally, it is important to address the role of Al within the context of accessibility.
This SLR identified an initial study on Al [101], which outlined eight general accessi-
bility recommendations, including "adaptability”, "ethical considerations", and "user-
centred design". As Schaffers H. [134] emphasized, Al is a rapidly evolving technology
that must not be overlooked in discussions of accessibility. Looking ahead, Al is ex-
pected to play a more prominent role in addressing accessibility challenges, ensuring
that its development and implementation are inclusive and accessible to all users. This
shift will be critical in fostering more equitable technological landscapes as Al becomes
increasingly integrated into everyday systems.

5 Research Gaps and Future Research Directions

This analysis of accessibility recommendations across various technologies has uncov-
ered several opportunities for future research. To date, the literature has primarily fo-
cused on accessibility in ICT and Web/apps by applying Inclusive Design principles
and accessibility [115]. However, emerging technologies such as immersive, robotics,
and Al have not received the same level of attention. According to Zallio M. et al. [55],
there has been limited progress in advancing knowledge on how to design immersive
technologies in a safe, accessible, and inclusive manner. Similarly, the increasing use
of social robots, particularly for elderly populations, presents a growing need for fo-
cused accessibility research [61].

In the realm of web development, it is common to see accessibility guidelines im-
plemented post-development, which necessitates the use of assistive technologies that
often come with high costs [62]. The critical question is how to integrate these guide-
lines from the early stages of design [82]. Therefore, accessibility considerations must
be included at the beginning of the development process, not as an afterthought or a
patch applied to the finished product. The literature agrees that all types of new tech-
nologies should offer accessible content and platforms without requiring specific adap-
tations, thereby meeting the needs of all members of society [28].

Owing to the lack of specific regulations, emerging technologies are often developed
without comprehensive accessibility standards, relying instead on iterative user testing
and qualitative analyses. This raises an important question: how long does it take for
sufficient accessibility guidelines to emerge for new technologies? Building accessibil-
ity from the ground up in newer domains presents significant challenges. Currently, the
accessibility of these technologies largely depends on the experiences, empathy, and
judgment of designers and developers. White et al. [97] highlighted that involving users
is essential to achieve accessibility in new technologies, although it presents many chal-
lenges according to Creed [135]. Relying on a group of people that does not represent
the diversity of capabilities can be risky, despite the fact that this is common practice
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[135]. Therefore, it is crucial to analyse how to adopt a HCD methodology when de-
veloping new technologies [84].

Despite the technology maturity, even well-established technologies such as ICT and
web applications continue to receive updates to their accessibility standards. This in-
vites further exploration. Is the continued release of new guidance for mature technol-
ogies indicative of shortcomings in the original guidelines? Or is it due to evolving use
cases and advancements in technology that were not originally foreseen? Understand-
ing whether these updates are filling gaps or addressing novel challenges will help
shape how accessibility guidelines for newer technologies are developed from the out-
set.

Although this SLR has identified several recommendations, a significant challenge
lies in the distribution of guidelines from various sources, resulting in repetition, but
with differing formulations and levels of detail [136]. Additionally, interpreting these
guidelines is problematic because they do not adequately address the needs of those
who must implement them [76]. They are often described as difficult to read and com-
prehend and a lack of concrete examples and application criteria can lead to multiple
interpretations. Furthermore, it is crucial that these guidelines continually evolve to
keep pace with the rapid advancements in technology [137].

Another area for further study involves determining whether certain accessibility
recommendations can be applied universally across all technologies or whether some
technologies require technology-specific guidelines. For example, immersive technol-
ogies may necessitate recommendations tailored specifically to the unique challenges
of virtual reality. According to Campoverde-Molina M. et [138], accessibility guide-
lines designed for web applications may not fully accommodate the needs of these im-
mersive experiences, where user interactions are more intricate and dynamic. Under-
standing the limitations of universal guidelines and identifying when customization is
necessary will be key to improving the accessibility of emerging technologies.

Finally, considerations beyond just capabilities, such as ethical issues, should also
be examined. Organizations like the European Commission [136] and UNESCO [137,
139] are addressing ethics, diversity, inclusion, and accessibility in emerging technol-
ogies, but current regulations do not yet adequately cover their application, leaving us-
ers exposed to unaddressed risks [140].

6 Limitations

This review is not without its limitations:

e The SLR method does not ensure the complete identification of all pertinent publi-
cations within a specific field of study;

o By exclusively focusing on peer-reviewed articles, potentially relevant case studies
presented at conferences, might have been overlooked. In addition, grey literature,
such as legal frameworks and documentation produced by benchmark product de-
velopers are other potentially useful sources of information;

e Reviewer bias should be considered; despite efforts to maintain objectivity in the
review process, some bias may have inadvertently been introduced;
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e The selection of databases plays a crucial role. Although the databases were chosen
carefully to comprehensively cover the research area and an exhaustive search strat-
egy was employed to maximize the capture of relevant publications, expanding the
database selection could potentially have uncovered additional critical articles;

e Limiting the search to publications only in English and Spanish constitutes another
restriction of the study.

7 Conclusions

Digital inclusion presents a significant challenge today, as technologies play an increas-
ing role in the daily lives of all people. While technology has the potential to be a fa-
cilitator of accessibility, it often acts as a barrier due to its design. According to McGin-
ley C. [66, 141], many older adults and people with disabilities are excluded from the
digital society not due to their inherent capabilities, but because of the inadequacies in
how technologies are designed. This paper addresses the pressing issue of the digital
divide in digital technologies, highlighting the role of accessibility in bridging this gap.

In this SLR, 596 accessibility recommendations for digital technologies have been
identified. These recommendations were analysed based on the type of technology, the
domain, the target audience, their sources, and were grouped according to the capacities
they address, to facilitate comparison.

The analysis has revealed that technological maturity influences the sources used to
generate accessibility recommendations. While newer technologies, such as immersive
and robots, adopt HCD approaches, established technologies like ICT and Web/apps
rely on well-recognized and accepted accessibility guidelines, such as WCAG, ADA,
and Section 508. These findings suggest that newer technologies still require more ro-
bust development of specific accessibility guidelines that can adapt to their particular
characteristics. Integrating these guidelines from the earliest stages of the design pro-
cess would not only streamline development and facilitate the implementation of ac-
cessibility, but also reduce reliance on the personal experience and empathy of individ-
ual designers. This proactive approach optimizes resource use, embedding accessibility
as a structured and repeatable component of the design process, rather than treating it
as an afterthought.

Although certain accessibility recommendations, such as multimodality, zoom op-
tions, and contrast adjustments, apply across most technologies, these generalized so-
lutions may not be sufficient to address the unique challenges of every field. For in-
stance, immersive technologies require tailored guidelines to handle complexities like
3D environments. The necessity for more specific, technology-driven recommenda-
tions underscores the need for a more granular approach to accessibility.

The general conclusion from the analysis is that there is significant room for im-
provement in developing accessibility guidelines for emerging technologies to ensure
they are applicable by designer and developers. Guidelines must be clear, specific to
each type of technology, and evolving to stay updated with technological advances, as
accessibility needs can vary greatly.
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Additionally, in the field of Al, the number of recommendations identified in this
SLR was limited, however this is expected to change soon due to the rapid evolution of
these technologies. For these reasons, it is essential to promote research in Inclusive
Design to develop accessibility guidelines applicable to newer technologies. In this
vein, the Institute of Electrical and Electronics Engineers [51] emphasizes the im-
portance of integrating accessibility principles in the early stages of new technology
design.

Merritt et al. [142] argued that accessibility can be achieved without negatively im-
pacting user experience, emphasizing the importance of balancing accessibility with
overall user satisfaction. While significant progress has been made in identifying ac-
cessibility recommendations, there is still work to be done to ensure all technologies,
especially the most recent ones, are accessible to everyone. Continuous collaboration
among researchers, developers, and end users will be key to advancing the goal of sup-
porting digital inclusion. Implementing accessibility guidelines from the early stages of
design will be critical to ensure future technologies are accessible to all, without the
need for costly and complicated post-development adaptations.
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