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Abstract

People with disabilities (PwD) are frequently excluded from certain activities due to the lack of accessible information. In
this area, information systems can help PwD by allowing access to a range of information about the accessibility of spaces,
facilities, and products. There has been an increase in technologies that promote accessibility, but there are few literature
studies which analyse how these technologies were developed to ensure access for all. To address this gap, this study aims
to explore the integration of accessibility requirements in the processes of developing information systems. To achieve this
aim, a systematic literature review was conducted using the PRISMA reporting guidelines. To conduct the review, a search
was carried out for primary studies in four well-established databases—SCOPUS, Web of Science, IEEE, and ACM. A
snowball search to find additional studies was also performed. Based on this, 34 papers were obtained to conduct the study.
In general, the studies published on this topic are relatively recent, with healthcare and education being the two major areas
where accessibility in information systems is most addressed. The integration of accessibility seems to be primarily applied
during the requirement assessment and testing phases, involving potential users in the process. The results obtained within
this systematic literature review raise awareness about the integration of accessibility for the success of solutions, which
are oriented towards the accessible market. Additionally, the different practical and theoretical contributions can help future
practitioners and technology developers establish guidelines that promote the integration of accessibility, thus achieving a
more accessible and inclusive society.
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Moreover, although products and services have become
more accessible nowadays, there are still several members
of our society who face constraints in their use, especially
people with disabilities (PwD). On that basis, accessibility
can be perceived as a concept that removes physical and com-
munication/information barriers for PwD [2]. As explained
by Rucci and Porto [3], PwD encompasses not only people
with particular types of disabilities (physical, hearing, visual,
cognitive) but also other people with specific accessibility
requirements such as senior citizens and people with tempo-
rary limitations. In that sense, the market composed by PwD
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is also designated as the accessible market [4] and presents
tremendous economic potential [5]. In studies in areas such
as healthcare [6], tourism [7], and transportation [8], it can be
seen that accessibility is more than a niche market. To achieve
this market’s potential, technologies have been increasingly
responsible for improving products and services for accessi-
bility [9]. In this sense, technology can be understood as any
device, networking component, application, or system that,
when contextualized in a systemic way, allows interaction
with the digital world [10]. Within these various technolo-
gies, information and communication technologies (ICTs) are
amongst the most important. In summary, ICTs refer to equip-
ment and systems that are able to collect and send informa-
tion in an electronic format [11]. As mentioned by Zysman
et al., [12], this technology allows people and organizations to
interact in the digital world. For this reason, ICTs emerge as
responsible for integrating information systems (IS) in their
different aspects, to ensure that information and knowledge
are disseminated and communicated [13]. According to Alter
[14], IS can be defined from an organizational viewpoint as a
conjunction of procedures, information, people, and technolo-
gies, aimed at achieving the objectives of an organization.

With the emergence of new technological platforms and
digital processes, IS have become crucial in different sectors
[15]. Some examples are tourism IS [16] and health IS [17],
both providing benefits in information exchange between
different users in their respective areas. In these areas, digital
activities have increased, which also caused the amount of
data to increase exponentially. IS provide effective treatment
of data and improved information management by helping
to distinguish what information is essential and which is not
relevant [18]. In summary, with technological growth [13],
the management of information has become essential, which
makes IS stand out as a crucial tool.

In the field of accessibility, information and access to
it are seen as crucial factors for improving accessibility
conditions [19]. In that sense, IS can contribute to a more
inclusive community by providing accessible information
about the accessibility level of spaces, facilities, and
products in diverse areas. For this to happen there is a need
to address accessibility requirements. These requirements
can be defined as making information and overall design
understandable and straightforward enough for the majority
of users (including PwD) to utilize without needing to
make any adjustments, but also supporting users that need
adaptability [20]. Due to the importance of accessibility
requirements, there have been attempts to structure and
systemize them. In that regard, the World Wide Web
Consortium (W3C) produced the Web Content Accessibility
Guidelines (WCAG) [21], which state different guidelines
to make sure web technologies are accessible to PwD.
Due to their importance, WCAG 2.0 received ISO/IEC
approval in 2012 to become a global accessibility standard
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[22]. Significantly, following WCAG 2.0 can make sure
accessibility requirements are addressed when developing
an accessible technological solution, as found in previous
studies [23-25].

As expected, people with greater accessibility require-
ments also require more specific, detailed, and personal-
ized information [26]. However, as found by Waschke [27],
technologies tend to ignore accessibility requirements, with
these findings being confirmed in different research areas.
Authors in the areas of education [28], healthcare [29],
social sciences [30], and tourism [31] have reported the need
to reinforce information about some accessibility factors and
deliver information accessibly. In this area, the difficulty in
providing information according to needs may lead to the
inability to use a specific function of technology, or in some
cases prevent the users from using the technology entirely.
As a consequence, technologies fail to appeal to PwD, possi-
ble business opportunities are ignored and this considerable
potential of this market is wasted [32, 33]. The quality of this
information is an equally important criterion. Inconsistent or
contradictory information can lead PwD to be disappointed
and frustrated [26]. The accuracy and quality of information
are therefore fundamental since more complaints can lower
loyalty and overall satisfaction [34].

1.2 Rationale for conducting the systematic
literature review

The urgency of IS in the accessible market is clear. These
systems aim to eliminate information problems by display-
ing accurate, quality information. To accomplish truly acces-
sible technologies, it is essential to encourage the active inte-
gration of accessibility requirements during IS development
processes. That can be achieved with more user-centred
design (UCD) [35], where the users (PwD) are an active
part of the methodological process. UCD methodologies can
be defined as iterative design processes, where the focus
is on users’ requirements, at every phase of development
[36]. That being the case, UCD approaches take on particu-
lar importance for developing solutions for the accessibil-
ity market, which is usually composed of users with very
distinct requirements [37, 38]. Hence, it is necessary to use
methodologies which can actually listen to the users and
address their particular needs. However, published studies
have yet to explore this assimilation between accessibility
and IS methodologies. For this reason, there is a clear need
for a systematic literature review (SLR) that addresses these
important aspects of methodology integration.

From a methodological point of view, accessibility require-
ments can be included in different phases of the development
of IS. Jain and Suman [39] outlined five typical phases of
a global software development cycle in which IS can be
included. These five phases are: (i) requirement analysis
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(gathering requirements to build the technological solution);
(ii) system design (designing the solution according to the
gathered requirements); (iii) coding (developing the solu-
tion using the correct tools); (iv) system testing (testing the
system and obtaining feedback to improve the solution); and
(v) system integration (integrating the solution into a real-life
context). Each phase has different contexts, so it is necessary
to study how accessibility can be applied in each one.

There has been a worldwide effort to create IS that
encompass accessibility [40]. In Europe, the European
Assistive Technology Information Network (EASTIN)
search engine [41] aims to aggregate and share accessible
information from different websites belonging to Euro-
pean countries. In other countries, similar platforms exist.
The USA created AbleData [42], and Australia developed
the National Equipment Database [43]. Despite the exist-
ence of these systems, few details are available concern-
ing their development. In addition, it is also important
to address the fact that legislation concerning accessible
technology already exists. The European Union released
the European Accessibility Act (Directive 2019/882) [44],
requiring products and services to be accessible for PwD.
This act covers products and services associated with IS,
which enforces the need to comply with users’ accessibil-
ity requirements. The integration of accessibility require-
ments can make sure that a solution developed for PwD
can be perceived as an accessible and adapted product.

Research Gap (Input):

1.3 Objectives

To address the gap that exists in terms of assimilating acces-
sibility within development of IS, this study aims to investi-
gate and answer the following research question:

How is accessibility integrated during the development
process of IS?

The response to this question will be obtained using an
SLR process [45]. First, to confirm the gap, a pre-research
study was performed on the topic, which involved using
research queries in some databases (Scopus, Web of Sci-
ence, IEEE, and ACM) and checking already published
studies. The conclusion reached was that although some
studies [46—48] report the importance of integrating
accessibility in the development of information systems,
no literature review studies are known about how exactly
it can be done. In fact, the present SLR intends to show
some evidence of the creation of IS that take accessibil-
ity requirements into consideration. To accomplish this
goal, a detailed literature review of studies reporting the
integration of accessibility in the process of developing IS
was performed. To conduct and guide the analysis, spe-
cific sub-research questions were formulated supported
by the SW1H method (Fig. 1).

Sub-research questions:

Assimilation between
accessibility and the

development of Bibliometric

When have studies that addressed

accessibility integration in the development

of information systems been published?

information systems

accessibility integration in the development

Where have studies that addressed

of information systems been published?

Literature Review
(output)

What research areas are more prominent in

the development of accessible information
systems?

Why is it important to integrate different
accessibility market segments in the
development of information systems?

analysis
Research question
How is accessibility -
integrated during the —* . w y
development process of ramewor
information systems?
Content
L h
analysis

How is it possible to integrate accessibility
when developing information systems?

Who should be involved during the
development of accessible information
systems?

A 0 A__ 4 @

Fig. 1 Application of the SW1H framework
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The SW1H framework takes previous models used in the
development of IS into consideration [49, 50] and depicts
the questions “when, where, what, why, how, who”, and the
order in which they will be addressed. Within the frame-
work, it was important to identify the group of sub-research
questions that lead only to bibliometric analysis and those
that are more specific to content analysis, which requires
a detailed reading of the papers. The two large quadrants,
in Fig. 1, indicate that “when” and “where” address bib-
liometric factors, while “what”, “why”, “how”, and “who”

correlate to content factors.
1.4 Structure of the paper

The study is composed of four parts. The first part presents
an introduction to the topic, analysing the importance
of integrating accessibility in the development of IS and
displaying the research questions. In the second part, the
methodology is described, highlighting all the steps in the
SLR process, and describing how the studies were selected
and later analysed. The third part depicts the findings of this
study. The number of publications over time is explored,

as well as sources, research areas, and accessibility market
segments. After this, the content of the papers is detailed.
The phases of IS development in which accessibility was
addressed are analysed, as well as exactly how accessibility
requirements were integrated. In like manner, the main
methodologies applied in building accessible IS are
identified and the involvement of users is scrutinized. Thus,
a clear review of the state of accessibility integration in
IS development is provided. The last section contains the
main conclusions, limitations, and possible topics for future
research, based on the gaps identified.

2 Methodology
2.1 Document selection

To investigate how accessibility is integrated into the devel-
opment process of IS and to understand the state of the art
on this topic, an SLR was carried out. The PRISMA 2020
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) methodology [51, 52] represented in Fig. 2

[ Identification of new studies via databases ] [ Identification of new studies via other methods ]
)
The following search code was used in the
article title, abstract and keywords: Records removed before
((:'acqgssibility*" OR "disability*" OR "people with screening
g::;g"yme)'ﬁy%&'.'.‘ﬁ’;:?;ﬁ"é:g:::mmenr.. OR Phase 1: Duplicate records Records identified from:
"Websi‘t)e devel pal OR *app dfv | ) removed (n=59) Citation searching (n = 53)
i i Phase 2: Records removed
5 v because language was not
8 || Records igentieg from: Phase 3: Records removed
€ Scopus (n = 104) _ because no authors were
K] Web of Science (n = 65) identified (n = 5)
= |EEE Xplore (n = 17)
ACM (n=7)
v
Records identified Records excluded
(n=193) (n=67)
y
M . .
Records not retrieved (full paper Re_cords sought for retrieval > Ref01rds not retrieved
Records sought for retrieval was not possible to obtain) (n=53) (n=1)
(n=126) (n=7)
g
s ecords excluded:
Record luded
! v Records excluded: Phase 4: Exclude
a Phase 4: Exclude records in recc;rdst g‘ Wh“:ht ;
i - content does not refer
Rei:ords assessed for eligibility ::)htlrfg gzc;?g;i%i? (r)!fot refer Refﬁsfgs assessed for eligibility [—» to the development of
(n=119) information systems (n = 49) (n=52) |nf<irmat|on systems
- Phase 5: Exclude records in (n=38) .
l which content does not Phase 5: Exclude
address accessibility records in which
o ) integration (requirements content does not
New studies included in the and/or concepts) (n = 39) address accessibility
review (n = 3) integration
3 < (requirements and/or
3 =
3 ¢ concepts) (n=11)
£
Total studies included in the
review (n = 34)
—

Fig.2 Flow diagram (PRISMA 2020) for paper selection
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was used. PRISMA 2020 was released in 2021 and employs
some improvements over the older version (PRISMA 2009)
[53, 54]. This approach allowed the identification of a set of
scientific documents to be considered in the final analysis.
To guide the analysis, as mentioned before (Fig. 1), specific
research questions were established based on the SW1H
method.

To find the relevant documents, four important data-
bases—SCOPUS, Web of Science, IEEE Xplore and
ACM—that aggregate important research studies in the field
of IS were used. These databases were selected due to their
scientific value, overall reliability, and relevance in the field
of accessibility. The selection results were returned based
on a detailed research query applied to documents’ titles,
abstracts, and keywords in June 2022, without restrictions
on either time or subject. The search query used crossed
two broad areas relevant to the research (accessibility and
software development processes), involving the following
terms: (("accessibility*" OR "disability*" OR "people with
disability*") AND ("information system development*" OR
"platform development*" OR "website development*" OR
“app development*”)). The main objective of this query was
to cover the integration of accessibility in the development
process of specific types of IS. Based on this, 104 records
were obtained from the SCOPUS database, 65 from the Web
of Science database, 17 from IEEE Xplore, and 7 from ACM
(Fig. 2).

The 193 studies obtained were then subjected to six veri-
fication phases. Each verification phase had specific inclu-
sion and exclusion criteria used to determine whether studies
were eligible for the systematic literature review or not. The
exclusion criteria are described in Table 1. The first three
exclusion phases occurred during the identification stage and
exclusion criteria are related to bibliometric factors. Exclu-
sion phases 4 and 5 occurred during the screening stage and
checked whether the content of the papers was adequate for
the SLR.

In the first exclusion phase, 59 repetitions were detected
and categorized as redundant. Secondly, because of trans-
lation constraints, only papers in English and Portuguese

Table 1 Exclusion criteria in each screening phase

were included in the analysis. Based on this second exclu-
sion phase, three papers (two in Chinese and one in Persian)
were excluded. In the third exclusion phase, five studies with
no author identification were taken out, to maintain scien-
tific coherence. Based on the first three exclusion phases, 67
papers were removed.

Therefore, 126 reports were sought for retrieval. When
the full paper was not available in the selected sources, an
effort was made to obtain the full paper by other means.
These included contacting the original authors directly.
However, despite all efforts it was not possible to obtain
seven papers. These seven were not available in open access
and since the full papers were not attainable, it was neces-
sary to remove them from the analysis.

Afterwards, in the screening phase, studies not related to
the scope of this research were removed, based on the exclu-
sion criteria of phases 4 and 5. This complex screening was
performed by analysing the remaining 119 documents. When
the title and abstract did not present enough information,
the full paper was read and analysed. This crucial screen-
ing stage allowed us to distinguish accessibility in terms
of accessibility needs, and accessibility in terms of avail-
ability, which is not within the scope. It is important to note
that some articles were excluded because authors showed
concern about accessibility issues but did not incorporate
any accessibility standard as part of the development of IS
solutions. Hence, a total of 88 documents were excluded.

To make sure that the scope was well analysed, additional
citation searches were carried out, applying the snowballing
effect [55]. When carrying out this snowballing effect, the
primary studies obtained through the database-driven search
were used as a start set. A total of 53 were identified; how-
ever, it was not possible to obtain one paper. The remaining
52 newly identified studies were subjected to verification
phases 4 and 5 with the respective exclusion criteria. It was
observed that three new studies fulfilled the criteria and
could be integrated into the analysis. In the end, 34 papers
were included in the conducted SLR. The selected 34 papers
are listed in appendix, with data regarding: (i) author(s); (ii)
year of publication; (iii) title of the paper; (iv) source; (v)

Phases Exclusion criteria

Identification stage
Phase 1

Phase 2

Phase 3

Screening stage
Phase 4

Phase 5

Exclude records that were duplicated on the databases
Exclude records not in English or Portuguese
Exclude records that do not specify the original authors

Exclude records in which content does not refer to the development of information systems

Exclude records in which content does not address accessibility integration (requirements
and/or concepts)
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research area; (vi) purpose of the study; and (vii) segment
of the accessible market analysed.

2.2 Document analysis

Based on the SW1H method presented in Fig. 1, the 34 docu-
ments were scrutinized. Upon obtaining the articles, a catego-
rization of several factors was performed: (i) distribution over
time; (ii) arrangement by source (journals and proceedings);
(iii) disposition by research context/accessibility area where
the studies were performed; and (iv) by accessible market
segment targeted in the paper. After identifying these fac-
tors, a content analysis of the selected documents was also
performed for an in-depth understanding of the process of
accessibility integration in the development of IS. Informa-
tion was gathered about what accessibility requirements were
addressed, in which IS development phase was accessibility
incorporated, and the methods on exactly how accessibil-
ity was integrated. After this, a more detailed analysis was
performed when accessibility integration involved potential
users. The methods used to incorporate potential users were
explored in an attempt to extrapolate more knowledge from
IS development methodologies. Lastly, it is important to men-
tion that no automatic tools were used to analyse the studies.
Human reviewers conducted both bibliometric and content
analysis. All three authors/researchers were involved in the
search for the primary studies and the extraction of the data
found in these studies. Likewise, all researchers participated in
the elaboration of the inclusion/exclusion criteria. As a result,
no potential conflicts arose between systematic reviewers dur-
ing the selection and data extraction processes.

3 Findings and discussion
The results will be presented and discussed following the

approach defined in the methodology (Fig. 1). Essentially,
the findings are divided into two types: bibliometric analysis

10

and content analysis. The intention of the bibliometric
analysis was to build indicators on the dynamics and
evolution of scientific information related to the integration
of accessibility in IS development. On the other hand,
the focus of the content analysis was on obtaining a clear
perspective by analysing the frequency of occurrence of
certain themes. As expected, to perform a correct content
analysis, a detailed reading of the papers was required. Both
analyses were based on the 34 selected papers.

3.1 Bibliometric analysis
3.1.1 Year of publication

The evolution of the number of published papers is repre-
sented in Fig. 3. It is possible to understand how the topic of
accessibility integration in IS development has gained more
focus in recent years. The first detected published study is
dated 2004. Until 2018, a great variation of published stud-
ies was registered, oscillating between one and three studies
per year and with no studies detected in 2005, 2006, 2008,
2009, and 2015. However, after 2018, the number of studies
published tended to increase, with most published papers
being detected in 2021 (nine papers).

These results can be explained by an increasing interest
in developing more accessible solutions, which may show
the existence of greater sensitivity to this issue. In addition,
in more recent years, there has been a collective effort for
international entities to provide accessible conditions for all
(people both with and without disabilities). Moreover, acces-
sibility-related software has improved [56], which provides
more opportunities for developers to integrate accessibil-
ity conditions within new technologies. It is also important
to point out that changes have taken place in terms of leg-
islation, especially with the introduction of the European
Accessibility Act in 2019 [44]. Finally, an argument can
be made about the increasing relevance of the accessibility
market. Once supply agents started to grasp the potential of

8

0

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Fig.3 Number of papers published by year
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the accessibility market [5], the integration of accessibility
requirements consequently became more relevant.

3.1.2 Arrangement by source

As can be seen in Table 2, there is a great balance between
publications in journals (50%) and proceedings (50%). In
terms of journals, publications in journals related to technol-
ogy development in different research areas are more promi-
nent (e.g. Assistive Technologies Baltic Journal of Modern
Computing, International Journal on Electrical Engineering
and Informatics, JMIR Rehabilitation).

In terms of conference proceedings, publications were
mostly in the fields of computer sciences, technology acces-
sibility, and human—computer interaction. The fact that there
is a great number of conference proceedings could indicate

Table 2 Sources of the published studies and subject areas

that the authors intend to first present an accessible technol-
ogy prototype and collect feedback so that further improve-
ments to that technology can be added before a final version.

3.2 Content analysis
3.2.1 Research area

As depicted in Fig. 4, accessible IS conceptualization has
been an important topic in diverse research areas. In addi-
tion, the area of research is directly connected to the pur-
pose of each study, as it is explained in the context in which
IS were conceptualized. This factor may indicate that the
topic of accessibility integration in IS is highly multidisci-
plinary. The areas of healthcare, with 32%, and education
with 26%, are the most represented. Notwithstanding, the

Source

Number
of stud-

Proceedings

CW-—lInternational conference on cyberworlds

ACM Symposium on applied computing

AICT—Applied information and communication technologies, international scientific conference
LISA—Annual conference on Long Island systems, applications and technology
IEEE—International conference on software analysis, evolution and reengineering
ACAI—International conference on advances in computing and artificial intelligence
DAMT—International conference on digital arts, media and technology

SIGDOC—International conference on the design of communication: building coalitions worldwide

LACLO—Latin American conference on learning technologies

LNCS—Lecture notes in computer Science

CISTI—Iberian conference on information systems and technologies
ICCCUBEA—International conference on computing, communication, control and automation

HICSS—Hawaii international conference on system sciences

Journals Assistive technology
Journal of special education technology
Baltic journal of modern computing

Gerontology

International journal of environmental research and public health

International journal on electrical engineering and informatics

Internet interventions
JMIR Formative research
JMIR human factors,

JMIR mHealth and uHealth

JMIR Rehabilitation and assistive technologies

Journal of medical internet research
Journal of physics
Psychiatric rehabilitation journal

Universal access in the information society

ASSETS—International ACM SIGACCESS conference on computers and accessibility
People and computers: engage—Annual conference of the British-HCI-Group

— s s s e e e e P N e e e e e e e e e e e e W)
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Not specified
18%

Education
26%
Transportation

3%
Tourism
3%

Healthcare
32%

Fig.4 Distribution of papers by research area

topic also seems relevant to commerce, gaming, and trans-
portation. Surprisingly, despite tourism and transportation
being important research areas for the implementation of IS
[57, 58], only one study in each one of these academic fields
was identified.

The high percentage of studies in healthcare may be due
to the fact that disability is often studied from a health per-
spective. In addition, ensuring access to clinical information
is regarded as a priority [59], which can also explain the
importance of information systems. Furthermore, a grow-
ing presence of health information systems that support
patients with different disabilities is reported [60]. Similarly,
in education, there has been exponential growth in the use of

38%

Fig.5 Number of papers
addressing each accessible
market segment 14

Cognitive

@ Springer

information technologies for improving teaching methods.
Technologies have the potential to improve teaching perfor-
mance with students with disabilities [61], and therefore,
there is a need to build accessible teaching tools. This can
be done by integrating accessibility requirements during the
conceptualization process of those teaching tools.

3.2.2 Accessible markets segments analysed

The diversity observed in the accessibility market [4], can
lead to different user requirements that IS should fulfil. The
lack of accessibility components in a given technology can
possibly prevent its use by PwD, especially by people with
visual or cognitive disabilities, and also people with some
specific physical impairments [62]. Figure 5 illustrates the
accessible market segments that have been focused on the
diverse papers analysed. It can be seen that eight papers
(23% of total studies) were written for the general acces-
sible market, with authors targeting every segment. In con-
trast, 26 papers (77% of total studies) targeted specific group
segments, with some papers analysing more than just one
segment.

Cognitive disabilities are the most studied individual
group, with 13 studies (38% of total studies), followed by
people with visual disabilities (32% of total studies), mobil-
ity disabilities (18% of total studies), and hearing disabili-
ties, with just one paper (3% of total studies). The special
concern with people with cognitive disabilities is probably
related to the fact that many studies take place in the educa-
tion research area. Since cognitive disabilities are associated
with learning disabilities, education-related IS must address
this particular group of PwD. On the other hand, fulfilling

&

32%
23%
18%

\d

)

s

3%
Visual All segments Mobility Hearing
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accessibility requirements for users with visual disabilities
can be a challenging and complex issue, which also justifies
the need for more studies that pay attention to this type of
segment.

This variety in terms of the accessibility market segments
analysed can also be connected to the diversity of the acces-
sibility requirements. The accessibility requirements of users
with visual disabilities are different from the accessibility
requirements of users with hearing disabilities. Therefore,
during the development of IS, developers should take this
diversity into consideration. This justifies the need for IS
with different features, equally adjusted to all PwD. More-
over, integration of accessibility requirements can be the
key to making sure final solutions are indeed accessible and
usable by all accessibility market segments.

3.2.3 Accessibility integration in the development of an IS

In this section, the intention is to provide further knowl-
edge on the content of the 34 selected studies by depicting
three crucial factors. In summary, the articles were analysed
in detail to gather information about: (i) the accessibility
requirements addressed, (ii) the development phases in
which accessibility was taken into consideration; and (iii)
how exactly accessibility was integrated. By scrutinizing
these factors, it will be possible to obtain a clear idea of the
state of the literature concerning the inclusion of accessibil-
ity requirements in the conception of IS.

With the objective of providing more context on accessi-
bility integration, an effort was made to provide a summary
of requirements that were collected in the studies analysed.
To achieve this goal, WCAG 2.0 was used as a standard to
ascertain which accessibility requirements were addressed
by the authors. On this basis, WCAG 2.0 success criteria
are essential for evaluating compliance levels of web tech-
nologies concerning accessibility requirements. Essentially,
the WCAG is composed of four general principles (perceiv-
able, operable, understandable, and robust) structured into 12
guidelines, which can be translated into actual accessibility
requirements. To help this conversion, the description of how
to meet each guideline, available in the disclosure WCAG
2.0 document, was carefully read [21]. Table 3 illustrates
this conversion and depicts a summary of what accessibility
requirements were addressed in each study. It should be made
clear that each and every WCAG 2.0 success criterion and
respective accessibility requirement is crucial. However, it is
difficult for IS to integrate all types of accessibility require-
ments because doing so might result in system inefficiencies
and highly complex development processes.

In terms of the accessibility requirements addressed,
the most important aspects were making sure the system
was adaptable, functional through keyboards, easy to navi-
gate, and compatible with assistive technologies. This is

in accordance with previous findings, especially in terms
of the accessible market segments analysed. Since people
with cognitive disabilities were the most studied group, it
makes sense to make sure the development of IS addresses
navigability and adaptability. This is because these factors
heavily influence how the users operate the system. In terms
of seizure disorders, it is important for IS to avoid visual or
audio flickering as mentioned by Vitols [63]. Moreover, as
found in the model-driven approach by Rieger [64], system
functionalities must help users identify when their input is
needed (e.g. insertion of personal data).

After identifying what accessibility requirements were
present during the development of IS, it is important to look
at where accessibility was implemented. Across the identi-
fied papers, it can be seen that accessibility was integrated
into different development phases of IS. As mentioned
before, according to the global software development cycle
[39], there are five typical development phases. Table 4
depicts the development phases in which accessibility was
incorporated across the different studies analysed.

It can be seen that requirement analysis and system test-
ing are the development phases where accessibility was
mostly incorporated. Conversely, system integration and
coding are the least discussed phases. Due to this fact, it can
be speculated that authors seem to attribute particular impor-
tance to discussing accessibility requirements at the start
of the development process and during testing procedures.
Despite the lack of data in terms of successful implemen-
tation, it can be speculated that accessibility requirements
should be introduced during development phases instead of
very late phases such as implementation. Notwithstanding,
some papers address accessibility in several phases. This
can be seen especially in the study by Bulao et al. [13], with
accessibility being included in four of the five development
phases. This factor can signify that accessibility integration
is part of a continuous development process.

The phase where authors most seek to integrate accessi-
bility is the testing stage (68% of total studies). The integra-
tion of users in the testing phase is indeed important when
developing an accessible technology [47]. Through the
application of user testing methods, it can be determined if
a solution fulfils the different user’s requirements and impor-
tant feedback can be gathered that can be used to further
improve the obtained solution.

More detailed interpretations can also be made. The
requirement engineering phase is commonly a stage where
the scope of the solution is carefully analysed. The study of
the diverse users and characteristics of the surrounding mar-
ket usually leads to the determination of concrete accessibil-
ity requirements [65-67]. As addressed before, the develop-
ment of IS should follow a UCD methodology. As such,
it is important to understand users’ requirements, from the
very beginning of the development process. It should also be
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Table 4 The development phase in which accessibility was integrated

Phase Studies that address accessibility factors

% of total
studies

Total
number of
studies

Requirement analysis Bulao et al. [13], Petrenko et al. [75], Edelberg and Verhulsdonck [68], Herbuela et al. [92], 18 53
Siyam and Abdallah [66], Frost et al. [88], Mayordomo-Martinez et al. [85], Yu et al. [84],
Yamagata et al. [95], Laksmiwati and Akbar [65], Manhas [96], Jones et al. [97], Arnhold
et al. [74], Shamsujjoha et al. [86], Nicholson et al. [67], Ghidini et al. [77], Livingstone-Lee

et al. [72], Vitols [63]
System design

Bulao et al. [13], Edelberg and Verhulsdonck [68], Rattan et al. [70], Mackare et al. [71], Mas- 13 38

cetti et al. [76], Ponciano et al. [79], Arnhold et al. [74], Harrison and Petrie [91], Law and
McKay [94], Patil and Deshmukh [80], Carreon et al. [78], Rieger et al. [64], Mascetti et al.

[98]

Coding
[69], Chakraborty et al. [87], Lee et al. [83]

System testing

Petrenko et al. [75], Mascetti et al. [76], Rieger et al. [64], Patil and Deshmukh [80], Cantu etal. 7 21

Bulao et al. [13], Petrenko et al. [75], Edelberg and Verhulsdonck [68], Herbuela et al. [92], van 23 68

Kessel et al. [93], Siyam and Abdallah [66], Frost et al. [88], Mascetti et al. [98], Joddrell and
Astell [73], Mayordomo-Martinez et al. [85], Yu et al. [84], Cantu et al. [69], Correa De Lima
et al. [81], Chakraborty et al. [87], Yamagata et al. [95], Laksmiwati and Akbar [65], Manhas
[96], Harrison and Petrie [91], Law and McKay [94], Lee et al. [83], Jones et al. [97], Ghidini

et al. [77], Arnhold et al. [74]

System integration
[70], Mackare et al. [71]

Bulao et al. [13], Siyam and Abdallah [66], Frost et al. [88], Herbuela et al. [92], Rattan et al. 6 18

highlighted that system design and coding seem to be peri-
ods where authors seek to debate the different ways to cre-
ate the solution and make sure it answers users’ needs [68,
69]. Concerning coding, some authors refer to the languages
PHP and MySQL [13], as these seem to allow accessibility
specifications. It is also important to note that the authors
also do not seem to include much accessibility in the systems
integration point. This is mainly because the stage is more

oriented to explaining how the solution comes to fruition
and becomes an actual technology [70, 71].

After learning where accessibility was a point of interest,
it is necessary to ascertain how accessibility requirements
were indeed integrated. Table 5 depicts a more detailed look
at how accessibility has been employed in the conceptual-
ization of IS. Overall, the results highlight that there are
essentially four methods in terms of integrating accessibility

Table 5 Forms of integrating accessibility requirements across the development of IS

How accessibility Studies
requirements were

integrated

% of
total
stud-
ies

Using documenta-
tion/literature
about accessibility
concepts

Accessibility tools

Petrenko et al. [75], Shamsujjoha et al. [86], Rieger et al. [64], Mayordomo-Martinez et al. [85], Livingstone-Lee 29
et al. [72], Arnhold et al. [74], Laksmiwati and Akbar [65], Manhas [96], Vitols [63]

Mascetti et al. [76], Edelberg and Verhulsdonck [68], Rattan et al. [70], Mackare et al. [71], Ponciano et al. [79], 47

Carreon et al. [78], Rieger et al. [64], Patil and Deshmukh [80], Mascetti et al. [98], Joddrell and Astell [73], Yu
et al. [84], Cantu et al. [69], Correa De Lima et al. [81], Yamagata et al. [95], Vitols [63], Lee et al. [83]

Prototype building

Bulao et al. [13], Petrenko et al. [75], Edelberg and Verhulsdonck [68], Herbuela et al. [92], van Kessel et al. 59

[93], Siyam and Abdallah [66], Ponciano et al. [79], Frost et al. [88], Mascetti et al. [98], Joddrell and Astell
[73], Mayordomo-Martinez et al. [85], Yu et al. [84], Patil and Deshmukh [80], Cantu et al. [69], Correa De
Lima et al. [81], Jones et al. [97], Yamagata et al. [95], Laksmiwati and Akbar [65], Ghidini et al. [77], Lee

et al. [83]
Users’ involvement

Bulao et al. [13], Herbuela et al. [92], Petrenko et al. [75], van Kessel et al. [93], Shamsujjoha et al. [86], Siyam 71

and Abdallah [66], Edelberg and Verhulsdonck [68], Frost et al. [88], Mascetti et al. [98], Joddrell and Astell
[73], Mayordomo-Martinez et al. [85], Yu et al. [84], Cantu et al. [69], Correa De Lima et al. [81], Chakraborty
et al. [87], Jones et al. [97], Nicholson et al. [67], Ghidini et al. [77], Arnhold et al. [74], Yamagata et al. [95],
Laksmiwati and Akbar [65], Harrison and Petrie [91], Law and McKay [94], Lee et al. [83]
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requirements. Even so, extended investigation and discus-
sion of results demonstrated that most studies apply more
than one method to address accessibility features. Once
again, this implies that accessibility integration is not static,
but rather a continuous process.

Some authors review documentation to better understand
how to implement accessibility requirements. The review
process was mainly achieved by consulting accessibility leg-
islation and available literature. For example, Livingstone-
Lee et al. [72] investigated prior research concerning the
difficulties people with cognitive disabilities encounter when
using public transit. The authors were interested in following
available standards and rulesets to help this population use
transportation. This resulted in the gathering of different
requirements that should be used to develop transit apps for
this specific market of PwD. Other studies performed litera-
ture reviews on specific areas to analyse previous solutions
and discern what accessibility components were missing
[73-75]. In terms of legislation, Vitol [63] determined prob-
lems that PwD face and, based on current regulations, devel-
oped design guidelines for IS developers. Overall, it can be
observed that literature still plays a role in addressing acces-
sibility. By consulting legislation or previous documentation
is possible to have an initial idea of PwD requirements. This
is even more important when rulesets such as the European
Accessibility Act (Directive 2019/882) [44] have become
an obligation. It could be important to analyse this particu-
lar ruleset and retrieve information related to accessibility
requirements that must be present in IS.

It is also important to address the integration of already
existing accessibility solutions. Alongside the 15 papers that
integrated accessibility solutions, great diversity was found.
These solutions included: screen readers [63, 76]; accessi-
bility plugins and design tools [68], voice commands [77],
augmented reality [78], assistive visual/audio feedback tools
[73], text to speech [79], face recognition [80] and applica-
tion of focus assistance tools [81]. The idea of integrating
assistive technologies within IS is that it helps foster a more
efficient user experience for PwD. Since technology exists,
it should be made available to the users. Moreover, due to
the diversity of functionalities that these accessibility tools
bring to the table, IS can hope to help more than just one
accessibility segment. For this reason, implementation of
these existing accessibility solutions within IS can be seen
as a very important step in assuring accessible conditions to
different types of users.

The building of a prototype was found in 20 papers (59% of
total studies). To ascertain whether IS solutions can actually
serve the accessibility market, functional prototypes are usu-
ally developed [82]. Some diversity was found in terms of pro-
totype creation. Some authors opted to create fully functional
prototypes. For example, Lee [83] discussed the development
of a prototype of a multi-user online edutainment platform to

@ Springer

provide immersive and engaging experiences. Other authors
opted to create smaller solutions capable of evaluating par-
ticular accessibility issues. This was the case of the study
by Laksmiwati and Akbar [65], which simply assembled an
interface of a device for people with physical limitations to be
implemented in a rehabilitation institute. This is similar to the
study by Ghidini et al. [77], in which a prototype of a calendar
app for blind users was created based on voice commands
and control with simple gestures. One aspect that the differ-
ent papers have in common is the fact the authors wanted to
test possible solutions before implementing them. This could
signify that accessibility is not easy to implement, so there
needs to be room for trial-and-error experiments. As found
in several papers [13, 69, 84, 85], authors used prototypes to
gather a first impression from the users about the IS and pin-
point needed improvements. To a certain degree, prototypes
can be seen as another way to materialize users’ accessibil-
ity requirements. Due to this reason, prototypes seem to be
a crucial part of making sure accessibility requirements are
implemented.

Since the IS solutions are being developed for a very
specific market (PwD), it is necessary to address very spe-
cific accessibility requirements. In order to obtain an actual
functional solution, it may be important to integrate users’
points of view. To achieve this goal, it may become essential
to apply a UCD approach [60] and ascertain how users can
be an integral part of the IS development process. Users’
participation was the most applied accessibility integration
method, with 74% of total studies involving users in the IS
development process. This demonstrates the correlation that
exists between accessibility integration and the application
of UCD methodologies.

3.2.4 User involvement methods

The aim was also to explore how potential users were part
of the accessibility integration process, and so Table 6 was
created. The purpose was to ascertain the type of users and
their respective methods of involvement. A total of four main
user involvement methods were identified: (i) application
of questionnaires; (ii) focus-group/think-aloud sessions to
foster discussion; (iii) interviews with the different users;
and (iv) usability testing.

Some authors gathered accessibility requirements directly
from PwD. This was achieved mainly via questionnaires [84,
86—88]. However, involvement procedures are not always
easy [89] and users’ engagement methods must be correctly
prepared for the accessibility market. Thus the preparation of
materials (e.g. questionnaires, interview scripts, focus-group
questions) and their respective application should be given
proper thought. It is necessary to ensure accessible condi-
tions so that PwD can properly speak their mind. Ensuring
accessibility conditions helps developers understand users’
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requirements and how to create IS which are capable of
addressing those needs.

By analysing the number of studies that applied each
method, there is a clear predominance of studies that per-
form usability tests. These tests can be described as an evalu-
ation of how a set of users use a given software solution
[90]. In that sense, 53% of studies apply usability testing
with PwD. It should be noted that to perform usability tests,
some authors [75] allowed PwD to interact with the IS and
then analysed this interaction. For this analysis, some studies
opted for applying usability scales [74], while others opted
for task performance evaluation [91]. There are also some
cases in which usability tests were complemented with ques-
tionnaires [81].

The great use of usability testing shows the importance of
design centred on the PwD. The users’ input can be a very
important part of validating a technological solution since
they can provide important feedback about accessibility fea-
tures and consequently identify the need for improvements.
As expected, many of the authors that built a prototype felt
the need to test it with users. For that reason, almost every
study that built a prototype (Table 5) tested it with actual
PwD. The exception is the studies by Herbuela et al. [92]
and Chakraborty et al. [87], in which the authors performed
usability testing with solutions that already existed in the
market.

It is important to note that not only were PwD integrated,
but also experts and caregivers. In the context of this work, a
caregiver can be interpreted as someone who takes care of a
PwD. In the papers analysed, caregivers were either family
members [92] or non-family, including health-trained pro-
fessionals [66]. A distinction should also be made between
experts. Some studies took into consideration the expertise
of people in a given research area, such as healthcare profes-
sionals [93] or education professionals [13]. On the other
hand, some authors involved accessibility experts [74, 91]
to help with the design of accessibility features within the
IS. It can be argued that these users are also an important
part of the demand part of the accessibility market, together
with PwD. Since caregivers and experts constantly interact
with PwD, they are more aware of particular accessibility
needs. In addition, in some papers [65, 75], caregivers and
experts were also considered end-users, as the system was
also being developed for them. For those reasons, it would
be important to incorporate their views and opinions on pos-
sible accessibility requirements. On this matter, some studies
incorporated experts [13, 74, 91, 94] and caregivers [66, 92]
during IS development phases, namely requirements analysis
and system design (Table 4). For this particular procedure,
interviews were the most predominant method.

@ Springer

Usability tests with these non-PwD users were also per-
formed in 10 papers (29% of total studies). It is interesting
to note that all studies performing usability testing with car-
egivers also tested with experts. Once again, usability testing
consisted of studying how caregivers and experts interacted
with particular IS solutions. The integration of these users
may imply that some authors also saw value in obtaining
their feedback, especially in relation to the available func-
tionalities of the system. Similarly to their involvement in
previous phases, the integration of these users in testing
can bring great benefits to the development of accessible
IS. The observations of non-PwD users can bring attention
to otherwise unconsidered factors such as a basic missing
functionality or a simple colour mismatch. By considering
distinctive points of view, developers can identify more flaws
and apply correction measures. This will make sure that the
system is more usable and more accessible.

4 Conclusion, implications, and further
work

This study employed an SLR to understand how accessibil-
ity can be integrated into the development process of IS. To
perform the review, a SW1H framework (Fig. 1) was applied
to guide the analysis. The SLR used a research string in
two distinct academic databases, resulting in the analysis of
34 papers after the application of careful selection criteria.
The 34 selected studies were carefully examined in terms of
bibliometric factors and content analysis.

Based on the bibliometric analysis, it can be concluded
that the topic under study was explored within academia
between 2004 and 2022, revealing an increasing research
tendency in more recent years. In terms of publishing
sources, great diversity was observed. Different academic
journals and conferences have published content related
to the integration of accessibility components in IS. After
performing the content analysis, important pieces of
evidence were also identified. Concerning research areas,
healthcare and education are the areas with most published
studies. This could be explained by the growing importance
of information technologies in these fields. Regarding
accessibility market segments, IS solutions seem to be more
oriented towards users with visual and cognitive disabilities.
The authors seem to integrate accessibility factors,
especially during two IS development phases: requirements
analysis and testing phases. This accessibility integration is
obtained mainly by involving potential users and creating
prototypes while some other practices included literature/
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documentation exploration and the use of widespread
accessibility solutions. Concerning users’ involvement, not
only PwD but also experts and caregivers were incorporated
into IS development. This engagement was obtained
especially via usability testing. Other involvement methods
included interviews, questionnaires, and focus groups.

In general, the results of the literature review showed
that, even though accessibility is starting to become a more
prominent aspect of IS, there is still a long road ahead. There
are clear ways to make sure accessibility is present when
developing technology. The integration of users in different
IS development phases was a crucial aspect, with more than
74% of papers integrating them. Consequently, the pieces
of evidence obtained within the review imply that there are
great advantages in the application of UCD principles, with
users’ involvement demonstrating the correlation between
accessibility and UCD. Users are a crucial part of IS, so for
a solution to be accessible, it is important to listen to the
users and incorporate their accessibility requirements. Due
to the particularities of PwD requirements, only by focus-
ing on users and developing the IS based on them will it be
possible to obtain IS solutions capable of answering their
accessibility needs.

As theoretical contributions, this study increases knowl-
edge in an emerging and increasingly important area, which
is the development of solutions for PwD. Accessibility has
become a concern in recent years, as the accessible market
has been gaining attention in business environments. There
is a growing need for accessible technology, so it is impor-
tant to spread awareness on how exactly accessibility can be
integrated. Concerning practical contributions, the review
helps identify some potential methodologies that can be
applied in different research contexts. The accessibility inte-
gration methods identified can potentially serve as roadmaps
for authors to create frameworks and other methodological
approaches which have accessibility as the main concern.
Moreover, the review can potentially help spread the need
for more accessibility components in information technolo-
gies. By increasing the accessibility of technological prod-
ucts, it is possible to thrive in the accessibility market. Given
all the growth potential of the accessibility market [33] and
the need to create solutions which are accessible to all, one
can understand the relevancy of integrating accessibility
aspects when developing innovative technologies.

Despite the important insights related to the integration of
accessibility in the development process of IS, some limita-
tions may be identified. The conclusions drawn from this

work are based only on what is reported in the literature,
and thus it is necessary to expand this study into practical
applications. Therefore, it will be important to understand
the developers’ circumstances, and at the same time, try
to discover the reasons behind the lack of attention given
to accessibility during the IS development process. Some
limitations in terms of the SLR conducted should also be
addressed, namely related to the data extracted from the
primary studies. No automatic tools were used to perform
the analysis, which impacted search strategies, data extrac-
tion, and synthesis strategies. To tackle these limitations,
information obtained from the selected studies was reviewed
more than once by all researchers. To accomplish this, a
synthesis document (appendix) and a shared database using
Microsoft Excel were produced. The documents were thor-
oughly corrected by all authors, making it possible to convey
contributions from all and minimize the chance of errors
appearing throughout the SLR.

In terms of identified research gaps, very few studies
provide an actual methodology that integrates accessibility in
all stages of the development process. There is a clear need
for methodologies that are capable of integrating accessibility
across all development phases, at the same time providing
transversal concepts which can be applied to other research
bases. Another interesting aspect is the lack of accessibility
integration studies in different research areas. Only six research
areas were identified, with some presenting very few studies.
Given the need for accessibility technologies in areas such as
communication, media, entertainment, security, transportation,
and tourism, it is important to expand these types of studies
to other research areas. Furthermore, it would be interesting to
extract how the success of research was impacted by the phase
of the IS life cycle where the requirements were integrated.
This could prove beneficial for the research community to
know which particular phases should be targeted target in
future works. Finally, knowing that technology should be
accessible to all, there is a clear need for more actual accessible
information technologies. Making sure accessibility is present in
the development process of IS is an important step to ensure that
everyone can indeed use the final version of a given technology.

Appendix

List of articles included in the systematic literature review.

@ Springer
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