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The constant growth of digital information and online services highlights the need to protect the rights of people with
disabilities in terms of web accessibility. Despite EU regulations aimed at harmonizing this process, some problems still remain
unsolved. This article sheds light on legal documents protecting the rights of people with disabilities regarding web accessibility. The
conducted profound analysis of abundant research and applied papers showed the lack of systematization of accessibility testing
standards. The authors disclosed modern approaches to testing the accessibility of web applications depending on the special needs
of users and elaborated the checklist for testing the accessibility of web-applications.
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TETAHA )XMPOBA, HATAJIIAI KOTEHKO,
BOJIOAUMUP TOKAP, KAPMHA XOPOJIbCBKA, bOI'IAH BEBEIIIKO

KuiBcpkuil HalliOHAIBHUN TOPrOBEIbHO-CKOHOMIUHUH YHIBEPCUTET

TECTYBAHHA JOCTYIIHOCTI BEB-JOJATKIB

TTocTiviHe 3pocTarHHs UMpoBOI IHEOPMALIT Ta OHJIAVH-NTOC/TYI MIAKPECTIOE HEOOXIAHICTb 3aXUCTY IPaB JI0AEU 3 IHBA/IIAHICTIO
3 TOYKM 30py BEO-AOCTYIHOCTI. HezBaxaroun Ha rpaswia €C, CripsMOBaHi Ha rapMOoHI3aLito LibOro rpowuecy, AesKi npobemu Bce Lje
3a/MLLIAIOTLCS HEBUPILLIEHUMH. Y UiV CTATTi 6Y710 PO3ITISHYTO HOPMAaTUBHO-MPaBOBI aKTH, SIKI CrPSIMOBaHI Ha 3aXUCT fpas /io4en 3
OOMEXKEHNMN MOXX/MBOCTAMU LLYOAO BEBG-LAOCTYITHOCTI, POAHA/IZ30BAHO HAyKOBO-MPaKTUYHY JIITEPATYPy, NPaKTWyHi ry6sikayii 1a
IHTEPHET-BUAGHHS [3 333HAYEHOI pobnemMatmku. 35C0BaHO, YO MUTEHHS AOCTYIHOCTI IPOrpamMHoOro 3abe3rneyqyeHHs noTpebye
TPYHTOBHOIO aHasl3y Ta CUCTEMAaTU3aLli, a TaKoX € HEOOXIAHICTb Yy BAOCKOHA/IEHHI CTAHABPTIB TECTYBAHHS AOCTYITHOCTI BE6-404ATKIB.
3aiicHeHmi  aHasi3 HU3KU [OCTIKEHb Ta [PUKIEAHUX CTaTed IM0Ka3aB BIACYTHICTb CUCTEMATU3AaLIi CTaHAAPTIB TECTYBAHHS
AOCTYIHOCTI,

Sk npasnio, AOCTYITHICTL aCOLIIOETLCS came 3 Bagamu 30py, MpoTe repesiik Bag, SKi noTpebyoTs yBaru Wo[o po3pooKu
VYHIBEDCA/ILHOIO AN3auiHy, Habararto Gifible. TakuM YuHoM, A/15 TOro Wob CTBOProBaTH A0AATKY, SKI MAKOThb YHIBEDCA/IbHMA AN3EViH,
AOLi/IbHO 3AIMCHATH KIACUQIKALIIO TOTEHLIIVIHUX KOPUCTYBAYIB Ta BUIHAYUTUCH 3 10TPEGaMM KOXHOI rpyrv. CiHopMOBaHO NEPENK
Bay, ki MOTPEBYIOTs yBary WOAO PO3POBKY YHIBEDCA/ILHOIO AN3aiHy, MPOTe 3a3HAYEH] BUuAM MOPYLLEHD HE € [TOBHUM MEPETIKOM yCiX
MOXIINBUX, aJIE € HAVIOITbLL TTOLMPEHNMU 38 CTATUCTUYHMMU [aHumn BOO3., KoxHa 3 3a3HayeHux Bag rMoTpeGYE BiArnoBigHOro
AN3aVIHy Ta apXITEKTYpu JOAATKY OB 3p06UTH HOro yHIBEDCAIbHUM. B MEXax 4aHoi CTaTTi cihopMy ibOBaHO BUMOrv A0 BEG-A04ATKY
B 38/1&XKHOCTI Bifj KOrHITUBHMUX [1OPYLLIEHb.

[IpoaHarnizoBaHo CTaHAapTV 3 MUTaHb AOCTYITHOCTI, CUCTEMATU30BAHO IMiAX0AM A0 TECTYBaHHS AOCTYIMHOCTI BE6-A04aTKIB y
3a/IEXHOCTI Bl 0COO/MBUX I0TPEG KOPUCTYBaYiB. TecTyBaHHS AOCTYIHOCTI [OMOMAarac 3pobut BeO-404aTku AOCTYIIHUMU 1
OIfIbLLIOI KiTIEKOCTI KOPUCTYBAYiB. /1 TOro, o6 y MOoBHIM MIpi 34IMCHUTH TECTYBAHHS AOCTYITHOCTI HEOOXIAHO: BU3HAYNTH Lii/IbOBY
ayanTopito, BU3HAYUTH SKUM YUHOM BOHM BUKOPUCTOBYIOTb AOAATOK, BCTAHOBUTY MOTEHLIVIHI POGAEMY, SKI MOXKYTb BUHUKHYTU Y
1pOLEC] KOPUCTYBaHHS BEO-LOAATKaMN. ABTOPU PO3KPHUIIN Cy<aCHI IiAaxXoamn A0 MEPEBIDKM AOCTYITHOCTI BEG-LOAATKIB 3a/IEXHO Bif
0CcobrmBuX MOTPEG KOPUCTYBAYIB Ta PO3POOU/IN KOHTDO/IbHMY CIIMCOK U151 MEPEBIDKU [OCTYIIHOCTI BE6-40AATKIB, 4O BPAaXOBYE
KOrHITUBHI MNOPYLIIEHHS Ta OMUPAETLCA Ha cTaraapT WCAG 2.1.

KIt040Bi C/10Ba. JOCTYITHICTb, IHKITIO3NBHMA AU3aVIH, TECTYBAaHHS], BEO-A0AATKM.

Introduction

Issues of protection of the rights of people with disabilities both in EU member-states and Ukraine are
outlined in many legislative documents [1, 2, 3, 4]. Although the EU and its partner countries are constantly working
on improvement of conditions for people with disabilities, a number of issues remain unsolved, including information
accessibility.

Digital accessibility becomes more popular as the amount of information and online services increases every
day. The rapid development of information technology makes it possible to solve most problems of information
accessibility for people with disabilities. However, this requires additional legislature to regulate the accessibility of
hardware and software. To address these issues on October 26, 2016, the EU Parliament and the Council of the
European Union passed the EU Web Accessibility Directive and on June 7th, 2019 the European Union formally
adopted the European Accessibility Act. The Directive aims at creating a more standardized and harmonized
framework of user-friendly in terms of accessibility websites and mobile applications of public sector bodies [5]. The
Directive complements the European Accessibility Act which covers a wide range of products and services also in the
private sector. Moreover, the EU legislation supports people with disabilities in other areas including electronic
communications, audio-visual media services, eBooks, e-commerce and ICT equipment [6]. In accordance with this
Directive, the following deadlines were set: September 23, 2019, all new public sector websites and apps should
conform to the Directive; September 23, 2020, all new and existing public websites must conform to the Directive;
June 23, 2021, all new and existing mobile apps must conform to the directive [5].
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Although there are generally no requirements for the accessibility of private sector websites and mobile
applications in EU member-states, business entities follow trends in protection of the rights of people with disabilities
to avoid losing a significant segment of users. Therefore, software developers of websites and mobile applications
must solve two tasks: software developing and testing.

Related Works

The desire to improve the quality of life for people with disabilities has been around for decades. The topic
of accessibility is not new, but it is still relevant, as evidenced by the goal of the Disability Rights Strategy for 2021-
2030, which aims at addressing various problems faced by people with disabilities.

The IT industry must also be accessible. The increase in digital information, the continued development of
IT, and the transition to online life (intensified by the pandemic) require software to be adaptive for people with
disabilities. The topic of accessibility of IT to people with disabilities was considered by the following scientists:
Hosking D. [7], Krebs 1. [8], Neveen 1. [9], Won-Kyung Lee [10], Alves D. [11], Goncalves de Branco R. [12],
Fathauer L. [13], etc. An analysis of pieces of research has shown that the software requirements for accessibility are
not fully understood. Moreover, software accessibility testing is almost ignored as it was stated by K. Wille [14], N.
Patil [15], E. Park [16], N. P. Kasaghatta Ramachandra [17], etc. It is worth mentioning that most researchers consider
the accessibility of software for the visually impaired people and ignore other disabilities that also require a specially
organized user interface.

The analysis of scientific literature, applied articles and online publications has shown that the issue of
software accessibility requires systematization, and there is a need to improve the standards for accessibility testing.
Thus, given the scope of the issue, the purpose of this article is a thorough analysis of accessibility standards, research
and systematization of existing approaches to manual testing of web-application accessibility depending on the special
needs of users, as well as elaborating a checklist for web-application accessibility testing.

Web-application Inclusiveness Testing

According to the Directive (EU) 2016/2102 of the European Parliament and of the European Council of 26
October 2016 on the accessibility of the websites and mobile applications of public sector bodies [18], it is the web-
applications of public sector bodies that require accessibility. According to the World Health Organization, more than
one billion people, representing 15% of the world population, live with some form of disability, and as the population
ages, this number is steadily increasing [19]. That is why to ensure equal rights and opportunities for people with
disabilities, all software must be accessible, including web-applications.

Before considering the features of developing and testing web applications that would provide accessibility
for people with disabilities, it is advisable to find out their needs, as well as to define such terms as “disability”,
“person with disabilities”, and “accessibility”.

A disability is any condition of the body or mind (impairment) that makes it more difficult for the person
with the condition to do certain activities (activity limitation) and interact with the world around them (participation
restrictions) [20].

A person with a disability is a person with a persistent dysfunction of the body, which in interaction with the
external environment can lead to a restriction of his or her life, as a result of which the state is obliged to create
conditions for exercising his or her rights on equal basis with other citizens [20].

An analysis of Ukrainian and foreign information sources indicates that the terms “handicapped” and “a
person with disabilities” are mostly synonymous, although in our opinion the latter category also includes people who
are slightly limited in their physical or psychological capabilities, but do not receive social protection from the state
and do not have the official status of a disabled person.

Quite often the terms “persons with special needs” and “persons with disabilities” are used as synonyms, but
in the context of educational needs. Thus, according to the legislation of Ukraine, a person with special educational
needs is a person with a disability who needs additional support to ensure higher education [21], and a person with
disabilities is a person with physical and / or mental disabilities, which prevent the assimilation of educational
programs without creating special conditions for education [22]. In our opinion, when it comes to the accessibility of
web-applications and mobile applications, these terms are synonymous. For the objectives of this article, persons with
special needs will be understood as those who have certain physical or mental disabilities and for whom the inclusive
design of digital resources will ensure the full use.

Inclusive design is the process of making relevant software, which includes both websites and mobile
applications, accessible to different audiences. Accessibility is the goal of this process, when different people are
equally comfortable using the product. We also need to shed light on the concept of “universal design”. This is a
broader concept, it originated in the field of architecture and indicates how comfortable the environment is for people
with various physical and mental disorders [23].

As arule, accessibility is associated with visual impairments, but the list of defects that need attention in the
development of universal design is broader. Thus, in order to create applications that have a universal design, it is
advisable to classify potential users and determine the needs of each group. The roaster of types of disorders that must
be considered when developing inclusive applications embrace:
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1. Sensory disturbances:

- Eyesight:

. moderate visual impairment: farsightedness, myopia, astigmatism;

. severe visual impairment: cataracts, glaucoma;

. blindness: complete, partial and color blindness. Color blindness: achromatopsia,

monochromasia, dichromasia (protanopia, deuteranopia, tritanopia), trichromasia.

Visual problems require the ability to customize the interface, increasing or decreasing the text and adding
contrast, and blindness requires sound with screen readers, color blindness requires adjusting the appropriate color
design.

- Hearing: deafness.

The person relies entirely on sight, so the design should include easily readable information, audio
information should be duplicated in the text format, video information should be accompanied by captions and
translation into sign language.

2. Physical defects (motor disorders):

— absence or paralysis of one or two upper extremities, or parts thereof;

- impaired coordination of movements;

- muscular dystrophy;

- multiple sclerosis;

- Parkinson's disease;

- cerebral palsy.

Musculoskeletal disorders dictate the requirements for the size of elements on the screen and ease of use, as
well as the interaction of applications with special input-output devices and other applications: screen reader, Braille
display, speech recognition and voice control, sip-and -puff (SNP), inhale-exhale, switches, etc.

3. Cognitive disorders (disorders of memory, gnosis, praxis, speech, intelligence and attention):

- epilepsy;

- dementia;

- autism spectrum disorders;

- dyslexia;

- distracted attention;

- cognitive impairment caused by age changes [24];

In general, cognitive impairments require quality and simple content, available in a user-friendly interface
that does not require unnecessary action.

These types of disorders are not a complete list of all possible ones, but they are the most common ones
according to WHO statistics. Each of these flaws requires an appropriate application design and architecture to make
it versatile. In this article, we will explore testing the accessibility of web applications that address some cognitive

impairments. Each type of defect requires consideration of certain features (Table 1).

Table 1
Requirements to Web-applications depending on cognitive impairment
Cognitive impairment Peculiarities Requirements to Web-applications

Epilepsy Flashing lights, images, and repetitive patterns | No flicker in the application. The design should be in calm
may cause seizures in persons with photosensitive | tones, without repetitive patterns.
seizure disorder.

Dementia Dementia is a syndrome in which there is | The application should have a surprisingly easy and clear
deterioration in memory, thinking, behavior and | interface. Content should be written in easy, understandable
the ability to perform everyday activities. language, short sentences without the use of specific

vocabulary and abbreviations. Any features that a potential
user can use should have a short commentary with video
accompaniment. If the web application involves filling out a
form, it must be with a label, which clearly indicates what
exactly the user needs to enter. The text of the placeholder
should not be the main one, but only supplement the
information from the Label. It is desirable that the user should
be able to consult with the operator in case of questions.

Dyslexia Dyslexia is a learning disorder that involves | All content of the application must be voiced. If the user fills

difficulty with reading due to problems of
identifying speech sounds and learning how they
relate to letters and words (decoding). Also called
reading disability, dyslexia affects areas of the
brain that process language.

out the form, it is desirable to voice the completed
information as a check.

Attention Deficit
Hyperactivity Disorder

The syndrome can have various manifestations:
inattention, distraction, inability to concentrate;
constant mobility, impulsiveness, including
wasting money.

The content of the application should be quite short and
informative, have a clear structure. Particular attention should
be paid to self-checking the form. It is recommended that the
user immediately receive information about the error in the
filled field and a prompt for correction.
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In order to provide people with disabilities with a high level of content accessibility, the Web Accessibility
Initiative (WAI) within the World Wide Web Consortium (W3C) has developed the Web Content Accessibility
Guidelines (WCAG) standard. The latest version of WCAG 2.1, was published on June 5, 2018 and contains all the
requirements of previous versions. Thus, if the web application complies with WCAG 2.1, it will automatically also
comply with all other versions of WCAG.

Each new version simply adds new recommendations to existing ones. The previous version of WCAG 2.0
was adopted as the 1SO ISO / IEK 40500 standard, and WCAG 2.1 - as the standard of the European Union EN 301
549. Recommendations for ensuring the accessibility of web-content are the most universal, with a large number of
countries adapting these requirements to their laws. A preliminary version of WCAG 3.0 has now been developed,
which takes into account the accessibility not only of websites, but of all web-applications in general.

The standard contains a number of recommendations on what needs to be done to make the web-content
accessible to people with disabilities. Recommendations are grouped according to four principles: perception,
manageability, comprehensibility and reliability. These recommendations are called success criteria, and according to
them, the application can receive one of three levels: A, AA or AAA. Accessibility testing at the appropriate level is
performed by automated systems and testers who check whether the content of the site meets the relevant criteria and
assess the usability of the platform.

The Accessibility Conformance Testing (ACT) Rules Format 1.0 defines a format for writing accessibility
test rules. These test rules can be used for developing automated testing tools and manual testing methodologies. It
provides a common format that enables any party involved in accessibility testing to document and share their testing
procedures in a robust and understandable manner. This enables transparency and harmonization of testing methods,
including methods implemented by accessibility test tools 25.

Although Accessibility Conformance Testing (ACT) Rules Format 1.0 and WCAG 2.1 have been developed,
there is a need to supplement, specify and summarize these rules in the form of a checklist. The following is a checklist
for testing the availability of web applications. Note that this check list takes into account only cognitive impairments
and is based on the WCAG 2.1 standard.

1. Layout testing:

— Comparison with the layout. Since the layout testing is based on a comparison with the layout, it is
advisable to test the accessibility documentation first, and then test the layout itself. When it comes to layout testing,
keep in mind that constant page navigation is very important for users with cognitive impairments, so it’ a good
practice to maintain website consistency and not change pages regularly. Adapting to a new layout is time consuming
and can be difficult. Layout testing will save a significant portion of money for the customer and provide a higher
quality software product.

— Location and size of elements. User interface components and navigation must be operable. Items should
be arranged in the usual way without hiding menus and tips. Navigational mechanisms that are repeated on multiple
Web pages within a set of Web pages occur in the same relative order each time they are repeated, unless a change is
initiated by the user.

— Matching fonts (name, size, color). Line height (line spacing) to at least 1.5 times the font size; Spacing
following paragraphs to at least 2 times the font size; Letter spacing (tracking) to at least 0.12 times the font size;
Word spacing to at least 0.16 times the font size. The visual presentation of text and images of text has a contrast ratio
of at least 4.5:1, except for the following. Large Text: large-scale text and images of large-scale text have a contrast
ratio of at least 3:1;Incidental: text or images of text that are part of an inactive user interface component, that are pure
decoration, that are not visible to anyone, or that are part of a picture that contains significant other visual content,
have no contrast requirement. Logotypes: text that is part of a logo or brand name has no contrast requirement.

— Content (check for spelling and grammar errors). Content should consist of short and clear sentences,
not contain slang and specific vocabulary, unless required by the subject of the site. The human language of each
passage or phrase in the content can be programmatically determined except for proper names, technical terms, words
of indeterminate language, and words or phrases that have become part of the vernacular of the immediately
surrounding text.

— Cursor appearance. Changing the shape of the cursor depending on the element on which it is hoisted
gives the user a hint about the function of the element.

— Headings, title of the page. Selected content elements facilitate the perception of the text.

— Browser extensions that may affect the appearance of the program (for example, AdBlock).

— Check the content when the images are disabled (WebDeveloper mode), flash, JavaScript.

- No blinking, which is also included in the video content. Web pages do not contain anything that
flashes more than three times in any one second period. Motion animation triggered by interaction can be disabled,
unless the animation is essential to the functionality or the information being conveyed.

- Application volume. If the application provides audio (advertising, audio assistant, video assistant,
etc.), you must allow the user to adjust the volume or turn it off altogether.

2. Localization testing.

—  Checking the test sample for correct translation.

92 MDKHAPO/IHUI HAYKOBUI XYPHAJL .
«KOMIT’IOTEPHI CUCTEMMU TA IHOOPMALINHI TEXHOJIOI'TI», 2021, Ne 3


https://www.w3.org/TR/WCAG21/#dfn-text
https://www.w3.org/TR/WCAG21/#dfn-images-of-text
https://www.w3.org/TR/WCAG21/#dfn-contrast-ratio
https://www.w3.org/TR/WCAG21/#dfn-large-scale
https://www.w3.org/TR/WCAG21/#dfn-user-interface-components
https://www.w3.org/TR/WCAG21/#dfn-pure-decoration
https://www.w3.org/TR/WCAG21/#dfn-pure-decoration

INTERNATIONAL SCIENTIFIC JOURNAL
«COMPUTER SYSTEMS AND INFORMATION TECHNOLOGIES»

—  Adaptability of the application after translation into different languages.

—  Abbreviations — There are rules that either translate, transliterate, or leave them as they are, but in any
case they should be understandable to people with cognitive impairments.

—  Check fonts after translation into other languages.

—  Check the search in all locations. It is necessary to take into account the possibility of a mistake in the

word.

3. Functional testing. To conduct functional testing for accessibility for people with cognitive
impairments, it is advisable to consider all the elements of the application and determine the purpose and features of

each (Table 2).

rights by the user

Table 2
Features of testing the functionality of application elements for accessibility
Element Function Features
Button After pressing some action occurs | The location and signature of the button should not raise questions about its
purpose. The button can be pressed from the keyboard and voice command. The
Enter button should work as Submit.
Input field To convey a certain action and | The user should receive clear instructions on the information expected in the input
interaction field. If an input error is automatically detected and suggestions for correction are
known, then the suggestions are provided to the user, unless it would jeopardize
the security or purpose of the content. Check for trimming spaces in input fields;
whether all editing methods work (Insert, Delete, Backspace, Ctrl + C/V / X/ Z,
etc.
Search To find relevant information by | Voice search engine control, automatic error correction.
the user
Login-form To obtain the appropriate access | The user must have enough time to fill out the form. When an authenticated session

expires, the user can continue the activity without loss of data after re-
authenticating. For Web pages that require the user to submit information, at least
one of the following is true: reversible — submissions are reversible; checked - data
entered by the user is checked for input errors and the user is provided an
opportunity to correct them; confirmed - a mechanism is available for reviewing,
confirming, and correcting information before finalizing the submission.

Calendar, date and
time

To select a date

Ability to enter the date from the keyboard using the input mask. Alternatively, the
user should be prompted to select a date from the drop-down list.

Error messages

To inform the user about the
incorrect operation of the
application, or improper handling
of the application by the user

Error messages should be clear and local, and should include a prompt to correct
the error.

script.

Hint Provide help to the user In addition to the standard help, the user can choose a video help that will show
the way to solve the problem.
Pop up Direct the user to the desired | Research has shown that 73% of Internet users do not approve pop-ups:

considering people with cognitive impairments, pop-ups should not be used, or the

user should be able to adjust their absence.

4. Compatibility testing. In addition to the typical compatibility testing, it is necessary to test the application
with assistive technologies. When it comes to people with cognitive impairments, the technology that will be quite
relevant is the screen reader. It is the screen reader that converts text from the screen into an audio stream of
synthesized speech or a set of sounds of different frequencies. In addition, the screen reader allows you to quickly
display a list of items (titles, links, buttons, sections, etc.) and switch between them, which greatly facilitates the work
of the web application not only visually impaired but also people with dyslexia and dementia.

Conclusion

Web-accessibility is a topical and broad topic that requires extensive and in-depth research. It should be noted
that web-accessibility is accessibility not only for people with disabilities, because creating accessible web-
applications makes interacting with them more convenient for all users.

Accessibility testing helps make web-applications accessible to a broader range of users. In order to fully
perform accessibility testing, it is necessary to identify the target audience, determine how they use the application,
identify potential problems that may arise. This article investigated the peculiarities of the perception of information
by people with cognitive impairments. The authors elaborated the appropriate checklist for accessibility testing of
web-applications.
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