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Abstract—With each passing day, the Web is becoming
increasingly important in our lives. Hence, the need of
making it more accessible to everyone, especially for the
disabled and elderly spurred a great interest in automated
tools, the total registered number of which has been
continuously increasing and reached from forty-five
software bids in 2014 to ninety-three in 2017. The
purpose of this empirical research is to assess and
compare eight popular and free online automated Web
accessibility evaluation tools (AWAETs) such as
AChecker, Cynthia Says, EIIl Checker, MAUVE,
SortSite, TAW, Tenon and WAVE with regard to the
WCAG 2.0 conformance. As a result, significant
differences were observed in terms of tool’s coverage (a
maximum of 32.4%), completeness (ranges between 10%
and 59%), correctness (an average of 70.7%), specificity
(reaches 32%), inter-reliability (lies between 1.56% and
18.32%) and intra-reliability (the acceptable score),
validity, efficiency and capacity. These eight criteria can
help to determine a new role played by modern
AWAETSs as dependent methods in Web accessibility
evaluation. Moreover, consequences of relying on
AWAETs alone are quantified and concluded that
applying such approaches is a great mistake since
subjective and less frequent objective success criteria
(SC) failed to be automated. However, using a good
combination of AWAETSs is highly recommended as
overall results in all the mentioned quality criteria are
maximized and tools could definitely validate and
complete each other. Ultimately, integrating automated
methods with the others is ideal and preferably at an
early stage of the website development life cycle. The
study also provides potential accessibility barriers that
make websites inaccessible, challenges AWAETS are
currently facing, nineteen pros and fourteen cons and
fifteen improvement recommendations for the existing
and next generation of AWAETSs. Fundamentally,
achieving the objectives of this study was possible due to
the elaboration and implementation of a new five-phased
methodology named as “5PhM-for-rAWAEMs” for
successful selection, evaluation and/or comparison of
AWAEMs. In addition to providing detailed descriptions
of the estimation process, this methodology represents
eleven key criteria for effective selection of suitable

Copyright © 2017 MECS

AWAEMs and necessary numbers of web pages and
expert evaluators for acceptable, normal or ideal
assessment.

Index Terms—Web accessibility; guidelines and
standards; WCAG 1.0 and 2.0; automatic Web
accessibility evaluation methods and tools; TP; FP; FN;
human-expert review; tool’s coverage, completeness,
correctness, specificity, inter- and intra-reliability,
validity, efficiency and capacity.

I. INTRODUCTION

An ever-growing range of Web-based services such as
online communications, internet banking, ordering,
government services, consultations, job searching and
others that do not require leaving home are becoming
increasingly important for people with disabilities whose
number has been rapidly growing because of the
demographic trends and reached to one billion people or
15% of the world’s population [1]. However,
inaccessible websites exclude this significant segment of
the population from their fundamental rights to fully use,
benefit and contribute to the Web. Also, websites
with poor accessibility lead to decreased credibility [2].
Unfortunately, making the Web accessible for disabled
and senior people still remains an urgent human-
computer interaction problem despite the existence of
numerous accessibility guidelines, the wide availability
of conducted studies and free software programs as well
as inexpensive solutions. In this regard, incorporating
automated Web accessibility evaluation methods
(AWAEMs) with the other testing methods to evaluate
and ideally improve the accessibility of websites has a
great potential and is the best way to address this
problem.

The fast-paced growth of the Web imposes new
challenges for AWAEMs. On the other hand, AWAEMSs
are being developed since many years due to the
expansion of their track records of mistakes. New
AWAEMs are emerging and non-competitive ones leave
their place to stronger ones. With this connection, we
hypothesize that a holistic picture of the accessibility
assessment of dynamic websites by modern AWAEMSs
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has now changed too. It is, therefore, reasonable to
conduct a new study to characterize these changes.
Accordingly, the goals of the paper are:

1. To define what role do modern AWAETS play in
verifying accessibility issues and are they more
effective than their predecessors.

2. To discover in what degree each opted tool is
capable to independently reveal accessibility
errors and suggest the best way(s) to improve the
efficiency of using AWAETS.

3. What specific problems

make  websites

inaccessible and to what extent they are automated.

4. To represent challenges AWAETS are currently
facing, provide a new insight into their pros and
cons and propose new theoretical and practical
recommendations for improving their
functionalities.

To address the above-mentioned goals, eight free
AWAETs are benchmarked in the context of eight
quality characteristics such as coverage, completeness,
correctness, specificity, inter- and intra-reliability,
validity, efficiency and capacity. This research has
selected WCAG 2.0 for the compliance of the website
since it is internationally accepted and implemented by
the majority of AWAEMs as the basic standard. In
addition, manual expert evaluations were conducted to
confirm true and false positives found by each tool as
well as identify missed true positives.

The remaining parts of this paper is organized into
eight sections: S.II) comprises background information,
S.I1) gives an overview of obtained results, S.IV)
discusses the findings and their implications, S.V)
considers pros and cons of AWAETSs, S.VI) provides
recommendations for improving the quality and
functionality of AWAEMs, S.VII) presents limitations
and indications for future work and S.VIII) is about
summary and concluding remarks.

Il. RESEARCH BACKGROUND
A. Accessibility: Terms and Definitions

Accessibility refers to technical, design and organizational
barriers that make the useof the Web difficultor
impossible for users, mostly the elderly and disabled.
Subsequently, making the website accessible involves the
removal of all existing barriers that are caused because of
inattentive construction of sites [5]. In a broad sense, the
term accessibility means that any user regardless of
economic, geographic or physical circumstances can
easily visit any place of a website [6], understand its
content and have full interaction with it by having a well-
known browser [7], operating systemand device. A
website is considered accessible if it can be reached,
navigated, controlled [8-11], perceived, operated and
understood [11, 13] by every user, regardless of his/her
limited opportunities. As specified in Fig. 1, web
accessibility is often considered as a crucial subset of
usability.
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USABILITY

Fig.1. Interrelations between usability, accessibility, manual
and automatic tests

B. Web Accessibility Guidelines

Since organizations at various levels such as
international levels (W3C/WAI [8], [14], ISO IS 9241-
171 [15] and TS 16071 [16]), state or national levels (e.g.
the state ICT development program (Tajikistan, [17,18])
and National Action Plan on Disability (Austria, [19])
and individual organizations (e.g. IBM, Microsoft, SUN
or SAP) have undertaken to develop standards/guidelines
for accessibility estimations, the concept of multiple Web
accessibility guidelines has appeared. Basically, these
guidelines share the same idea, but with small
distinctions that need to be addressed in specific
conditions when building websites. Further, over the last
decades, accessibility became a legal requirement for all.
In 2006, the UN Assembly passed a Treaty on Rights of
Disabled that prohibits all kinds of discriminations and
guarantees an equal access to the ICT for the disabled
[20]. Thus, besides adopting international Web
accessibility standards, most countries and communities
across the world have enacted or are in the process of
adopting their own accessibility legislations and policies
for online content and sites. These legislations are mainly
based on WCAG 1.0 or 2.0.

C. Web Accessibility Evaluation Methods (WAEMS)

Web accessibility evaluation is a process of measuring
how well the website is accessible to people with various
degrees of limitations [21] and if the disabled can also
use the site with the same efficiency as people without
disabilities [22]. Many attempts exist to perform
estimations through several methods, including the
standard’s review, user testing, subjective assessment,
screening technique and barrier/cognitive walkthrough
[22-26]. However, there is no agreement regarding the
best evaluation method that would guarantee the
detection of all possible problems. Besides, their
effectiveness is not yet proven and yet different
techniques reveal different accessibility problems. Next,
conformance review, which is also known as guideling,
standard or expert review or manual inspections [25, 26],
is the most widespread method [27]. It inspects web
pages with predetermined checklists of guidelines and
thus, depends on chosen guidelines. In essence, owing to
the development of software, the conformance review
approach can be automatized, which is considered as an
important phenomenon in the field of accessibility
evaluation.
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D. Automated Web Accessibility Evaluation Methods
(AWAEMs)

The automated accessibility testing is a fairly new
method, which has a new phase of development since the
publication of WCAG 1.0 in 1999. The AWAEM aims to
automate the process of evaluation and keep websites
compliant with Web accessibility regulations. They
inspect the accessibility of source code written in
(X)HTML, CSS and JavaScript as well as XML and
hyperlinks in HTML/XML documents, determine a
compliance level of the website with specific
accessibility guidelines, examine web server productivity
and logs of sites and optimize the site for search engines.

AWAEMs can be categorized in a number of different
ways on the basis of their location (on local computers or
servers), analysis of concrete sets of standards, cost of
evaluation (free or commercial), platform (within a
browser or authoring software, online services or offline),
repair functionality (evaluation only or evaluation and
repair), scope of evaluation (inspection of one page,
many or all pages of a site at one time or specific items
from the perspective of a group of disabled individuals)
and report styles (text and/or graphic based to highlight
accessibility barriers or machine-readable formats).

E. Related Works

Our extensive review of the early and recent published
works carried out in the field of evaluative and
comparative analysis of AWAEMs revealed that they are
few in numbers and there is very little evidence so far
about AWAEM’s features such as efficiency, coverage,
completeness, correctness, inter- and intra-reliability,
validity, efficiency, capacity and others. Usually, studies
have utilized different methodologies to measure the
accessibility level of various websites. From a small
number of the early studies, Ivory and her colleagues [28]
explored the effectiveness of such tools as WatchFire
Bobby, W3C HTML Validator and UsableNet LIFT
from both designers and users’ perspectives. The
outcome of their study established that the three selected
AWAETSs were not as effective as expected in helping
web developers to improve the accessibility and usability
of the site. Nevertheless, these three tools turned out to
be good assistants. Then, Brajnik (2004) [29] introduced
comparison way for tools through three dimensions of
software quality such as correctness, completeness and
specificity. He found that LIFT Machine and Bobby were
already capable of providing accurate and reliable results
despite having more room for improvement. Again,
Brajnik (2008) [30] explored various existing methods
for evaluating Web accessibility and concluded that all
reviewed methods treated context differently. AWAETS
are quite popular, but they have to incorporate with
manual means to define other non-examined checkpoints.
Notably, in a recent paper, an empirical analysis of the
state-of-the-art of six AWAETs was conducted by
Markel et al. (2013) [31]. This evaluation was aimed at
determining the effectiveness of tools by analyzing their
coverage, completeness and correctness with regard to
the WCAG 2.0 conformance across nine web pages by
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following ad-hoc sampling techniques. Particularly,
damages with the reliance on automated tools alone were
calculated and as a result, leaving out human-expert
evaluation was not recommended. Other authors Kaur
and Dani (2016) [32] conducted a study focused on using
four automated tools and the manual way for assessing
the adequacy of the mobile Web. The comparison of
AWAETs was based on three quality factors i.e.
correctness, completeness and coverage with respect to
the conformance of Mobile Web Best Practices.
Research findings claim that many mobile accessibility
guidelines needed improvements because of the rapid
growth of mobile technology and design enhancements.
Also, device and platform features should be kept in
mind when designing mobile testing tools.

Further, studies that compared one AWAET with
others will be mentioned. So, Pivetta et al. (2014) [33]
evaluated the usability of the ASES tool as compared
with WAVE through a heuristic evaluation carried out by
the three authors as experts. They showed that ASES was
not stable enough and its interface should be redesigned.
Al-Khalifa, (2012) [34] presented the first Arabic Web
accessibility testing system to examine the accessibility
of Arabic websites based on WCAG 2.0 (level A). The
new tool was compared with varies tools such as TAW,
Worldspace FireEyes, Total Validator, WaaT and
AChecker. Consequently, it had distinct evaluation
results from the others. Also, the faced difficulties were
proper Arabic translations for many technical terms and
readability of generated reports. However, it was an
initial positive impact in the area of building AWAETS in
the Arabic language. Similarly, Kaur (2012) [35]
discussed his developed tool named as SITE CHECKER.
As a result, this tool was able to validate CSS code,
define code to text ratio on sites and find java script
errors.

Some similar researches on AWAETs were also
presented in the literature. Ashli et al. (2006) [36]
measured the reliability of three tools (Lift, Bobby and
Ramp) for the compliance with U.S. Section 508.
Accordingly, there were substantial discrepancies in the
inter- and intra-reliability between the tools, but a
better level of inter-reliability could still be achieved.
Centeno et al. (2006) [37] focused on assessing Web
accessibility by using a mixture of automated (Bobby,
Tawdis and WebXACT), manual and semi-automated
methods. The researchers pointed out that Bobby and
WebXACT could not provide a good automated
coverage of WCAG 1.0. Also, U.S. Section 508 and
WCAG 1.0 guidelines had a lot of common rules. Next,
Xiong et al. (2007) [38] provided insights in using
AWAETs for taking care of Web accessibility at the
different stages of the development life cycle and
demonstrated that tools are capable of evaluating some
guidelines in early phases. Al-Ahmad et.al (2010) [39]
compared five AWAETS and concluded that they did not
cover all accessibility issues and provided results that
may mislead developers. Last but not least, Akgd and
Vatansever (2016) [40] evaluated the accessibility of
thirty Turkish metropolitan municipal sites by the
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disabled and employed the TAW tool. In conclusion,
their investigations showed that most of the sample sites
failed to follow the WCAG 2.0 guidelines. The most
commonly detected barriers were of two types such as
lack of suitable alternative text for non-text items and use
of tags to create visual presentations.

F. A new Methodology and its Application

The author proposes a new methodology named as
“The five-phased methodology for successful selection,
evaluation and/or comparison of automated Web
accessibility evaluation methods (AWAEMSs) when
analyzing Web accessibility” or shortly “5PhM-for-
AWAEMSs” that could be employed in the life cycle of an
automated Web accessibility testing process, as given in
Fig. 2.

The aims of the elaborated methodology specified in
Fig. 2 are twofold. First, it enables successful selection of
various AWAEMs in association with manual and other
testing techniques to effectively estimate the accessibility
of the website. Second, 5PhM-for-AWAEMs helps to
gain improved assessment and/or comparison of
AWAEMs in order to define how well they are
comprehensive, complete, correct, specific, inter- and

intra-reliable, valid, effective, capable and etc. in
identifying Web accessibility issues. Moreover, within
the framework of the new methodology, Section IlI
explains structures and strategies of detailed analyses of
each of the mentioned criterion. 5PhM-for-AWAEMs
assess AWAEM s in terms of whether a single or multiple
case study where a large number of the same sites should
be analyzed by one or many different AWAEMs.

After analyzing quite a large number of the mentioned
quality dimensions, the novel method gives assessors an
ability to classify AWAEM’s pros and cons and
emphasize requirements for the improvement of
AWAEMs themselves and their next generations.
However, the application of 5PhM-for-AWAEMs will
be quite time and effort consuming if to increase the
number of sample sites and AWAETSs for analysis. The
outcome of assessment can be negatively affected by
certain factors such as small numbers of tools and experts,
improper choice of AWAETS, poor appraiser’s
knowledge of accessibility standards/guidelines, a low
level of experience in using AWAEMs and lack of
appraiser’s skill in the field of web accessibility.

Validating and judging reported data by
software products e.g. tools
Classifying TP, FP-and FN—,
Identifying subjective issues by
an expert team
Revising assessments if needed
Performing statistical analyses

software if require
Configuring software bids
Eliminating input errors and
inconsistencies when- I LT T TV}
submiting data
Executing tests by software
Exporting and savin
inspected data in doc, pdf, xls,
txt and other needed formats

Understanding guidelines, technical requi-
Selecting accessibility stan-

Pty evaluation and/or comparison
T B 0! antomated Web accessihility
evahation methods

Implementing changed requests and offers
Keeping functions of software and standards
; or guidelines new and up to date
'\ % Optimizing test cases and conditions
3 o Expendinz test cases and
Maintenance

and Imp-

uman-expert capabilities
Improving test’s productivity
Scheduling and running

cordi indi =
Sacording fielinge The ﬁ"ﬂ'llhmd T [ 0] Performing repeated tests
= 3 . methodol I for Monitoring quality trends of
Establishing environment i.e. U 101 investment and test
purchasing or installing (YT T (1) successful selection,

Identifying test’s goals,
requirements, needs, and
priorities
Defining test’s scope, stra-
tegy, expectations, and
associated risks

Estimating and reducing
resources, efforts, time and
costs

dard(s) and/or guideline(s)

Verifying software compatibilities
Evaluating and selecting the best online and/or offline software products
Exploring and selecting representative sample of sites

Fig.2. Description of 5PhM-for-AWAEMs

The described method 5PhM-for-AWAEMs in Fig. 2
includes the following five integrated phases:

The 1% phase: Planning and Estimation. The
statements describing rationales, overall purposes,
objectives and expectations of research should be
ensured. Hence, the aims and objectives of the paper are
completely considered in this phase.

The 2™ phase: Design

» Selection of accessibility standards and/or
guidelines and their interpretation, comparison
and limitations

In this phase, reasons for choosing standards or
guidelines in accordance with research topics, questions
and scope as well as comparison with other related
standards should be outlined. Also, the researcher briefly
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describes the history of standard’s development or other
critical moments; characteristics, principles, categories
and management practices; scope of application in the
fields of science; usage examples in the past studies and
frequency of updates, including what’s new in the latest
versions. The second phase should also contain an
acknowledgment of limitations, disadvantages and other
specific shortcomings of selected standard/guidelines.

The Web Content Accessibility Guidelines 1.0
(WCAG 1.0) [8] was issued by the world's leading
organization — The World Wide Web Consortium (W3C)
on May 5, 1999. Later on, it was accepted around the
world as the beneficial recommendations for Web
accessibility assessment [41] and was used as a landmark
in the achievement of the Web accessibility in the many
EU Member States [42].

WCAG 1.0 was replaced by a new improved version
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called as WCAG 2.0 in December of 2008. WCAG 2.0 is
also an ISO standard [43] since September 2012 and the
best practice for Website Semantics [44]. It includes the
twelve guidelines that are organized into the four
specific principles at the top levels. A comparison
summary of both standards is given in Table 1 in order to
better understand how WCAG 2.0 is structured.

Table 1. Comparison between the two versions of WCAG

4 Principles: P-O-U-R

12 Guidelines

61 Success Criteria

3 Levels per Success Criterion:
Level A, AA, AAA
5 Requirements for Conformance
Support
Techniques

Understanding

14 Guidelines
67 Checkpoints
3 Priority Levels per
Checkpoints: Priority 1,2,3
3 Levels of Conformance
Support
Techniques

Each guideline contains certain testable SC as a basis
for determining the compliance of sites with WCAG 2.0.
All SC of WCAG 2.0 are classified into the three
conformance levels: A (beginner), AA (intermediate) and
AAA (advanced). E.g. achieving the level “AA” means
that all SC grouped in the conformance levels A and AA
are satisfied by a web page (See Fig. 3). Although all
levels of SC are equally important, the A and AA levels
are deemed fundamental to ensure equal access.

Basic

Fig.3. The WCAG 2.0 conformance levels and their dependence on
each other

WCAG 2.0 [45] innovatively differs from WCAG 1.0
because it was built based on four general accessibility
and universal design principles such as perceivable,
operable, understandable and robust, which address the
past, present and future of Web technologies.

Yet, WCAG 1.0 and 2.0 have several limitations
regarding their validity and testability [46, 47] as well as
poorly addressing the needs of people with cognitive
impairments [48]. Besides this, only 50.4% of the
problems found by the disabled were covered by WCAG
2.0 [49, 50], which means even those websites that meet
standards may not be accessible [51, 52]. Basically,
guidelines do not address some problems at the high
levels like the structural complexity of pages or color
combinations for website components.  Further
shortcomings of accessibility standards and conformance
reviews can be found from here [53-56]. However,
despite the mentioned problems, WCAG 1.0 and 2.0 aim
at being universal accessibility standards [57]. Nowadays,
this aim is achieved as they were laid as the foundations
of Web accessibility legislations in many countries.
Moreover, they remain the commonly utilized guidelines
by AWAEMSs [58, 59] and considered as a benchmark
for analyzing web accessibility. Especially, WCAG 2.0
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with its advent has been stimulating the emergence and
improvement of new AWAEMs, i.e. the number of tools
has increased from forty-five registered tools on
December 18", 2014 to ninety-three on 12" June 2017
[60]. This is because WCAG 2.0 became more testable
than its predecessor and considers more advanced web
technologies such as SMIL, client/server-side scripting
and ARIA. In addition, if a website is constructed in
accordance with WCAG 2.0, then it is guaranteed with a
good level of accessibility [21, 61], as well as
consistency and accuracy.

» Exploration and collection of a representative
sample

In this type of the multiple case study, any sampling
technique from the category of probability, random or
specific harms the result of analysis because the
possibility of the appearance of homogeneous elements
in a sample is very high. Besides, using only home pages
is truly incorrect since many other special issues can be
found from the other types of web pages. A study by
Hackett et al. [62] confirmed that home pages are not a
true representation of the entire site or a good indicator
of Web accessibility. Therefore, we highly recommend
using a purposeful sampling approach to aid the process
of multiple case selections. Generally, more detail on this
sampling technique can be found in the Patton’s (1990, p.
182-183) [63] sixteen purposeful sampling strategies.

Table 2. A minimum number of twenty-two various web pages and
their types required for the acceptable Web accessibility assessment

Numbers of

pages required Types of websites

1 web page Location (across continents or countries)

3 web pages Accessibility (high, middle, low)

2 web pages Content (dynamic, static)

Topic (governmental, news, educational, NGO, e-

8 home pages commerce, etc.)

Types of pages (sitemap, contact forms, photo gallery,
8 web pages search results, virtual tour, login, etc.) - can be chosen
from the same Topic

Now, we propose a way of the analytical selection of
sample web pages for 5PhM-for-AWAEMs. So, the
choice of cases or sample units needs to be driven by two
important factors such as appropriateness (a fit to the
purpose of a study) and adequacy (how many cases). The
purpose of a study of this type is conformance review,
which could be performed by whether automatic, manual
or integrating both of the methods. With regard to the
adequacy, a well-chosen data sample for both single and
multiple case studies should represent the whole set of
issues of selected guidelines. Thus, as described in Table
2, only a large number of sites in terms of location
(across continents), accessibility (high, middle and low),
content (dynamic and static), topic (governmental, news,
e-commerce, etc.) and type of web pages (sitemap,
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contact forms, photo gallery, etc.) must be undertaken. In
sum, a minimum of twenty-two different web pages is
enough to conduct the acceptable evaluation. For the
normal assessment, this same set of twenty-two web page
types from Table 2 should be selected from two

continents or countries, which totally would be forty-four
web pages. For the ideal evaluation, a set of twenty-two
various web page types, highlighted in Table 2 should be
chosen from three, four and etc. continents or countries.

Table 3. A list of fifty-two web pages used in this multiple case study

Ne Selected Tajik and Austrian websites Description

1. president.tj Press and Information service of the President of the Republic of Tajikistan
2. http://president.tj/en/taxonomy/term/5/13 Press and Information service of the President of the Republic of Tajikistan:Decrees
3. khujand.tj The city of Khujand

4. http:/iwww.khujand.tj/feedback/ Public reception: The contact form

5. tajikembassy.at The Embassy of Tajikistan in Vienna, Austria

6. http://tajikembassy.at/index/registration_form/0-37 The Embassy of Tajikistan in Vienna, Austria: Registration Form

7. somonair.com Somon Air- The Tajik Air Company

8.  http://booking.somonair.com/oxygen/ Somon Air: Buying Tickets Online

9. http://www.tajikairlines.com/en/content/passengers/flight-schedules.php# Tajikistan National Air Carrier: A timetable of the flights

10. tajikngo.tj Information Portal of the Tajik NGOs - Internet Community

11 E;tl[;;étraig?ggétj/index.php?option=com_k2&view=itemlist&layoutzcategory&task: The list of Tajikistan NGOs

12. kbtut.tj Khujand Polytechnic Institute of Tajik Technical University (KPITTU)

13. http://kbtut.tj/index.php?pg=gallery The photo-gallery of the Institute

14. http://nbt.tj The National Bank of Tajikistan

15. http://nbt.tj/en/search/map.php The National Bank of Tajikistan: Sitemap

16. http://eskhata.com Bank Eskhata

17. http://eskhata.com/about/bank/branches.php Bank Eskhata: The location of all branches and contacts

18. http://marka.tj The auto market in Tajikistan

19. http://marka.tj/default.aspx?&god_ot=1970&god_do=2015&marka=Volkswagen Search result: “Volkswagen”

20. http://polyglotclub.com/language/tajik/forum Tajik language forum

21. http://polyglotclub.com/language/german/forum German language forum

22. http://lwww.toptj.com/login/ Tajik Information Portal. Ratings of Tajik sites. Tajikistan News: Login page
23. http://www.ibnisino.tj/tg/darmongoh.html International Clinic Ibn Sina: Clinic

24. http://www.ibnisino.tj/tg/dorukhona.html International Clinic Ibn Sina: Pharmacy photos

25, http://ictad tj/category/vakancii/ {gg;‘rrl]DCi;OURNAL-NeWS, jobs and events of ICT in Tajikistan and Central Asia:
26. https://www.facebook.com/Ict4dTJ ICT4D JOURNAL on Facebook

27. bundespraesident.at Press and Information Service of the Federal President of the Republic of Austria
28. http://www.bundespraesident.at/historisches/geschichte-der-hofburg/ History of Hofburg

29. http://www.linz.at City of Linz

30. http://www.linz.at/tourismus/tourismus.asp Interesting and tips for your visit to Linz

31. http://www.linz.at/zahlen/115_Archiv/ Statistical Yearbooks of Linz

32. http://www.apa.at The Austrian Press Agency

33. http://www.apa.at/Site/index.de.html Top theme: The Austrian Press Agency

34. http://www.apa.at/Site/Presse/Pressefotos/APA-Management.de.html APA-Management

35. http://www.austrian.com Austrian Airlines

36. http://www.miles-and-more.com/online/portal/mam/at/homepage?l=de&cid=18001 Miles and More - Europe's largest frequent flyer and loyalty program

37. https://book.austrian.com/app/fb.fly?pos=AT&I=de Buying Tickets Online

38. ngo.at The World of NGOs in Austria

39. http://ngo.at/ngos/literatur-und-links Literature and Links

40. Ztgtg:llngo.at/component/search/?searchword:sitemap&searchphrase:alI&Itemid: Search result: “sitemap”

41. asyl.at The Austrian asylkoordination

42. http://www.asyl.at/links/links.htm

43. http://univie.ac.at

44. http://blog.univie.ac.at/?d=0

45, www.jku.at

46. http://www.jku.at/content/e213/e152

47. http://www.jku.at/content/e213/e161/e6998

48. http://www.idv.uni-linz.ac.at/lehre/w16.ssi

49. http://www.bankaustria.at

50. http://www.bankaustria.at/mediathek-newsletter.jsp

51. https://mobile.bankaustria.at/IBOA/login.htm?language=
52. http://www.careesma.at
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Member organizations asylkoordination Austria
The University of Vienna

UNIVIENNA BLOGS

Johannes Kepler University Linz (JKU)

JKU: Organization & Structure

JKU: Campus Map

Department of Data Processing in Social Sciences, Economics and Business:
Preview

Bank Austria

Bank Austria: Newsletter

Bank Austria: Mobile Banking Login

Jobs, Careers, Job Market, Job Search and Student Jobs
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There are two approaches for organizing sampling data:

developing own test pages and using already existing real
ones. Creating special test pages is time-consuming and
labor-intensive due to the high-level requirements of the
standards and web technologies as well as considering
wider instances of violations from the real world [29].
The advantages of using real sites are based on the facts
that they are built inmany different ways and
consequently, contain numerous real SC; they may have
user-generated content, live and on-demand multimedia
elements and frequent updates of content, design,
services and features.

This study involves selecting a purposeful sample of
fifty-two real pages according to the suggested ideal
number of web pages described in this 2" phase of
5PhM-for-AWAEMSs. So, a sample of small, medium
and large websites - twenty-six Tajik and twenty-six
Austrian sites that comprise the best practices in their
Web technology platforms were chosen (See Table 3).

» A process of choosing the best AWAEMs

The selection of automated methods should be based
on the following eleven key criteria:

1. The ability to evaluate sites against opted
standards or guidelines. In particular, the amount
and types of checkpoints or SC that an AWAEM
can adequately address.

2. A high frequency of the use of the AWAEM,
being often used in top rankings and scientific
studies and having extensive positive feedbacks by
a great number of common users, web developers,
accessibility testers and experts. A quantitative
choice is defined by this scheme: 4 common users
= 2 web developers = 2 testers = 1 accessibility
expert. That is, if we have two feedbacks from
accessibility testers, then it is equivalent to the
feedbacks of four common users.

3. A good adaptation level of the AWAEM to the
requirements of a study and its integration into
Web development environment.

4. Free or commercial versions, including trial or
demo periods and the openness of source code.
Luckily, the majority of AWAEMs are freely and
widely available today.

5. The coverage, completeness, correctness,
specificity and reliability of delivered results by
the AWAEM. It is possible to choose
simultaneously all or some of these criteria for
analysis based on research objectives.

6. Effective and efficient evaluation and repair
suggestions for inaccessible websites.

7. Incorporating with relevant Web technologies:
(X)HTML, CSS, JavaScript, SQL, Java, ASP.NET,
PHP, SVG and etc.

8. The amount of pages that are automatically
examined at a single-click, including single pages,
a group of pages or a whole site; restricted or
password protected pages and etc.
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9. The AWAEM’s type such as the authoring or
browser plugin, command line mode, desktop
application, mobile application or online software
product.

10. Generating a convenient report with highlighting
relevant guidelines, violated source code and
numbers and percentages of passed and failed
accessibility issues.

11. The accessibility of the AWAEM itself.

It should be noted that the eleven crucial criteria are
listed by their levels of importance, i.e. the especially
important criteria are listed first. Thus, the analyst may
stop the selection process if he/she considers that an
AWAEM meets some of the firstly listed requirements.

In the mid-1990s, the first online HTML Validator was
offered to users at a website called “web techs” [64]. At
the present time, a lot of Web accessibility evaluative
and reparative tools have been elaborated and their
numbers have been growing rapidly over the recent years:
45 tools on December 18", 2014; 88 tools on March
2016 and 93 tools on June 12", 2017 [60]. These mostly
free AWAETS existed for a long time and have a great
historical significance. Unfortunately, there is a study [65]
showing that nearly 65% of the tools registered in 2014
seemed to be no longer available and about 50% of the
available ones were not using the latest version of
WCAG 2.0.

This study utilizes eight most frequently used
AWAETS that are often used in the top rankings [66-69]
and scientific studies [31-34,37-40,65], have extensive
recalls by a great number of users, are able to evaluate
sites against W3C WCAG 2.0 and could be used freely.
They are AChecker [34, 70, 71], Cynthia Says [72, 73],
MAUVE [65, 74], SortSite [75, 76], TAW [37, 77],
Tenon [78, 79], EHIll Checker [80, 81] and WAVE [82,
83]. On the other hand, the vast majority of the available
tools [65] follow WCAG 1.0 that became outdated. The
other famous tools, including Accessibility Valet,
EvalAccess and FAE were not chosen because of their
inability to check websites against the latest guideline
version of WCAG 2.0.

The 3" phase: Automated Inspection and Reporting.
This phase involves data collection with the help of
AWAEMs from sample sites and saving them to the PC
in right file formats. It is advisable to select the file
formats that are demanded by opted statistical software
packages that can be found from the list made in the next
fourth phase. Further, before starting our tests, tools were
taught to consider the compliance level AAA despite the
fact that thelevel AA of WCAG 2.0 is the best
practically achievable level of the conformance for sites.
In principle, the sample pages were tested by the
AWAETS in the same way and time to get correct data,
avoid changes in websites and reduce the implementation
bias. Finally, generated HTML and PDF reports were
converted into MS Word and MS Excel formats and
saved to PCs for the further analysis.

The 4" phase: Manual Validation and Re-evaluation.
In this penultimate phase, human judgment is necessary
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to validate the objective data produced by AWAEMs in
the third phase. Consequently, TP, TN and FP will be
ultimately categorized manually. Besides this, expert re-
evaluations of each sample web page must be performed
to supplement the automatic analyses by AWAEMs. This
is because expert reviews can uncover genuine problems
that are unable to be discovered by employing AWAEMSs
alone. Accordingly, in order to sort automatically
generated data into the TP, TN and FP and perform
statistical calculations with them so that new discoveries
could be made, we suggest some of the best statistical
analysis software bids including MS Excel, IBM SPSS,
GNU PSPP, AcaStat, Analytica, Develve, EasyFit,
Forecast Pro, GAUSS, LIMDEP, MaxStat, NCSS,
StatPlus.

It is worth noting that the WCAG guidelines clearly
indicate to the accessibility problems that require human-
expert judgments, describe the features of auxiliary
technologies and ensure the approaches that can help
experts to simulate situations. Since expert assessors play
a key role in all kinds of WAEMs, including AWAEMs,
they needto understand Web technologies and their
development tendencies, technical skills and accessibility
guidelines, evaluation methods and software, assistive
devices and the spectrum of subjective barriers that the
disabled or elderly face. Lastly, regarding the number of
testers, at least two or three experts are enough in
conducting an effective, reliable and valid test, as more
experts may also mean more judgment-based
disagreements. Moreover, each SC is explained properly
with technical examples in WCAG 2.0.

For the implementation of this part of the evaluation,
the author of this study as an expert and another expert
appraiser have reviewed generated reports by the tools
independently to ensure that all produced issues and
warnings can be classified as TP, FP and FN as well as
validated and counted with high reliability. Also, all
sample web pages were re-evaluated manually so that
misrepresented violations can be accurately detected.
Those very small numbers of specific barriers, the
recognition of their belonging to particular groups of SC
caused problems, were discussed with other experts.
Subsequently, affiliations of all kinds of such TP have
been established as a result of finding the consensus.

5" phase: Maintenance and Improvements. Finally,
this kind of studies must be re-conducted with optimal
organizational conditions and expert capabilities as well
as updated guidelines and software features in order to
maintain a high quality of Web accessibility. More
details about this phase are summarized in Fig. 2 (5"
phase).

1. FINDINGS FROM THE UTILIZATION, EVALUATION AND
COMPARISON OF AWAETS

AWAEMs can be estimated or compared on the basis
of a general quality scope that usually contains a set of
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quality criteria such as coverage, completeness,
correctness, specificity, effectiveness, validity, efficiency,
usefulness [84-88], inter-reliability and intra-reliability,
capacity and others. These are the necessary indicators of
software quality, which are also considered in this article
to give an in-depth overview and actually highlight
strengths and weaknesses of the opted tools. Further,
some of the quality criteria can be divided into sub-
groups to be more specific. AWAEMSs provide three
kinds of information: false positives, true positives and
false negatives as a result of their activities. These data
are widely used to describe characteristics of the opted
AWAETS in terms of eight various quality criteria:

» True positives (TP) - commonly referred to as
“precision” and are real accessibility barriers
correctly determined or predicted by AWAEMs. It
covers the numbers of the correct classifications of
barriers and indicates how well an AWAEM can
identify only true barriers.

> False positives (FP) — which are also called “false
alarms”, mean that reported accessibility issues
are inaccurate, irrelevant or mistakenly reported.
The more imprecise an automated test is, the more
likely that FP will be uncovered. FP create noise
when expert inspection does not capture them and
as a result, they will be accepted as the actual
errors (TP). Again, only the human accessibility
expert will establish the inaccurateness or
irrelevance of detected problems. For instance, a
SC called “H30: Providing link text that describes
the purpose of a link for anchor elements” was
considered as FP, where the text of a link was too
long.

> False negatives (FN) — are existing true
accessibility problems in a site that an AWAEM
cannot reveal. In other words, FN are certain
missed TP. E.g. not catching the fault type H42 as
TP every time when the first headlinein web
pages is not H1. Nevertheless, the absence of TP
does not mean they absolutely do not exist at all
rather they emerge seldom or not at all.
Unfortunately, FN can occur in any automation
test. When all used AWAEMSs have missed TP,
they can even go unnoticed, which may cause
erroneous consequences. So, additional and
different well-established testing technique, e.g. a
human expert’s visual inspection or user testing is
required to improve the outcome of AWAEMs.

To sum up, the Sharipo — Wilk’s test (originally
restricted to a small sample size, which is less than 50)
and the visual inspection of histograms confirmed that all
types of collected data that has impacted the results of
this study such as TP, FP and FN were not normally
distributed, as given in Table 4.
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Table 4. Results of the normality statistics for the three variables

The Shapiro-Wilk test

Statistics df Sig.

AWAETSs TP FP FN TP,FP,FN TP,FP,FN

4 .at i} .at i .at i} .at i .at
1. AChecker 396 260 233 206 ,706 682 45 ,000
2. Cynthia Says ,542 i555! ,463 442 ,641 ,623 45 ,000
3. Mauve 451 467 /458 /486 614 567 45 ,000
4. SortSite 516 394 373 373 ,682 707 45 ,000
5. TAW 550 ;399 ,280 271 ,646 621 45 ,000
6. Tenon 516 336 464 375 ,659 ,649 45 ,000
7. ElI Checker 422 245 452 473 ,681 ,684 45 ,000
8. WAVE 378 ,266 ,301 ,185 ,660 683 45 ,000

Note: .tj — Tajik sites and .at — Austrian sites.
measures scope and readiness of AWAEMSs to ensure
A. Coverage

Coverage is the extent to which AWAEMSs detect
numbers of different SC that contain at least one TP. In
principle, any accessibility testing activity is based on at
least one coverage strategy. In a broad sense, coverage

that preferably all SC are tested. Hence, it is the best
indicator for testing completeness and correctness. The
following Table 5 explains how thoroughly the numbers
and types of SC were caught from our sample websites.

Table 5. Unique WCAG 2.0’s SC that are covered by all the tools and Web accessibility experts

Ne | AWAETs The violated success criteria N %

1. AChecker F65,H37,H44,H65,H42,G18,G17,H64,G91,F89,H57,H93 12| 16.9
2. | Cynthia Says F65,H37,F30,H44,H65,Haggiggiggz?fi‘gg%(sll&F24,Cl7,ClZ,G17,H64, 23| 324
3. Mauve F65,H37,H44,H65,H42,H63,H73,G140,C12,C14,C20,C21,G91,H57,H32,H93 16| 225
4. SortSite F39,F65,F30,H44,H2,F91,H42 F49,F89,H57,F70,H93,F68 13| 18.3
5. TAW F65,H37,H44,H2,H42,G140,H71,G90,F89,H57,H32,G91,G134 13| 18.3
6. Tenon F65,H37,H44,H65,F91,H42,H43,F88,G91,H33,H57,H93,F59 13| 18.3
7. | Elll Checker F65,H37,H44,H65,H71,H64,G91,F89,H57,G134,H93,F59 12| 16.9
8. WAVE F39,F65,H44,H2,F91,H42,G18,F88,H57 9 | 127
9 Experts F3,F38,H45,H85,F81,C30,PDF13,SCR31,G107,H30,H37,F54,G131,H67,H25,H42, 32| 451

H51,G63,G14,G145,G148,G174,G21,G159,G158,G69,G78,G8,G87,SCR,G141,F59

Note: Column names are denoted as “N” - total numbers of SC. “%”- percentages of total numbers of SC that are calculated by the following equation:
Coverage=Automation or manual coverage/Total coverage by automation and manual.

Actually,

three measurable SC are only partially

verified by the AWAETS, i.e. H37 — was counted when
the alt attribute of images had no text, H42 — when no H1
heading is used on pages and G91 — when such text
fragments were met: “<a href="#"", “#inhalt” or
“/373.asp”. Table 5 shows that there are large varieties in
coverage results from the usage of multiple tools and
experts. Out of a total of 71 unique WCAG 2.0’s SC
violated, a maximum of 39 (54.9%) were found to be
covered by using the combination of all AWAETSs and 32
(45.1%) additional missed SC were captured by expert
efforts (See Table 5). The majority of tools have similar
coverage rates of 16.9 -18.3%, while WAVE has the
lowest of 12.7% and Cynthia Says reaches the highest of
32.4% (23) SC.
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Next, significant differences are observed in the
coverage of SC across the principles. According to data
of Fig. 4, the scope of coverage varies among tools from
a maximum of 27 (28.1%) SC for Perceivable to a
minimum of 6 (6.3%) SC for Operable, while around 7
(7.3%) SC belong to each of the other two
remaining principles. Furthermore, 5, 1, 2 and 2 SC of
the Perceivable, Operable, Understandable and Robust
principles, respectively were considered to be covered by
at least one TP. In this case, however, some tools could
substitute others by adequately addressing the poorly
covered principles.

The most frequently observed SC that have led the
twenty-six Tajik and twenty-six Austrian websites into
troubles are shown in Table 6.
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& K <& & & D < Total
& 2 N & \a PSS ¥ number
X & Al
SO & N GiSEhy

tools
and
experts

3(37,5%)| 3(37,5%)|3(37,5%)|4(50,0%)[2(25,0%) |4(50,0%) [5(62,5%)(1(12,5%) 8

R

U |3(33,3%)| 5(55,6%)| 3(33,3%)|2(22,2%)|2(22,2%)|3(33,3%)B(33,3%)|2(22,2%) 9
0 (3(14,3%)
P

2(9,5%)| 1(4,8%) 1(4,8%)|4(19,0%)( 2(9,5%)B(14,3%)| 0(0,0%) 21

8(13,8%)[18(31,0%)[12(20,7%)8(13,8%)|7(12,1%)(8(13,8%)| 5(8,6%)[8(13,8%)| 58

Fig.4. Data on numbers and percentages of SC that were captured by
AWAETS at least once

Note: “P” stands for Perceivable, “O” for Operable, “U” for
Understandable and “R” for Robust principle. Some SC covered by
the tools (e.g. H44, G18, G90, etc.) belong to different principles
and levels of WCAG 2.0 and accordingly, represent different
conditions. Because of this, their total number was increased from
(71 to 96) in Fig. 4.

Table 6. Often violated SC of the fifty-two sites

Ne Error categories Total issues Total

(Success criteria) acios] types of issues

sites
4 at

1 144,145-C12 483 304 787
2. 146-G18 378 380 758
3. 1.46,148-F24 291 386 677
4. 146-G17 375 223 598
5. 1.1.1-F65 179 267 446
6. 144,145-Cl4 236 173 409
7. | 143-G18 203 205 408
8. 148-c21 195 174 369
9. | 411-G134 183 143 326
10.  143-F24 125 166 291
11 1.3.1,1.45,1.4.9-G140 97 131 228

AWAETSs performed well for the SC such as [C12]
that has 787 TP, [G18] — 758 TP, [F24] — 677 TP, [G17]
— 598 TP, [F65] — 446 TP, [C14] — 409 TP and so forth
(See Table 6). On the other hand, frequently encountered
accessibility problems determined by the experts and that
could not be found with the eight selected tools are: 1.1.1
-[H37]-179TP; 1.1.1 - [F38] - 152 TP,11.1.1,1.2.1 -
[H67] — 121 TP, 1.1.1 - [H45] — 81 TP, 1.1.1- [F3] — 68
and 1.4.3 - [G145] - 67 TP. Note that, none of the
AWAETS could target the SC like “Guideline 1.2 Time-
based Media: Provide alternatives for time-based media”
and “Guideline 1.3 Adaptable: Create content that can be
presented in different ways without losing information or
structure”, which significantly benefit not only the
disabled but also, the majority of users if not everyone.

B. Completeness

Since AWAEMs are not able to find all potential
problems, to consider “completeness” as an important
criterion is necessary to evaluate them. Completeness
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refers to identifying maximum possible and only “true”
accessibility faults that exist in a website. Here, the
AWAEM should increase numbers of caught TP to get
closer to real numbers of existing ones and correctly
display them while further reducing FN. If coverage
indicates to the length, then completeness points out to
the depth of problems captured. Most scholars consider
completeness as the most difficult quality feature to
measure.

Usually, a SC is recognized to be violated if at least
one TP is reported by an AWAEM. A maximum possible
number of violations — 7356 from 52 selected websites
were caught with the combination of all eight tools: for
the Tajik sites, a total of 3962 TP across 39 SC and for
the Austrian sites - 3394 TP across the same number of
SC were found. Similarly, Fig. 5 presents a description of
research findings on the proportion of identified TP and
FN in general and Fig. 6 does it across the WCAG 2.0’s
principles.
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Fig.5. A relationship between the overall numbers and percentages of
the generated and missed TP
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Fig.6. Summary of the differences on completeness across the tools,
WCAG 2.0’s principles and sites

Note: “P” stands for Perceivable, “O” for Operable, “U” for
Understandable and “R” for Robust; “.tj” — Tajik sites and “.at” -
Austrian sites; FNR - the false negative rate
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The statistical comparison summary provided in Fig. 5
and 6 confirm that not all problems can be automatically
discovered. It can be seen that AChecker, SortSite, Elll
Checker and WAVE could catch nearly similar, but the
lowest percentages of TP, which range from 10%
(SortSite) to 15% (WAVE). Conversely, only Cynthia
Says got an exceptionally higher number of classified TP
— 59% (4339) than the rest tools. The main reason for
obtaining the high score for Cynthia Says was argued in
the section Specificity.

Sensitivity measures the probability of determining TP.
It can be stated as the proportion of TP over a total value
of the reported and unreported TP: TP/(TP+FN). The
estimated sensitivity grade of the mixture of all the tools
in all the WCAG 2.0 principles (the last column of Fig. 6)
is around 80% on the average. Furthermore, the FNR for
AWAETSs can be expressed by subtracting sensitivity
from 100. Thus, it is inversely proportional to sensitivity.
Consequently, using the combination of all the tools has
reached lower FNRs (ranged from 6 to 38% for all
principles) than using the tools alone.

Based on Fig. 6, more TP were identified in the
Perceivable principle than the others. Yet, even more TP
are missed to complete this principle along with the
others. Nonetheless, almost all TP - 94% (626) belonging
to the Robust principle were completely captured with all
the tools together. Likewise, both tools Cynthia Says -
with 3952 flagged TP for Perceivable and 223 for

Understandable and TAW - with 355 for Operable and
354 for the Robust principle outperform the remaining
tools. However, one exception occurs with Tenon, which
flagged the highest amount of TP — 178 in the Operable
principle for the Austrian sites, instead of the expected
TAW tool. On the other hand, Cynthia Says and TAW
have the minimum numbers of FN in the same mentioned
principles than the rest of tools.

AWAETSs report no errors for the principles and
conformance levels such as Operable (AA) and Robust
(AA, AA), asshown inTable 7. In the same spirit,
SortSite and EIlll Checker tools could not conduct any
automated tests for the Level AA and AAA. In turn,
AChecker, Tenon and WAVE were not able to find TP
across Operable, Understandable and Robust (Level A
and AA). Contrariwise, tools have much higher
completeness values in those SC that are considered in
the level A of the conformance rather than the levels of
AA and AAA in general. Here, Cynthia Says, Mauve and
WAVE are exceptions, which demonstrate high
completeness in the levels (AA-AAA) too. Another
interesting finding is that looking ahead to Table 7 (e. g.
the last three columns), the large numbers of SC with the
small numbers of TP were produced by the tools for the
level A and vice versa for the levels AA and AAA.
More detailed assessments in this regard can be found in
Table 6.

Table 7. Absolute numbers of TP through the AWAETSs, WCAG 2.0 principles and levels of conformance

AChecker Cynthia Says Mauve SortSite TAW Tenon Elll Checker WAVE The combination of tools
A |AA[AAA| A | AA|AAA | A |AA|AAA| A |AAJAAA| A |AA(AAA| A [AAJAAA| A |AA[AAA[ A [ AA|AAA| A(SC) |AA(SC) |AAA(SC)
P 519| 16 | 188 [591(1475| 1885 | 903 (1231) 369 (477| 0 | O |821| O | O |664| 0 | 137 |510( O | O [505(408 | 86 | 1276(16) |1999(6) | 2539(5)
o 97 | - 0 |126| - 0 |117| - 0 |95 | - 0 |[285| - | 70 |347| - | 0 |219] - 0 (0] - 0 558(5) 103(1)
U 441 0 0 |38| 18 | 167 [50 | 9 0 |13(0| O (4217 0 |43 0 |39 0 (42 0 53(3) 21(2) 179(2)
R 83| - - |39 102 - 180| - 354| - 108| - 166| - | - |28 628(7)
SIL;Tegy 743| 16 | 188 (794(1493| 2052 |1172|1240| 369 (765| 0 | 0 (150217 | 70 [1162] O | 137 |934| 0 | O |575/408 | 86 2515 2020 2821
Total 947 4339 2781 765 1589 1299 934 1069 7356
Median 90’ 8 ’ 0 83‘ 747 ‘ 167 110’620’ 0 138’ 0 ‘ 0 320‘ 9 ‘ 0 228‘ 0 ‘ 0 193’ 0 ‘ 0 35‘ 408’ 0 593 ‘ 1010 | 179

Note: “P” stands for Perceivable, “O” for Operable, “U” for Understandable, “R” for Robust and SC for Success criteria. Also, “.tj” — Tajik sites and
“.at”- Austrian sites. The frequency distribution of our data is skewed, as these are values of TP for some SC that is found to be too small or large. In
this situation, the median is a better measure of central tendency, which is not as strongly influenced by skewed values as the mean.

In this manner, after grouping TP identified by the
eight tools in accordance with the four principles, it
became clear that the Perceivable principle shows
extremely higher completeness score — 5814 (64.3%)
than the rest, as illustrated in Table 8. The Operable and
Robust are next, with 1067 (11.8%) and 671 (7.4%) TP
respectively. On the contrary, AWAETs exhibit the
lowest completeness in the Understandable principle
with 253 (2.8%) TP. Subsequently, if to consider
completeness per principle, then Perceivable and
Operable need more attention for improvement.

If home pages are not accessible, then users will not be
able to access other pages. Hence, it is necessary to give
a special attention in making them accessible. Our
comparative statistical analysis states that the best
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accessible Tajik home pages were — tnu.tj (23 TP),
kbtut.tj (41 TP) and tajikembassy.at (47 TP) and Austrian
ones include linz.at (14 TP), ngo.at (28 TP) and jku.at
(33 TP). However, Tajik home pages such as tajikngo.tj
(397 TP) and toptj.com (161 TP) as well as Austrian ones
- asylat (496 TP) and careesma.at (153 TP) were
champions on the quantity of having barriers.

In principle, the scope of completeness in this research
is not limited to the SC that were automatically found by
the eight tools. Expert reviews were also accomplished to
reveal maximum numbers of existing problems. In this
way, experts have additionally discovered the rest of
1681 violations from 49 SC: for Tajik sites a total of 811
TP across 49 SC and for Austrian sites a total of 870 TP
across exactly the same 49 SC were found (See Table 6).
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As expected, the total amount of TP and SC decreases
from the Perceivable (1180 (31SC)) to Robust (43(SC))

principle. No TP were accounted for Understandable and
Robust in the levels AA-AAA.

Table 8. Statistics on TP covered by the four principles

The four WCAG The sum of TP The sum of all Total sum of
S found by all the | Total sum & | issues found by | Total sum& | TP found by
2.0 accessibility
Ne . tools percentage experts percentage the tools and
principles - =
1j at Aj .at experts
1. Perceivable 3050 | 2764 | 5814(64.3%) | 562 618 1180(13.1%) | 6994(77.4%)
2. Operable 393 268 661(7.3%) 194 212 406(4.5%) 1067(11.8%)
3. | Understandable | 123 130 253(2.8%) 31 21 52(0.6%) 305(3.4%)
4. Robust 396 232 628(6.9%) 24 19 43(0.5%) 671(7.4%)
“.tj” — Tajik sites and “.at” - Austrian sites
Table 9. Resulting numbers of TP discovered by experts
A AA AAA Sum
x SC z SC x SsC z SC
Perceivable 928 18 149 7 103 1180 31
Operable 182 6 73 3 151 6 406 15
Understandable 52 2 0 0 0 0 52 2
Robust 43 1 0 0 0 0 43 1
SUM 1205 27 222 10 254 12 1681 49
Median 117 4 37 2 52 3 229 9

Note: “X”- total numbers and “SC”- success criteria

The common conclusion of this study about coverage
and completeness is that 47 SC and about 7356 (81.4%)
TP are checked for definitively with the combination of
the eight automated means (See Table 7), while expert
analyses revealed the remaining 1681 (18.6%) TP out of
49 SC, as displayed in Table 9. In this way, the transition
from the automatic-only to automatic-manual scenario
increases both coverage and completeness in numbers
due to the fact that applying more heterogeneous test
cases means that fewer properties remain unverified.

The calculation of total numbers of TP in order to find
out whether Tajikistan or Austrian sites are more
inaccessible was difficult because some numbers of TP
are close to each other: the sum of the additional barriers
explored by human experts is 811 for the Tajik sites and
for the Austrian sites is equal to 870. However, if to
analyze the completeness of found barriers using all
AWAETS, then the numbers of all TP will be changed
significantly: Tajik sites will have 3962 TP and Austrian
ones will obtain 3394 TP. In both cases, Tajik sites were
found to be more inaccessible than Austrian sites.

Now, the relationship between two closely related
factors such as quantities of TP and their types (or SC)
will be revealed. As Fig. 4-5 suggest, TAW has twice
more automated test runs than SortSite, despite the fact
that they have the same number of SC, which is 15.
Alternatively, WAVE, having the smaller amount of
SC than SortSite was able to produce 1.5 times more TP.
Similarly, all manual checks with 49 SC are 4.4 times
less than the combination of all automated checks with
47 SC (See the last columns of Tables 7 and 9). It can,
therefore, be concluded that the number of SC does not
affect the number of TP.
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C. Correctness

Correctness, also mentioned as precision or accuracy,
is the percentage of problems detected by the AWAEM
which are indeed true problems. Hence, it refers to how
often FP are reported by an AWAEM and thereby, how
well it minimizes their quantity. This follows that the
accurate AWAEM is the one that finds only true
accessibility mistakes. Until today, the only way to
characterize the correctness of AWAEMs is to conduct
manual tests over automated ones. The following Fig. 7
illustrates evaluation results for correctness.

Fig.7. Ratios between the numbers of both correctly and incorrectly
identified problems by the eight tools

Note: The percentages of FP in stacked columns represent the
incorrectness grades computed as a ratio of FP to a sum of FP and TP
reported (incorrectness=FP/(FP + TP)) and in turn, the percentages in

columns of TP introduce the precision of tools calculated by subtracting
incorrectness from 100.
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Generally, all eight tools show 70.7% average level of
correctness, while the incorrectness level is 29%. Further,
the highest percentage of the correctness for half of the
tools such as EIllIl Checker, AChecker, WAVE and
Tenon appears to be quite similar, around 79.5%. The
reason why Mauve has a very poor indicator of
correctness (39%) is because it categorizes even probable
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barriers as real. The most serious source of FP in
AChecker is due to its failure to check F65; Cynthia Says
— failed to check H37, C12; Mauve - H42, C12, C14,
C21; TAW - F65; Tenon - H33 and Elll Checker - F65
and H65. For a more expanded review of the correctness
aspects, this study yielded the data reflected in Fig. 8.
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Fig.8. Classification results for the correctness across the sites and WCAG 2.0 principles.

Note: “P” stands for Perceivable and etc. “.tj” — Tajik sites and “.at”- Austrian sites. The last column “%”
represents the incorrectness and correctness grades respectively.

The median column in Fig. 8 indicates that tools don’t
produce the same amount of FP across the principles, but
from a small percentage of the incorrectness value - 19%
for Robust to a high and almost the same percentage of
the incorrectness values — 32% and 33% for Operable
and Understandable, respectively. Next, the medium of
TP values found per principle ranged significantly from
22 (67% of correctness values) for Understandable to 52
(81% of correctness values) for Robust.

It is interesting to note that even if tools uncover more
TP, yet they get more FP. In our example, for the
Understandable principle - Cynthia Says reports the
greatest amount of TP (100 for Tajik and 113 for
Austrian sites), but also relatively more FP (96 for Tajik
and 100 for Austrian sites), for the Robust principle -
TAW reports the greatest amount of TP (204 for Tajik
and 150 for Austrian sites), but also more FP (274 for
Tajik and 263 for Austrian sites) and Mauve generated
the greatest amount of FP in the remaining principles
(See Fig. 8). On the contrary, if tools uncover a few TP,
then they also receive a few FP. Likewise, our eight
selected AWAETs behave this way in general. EllI
Checker for Perceivable, WAVE for Operable and
SortSite for Understandable define the minimum values
of TP and FP too. A graph in Fig. 8 reflects a clear
picture of such interrelations.
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D. Specificity

Specificity measures the certain ability of the
AWAEM expressed in reporting additional or distinctive
numbers of those existing true accessibility errors that
others cannot. It also considers more details for
characterizing problems and providing specific warnings,
comments and suggestions. Ensuring maximum
specificity is an extremely important aspect of the
AWAEM’s capability, as it enriches coverage and
completeness. Hence, the best AWAEM is the one
that has improved the quality of its specificity in
addition to determining common errors. Further,
the analytical investigations from specificity assessments
of the eight AWAETS can be found in the data of Table
10.

Table 10 points out to the big differences in the
specificity among the tools. Cynthia Says is relatively the
best tool that could reach a good specificity level with
around 16.7% (1241) across 6 SC, while SortSite, TAW
and Tenon are worse tools with 2.2-3.1% confirmed true
positives. Perhaps even worse, AChecker, Elll Checker
and WAVE could define no TP within the confines of
specificity.
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Table 10. An overview of the specifically captured TP by AWAETSs

' (2} .

Ne gg_ % Error categories A S C)ér;;fgla BT | SIS | AT | T Crilclller RAE anTeof Zirt%eenstsgf
4] at [t]at| G |at|.Glat|.tjat]4]at]|g]at]|.gla] TP | ofTP
1 [ p| A [L31-H39 25| 13 38 0.5%
2 | p| A |132-F49 32|11 43 0.6%
3. | p| an [L43-F24 125 166 291 | 3.9%
4 | p| aa [144-C17 28| 41 69 0.9%
5 | p | an |L44.145-Cl4 121 | 47 168 | 2.3%
6. | p | aa |144-C20 16 | 19 35 0.5%
7. | p | AAa |L46.148-F24 291 386 677 | 91%
8 | p | ann |148-C21 195) 174 369 | 5.0%
9 |o| A [211-G% 73|21 94 1.3%
10 |o| a [|244249H33 91 | 139 230 | 31%
11. | 0 | Aaa [213-G%0 54 | 16 70 0.9%
12. | y | AAA [325-H83 56| 90 146 | 2.0%
13. | U | AAA [335-GT1 10| 11 21 0.3%
% |r| A [411-F70 67 | 29 9% 1.3%
15 | g | a [|412-F68 34| 9 43 0.6%

Sum by types of sites 0 | 0 [535/707| 332 |240(133| 49 (12737 |91 |139/ 0 |0 |0 | O
Sum by the tools 0 1241 572 182 164 230 0 0 2389 32%
Percentage of sum by the tools 0 16.7% 7.7% 2.5% 2.2% 3.1% 0 0
Note: “P” stands for Perceivable and etc. “.tj” — Tajik sites and “.at”- Austrian sites.
E. Reliability consistencies, respectively.

Since one of the purposes of this research isto
evaluate a degree of agreement and consistency among
AWAEMs, inter- and intra-reliability types are
considered. The inter—reliability (between testers) is the
degree to which two or more different and independent
AWAEMs produce the same results when examining the
same phenomenon. Inter—reliability values are calculated
by considering those cases where all eight AWAETS
judge and evaluate barriers with a severity level greater
than 0. Here, it is important to note that the reliability
between tools is questionable [89] and hardly reaches
100%.

Surprisingly, the obtained absolute inter-reliability
values for all eight tools is only 116 (1.56%) out of 7423
total issues (See Table 11). Here, all AWAETSs could
define identical errors in only three unique SC: F65 - 83,
H44 - 28 and H57 — 5 errors. Furthermore, the inter-
reliability weakens when numbers of tools are reduced
by the piece from eight to two, but the values of the
simultaneous discovery of TP naturally increase. Even in
such a scenario, pairs of different tools have the few
numbers of identical accessibility vulnerabilities. Their
total coincidence value is 1360 (18.32%).

On the other hand, intra—reliability (within testers) is
the degree to which measurement results taken by the
same AWAEMs are stable and consistent for the same
phenomenon under the same conditions. The internal
consistency or similarity of AWAEMs in relation to
numbers of verified TP can be measured using
Cronbach’s alpha, which is the most common numerical
coefficient to reflect internal reliability. The resulting o
coefficient for the twenty-six Tajiks sites is 0.568 and for
the twenty-six Austrian sites is 0.793, which means our
eight AWAETs have poor and acceptable internal
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Another option for exploring “similarity” between
AWAETSs is the Euclidean distance, which can be
employed for both inter and intra-reliability tests, but
under different conditions. That is, SC are considered to
have the same importance for inter-reliability and the
other case for intra-reliability. Actually, the Euclidean
distance method measures the length of a segment
connecting two points in any number of dimensions. If to
consider all SC as equally important, then Euclidean
distance information also allows ideally defining the best
AWAET in terms of associating both coverage and
completeness. Ordinary distances between TP and their
SC across each pair of tools describe how far apart these
tools are located (See Fig. 9). Basically, the farther away
are tools from each other, the less similar they are.

Cynthia Says
28;4339 *

Mauve
s 19;2781

TAW
15;1589

&%
“|E Checker z
- 16; 934 AcCheck
* ST

*sortsite
15;765

Fig.9. Two-dimensional Euclidean distances between the AWAETS

According to the calculations, given in Fig. 9, the
average distance between all the tools is 1300. In the
plane, the lowest located tool - SortSite and the highest -
Cynthia Says have the longest distance of 3574. Lastly,
the average distance of the five AWAETSs that are
grouped and pointed in Fig. 9 is 403, which means that
they are relatively close to each other. Hence, it can be
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concluded that most of the tools are quite similar in the not optimally reliable in all cases.
way they deal with TP but still, the tool’s performance is

Table 11. Dataset statistics of the inter-reliability of the AWAETS that operated according to WCAG 2.0 (levels A-AAA)

3| o AChe- Sort - Eln Ide%t:’ical Sums Percent
Ne '§ g Error categories cker Cynthia Mzuv Site [TawTenon) Checke Wév _of esg?thaege Number
£l 3 says r 4| at S”PI'IFI’ar sums s of tools
1. 1.1.1- F65 o ™ ¥ | ¥ |4| ™ ] ¥ |66 17
2. | PlA 1.1.1,13.1- H44 o ] ¥ | ¥ |4| & ] M |6]| 4 Al
3. 3.1.1- H57 “ ] ¥ | ¥ |&d| ™ o ¥ |2]| 3| 116 1.56 tools
rabkdis 3.3.2-Ha4 v | @ | ¥ | @ |w| @] @ |26 3
5. |R|A 4.1.2-Ha4 o ™ ¥ | ¥ |4| ™ ] ¥ |6]| 3
6. |P|A 1.3.1-H42 “ “ ¥ | 4 |4| & & ¥ (3] 3| 6 0.08 | 7tools
7. | P|A 1.1.1-H37 “ o v | ¥ g o ™ ¥ |7] 8
8. |o|A 244249 -G91 “ ] o v| ™ o v |44| 18 | 83 112 | 6tools
9. |[R|A 4.1.1-H93 o ] ¥ | “ o o ¥ [3] 3
0. [P |A 1.1.1,1.3.1 - H65 o ] o o ] M |3 2
1. |U | A 3.3.2 - H65 v ] ¥ | B |E| & ] ¥ 1| 2| 1 0.15 | 5tools
2. [R|A 4.1.2-H65 v ] ¥ | B |E| & ] M |21
13.|P|A 1.11-H2 ] ¥ |¥| = = “ |36| 8
14. |0 | A 244249 -F89 o ¥ |® ] 2| 10 > 075 | 4tools
5. [P | A 1.3.1-F91 3] o o 3| M |20] 2
16. | P |AA 143-G18 o ] | ® | £3] ¥ 9| 7
7. |0 | A 24.1,4.12-Hé4 “ o 3] o 5| 4 % 075 | 3tools
18. | U [AA 3.2.2 - H32 = o “ ¥| = 7] 2
9. [P |A 1.1.1-F39 3] ] ¥ | 4] 18
20. | P | A 1.1.1,1.2.1-F30 3] ™ o 3 3| 3| 2
21. | P | A 1.3.1-H43 o | ® |®E| & F3| ® 16| 11
2. |P|A 1.3.1-H73 ] ¥ | ® |®E| ® = ® |23| 14
23. | P|A| 131145149-G140 | = o ] 94131
24. | P|A 1.3.1,33.2-H71 3] ] ¥ |1]1
25. | P|A 1.3.1-H63 = “ “ = = 16| 15 | 1360 | 18.32 | 2tools
26. | P |AA 1.44,145-C12 ] ¥ | ® |@= = = |483| 291
27. | P |AA 1.4.8 - F88 = ® |®E| ™ = ¥ |0o]| o
28 | P |AA 1.4.6-G18 o ™ 8| 2
29. | P |AA 1.46 - G17 o ™ 3 3| 9| 84
30. |R|A 41.1-G134 3] ¥| = ] 11| 16
3. |[R|A 4.1.2-F59 = | B |®E| @ ] ® | 5|17

Note: “P” stands for Perceivable and etc. “.tj” — Tajik sites and “.at”- Austrian sites. The symbol “[4” points out that a given AWAET could detect TP
for corresponding SC and the symbol “[X” is used in the opposite case.

Tools” behaviors when detecting violations were detecting TP, FN and FP, except for FN missed from
further investigated with the Kruskal-Wallis test. Results Austrian sites, where significance is greater than .05 (See
show that all the tools do not behave the same when Table 12).

Table 12. A summary of the Kruskal-Wallis tests on various data distributions for assessing accessibility among the tools

TP FN FP
A .at A .at A .at
Chi-square 19,613 22,916 15,054 12,441 20,290 17,195
df 7 7 7 7 7 7
Asymp. sig. ,006 ,002 ,035 ,087 ,005 ,016

Note: “.tj” — Tajik sites and “.at”- Austrian sites

F. Validity accepted decisions of the beginner which correspond to
the expert ones [50,54-56, 87]. In other words, it means

Validity is also called as expert or guideline review as defined problems by AWAEMSs are not different than
well as manual inspection [90, 91] and considers those found by expert assessors. Thereby, any difference
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in knowledge of experts and ways AWAEMSs interpret
guidelines leads to less reliable and valid results. Next, as
generated issues by AWAEMs must be confirmed with
the help of experts, so all found TP are already valid. In
turn, those errors that are not valid are included as false
positives. Based on this, we consider the validity of
AWAEMs as a dividing red line between correctness and
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completeness together with coverage. Lastly, validity can
be further divided into correctness and reliability.

In order to understand how close the outcomes of the
AWAETSs with the total real errors across all SC are and
how strong the tools associated among themselves,
correlation coefficients between them are studied. Table
13 includes the results of these measurements.

Table 13. A correlation matrix for TP defined by the different tools and experts

AChecker C)énthia Mauve SortSite TAW Tenon Ell WAVE All TP
ays Checker
4 at | . at | .t at | .t at 4 .at 4 .at 1 .at 4 .at |
Correlation Coefficient 1,0 ¢ 1,0
AChecker [sjg (2-tailed)
Cynthia (Correlation Coefficient | ,36771,326"| 1,0 | 1,0
Says  Sig. (2-tailed) 013 | 029
Correlation Coefficient |,367"{,335"| ,123 { ,050 | 1,0 { 1,0
Mauve Isig (2-tailed) 013§ ,025 | 420 i ,745
Correlation Coefficient 261 | ,268 |-,196:-,251| ,004 i-032| 1,0 i 1,0
SortSite i (2-tailed) ,083 | ,075 | ,197 | ,097 | ,981 | ,836
Correlation Coefficient |,346"{,468""|-,020-,071|,309"{,339" | 252 { ,251 | 1,0 | 1,0
TAW  sig. (2-tailed) 020 | ,001 | 898 | 644 | ,039 | ,023 | ,094 | 007
Correlation Coefficient  [,518"},421""| -,008 | -,028 | ,322" | 329" | ,224 | ,096 | 240 | 263 | 1,0 | 1,0
Tenon g (2-tailed) ,000 | ,004 | ,960 | ,855 | ,031 i ,027 |,139 | 531 | ,112 | 081
Eln [Correlation Coefficient  |,649™,556™| ,003 | -,033|,320"{,301" | 211 | ,126 |,498"{,499™|563™1544™| 1,0 | 1,0
Checker [Sig, (2-tailed) ,000 | ,000 | ,985 | 829 | ,032 | ,045 | 164 | ,408 | ,000 | ,000 | 000 | ,000
Correlation Coefficient  |,371"},488™| ,088 | ,162 | ,077 | ,207 |,516™},474""| 285 {422™|,430™},359" | 136 | ,198 | 1,0 § 1,0
WAVE sig. (2-tailed) 012 | 001 | 566 | ,287 | 616 | 172 |,000 | 001 | 057 § ,004 | 003 | 016 | 372 | 192
Correlation Coefficient |-,017 | ,106 | 252 | 304" | ,064 | ,042 |-103}-163| 071 | ,038 |-102 - 152 |-184 |-,230(-,021{-050| 1,0 | 1,0
AlLTPsjg (2-tailed) 913 | 489 | 094 | 043 | 676 | ,786 | 499 | 286 | 642 | ,805 | 506 | 319 | 226 | 129 | ,889 | ;742

Note: * Correlation is significant at the 0.05 level (2-tailed). ** Correlation is significant at the 0.01 level (2-tailed).
“.tj” — Tajik sites and “.at” - Austrian sites.

Table 13 shows correlation values applied to each
possible pair of tools. Subsequently, only AChecker
could become barely close to all TP found and even
worse, the other tools had almost no linear relationship
with all TP. Furthermore, AChecker with 6 tools, Elll
Checker with 4 tools, WAVE with 3.5 tools (extra 0.5
point for having similarity with TAW for Austrian sites),
Tenon with 3 tools, TAW with 2.5 tools (extra 0.5 point
for having similarity with WAVE for Austrian sites),
Mauve with 2 tools, Cynthia Says with 1 tool and
SortSite with 1 tool have moderate uphill positive
relationships or moderately vary together.

G. Efficiency

Efficiency is a quality factor that relates to the amount
of resources such as efforts, time, skills, money and
facilities needed to conduct the evaluation that brings to a
specified degree of effectiveness and usefulness [21, 23,
92]. Here, the accessibility and usability of AWAEMSs
themselves are fundamental aspects. The below summary
Table 14 introduces an assessment overview of the
efficiency parameters for the AWAETs. Next, each
detailed scan by all the tools took an average of 1.8
minutes for pages with few accessibility barriers and 2.6
minutes for pages with lots of barriers. Usually,
AWAETS that ask for commercial licenses often provide
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compelling desktop environment versions, while free
tools are generally available online and are in a great
number, including all our selected tools. Besides being
free and available online, there are downloadable multi-
platform desktop versions for SortSite and TAW. WAVE
and Tenon have Chrome extensions with automatic
updates. As for Elll Checker, it ensures a bookmarklet,
designed for the Web accessibility evaluation. Lastly,
Tenon offers full access to all of its services within thirty
days after registration (See Table 14).

The final result of each AWAEM on a tested site ends
with the creation of HTML, XML and/or PDF reports of
all caught accessibility faults by the frequencies or
numbers of occurrences. Typically, reports are structured
in accordance with chosen standards. The quality of
these reports has a significant impact on the efficiency of
the AWAEM. Generally, this experimental study with
the eight tools indicates that forms and structures of
provided reports have become much better as well as
easier to understand and interpret. However, there are
problems with providing multiple links to violated source
codes. The top levels in the reports of Cynthia Says and
Mauve are the entirely copied text of relevant WCAG
2.0’s SC without any interpretation, which may not be
intuitive to users who are not already WCAG scholars.
Even worse than imagined, AChecker, WAVE and
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Tenon provide their own interpretation of WCAG with
human-readable words, but no SC’s numbers or names.
In these cases, it is very difficult to recognize affiliation
of those SC. Optimally, TAW and SortSite label

Towards Automated Web Accessibility Evaluation: A Comparative Study

errors according to their own interpretations of WCAG
and plus indicate to SC’s numbers or names, which
increases the value of reports.

Table 14. Efficiency statistics afforded by our sample AWAETS

AL Tools Report Languages %13\3"?1? License Report formats
1. Reporting the English, German and ) HTML, PDF, XML
AChecker results Italian Free Software and Open Source and EARL

2. . Reporting the . ) Trial or Demo, Commercial and Enterprise
ChmiE S results SnlEr Online checker UL
3. Reporting the - Chrome, | Free Software, Online checker, Browser
WA= results English Firefox plugins: Chrome and Firefox HTML
4. 8 Reporting the q ) Trial or Demo, Commercial, Online checker,
SErEE results Sl Hosted service and Server installation T el Y
5% Reporting the  (Galician, Catalan; English| Firefox, .
TAW results and Spanish Chrome Desktop software and online tool HTML
6. ; Trial or Demo, Commercial, Enterprise.
Reporting the . R ! ! HTML, XML, CSV
Tenon e English Chrome | Online checker,'Hosted_servme and Server and JSON
installation
7. Reporting the . ) Open Source, Online checker, Hosted
Bl elhedcs results English service and Server installation HTML
8. Reporting the Chrome Free Software, Trial or Demo, Commercial,
WAVE |results within web English Firefoxy Online checker, Hosted service and Server | HTML and XML
pages installation

Besides, yet an intensive work needs to be done to
improve the presentation of guideline’s violations.
Cynthia Says and SortSite do provide neither total
numbers of TP nor total numbers of TP calculated by
groups. AChecker, MAUVE and Tenon ensure no total
numbers of TP, but total numbers of TP by groups. TAW,

Tingtun and WAVE report both numbers of detected and
not detected faults in details. Another problem is that the
same accessibility errors are often determined repeatedly
and appear several times with unnecessarily increased
numbers in the reports created by Cynthia Says, SortSite
and Tenon.

Table 15. Capacity comparison of AWAETS

No Website submission hili :
Accessibility standards
Opetr:)Z(I)Su ree mode Y Num(t))ﬁg 2;53?85 n Supported formats
URL |File |Paste* WCAGl1 |WCAG2 Sec508 |Others

1| AcChecker | © ® ® w,B,s |Single and password | css HTML and XHTML
protected web pages

2. | cynthiaSays | © ® ® ® © © ® Single and password €SS, HTML and XHTML
protected web pages

3. Mauve ® ® @) ® ) ® S Single and password €SS, HTML and XHTML
protected web pages

4.1  sortsit ® | ®© ® ® ® © W

ortSite 4-10 Web pages CSS, HTMIF_)I,D)IEHTML and

5. TAW © | ® ® ® ® ® M |Single and password CSS, HTML and
protected web pages JavaScript

6. Tenon © |®| ® ® ® ® ®  |Single and password | cgs HTML and XHTML
protected web pages

7. |ElNlIChecker | © | ® ® ® © ® ® |Singleand password | 7ML and XHTML
protected web pages

8. WAVE @) ® ® ) ® @) ® Single and password €SS, HTML and XHTML
protected web pages

Note: W = W3C HTML Validator, B = BITV, S = Stanca Act, "Paste (HTML Markup) - pasting complete HTML source code from the clipboard.
BITV- accessibility criteria test of the German BIK project, RGAA- French Web accessibility Law. M = Own Mobile Heuristics

H. Capacity

We claim that one more quality characteristic is
necessary to widely estimate the AWAEM, which is
“capacity”. Capacity is the ability of an AWAEM to
simultaneously examine lots of web pages of various
formats and complexities with many code monitoring
modes against different kinds of guidelines and finally,
ensuring multi-format reports. The scope of capacity
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must be extended with the emergence of new features of
the AWAEM. Table 15 depicts capacity comparisons of
our tools. The symbol “©” points out that a given
AWAET satisfies a corresponding evaluation criterion
and the symbol “®” is used in the opposite case.
According to Table 15, each tool has different
dimensions of capacity for estimating even the same
websites.

The capacity comparison has emphasized effective and
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advantageous AWAETSs based on the four aspects, as
shown in Table 15. Among the eight well-known tools,
AChecker and SortSite could test the accessibility of
sites based on the wide set of international guidelines.
None of the tools could scan an entire site at one time. In
particular, only SortSite checks the first 4-10 pages of
a website with one click. Regarding web page code
monitoring modes, only AChecker and Mauve
can operate in the three different ways: ensuring URLS,
uploading files or pasting HTML codes. Finally, only
Cynthia Says and Mauve could analyze web pages
against CSS (See Table 5), while the producers of all the
tools, except Elll Checker stated the opposite case (See
Table 15).

IV. DISCUSSION
A. ...about Coverage

We have learned that one AWAEM informs about the
existence of specific numbers of SC and TP and another
does the same job, but slightly wider than the first. One
of the basic problems of AWAEMs is that they ensure
poor coverage of standards, including WCAG 2.0 and
each one uses different SC to assess even the same pages.
Generally, all the tools individually could cover from the
lowest of 12.7% (WAVE) to the highest of 32.4%
(Cynthia Says) out of 71 unique SC, which is 20% on
average, while in studies by [31] and [37] are around 23-
50% and 7.1-35.7% respectively. However, there
are similarities with [31, 40] in identifying SC by the
principles, as Perceivable and Operable got greater
numbers of violated SC 60.4% and 21.9% respectively.
The research by [40] also states that the Robust principle
is the second highest violated principle after Perceivable
(52%) across all metropolitan municipalities with a total
of 867 errors (25.20%). As for the combination of all
eight tools, it improves the situation with 25% from the
average value. In addition, expert analyses predicted
slightly more SC (a total of 45.1%) than AWAETS
(32.4% for the best tool) and wherein in those SC that the
tools were unable to find. To this end, some SC that just
need a verification of certain HTML tags such as 2.4.2
Page Titled [31] and “F70”: Failure of Success Criterion
4.1.1 due to the incorrect use of start and end tags or
attribute markup” are not even covered by the majority of
the AWAETS.

B. ...about Completeness

Websites with low accessibility levels possessed sets
of common violations and vice versa for inaccessible
sites. Out of the overall 9037 TP established, 7356 issues
were considered TP derived from the combination of all
the tools and 1681 issues were considered not-identified
TP by the tools, and thus received by means of manual
inspections. Yet, at this time, the AWAETs did not
provide a good completeness as we would expect. The
best tool - Cynthia Says generated 59% (4339) of all TP
and this degree is drastically reduced for the remaining
tools up to 10% (765). It means that AWAETS are able to
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determine only 4 out of 9 problems in the best case
scenario. It follows that more than a half number of TP
remains unverified if tools are applied separately. Our
results for completeness match with [31], which is (14-
59%) and are more likely improved when compared with
those that ranges between 30% (21TP) and 49% (50TP)
[29] as well as between 14% (91TP) and 38% (249TP)
[31].

In addition, accessibility faults found as warnings can
be transformed into TP after double-checking by manual
means, and thus, interpreted as the improvement factor
for completeness. Some types of “Visual, warnings or
N/A” violations offered by tools such as Cynthia Says
and TAW have no specific sources of code. In this case,
it is even impossible to view indicated mistakes.

C. ...about Correctness

The correctness of AWAEMs is imperative since they
are used in practice. In fact, tools under study have
possessed a higher level of correctness than any other
characteristics, which is on average 70.7% (See Fig. 7).
The best correctness score is 81% (934) for Elll Checker,
whereas the worst is 39% (2781) for Mauve. These data
findings slightly differ from previous investigations, e.g.
66% (202) - 96% (192) by Vigo et al. [31] and even
insignificantly increased with those established by G.
Brajnik [29], which is between 79% (118) and 93% (139).
Yet, all studies indicate to the considerably positive
correctness of AWAETSs. Also, we observed that tools
with the best accuracy have the lowest completeness
level. Our estimation showed that all the tools report a
smaller number of FP when checking sites with the
WCAG 2.0 guidelines. However, multiple and
unnecessary references to the same errors as well as
repeated increase of errors in numbers were revealed in
Cynthia Says, SortSite and Tenon.

Fundamentally, completeness and correctness have an
important causal relationship and play a key roles in
characterizing effectiveness. Furthermore, complete but
incorrect AWAEMSs can catch various faults from a site
and thus, generate a lot of FP. Conversely, incomplete
but correct AWAEMs could generate no FP, but a large
number of FN, which means that many other TP remain
hidden.

D. ...about Specificity

Naturally, the good AWAEM focuses on more specific
SC. More specific the AWAEM is, more special and
important it becomes. Unfortunately, very few studies
have investigated the specificity of AWAEMSs. In our
case, although the chosen tools looked for the same and
common kinds of problems, we could easily observe the
different specificity ratios among them. Notably, TAW
as having the poorest specificity result with 164 TP is
slightly superior to early tools such as Bobby and LIFT
Machine that implemented 70 and 103 automated tests,
respectively [29].

E. ...about Reliability

When considering inter-reliability, a detailed analysis
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of fifty-two sites discovered that the reliability of today’s
AWAETS is still low. There were only a few TP recorded
simultaneously by all the eight tools — 116 (1.56%)
through only 3 unique SC. Even, the views of pairs of
tools are the same in only 1360 (18.32%) true positives.
In 2003, Diaper and Worman [89] in their experimental
analysis of two tools “A-prompt vs. Bobby” have
emphasized that the inter-reliability of these tools was
questionable and there was no guarantee for any of them
to produce the same results. Subsequently, there was no
agreement between A-Prompt and Bobby when looking
at priority 2 of WCAG 1.0. Moreover, thereis also a
claim that our eight tools under study as well as Bobby,
Lift and Ramp [36] and A-Prompt and Bobby [89]
provided the different reliability results.

Despite this, the experiment results for the intra-
reliability indicate that all our AWAETS do not behave
the same when producing TP in both Tajik and Austrian
sites. These facts confirm their similarity with [32]. In
sum, imprecise results, not defining accessibility
obstacles (FN) or displaying non-existent problems (FP)
decrease the reliability level.

F. ...about Validity

To investigate origins of TP, validity was computed as
the percentage of problems caught by automated means
that matched with those caught by manual checks. Out of
9037 (96 SC) possible TP violated, the eight given tools
could fully automate an average of 23.3% of TP, which
is 8.3% more than in a previous investigation in the year
1999 by [93]. Given the fact that the best tool Cynthia
Says was able to find 59% of TP, we can state that about
40% of TP require manual checks, which is again 10%
more than in the mentioned study [93]. Preferably, if to
use a combination of AWAETS, then the percentage ratio

of automated tests will increase significantly up to 81.4%.

Other previous studies on automated accessibility and
usability assessments [93, 94] that were conducted in the
early 1990s, state that only around 44-55% of tests can
be automated. Thus, another main conclusion is that tools
have become more intelligent after two and a half
decades.

G. ...about Efficiency

AWAEMs have different evaluation techniques,
strategies, characteristics, benefits and drawbacks.
Making a rightchoice of them dependson those
priorities set by the factors discussed in more details in
Section V. E.g. one drawback should be mentioned,
which is AWAEMS’ failure to distinguish between
important and non-important errors. This point was also
emphasized by [30]. Additionally, using AWAEMs
requires experience and knowledge about them, as well
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as a better understanding of reported TP and alerts.
Finally, looking back in the year 2006, there were few
AWAETs freely available [37]. Luckily, numerous
excellent and free software applications with ninety-three
registered and other non-registered ones are available for
stakeholders to assess the accessibility of their sites and
applications.

H. ...about Capacity

All previous investigations and yet, this study claims
that different AWAEMSs propose different faults and
none of them find all faults of a site. Some barrier
identification processes are automated in one AWAEM
and semi-automated in the other one. Also, AWAEMs
are generally limited to particular technology platforms.
File formats such as HTML, CSS, PDF, GIF and Flash;
JavaScript, AJAX, Java and SMIL; various browsers as
well as integrated design environments are not supported
in all the eight tools simultaneously. As for the number
of web pages to be checked, almost all the tools evaluate
only a single page with a single click, which usually is
the homepage. Moreover, our findings together with [97]
indicate that still most of the AWAEMs statically
analyze HTML source code and rarely the design itself.
However, only WAVE could visually analyze the
accessibility of website design. Lastly, all the selected
AWAETs are exclusively focused on the Web
accessibility assessment, whereas only SortSite provides
the already working additional functionalities, including
broken links and usability checks, browser compatibility,
testing with search engine guidelines and more.

V. PROS AND CONS OF AWAEMS

Using AWAEMs to support testing activities leads to
the following nineteen pros and fourteen cons, as
described in Table 16.

If to consider quantities, the benefits of using
AWAEMSs turned out to be more than their limitations
(See Table 16). This increases the motivation for using
AWAEMSs, which is possible during the construction,
implementation and maintenance phase of the site’s
development. In turn, high productivity and efficiency of
AWAEMSs cannot be compared with the other methods
as they can catch certain issues that might otherwise be
time, cost and resource consuming. AWAETs could
identify larger numbers of potential problems than web
designers [28]. Moreover, the web designers have
experienced difficulties and were not effective in
interpreting and employing design constraints and
accessibility guidelines without using AWAETS [28, 96].
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Table 16. A summary of pros and cons of AWAEMs

Automated Web accessibility evaluation methods

PROS

- Many automated software applications and tools are widely

available on the market today

- Cost effective in general, often free and easy to implement. The
assessment gets less labor-intensive and because of it, all expenses

will be decreased

- Practical and highly effective with large evaluation projects and

websites with lots of pages

CONS

- Often incompatible for many major technology platforms such as
(X)HTML 5, CSS, PDF, JavaScript, AJAX, Java, .Net, PHP etc. that
are in a wide use today

- There could be an expensive purchase of commercial versions for
single or multiple users and domains

- Free software versions evaluate a limited number of pages, often

- Executed by software, thus quickly and conveniently runs tests one page at one run

with far more code

- Determining a large and diverse spectrum of objective non-

compliance issues
- Performing a wide range of certain tasks

- Less time-consuming
- Saving a huge amount of time

Revealing issues that might be missed by other methods.
Therefore helps to focus in the manual or other kinds of the

checking techniques

- Manufacturers have been improving the quality of AWAEMs - Still

- Unable to detect a set of subjective barriers. Hence, human
cognitive skills are required

- Enough time and effort should be spent on learning and getting
experience to work with AWAEMs
- Basic computer literacy is necessary

- Unrealistic expectations such as missing actual problems and
sometimes flagging non-existing accessibility barriers

unable to ensure a comprehensive validation of all

with each passing year. E.g. this study claims that completeness, accessibility problems. E.g. less than 50% of the WCAG 2.0’s SC

correctness,
enhanced than in the previous years

- Non-technical appraisers can run tests and cut down the necessity

- AWAEMs train developers on accessibility best practices by

presenting necessary information in their reports

- Easy to conduct a set of tests repeatedly and at regular intervals

- Allowing a huge number of evaluators to collaborate as a great

- Easy to employ at any stage of site development and design. At
early stages, the AWAEM helps to minimize an eventual cost of

fixing violations related to guidelines/standards
- Combinations of two or more AWAEMs is possible and ideal
- Can be performed remotely in space and time

- Automatic grading of found issues into groups

- Statistical evidence of progress
- Providing quality comparisons between different sites

— Appropriate for diagnostic as well as formative and summative

types of assessments
- Helpful when code and interfaces are changed frequently

Can be run on different machines, OS and browsers at the same

- Easy configuration of settings
- More reliable and robust as performed by software applications

- Able to program new worthy tests or expand an existing suite of

tests to cover more features

Iof expert knowledge among certain appraisers

VI. RECOMMENDATIONS FOR IMPROVING THE QUALITY
AND FUNCTIONALITY OF AWAEMS

Our review of the current state of the automatic
accessibility evaluations highlights an important list of
fifteen recommendations in different aspects to assist in
the improvement of AWAEMs:

1. The user interfaces of AWAEMSs themselves are
supposed to be accessible and usable to be
operated by all types of users, including the
disabled and elderly. Otherwise, purchasing a

Copyright © 2017 MECS

intra-reliability and specificity of AWAETSs are can be examined automatically

- The scope of coverage and completeness vary among AWAEMs

- Standards/guidelines can be too difficult to read and interpret, too
abstract and/or too much in size

- Entirely dependent on the quality of chosen standard/guidelines
and/or some of their SC or checklists

- Strong expert knowledge and experience for understanding specific
standards, interpreting reports and performing skilled evaluation are
required

— Conformance to a standard or guideline does not indicate to the
real accessibility issues

- AWAEMs alone are not sufficient to explore the full compliance of
sites with standards or guidelines

- There is a need to have an active Internet connection. Hence, the
connection might be unreliable at time of carrying out assessments

— Assigning priorities and severity of accessibility issues are not
supported

difficult to use AWAEM will be money wasted.

2. The AWAEM should ensure a high quality and
reliable results with well examining TP and
removing FP since inaccurate, incomplete or
misleading results are potentially harmful to
organizers and websites and risky for project
budgets. For example, concluding decorative
images with empty alt text as inaccessible to
assistive technologies e.g. screen readers, when
this is not always the case.

3. In today’s conditions, it is necessary to employ a
variety of particular accessibility guidelines to
develop websites and satisfy the needs of
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numerous users. On this basis, existing and new
AWAEMs that intend to be created need to
support at least two or more prominent
international standards, including a necessary
number of specific guidelines, e.g. search engine
guidelines and/or those that are adopted in a given
country or company.

The AWAEM has to include functionalities that
automate repairs across sites with further
facilitation by communicating with testers or
without them. For instance, if a set of the same
images used repeatedly in a site, then a repair
process can be included by asking the developer to
enter alternate texts for those images. Even then,
Lee and Hanson focused on producing the
AWAEM that automatically allows deep changes
in the structure of sites to make them more
accessible [97]. Basically, repair-based AWAEMSs
have great influences in substantially reducing
time, cost and effort required to make websites
accessible. Moreover, | strongly believe that
automatic accessibility repairs are the future
priority direction for the improvement of
AWAEMs.

Developing features to facilitate scheduled
monitoring of web accessibility, where e.g. new
content is being released daily or even several
times a day. Further, when carrying out regular
monitoring, AWAEMs should ignore re-checking
of pages, where changes have not occurred.

The growing trend in modern Web technologies is
the creation of dynamic and interactive websites
through the use of CSS3, HTMLS5, AJAX, jQuery
and various scripting and programming languages
that are leading to new challenges in automatic
accessibility evaluation. In this case, the existing
AWAEMs must be able to validate web pages
built with the association of these advanced
techniques.

The majority of AWAEMs evaluate only one page
(e.g. all the eight tools except SortSite) or a small
number of pages with one click. Hence,
comprehensive testing of an entire website with
any amount of web pages is a desirable feature.
Testing uploaded files and/or source code entered
directly to avoid accessibility errors in early stages
of website’s development. For this reason, content
management systems should also have access to
AWAEMSs during testing of code in the site’s
development phase without uploading to a
publicly accessible URL.

To be able to follow, process and assess the
accessibility of non-standard links to the other
non-HTML file formats such as Flash, PDF,
Microsoft Office applications and etc.

To expand the list of other services within an
AWAEM that will effectively increase the
accessibility of analyzed sites, such as browsers’
compatibility tests (with a variety of modern
browsers such as Chrome, Firefox, Safari, Opera,

IE, iOS, Android, BlackBerry, etc.); performing a
spell check to facilitate proofreading since
misspelled words are most likely to be
mispronounced by screen readers; conducting
page preview filters such as applets off, images off,
scripts off, without color and so on with various
types of color blindness; testing document object
models and detecting broken links, Java,
ASP.NET, PHP and etc. script errors and the like.

11. AWAEMs should clearly list all existing
violations together with their source code and
indicate to employed guidelines and numbers of
accessibility errors. Therefore, it would be more
efficient to report accessibility assessment results
by: a) clearly indicating the names of violated
issues and source codes; b) providing own
interpretation of violated issues and ways to
eliminate them c¢) grouping all accessibility
failures in accordance with principles or sub-
groups of a chosen standard; d) clearly showing
the relationships between quantities and
percentages of measured problems: total tested
issues, past, failed and those issues that need to be
verified by experts as well as the general scores of
examined websites.

12. Providing functionalities to export and save data
reports in numerous file formats and store raw
evaluated data in XML documents with
subsequent access.

13. The presentation of summary reports by the
AWAEM should be customizable so that testers
could select the levels of details they want to see
otherwise the reports might be overwhelmed by
full-detailed data.

14. AWAEMSs may offer a full or partial integration
with other existing accessibility checking systems,
toolsets and processes to improve functionalities,
modify test logics, integrate specific guidelines
and/or add new rule sets for re-inspecting from
scratches.

15. Nowadays, AWAEMs should be applied and
integrated dynamically at all stages of the website
development process. We support the view of the
authors Xiong et al. [38] that most guidelines’
checkpoints can be examined at very early stages
of the website development rather than the post-
implementation and integrated into AWAEMs to
lower the cost of corrections over final realization.

VII. LIMITATIONS AND FUTURE WORK

WCAG 2.0, being the updated version of WCAG 1.0
is the international standard that makes a great
contribution to the digital inclusion and harmonization of
accessibility rules globally. Strictly speaking, however,
its success criteria (mostly in the Level AAA) may
impose restrictions on web page design (choosing colors
or styles), aesthetic (look and feel), components and
functions; content presentations (e.g. more images and
tables, but less text) and author’s freedom of expression.
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Furthermore, some cross-site scripting (XSS) codes
embedded in sites can manipulate or block some
functions of AWAEMSs when testing web pages. We
encountered several cases with XSS codes, where our
tools AChecker, SortSite, Tenon and WAVE were not
able to check certain web pages and because of this, we
had to select those web pages that all the eight tools
could estimate.

Another limitation is that the current study is purely
focused on the conformance with WCAG 2.0 without
exploiting other features ensured by AWAETS, such as
grammar and spell checking, implementing HTMLD5,
ARIA, search engine and SEO best practice guidelines,
browser compatibility testing, identifying website
usability problems, broken links and unexpected HTTP
error codes, missing images and script errors and etc.
Further, one of the major limitations is that AWAETS do
not appear to be robust enough to analyze content in
different non-HTML formats, even though web content
is considered the most important factor for high-
quality sites [98]. It is, therefore, desirable that
such aforementioned aspects will be also taken into
account in future studies on web accessibility.

Obviously, increasing numbers of various websites,
software tools and human experts affect testing results by
extending implementation of WCAG 2.0 and as a result,
brings to a more precise and valid view of web
accessibility. Therefore, as a future work, more detailed
analysis with hundreds of web pages could be carried out
to find out if there is a correlation at the levels of
websites. Also, only eight free of charge tools have been
utilized for this research. Since eighty-five other tools
have been developed that offer features and
functionalities that are distinguishable than those
mentioned in this study. That is why the study can be
extended by further using other decent free and
multifunctional tools. From this point of view, separate
research can be carried out only with commercial
AWAETS to compare summary outcomes, i.e. whether
there are genuine differences between the two groups of
free and commercial tools.

The results of this study may not cover the real-life
issues that the disabled face since this research relies on
the automated and expert assessments of Web
accessibility based on the standard conformance.
Consequently, testing sites with real disabled users can
encompass a wide range of physical problems coming
out from all complex and subtle interactions between
web content and assistive technologies. Reasonably,
conducting parallel studies with disabled users, older
adults as well as with accessibility professionals to re-
evaluate preferably the same sample web pages and
comparing problems found in these studies would be
necessary to generate more broad and accurate results.
Finally, an increasing number of accessibility guidelines
proposed for the Web makes the implementation of

AWAEMs that work with these guidelines more complex.

Hence, it is necessary to conduct more research to test
guidelines introduced in AWAEMSs and make guidelines
and AWAEMSs themselves more usable.
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VIII. SUMMARY AND CONCLUDING REMARKS

The evaluation and comparison of AWAEMSs are
difficult because they are evolving fast and different
methods measure different variables. Accordingly,
various aspects of the quality or new quality criteria for
measuring AWAEMs will arise, which must be taken
into account. Apparently, this is causing a problem since
AWAEMs are usually studied through the lens of a
limited number of quality features and unfortunately,
there is a lack of research on web accessibility.
Furthermore, quality criteria for AWAEMs must be
clearly defined in order to evaluate and benchmark them.
As for this research paper, it focused on the relatively
large amount of quality criteria such as coverage,
completeness, correctness, specificity, inter- and intra-
reliability, validity, efficiency and capacity to achieve its
goals. Notably, considerable attention has been
dedicating for these eight quality criteria in the software
engineering discipline.

Next, in order to produce viable, effective and precise
results in accordance with the targeted eight quality
criteria, a new methodology is elaborated in the study.
This new integral five-phase methodology called as
“5PhM-for-AWAEMSs” is applicable for an effective - a)
selection and b) assessment and/or comparison of
AWAEMs towards analyzing the accessibility of sites
and web applications. Within the framework of this
methodology, strategies and techniques of the analyses
for each of the eight specified criteria and the relevant
statistical results are disclosed in detail in Section III.
More than this, the eleven key criteria for the selection of
appropriate AWAEMSs, the required numbers of web
pages and experts for the acceptable, normal or ideal
Web accessibility assessment have been proposed.
Notably, for the first time, twenty-six Tajik and twenty-
six Austrian sites have been analyzed based on the
conformance with WCAG 2.0 as long as this latest
standard is being accepted and replicated globally. To
obtain final results, expert evaluations classified and
confirmed all TP, FP and FN produced by AWAETS as
well as uncovered the remaining ones. To sum up, our
research findings are interpreted in the context of the
prior knowledge and assumptions. To facilitate
comparisons between studies, we strived for the
comparability that covers methods, research design and
investigations.

The ideal AWAEM is the one that can provide
accurate predictions of all accessibility problems that
may occur in a website. However, such an AWAEM still
does not exist. Substantially, eleven relevant conclusions
can be drawn from the employment and analyses of the
eight AWAETSs such as AChecker, Cynthia Says, Elll
Checker, MAUVE, SortSite, TAW, Tenon and WAVE,
as related to the goals of this study:

1. The scope of coverage varies among the tools
from 12.7% to 32.4%, which is in fact far away
from having a good automated coverage. This
is not surprising that those SC that are less
common or subtle are still hardly targeted or not
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covered at all. Besides, even the most frequent and
expected SC are not completely covered by the
majority of AWAETs under study. Further,
AWAETs should inform not only about TP
violated, but also FN. Such an approach will help
the appraiser to choose correct AWAETs for
assessments and make plans to minimize numbers
of FN.

In fact, the AWAETs exhibitlow levels of
completeness as all the tools determined on
average less than 33.8% of TP (only 1 out 3 TP) in
8 types of SC. As for the best tool, Cynthia Says
determines 59% of TP. The study has also
revealed that the tool’s completeness changes
between various types of sites as well as certain
guideline principles and levels of conformance.
Indeed, SC of the Perceivable principle with the A
level exhibit an excessively high level of
completeness (5814 (64.3%) TP), as compared
with rest. Sites such as tajikngo.tj (397 TP),
toptjcom (161 TP), asylat (496 TP) and
careesma.at (153 TP) were the most inaccessible
ones. It can be observed that there is no tool that
can perform best across all the principles and
types of websites. Besides, almost all automation
tools provide a great number of tests that are
influenced by sheer numbers of “warnings” tests
to verify. In such situations, AWAEMSs should
employ smarter algorithms to reduce those
numbers of tests “to verify”.

. As a matter of fact, the correctness of AWAETS is

the highest among all the considered quality
criteria (70.3% on the average). However, there
are cases where a tool that exhibits the highest
coverage and completeness values, simultaneously
has the largest number of incorrectly identified
issues. This indicates that automating as much as
possible TP in the world of software programming
leads to the negative consequences of increasing
numbers of unwanted FP, with the exception of a
very few AWAETS like Cynthia Says. Preferably,
the superior tool is the one that gives exact
determination and forecasts of relatively high
numbers of accessibility violations of a website
with a minimal incorrectness score. That is why
Cynthia says can be relatively considered to be
such a tool since it shows the better coverage [23
SC - the maximum value], completeness [59%
(4339TP) - the maximum value], correctness
[more than average value-75%] and specificity
[16.7% (1241TP) - the maximum value] as
compared to the others.

. The study adds further evidence that the inter-

reliability of the eight assessment tools is the
lowest among the other tested quality factors and
quite variable between different combinations of
tools. Findings indicate that the inter-reliability of
the AWAETS lies between 1.56% (116 TP) - for
all the eight tools and 18.32% (1360 TP) — for the
pairs of various tools. Thus, another finding is that

tools detect not identical violations. In turn, the
intra-reliability ~ evaluation  suggests  that
the AWAETSs were stable. E.g. according to the
statistical analysis with the Kruskal-Wallis
approach, AWAETs behave more similar in
reporting TP, FP and FN, except in the case of FN,
missed from Austrian sites. The Cronbach's alpha
test revealed that the tools have poor (0.568) and
acceptable (0.793) similarity results with respect
to the number of TP flagged for Tajik and
Austrian sites, respectively.

Even, if AWAETS are less consistent and do not
have enough reliable results, it is because they
perform well in some specific situations, while
others are weak. Further, the amount of detected
different and distinctive types of TP varies
noticeably from zero to 16.7% (1241) of TP. Our
three tools out of eight had no test that could be
categorized as specificity. A total of 32% (2389)
TP belongs to specificity, meaning that AWAETS
focus on more frequent TP.

. The research findings indicate that the AWAET

have pros and cons, tend to produce false or
misleading outcomes, inform correct code as
incorrect, miss true positives or “flag” them as
warnings. Therefore, overall damage caused by
the use of tools alone was calculated — coverage
lies in a range of 12.7-32.4% of the violated SC,
completeness occurs in a wide range of 10-59%,
correctness ranges between 39% and 81% and
specificity lies in a range of 0-16.7%. Drawing on
these facts, we do not recommend for the careful
appraiser to solely rely on AWAETSs in order to
properly assess the accessibility of their sites.
Nonetheless, today’s AWAETs are capable of
producing a bit more TP in terms of completeness
and specificity than in the previous years.

. This research paper investigated the importance of

using combinations of AWAETs and strongly
recommends such approaches. The mixture of
tools can validate each other and find some other
non-detected SC and TP. However, it should be
based on existing strengths and weaknesses of
AWAEMs, e.g. they might be employed on those
SC they ensurehigh levelsof coverage,
completeness, correctness, and/or specificity. As
demonstrated, using the multiple tools boost the
overall coverage to 54.9% (39) SC, completeness
up to 81.4% (7356) TP as well as helps to reach
the best case scenarios for all the remaining
measured quality indicators. However, expected
results from combinations may be worse if not to
pick up necessary AWAEMSs. In fact, there is a
broad list of ninety-three registered tools [60] that
could be utilized in actual practice to maximize
assessment results. As far as the combination of
AWAEMs is concerned, it is the best way if not
the only one to increase the efficiency of
AWAEMs in all aspects. However, any suitable
combinations cannot guarantee the detection of all
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TP that exist in sites.

8. Based on all the above statements, issues
identified with AWAETS should not be trusted as
they are inadequate and insufficient in all respects.
Instead, it is imperative to always revise and
complete automated evaluations manually.
Besides, in certain cases, AWAETS are technically
oriented and represent negative or positive results
against accessibility rulesets without considering
contextualized interpretations. Hence,
comprehensive knowledge of human experts about
guidelines, accessibility requirements, general
characteristics of AWAEMSs and personal skillset
are the final determining factors for ensuring a
high-level of Web accessibility.

9. As claimed previously, it is also concluded that
AWAEMs are not independent assessment
methods, but rather useful additions to the other
evaluation techniques, e.g. heuristic and user
evaluation methods. As a matter of fact, making a
website accessible requires considerable time and
efforts in handling web page code, numerous
accessibility as well as design and usability
guidelines. In this perspective, the AWAEM as a
primary toolkit of a careful assessor can
significantly improve testing results by severely
reducing time and effort. Also, due to their nature,
AWAEMs can easily find certain SC and TP that
are particularly hard to find with other approaches.
As a result, the larger a site, the more it is needed
to rely on AWAEMs.

10. Unfortunately, the current evaluation results
showed that reaching and even more, maintaining
the accessibility of sites still remain an actual
problem as the vast majority of our sample of
modern websites are far away from being
accessible. Also, the researchers Pils et al. (2009)
[99] came to the same unsatisfactory conclusion
after analyzing thirty-two government websites
from Upper Austria in compliance with WCAG
2.0. Of the evaluated websites, none of them
fulfilled the required minimum criteria (the level
A) with 100% and only four sites reached an
overall score of “Good” [99]. In our case, around
4-6% of the surveyed websites passed both
automatic and manual assessments with very
fewer errors, which means they have met the
minimum requirement for the Web accessibility
presented by WCAG 2.0. Furthermore, the
reported common accessibility barriers by
automated tests that caused entire sites to become
fully or partially inaccessible are (listed from the
largest to smallest numbers of obtained TP): C12,
G18 F24, G17, F65, Cl14, G18, C21, G134, F24
and G140. The rest or additional common issues
that were found by the experts are: H37, F38, H67,
H45, F3 and G145. It should be emphasized that
whether web pages include equivalent information
in different forms (e.g. simultaneously in the text,
audio and video formats) is not addressed by the
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AWAETS.

11. The subjectivity of certain issues in standards,
including WCAG 2.0 is problematic for the
reliable functioning of AWAEMs. Many SC of
WCAG 2.0 in the category of ease of use, look
and feel, informative and accurate text of form
controls, manners in which content is displayed,
accessibility of error messages etc. are either too
subjective or too complex to be accurately tested
or caught at all with AWAEMSs, and therefore fall
outside the scope of fully automatic evaluations.
Conversely, engaging human experts throughout
the test process could additionally verify 1681
(18.6%) subjective TP. Hence, again the same
conclusion with the above point 8 is that relying
on AWAEMs alone to validate sites for
compliance is a great mistake. Instead, our
findings, taken together with previous research,
explicitly suggest an association of automated,
manual and user testing methodologies to achieve
the best results in accessibility evaluation.

As the average accessibility level of sites is very low,
it is necessary to emphasize that one should not forget
that the disabled are also human beings and they are in
large numbers. In addition, laws require all sites,
especially governmental ones to be accessible to all.
Therefore, from a good quality of Web accessibility
benefits everyone and thus, its achievement is mandatory
- at the request of the law, necessary - as a sign of respect
to people with disabilities and elderly and finally,
beneficial - to significantly increase revenue due to the
growing number of users, clients and other stakeholders.

In the future, the presented new methodology “SPhM-
for-AWAEMs” and outcomes of this paper improve the
ease of evaluation and comparison of different
AWAEMs, assist to an appropriate choice of AWAEMSs
and consequently contribute to rational use of AWAEMSs
in evaluatingand  enhancing  Web  accessibility.
Hopefully, the reported nineteen pros and fourteen cons
of AWAEMs, fifteen recommendations for the
AWAEM’s quality improvements and the comparison
results of this study can lead to more intense competition
among producers of AWAEMs in order to make
AWAEMs themselves smarter and more efficient. In the
end, | firmly believe that automatic Web accessibility
repair will be the main research and development priority
for AWAEMs in the future.
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