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Abstract

The higher education institutions across the globe are steadily increasing their usage of the web platforms to disseminate
information to its stakeholders. In this background, it becomes important to make these resources inclusive. An inclu-
sive website of a higher education institution will facilitate seamless access to its resources for Persons with Disabilities
(PwDs). This paper presents an accessibility analysis of 59 higher education websites of Portugal. Both Polytechnic (19)
and University (40) websites were incorporated into the study.The accessibility analysis is carried out with three major
tools: AChecker, WAVE, and aXe. With respect to the AChecker tool, the average of known problems was observed almost
doubled in Universities than Polytechnic Institution websites of Portugal under all levels of conformance. With respect to
WAVE tool, we found that the average of alerts, structural elements, and HTMLS5 & ARIA in terms of web accessibility
status of websites of Polytechnic Institutes are less than the Universities, but contrast errors are found with more frequency
in Polytechnic Institutes than in universities, and the average of errors and features are almost the same in both of the cases.
Also, we found that the average number of violations and needs of review guidelines as per aXe tool are 50.84 and 21.47
in Polytechnic Institutes’ websites and 30.75 and 27.83 in Universities websites belonging to Portugal, respectively. Based
on scores obtained by these accessibility analysis tools, the outliers of accessibility violations are calculated with respect to
websites of Polytechnic Institutes and Universities of Portugal. Moreover, we also suggested and discussed the important
clues to solve the accessibility violations of websites along with their issue descriptions among the selected websites in this
study. Hence, this analysis report provides the feedback to website administrator and web developers to improve the acces-
sibility evaluation status of these websites.

Keywords Web accessibility - Web evaluation tools - Accessibility issues - Accessible guidelines - Portugal institutes and
universities websites - World wide web consortium (W3C) - Statistical inferences

1 Introduction

Currently, accessibility research is an active area of research
due to the huge impact of websites on their usability and
accessibility over common people.

According to Tim Berners Lee, founder of the World
Wide Web, the power of the web is in its universality. Access
by everyone regardless of disability is an essential aspect.

Accessibility in the News 20th October 2017 defined
by Debra Ruh, founder of TecAccess, is that accessibil-
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ity allows us to tap into everyone’s potential. Also, Marcus
Osterberg, author of Web Strategy for Everyone' defined
accessibility in the News 27th October 2017 that When
speaking of disabilities, the blind and their needs are most
often used as an example. It is deceivingly simplistic since

! https://webstrategyforeveryone.com/.
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accessibility is something most of the population can benefit
from.

The modern age is the age of technology based on web
resources (Internet) to share information everywhere irre-
spective of any type of group. With respect to group or
groups, the ambition to make websites barrier-free is not
limited up to only standards and laws but has been on the
agendas of all governments and public agencies sometimes.
As per World Report on disability (WRD), there are more
than 1 billion means corresponding to 15% world popula-
tion that have some form of disability [25]. So, bringing the
people whether connected (abled) or unconnected (disabled)
under the same umbrella is the main motive of universality.

To achieve universality of websites successfully, World
Wide Web Consortium (W3C) has framed various types
of guideline standards or classifications to make the web
resources universally acceptable. The W3C proposed
various types of guideline standards namely Web Content
Accessibility Guidelines (WCAG 1.0 and 2.0), Authoring
Tool Accessibility Guidelines (ATAG) 2.0, WAI-ARIA 1.0,
UAAG, etc., for web accessibility evaluations.

The WCAG 2.0 guidelines are a stable and referenceable
technical standard. It consists of Twelve (12) guidelines cat-
egorized under four principles abbreviated as POUR stands
for Perceivable, Operable, Understandable and Robust. Each
principle in POUR have 4, 4, 3, 1 guidelines, respectively,
and each guideline has corresponding testable success cri-
teria.” The corresponding detail of these guidelines are pre-
sented in Sect. 4.

Therefore, in this study, we focused to check the acces-
sibility evaluation of Polytechnic Institutes and Universities
of Portugal websites. There are nineteen (19) and forty (40)
websites Polytechnic Institutes and Universities in Portugal,
respectively, as a source of data was chosen for our acces-
sibility analysis.

The remainder of this paper is organized as follows: The
objectives of the paper are provided in Sect. 2. Background
of the literature, which is performed by different research-
ers in terms of accessibility and readability of websites, is
presented in Sect. 3. Measurement of websites in terms of
accessibility guidelines is discussed in Sect. 4. In Sect. 5,
we provide the tools which are used for analysis of these
websites and their results obtained during the evaluation pro-
cess. The said reports are explored in Sect. 6 statistically.
Section 7 provides some useful suggestions and discussion
points to solve the issues of accessibility and readability of
websites. Finally, we conclude our study in Sect. 8 along
with future directions of the research.

2 https://www.w3.org/WAI/intro/wcag.php.
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2 Objectives

The primary objective of this study is to highlight the neces-
sary steps that need to be taken to improve the accessibil-
ity of websites. Following are the detailed objectives of the
paper, which are:

1. To analyze Higher Education Institution websites of Por-
tugal in terms of accessibility.

2. To find the major obstacles faced by websites, which
become the barriers to the achievement of the web
accessibility successfully.

3. To find the problems and warnings in terms of W3C
guidelines under WCAG 2.0 Levels.

4. To find the trend on how to increase accessibility and
usability of the websites.

5. To provide some useful suggestions based on the study
to website administrators and web developers, how to
make the web pages accessible for all.

3 Review of literature

In this section, we briefly explain the related work corre-
sponding to the accessibility of websites and the evaluation
tools used so far.

An empirical study on accessibility and usability evalu-
ation of online government services was conducted by Al-
Faries et al. [2] in Saudi Arabia. They conducted accessibil-
ity based on W3C-WCAG 2.0 guidelines and usability based
on expert reviews. They found that there are one or more
accessibility violations, and the usability testing is usable
and well designed as per citizen among the top e-govern-
ment services in Saudi. Thus, there is a little need to work
further to make the e-government services more usable and
accessible to citizens of Saudi.

Kamal et al. [15] carried out an accessibility evaluation
study of 36 Jordanian universities and education institutes
websites. They used different automatic evaluation tools for
the measurement of these websites. The result found that
there are significant weaknesses among university websites
and also the guideline variations when used with differ-
ent accessibility evaluation tools for the measurement of
websites.

An exploratory study on 302 websites of Indian Univer-
sities was carried out by Ismail et al. [11], based on both
accessibility and readability. They used online automatic
evaluation tools and found that there are major accessibility
violations. Also, they found 13.22 Gunning fog index score
falls in College Freshman by grade. They provide some use-
ful suggestions to enhance the accessibility and readability
score of websites.
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Researchers like Goodwin et al. [9] present the global
analysis of the web accessibility of national government por-
tals of 192 UN member states. The calculated result is in the
percentage of accessibility barriers, and these barriers exist
for all evaluated member states. They found that there is a
substantial correlation between anti-disability discrimination
laws and the reached accessibility scores.

In the country, India, the accessibility and readability
evaluation of different states of government websites was
carried out by researchers like [10, 12, 13]. During the eval-
uation processes of websites, they used different automatic
evaluation tools such as AChecker, WAVE, Tenon, Alexa,
Evalaccess, Cynthia Says, Hera, Mauve, etc. The formulas
used for readability are Flesh Kincaid Reading Ease, Flesh
Kincaid Grade Level, Gunning Fog Score, SMOG Index,
Coleman Liau Index, Automated Readability Index, etc.
From this study [10, 12, 13], the result found that there
is still a lack of accessibility and readability components
among the websites. The websites need to be improved by
proper training and awareness programs to all types of peo-
ple, which are involved in the whole process of accessibility
and readability.

A study was carried out by Alahmadi et al. [3] on top-
ranked university websites of the World, Oceania and Arab
categories. They used AChecker tool for checking the acces-
sibility of Home, admission and course description web
pages belonging to websites of the World, Oceania and Arab
categories. The result revealed a total of 30, 944 accessibil-
ity-related home page errors among the 180 evaluated web
pages. Moreover, they found that there is no significant dif-
ference between accessibility errors and type of web pages
in the accessibility domain.

An assessment study of web content accessibility levels
of Spanish educational websites was performed by Roig-
Vila et al. [23] by using TAW automatic analysis tool. They
used the TAW tool for assessed 42 samples at two differ-
ent depth levels of 21 educational websites. The result of
Spanish educational websites does not match with levels of
conformance requirements: that is, 97.62% under Level A,
54.76% under Level AA and over 50% under Level AAA of
websites. The result found that the practical implementation
remains unsatisfactory despite highly increasing number of
accessibility measurement tools used.

In India, almost all government organizations adopted
e-governance services, and its successful implementation in
government organizations was carried out by Barua [4]. Fur-
thermore, to provide governmental services electronically
usually over the Internet called e-governance [20] involves
the active participation of people affects the transparency
and ease of access to services.

In addition, the researchers like [1, 5-8, 14, 16-19, 21,
22, 24], etc., throughout the world are keen to carried out
the work to make the web pages universally accessible and

readable for all. They evaluate or measured websites or web
pages in terms of different parameters, involving the com-
ponents like accessibility, usability, and readability of web
pages or websites by using different automatic evaluation-
cum-estimation tools and techniques.

Assessments of websites involving accessibility, readabil-
ity, ranking, etc., and their practical applications to achieve
universality of the web in spite of increasingly high number
of assessments still remains unsatisfactory.

4 Evaluation guidelines

The aim of websites measurement is to provide the report
along with feedback and proper suggestions to website
developers and designers or website administrators on how
to make the web pages universally accessible and the con-
tents according to the level of human understanding.

For website accessibility, we used a current version of
WCAG called WCAG 2.0 for our evaluation process. There
is a total of 12 Guidelines of WCAG 2.0 with four princi-
ples—(P, O, U, R) are as under:

1. Principle-P stands Perceivable (out of 12 guidelines,
only 4 comes under this principle). These are as:

(a) P-1.1 called text alternative guidelines.
(b) P-1.2 called time based media guidelines.
(c) P-1.3 called adaptable guidelines.

(d) P-1.4 called distinguishable guidelines.

2. Principle-O stands Operable (out of 12 guidelines, only
4 comes under this principle). These are as:

(a) O-2.1 called keyboard accessible guidelines.
(b) 0-2.2 called enough Time guidelines.

(c) 0O-2.3 called seizures guidelines.

(d) O-2.4 called navigable guidelines.

3. Principle-U stands Understandable (out of 12, only 3
guidelines comes under this principle). These are as:

(a) U-3.1 called readable guidelines.
(b) U-3.2 called predictable guidelines.
(c) U-3.3 called input assistance guidelines.

4. Principle-R stands Robust (out of 12, only 1 guideline
comes under this principle). The said guideline is as:
(a) R-4.1 called compatible guidelines.
This grouping of guidelines WCAG 2.0 among principles is
also called (4, 4, 3, 1) classification.
Based on these guidelines, there are different tools used
for web pages or website evaluation processes. We are using
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Table 1 List of URLSs of polytechnic institutes of Portugal with IDs

List of polytechnic institutes of Portugal

ID Name of polytechnic institutes URLs

P1 Instituto Politécnico de Viana do Castelo http://www.ipvc.pt

P2 Instituto Politécnico de Beja http://www.ipbeja.pt/

P3 Instituto Politécnico de Braganca http://portal3.ipb.pt/index.php/pt

P4 Instituto Politécnico de Castelo Branco http://www.ipcb.pt

P5 Instituto Politécnico do Cavado e do Ave https://ipca.pt

P6 Instituto Politécnico de Coimbra http://www.ipc.pt

P7 Instituto Politécnico da Guarda http://www.ipg.pt

P8 Instituto Politécnico de Leiria http://www.ipleiria.pt

P9 Instituto Politécnico de Lisboa http://www.ipl.pt

P10 Instituto Politécnico de Portalegre http://www.ipportalegre.pt

P11 Instituto Politécnico do Porto http://www.ipp.pt

P12 Instituto Politécnico de Santarém http://www.ipsantarem.pt

P13 Instituto Politécnico de Settibal http://www.ips.pt

P14 Instituto Politécnico de Tomar http://www.ipt.pt

P15 Instituto Politécnico de Viseu http://www.ipv.pt

P16 CESPU - Instituto Politécnico de Satde do Norte https://www.cespu.pt/pos-graduacoes/entidades-parceiras/
instituto-politecnico-de-saude-do-norte-vale-do-sousa
-(ipsn-vs)/

P17 Instituto Superior Politécnico Gaya http://www.ispgaya.pt/site/

P18 ISLA - Instituto Politécnico de Gestdo e Tecnologia http://www.islagaia.pt/pt/

P19 Instituto Politécnico da Maia http://www.ipmaia.pt/pt

the most popular evaluation tools to evaluate the Polytechnic
Institutes and Universities websites of Portugal in this study
as in Sect. 5.

5 Accessibility analysis methods

In 2017-2018, we have collected 19 websites of Polytechnic
Institutes and 40 websites of Universities of Portugal. And,
their IDs, name, and URLs are presented in Tables 1 and 2,
respectively. In this web accessibility analysis, we are using
three automatic evaluation tools such as, AChecker,> WAVE
tool,* and aXe.

The AChecker tool based on WCAG 2.0 is used for evalu-
ating all selected websites under all levels of conformance,
namely Level A (sets the minimum (lowest) level of acces-
sibility guidelines), Level AA (sets the mid-range level of
accessibility guidelines), and Level AAA (sets the highest
level of accessibility guidelines). Conformance means the

3 https://achecker.ca/checker/index.php.
4 https://wave.webaim.org/.

3 https://www.deque.com/products/axe/.
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requirements to satisfy the success criteria at higher lev-
els that is conformance at lower levels. Such as Level A
conformance of webpage satisfies all the level A success
criteria, Level AA conformance of webpage satisfies all the
Level A and Level AA success criteria and the Level AAA
conformance of webpage satisfies all the Levels A, AA, and
AAA success criteria.

WAVE tool® used to evaluate the websites in terms of
detection of number of errors, number of alerts, number of
features and structural elements, number of HTMLS5 and
ARIA, and contrast errors; the Chrome extension tool called
aXe' is used for checking accessibility issues on the page in
the current state of the web pages.

Furthermore, 18 URLs out of 19 Polytechnic Institutes of
Portugal are evaluated by using WAVE and aXe tools. But,
in AChecker evaluation tool all 19 URLSs are evaluated. Also,
out of 40 University websites of Portugal, only 38 URLSs are
evaluated in AChecker tool, whereas in WAVE and aXe tools
all 40 University websites of Portugal are evaluated.

5 https://wave.webaim.org/.

7 https://www.deque.com/products/axe/.
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Table 2 List of universities of Portugal along with URLSs and IDs

List of universities of Portugal

ID  Name of universities

URLs

Ul  Escola Superior Artistica do Porto
U2  Escola Superior Gallaecia
U3 Escola Universitaria das Artes de Coimbra

U4  Escola Universitaria Vasco da Gama
U5  Instituto Superior de Ciéncias da Saiude Egas Moniz

U6 Instituto Superior de Estudos Interculturais e Transdisciplinares —
Almada

U7  Instituto Superior de Estudos Interculturais e Transdisciplinares —
Viseu

U8  Instituto Superior de Gestdo

U9 Instituto Superior de Servigo Social do Porto
U10 Instituto Superior Manuel Teixeira Gomes
Ull Instituto Superior Miguel Torga

Ul12 Instituto Universitario da Maia — ISMAI
Ul13 Instituto Universitario de Ciéncias da Saude
Ul4 ISCTE - Instituto Universitario de Lisboa

Ul5 ISPA - Instituto Universitario de Ciéncias Psicoldgicas, Sociais e
da Vida

U16 Universidade Aberta

U17 Universidade Atlantica

Ul18 Universidade Auténoma de Lisboa Luis de Camdes
U19 Universidade Catélica Portuguesa

U20 Universidade da Beira Interior

U21 Universidade da Madeira

U22 Universidade de Aveiro

U23 Universidade de Coimbra

U24 Universidade de Lisboa

U25 Universidade de Tras-os-Montes e Alto Douro
U26 Universidade de Evora

U27 Universidade do Algarve

U28 Universidade do Minho

U29 Universidade do Porto

U30 Universidade dos Acores

U31 Universidade Europeia

U32 Universidade Fernando Pessoa

U33 Universidade Lusiada - Norte

U34 Universidade Lusiada

U35 Universidade Lusiada - Norte Porto

U36 Universidade Lusiada - Lisboa

U37 Universidade Lus6fona de Humanidades e Tecnologias
U38 Universidade Lus6fona do Porto

U39 Universidade Nova de Lisboa

U40 Universidade Portucalense Infante D. Henrique

http://www.esap.pt

https://esg.pt

http://uniarea.com/directory/institution/escola-universitaria-das-artes
-de-coimbra

http://www.euvg.pt

http://www.egasmoniz.com.pt/pt-pt.aspx

https://www.ipiaget.org/faculdade/17

https://www.ipiaget.org/faculdade/11

http://www.isg.pt

https://www.isssp.pt/isssp/si_main

http://www.ismat.pt/pt/

http://www.ismt.pt

http://www.ismai.pt/pt

https://www.cespu.pt/ensino/ensino-universitario/

https://www.iscte-iul.pt

http://www.ispa.pt/pagina/ispa-instituto-universitario-de-ciencias-
psicologicas-sociais-e-da-vida

http://portal.uab.pt

https://www.uatlantica.pt

http://autonoma.pt/pt/home.asp

http://www.ucp.pt/site/custom/template/ucptplportalhome.asp?sspag
eid=1&lang=1

http://www.ubi.pt

http://www.uma.pt

http://www.ua.pt

http://www.uc.pt

https://www.ulisboa.pt/

http://www.utad.pt/VEN/Pages/HomepageUtad.aspx

http://www.uevora.pt/

https://www.ualg.pt/en

https://www.uminho.pt/EN

https://sigarra.up.pt/up/pt/ web_base.gera_pagina?p_pagina=home

http://www.uac.pt/en

https://www.europeia.pt/en

http://www.ufp.pt/

http://www.fam.ulusiada.pt/

http://www.ulusiada.pt/

http://www.por.ulusiada.pt/

http://www.lis.ulusiada.pt/

https://www.ulusofona.pt/en/

http://www.ulp.pt/

http://www.unl.pt/en

http://www.upt.pt/
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ACHECKER®
) Web Accessibility Checker

[check Accessibilty By:|

XTI (HTHLFile Upload) (Paste HTML MaHip

Address: |tp:/inwwipve pt
Check it

» Options

Fig. 1 Snapshot of AChecker tool

5.1 AChecker tool

The snapshot of website evaluation result of the AChecker
tool as shown in Fig. 1.

The AChecker evaluation reports of 19 Polytechnic
Institutes and 38 out of 40 universities websites of Por-
tugal are shown in Table 3 and 4. Tables 3 and 4 presents
the result in terms of WCAG 2.0 under levels A, AA and
AAA with Known (KP), Likely (LP) and Potential(PP)
problems along with HTML (HV) and CSS (CV) validation

of Polytechnic Institutes and Universities websites of
Portugal.

5.2 WAVE tool

The output snapshot of the WAVE tool after entering the
particular URL of the website as shown in Fig. 2. The
WAVE tool report of Polytechnic Institutes (19) and Uni-
versities (40) websites of Portugal (47) as shown in Tables 5
and 6. These tables presented the status of both websites
belongs to Polytechnic Institutes and Universities of Por-
tugal. It includes multiple detected features and options of
checking accessibility violations.

5.3 aXetool

The evaluation snapshot of aXe tool as shown in Fig. 3.

The aXe tool report of Polytechnic Institutes (19)
and Universities (40) of Portugal websites as shown in
Tables 7 and 8, respectively. These tables presented the
violations and needs review status of websites. That is,
violations indicate the number of issues against standard
web guidelines. Also, the needs review indicate the need
for accessibility expert to review them.

Table 3 Result of Achecker

L Achecker tool (WCAG 2.0)
tool of polytechnic institutes

of Portugal under WCAG 2.0 ID  Level A Level AA Level AAA
levels of conformance

KP LP PP HV Cv KP LP PP HV Cv KP LP PP HV CV
P1 22 1 449 16 23 1 510 16 3 23 1 515 16 3
P2 110 0 1073 524 72 284 O 1116 524 72 284 O 1079 524 72
P3 37 3 414 251 627 37 3 452 251 527 37 3 482 251 627
P4 3 0 10 3 494 3 0 12 3 494 3 0 17 3 494
P5 0 0 5 93 0 0 5 93 0 0 5 93
P6 29 O 361 59 62 36 1 377 59 62 36 1 385 59 62
P7 45 2 690 17 1 131 2 741 17 1 131 2 746 17 1
PS8 O 0 420 6 51 2 0 437 6 51 17 0 446 6 51
PO 0 0 413 2 25 0 0 447 2 25 0 0 452 2 25
P10 53 1 679 86 228 103 1 719 86 228 103 1 724 86 228
P11 9 1 489 11 63 17 2 505 11 63 17 2 512 11 63
P12 7 0 521 14 8 8 0 536 14 8 8 0 567 14 8
P13 3 0 0 3 0 3 0 0 3 0 3 0 0 3 0
P14 2 0 5 2 0 2 0 7 2 0 0 9 2 0
P15 22 1 449 16 3 23 1 510 16 3 23 1 515 16 3
P16 9 0 280 42 756 16 O 319 42 756 16 O 328 42 756
P17 3 0 243 8 140 3 0 257 8 140 3 0 269 8 140
P18 2 0 519 38 80 4 0 531 38 80 19 0 541 38 80
P19 161 O 1141 O 87 163 1 1152 0 87 163 1 1149 0 87
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Table 4 Achecker tool report
of universities of Portugal

Achecker tool (WCAG 2.0) report of Portugal universities

under WCAG 2.0 levels of ID Level A Level AA Level AAA
conformance

KP LP PP HV CV KP LP PP HV CV KP LP PP HV CV
Ul 1 0 281 9 25 19 0 302 9 25 27 0 315 9 25
U2 18 3 383 27 103 37 3 410 27 103 37 3 415 27 103
U3 192 0 586 23 27 210 O 638 23 27 79 0 o644 23 27
U4 11 2 380 206 21 27 2 413 206 21 29 2 419 206 21
us 8 0 242 10 55 23 0 262 10 55 23 0 267 10 55
u6 0 0 100 10 1 0 108 1 10 1 0 114 1 10
u7 19 0 376 2 23 20 0 38 2 23 20 0 39 2 23
us 5 0 258 69 30 40 0 303 69 30 53 0 311 69 30
U9 18 0 255 29 26 19 0 267 29 26 19 0 299 29 26
ulo 15 0 468 3 502 26 0 505 3 502 26 0 511 3 502
Ull 25 0 298 79 63 25 0 308 79 63 25 0 313 79 63
Ul2 1356 0 1197 0 76 1357 1 1206 0 76 1358 2 1215 0 76
u13 9 0 235 20 746 16 0 242 20 746 16 0 252 20 746
U4 1 0 422 35 52 17 0 425 35 52 17 0 433 35 52
Uls 13 1 296 46 1 13 1 322 46 1 15 1 320 46 1
Uule 205 0 262 0 276 209 O 285 O 276209 0 299 O 276
Ul7 504 Gateway time-out
Ul 2 0 58 13 43 4 0 59 13 43 4 0 633 13 43
U 1 1 130 33 15 21 1 147 33 15 21 0 170 33 15
U20 1 5 759 5 39 14 6 780 5 39 15 6 78 5 39
U21 1 0 403 6 21 0 438 2 6 21 0 449 2 6
U22 13 1 379 1 13 1 386 0 1 13 1 408 O 1
U23 15 0 349 14 582 26 0 359 14 582 26 0 364 14 582
U24 3 1 1467 9 130 297 1 1528 9 130 294 1 1544 9 130
u2s 12 0 393 112 38 12 0 401 112 38 133 0 406 112 38
U26 21 3 777 78 11 21 3 784 78 11 22 3 863 78 11
U227 13 2 215 12 54 13 2 223 12 54 13 2 240 12 54
U28 26 1 1037 166 283 89 2 1090 166 283 41 2 1109 166 283
U29 0 0 602 7 38 53 0 807 7 38 53 0 813 7 38
U3 14 0 155 22 52 34 0 164 22 52 14 0 174 22 52
U3l 10 0 259 49 37 10 0 272 49 37 10 0 277 49 37
U32 23 0 416 O 80 23 0 432 0 80 23 0 463 O 80
U33 16 1 616 58 175 101 1 630 58 175 93 1 658 58 175
U344 1 0 34 2 28 2 0 44 2 28 0 49 2 28
u3s 2 0 50 53 37 2 0 59 53 37 5 0 o4 53 37
U36 51 0 1751 60 680 504 Gateway time-out
U37 14 0 395 0 49 15 0 420 O 49 15 0 425 0 49
U388 3 0 473 0 80 5 0 499 0 80 5 0 505 O 80
U39 4 1 564 23 221 18 1 586 23 221 18 1 592 23 221
U40 6 0 763 23 36 29 0 78 23 36 12 0 79 23 36

6 Statistical inference

In this analysis, we are using the Achecker, WAVE and aXe,

web accessibility analysis tools to evaluate the websites of

Universities (40) and Polytechnic Institutes (19) of Por-
tugal. The statistical inferences of these websites are as:

AChecker Evaluation Tool The statistical inference of
AChecker tool web accessibility report of Universities
and Polytechnic Institutions of Portugal websites, as
shown in Fig. 4.

Figure 4 indicates the total violations, mean, stand-
ard deviation, minimum and maximum web accessibil-
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ity status of these Portugal websites by using Achecker
@ WAV E tool. The range of website violations of Universities and
web accessibility evaluation tool Polytechnic Institutes of Portugal lies between 222 and
wwweipve. pt e, 7920 and between 18 and 5734, respectively.
2. WAVE Evaluation Tool The statistical inference of
HoiSHICS | e WAVE tool web accessibility report of Universities and
Summary Polytechnic Institutions of Portugal websites, as shown
: in Fig. 5.
|H VWAVE has detected the following Figure 5 indicates the total violations, mean, stand-
= 18 Errors ard deviation, minimum and maximum web accessibil-
58 Alerts ity status of these Portugal websites by using Achecker
> 4 | 23 Features tool. The range of website violations of Universities and
|68 Structural Elements Polytechnic Institutes of Portugal lies between 16 and
0 HTMLS and ARIA 845 and 3 an(% 472, respectivelyl. . .
o 150 Contrast Errors 3. aXe Evalu.at.u.)n Tool The stgtlstlggl inference of aXe
web accessibility report of Universities and Polytechnic
Panel Options Institutions of Portugal websites, as shown in Fig. 6.
-] | <@ DETAILS: Alisting of all the WAVE Figure 6 indicates the total violations, mean, stand-
e ard deviation, minimum and maximum web accessibil-
o ag%m;g’g;goa;‘ : E’;E}i{;ﬂiggnor ity status of these Portugal websites by using Achecker
make your page more accessible tool. The range of website violations of Universities and
 OUTLINE: The heading siructure of Polytechnic Institutes of 'Portugal lies between 5 and 151
the web page. and 17 and 198, respectively.
Based on the evaluation tools used, we fix the outliers of
Fig.2 Snapshot of WAVE Tool accessibility violations. That is, minimum and maximum

Table 5 Evaluation result of
WAVE tool of polytechnic

WAVE-web accessibility evaluation tool

institutes of Portugal ID Errors Alerts Features Structural ele- HTMLS5 and Contrast errors
ments ARIA

P1 25 62 24 70 0 48
P2 48 83 77 44 0 59
P3 8 190 24 28 18 2
P4 Result not available due to security
P5 5 15 21 54 18 36
P6 25 6 16 17 6 112
P7 36 24 26 53 0 4
P8 4 38 27 24 20 22
P9 3 10 17 41 9 70
P10 55 54 28 42 18 159
P11 10 27 30 64 2 111
P12 5 13 33 31 0 19
P13 3 1 0 0 0 0
P14 2 1 0 0 0 0
P15 26 67 25 72 0 49
P16 7 21 0 44 1 101
P17 2 3 11 31 3 0
P18 4 33 14 45 5 20
P19 180 11 7 26 209 39
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Table 6 Evaluation result of
WAVE tool of universities of

WAVE tool report of Portugal universities

Portugal ID Errors Alerts Features Structural ele- HTMLS5 and Contrast errors
ments ARIA

Ul 10 3 12 34 40 70
U2 27 46 18 29 25 7
U3 42 15 12 36 33 6
U4 7 6 10 32 81 33
Us 19 26 3 28 5 17
[8[) 0 5 1 10 0 15
u7 7 3 3 41 0 29
U8 13 20 8 39 10 24
U9 17 45 27 18 40 1
U10 16 24 38 55 20 12
Ul1 16 29 10 11 4 16
ul2 181 10 14 24 212 35
U13 8 33 2 22 1 21
ul14 6 8 19 25 21 57
u1s 6 88 17 28 4 15
ule6 48 5 7 16 14 7
u17 15 23 9 46 12 50
U18 3 86 53 22 11 34
u19 2 37 26 17 0 13
U20 6 19 24 64 23 52
U21 3 86 11 52 0 100
U22 10 20 15 15 17 78
U23 20 4 0 24 10 9
U24 182 34 47 166 18 100
U25 6 20 17 17 4 12
u26 24 131 57 12 0 2
u27 18 14 3 12 10 24
U28 21 40 26 100 260 50
u29 2 205 6 251 9 8
u30 15 2 5 7 7 8
U3l 14 10 2 36 44 21
U32 22 20 20 27 0 13
U33 8 81 83 30 0 5
U34 1 1 0 9 1
U3s 10 100 61 44 4 34
U36 45 626 18 125 3 28
u37 10 20 13 29 7 55
U38 20 64 17 43 9 93
U39 31 35 19 73 32 10
u40 12 15 14 77 10 42

values of accessibility violations indicate highly accessible

and less accessible websites, respectively.

The minimum and the maximum value of accessibility
violations, that is, 3 and 7920 shown by Polytechnic Institute
and University of Portugal website, respectively.

Moreover, Table 9 presents the statistical inferences
in terms of total violations 79321, 7686, 2343, means
1983, 192, 59 and standard deviations 1482, 163, 36,
about web accessibility analysis of universities of Portu-
gal by using different automatic evaluation tools namely
Achecker, WAVE and aXe tools, respectively.
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Fig.3 Snapshot of aXe Tool € 5 C [@sean

i Apps @ Getting Started

https://esg.pt

TEACHERS OF ESGALLAECIA
AMONG FINALISTS IN
INTERNATIONAL

! COMPETITION OF IDEAS OF

\ PEDESTRIAN BRIDGE BORDER

Table 7 Result of aXe tool of polytechnic institutes of Portugal

1}

Highlights from the Chrome 65 update

Local overrides

Changes tab @“
LSl

Table 8 Result of aXe tool of universities of Portugal

aXe tool aXe tool report of Portugal universities
1D Violations found Needs review ID Violations Needs review ID Violations Needs review
Pl 60 20 ulr 7 9 U21 11 122
P2 127 24 U2 24 2 Uu22 24 14
P3 15 12 U3 41 7 u23 27 82
P4 21 39 U4 43 32 U24 30 66
P5 12 5 Us 21 14 u25 14 32
P6 81 u6 8 8 U26 31 47
P7 19 17 u7 8 35 U27 16 16
P8 14 14 Us 43 10 U28 20 95
P9 38 108 U9 20 7 U29 3 25
P10 182 16 Ulo0 16 35 U3 12
P11 99 27 Ull 47 34 U3l 30 6
P12 2 33 Ul2 40 33 U32 26 13
P13 47 Ul3 18 34 U33 49 41
P14 20 8 Ul4 81 3 U34 1 4
P15 61 20 Uls 21 42 U35 30 8
P16 98 23 Ule 51 6 U36 16 124
P17 Not available u17 3 3 U37 63 0
P18 27 26 U188 10 32 U38 88 3
P19 43 6 U19 18 32 U39 138 13
U20 55 2 U40 26 22

Similarly, Table 10 presents the statistical inferences
in terms of total violations 39423, 3333, 1374, means
2075, 175, 72 and standard deviations 1479, 124, 53,
about web accessibility analysis of universities of Portu-
gal by using different automatic evaluation tools namely
Achecker, WAVE and aXe tools, respectively.

The overall graphical representation of analysis data of
both types of Portugal websites as shown in Fig. 7. Figure 7

@ Springer

indicates that the Achecker and aXe tools mean violations
are higher in Polytechnic Institutes than in Universities, and
the WAVE tool mean violation is higher in Universities than
Polytechnic Institutes of Portugal websites. In addition, the
standard deviation of AChecker and WAVE tools of Universi-
ties are higher than Polytechnic Institutes of Portugal websites,
and the standard deviation of aXe tool of Universities is less
than Polytechnic Institutes.
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AChecker Tool Report - Portugal Websites

90000
80000
70000
3 60000
g 50000
= 40000
= 30000
20000
10008 PR e -
.TO@ Mean Star.\dérd Minimium Maximium
violations Deviation
B Universities 79321 1983.025 1482.062 222 7920
B Polytechnic Institutions 39423 2074.895 1478.602 18 5734

Statistical Inference

H Universities M Polytechnic Institutions

Fig.4 AChecker Report: Statistical Inference of Web Accessibility
Report of University and Polytechnic Institutions of Portugal websites

WAVE Tool Report - Portugal Websites

9000
8000
7000
o 6000
‘g 5000
5 4000
= 3000
2000 I
HRo S [
. Tot.al Mean Staltnd%rd Minimium | Maximium
violations Deviation
M Universities 7686 192.15 16331 16 845
M Polytechnic Institutions 3333 175.42 12421 3 472

Statistical Inference

MW Universities M Polytechnic Institutions

Fig.5 WAVE Report: Statistical Inference of Web Accessibility
Report of University and Polytechnic Institutions of Portugal websites

aXe Tool Report - Portugal Websites

2500
2000
.
3 1500
=
= 1000
z
500
0 PR it —
Total Standard 2 s G
P O.a Mean ar‘1 &." Minimium = Maximium
violations Deviation
M Universities 2343 58.575 35.967 5 151
M Polytechnic Institutions 1374 72.316 53.466 17 198

Statistical Inference

M Universities M Polytechnic Institutions

Fig.6 aXe Report: Statistical Inference of Web Accessibility Report
of University and Polytechnic Institutions of Portugal websites

Table 9 Statistical inference of universities of Portugal

Universities of Portugal

Statistical Achecker tool WCAG WAVE tool aXe tool
inference 2.0 (A, AA, AAA)

Total 79321 7686 2343
Mean 1983.025 192.15 58.575
SD 1482.062 163.31 35.967

Table 10 Statistical Inference of Polytechnic Institutions of Portugal

Polytechnic institutions of Portugal

Statistical Achecker tool WCAG WAVE tool aXe tool
inference 2.0 (A, AA, AAA)

Total 39423 3333 1374
Mean 2074.895 175.42 72.316
SD 1478.602 124.21 53.466

UNIVERSITY V/S POLYTECNICINSTITUTIONS OF PORTUGAL

53466 Standard Deviation WMean WTotal
316
Lt

40
1754
1333

478,602
Polytechnic nsitutions of Portugal  R074.895
DN

35961
8575
s

16331
1955
(117176861

482,002
Universties of Portugal 983,005
L AU

[T

0 10000 20000 30000 40000 50000 60000 70000 80000 90000

Fig.7 Overall web accessibility comparison of university and poly-
technic institutions of Portugal websites by using AChecker, WAVE
and aXe Tools

7 Suggestions and discussion

As per evaluation processes of Portugal websites of Poly-
technic Institutes (19) and Universities (40), we provided
Table 11 which is used to enhance the accessibility of
websites by following the recommended steps to fix these
types of issues. The given Table 11 also presents the issue
description which is helpful for developers and website
designers or website administrators.

Also, we found that the accessibility component features
are almost absent in all websites.

So, it is suggested to include these accessibility features
like skip to navigation, zoom in, zoom out, font size, screen
reader, accessibility statement, contrast, etc. It does not
involve any complex process, just to one step process to
include them.

Therefore, we suggest the following above steps to
improve the accessibility of these websites and also, by
introducing simple to read terms in the web content so
that the information resources can be made more and more
accessible.

@ Springer
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In short, to become a better web developer and designer,
we should understand the accessibility concepts, scope, and
their impact.

8 Conclusions and future directions

The objective of our research is to calculate the current situ-
ation of Higher Education Institution websites of Portugal
websites of web accessibility based on W3C guidelines and
standards.

Moreover, accessibility and readability are the two con-
cepts which are interrelated and interconnected for achieving
the universality of a web by all categories of users irrespec-
tive of their disabilities.

In this paper, the results obtained from evaluation tools of
19 + 40 = 59 Higher Education Institution websites of Por-
tugal provide a bird-view for web administrators to focus on
the importance of accessibility concept and try to achieve it
successfully in future.

Among the selected websites, we found that the major
violations are in image contrasts, alternate text for images
as well as buttons, links without visible text which mostly
represent a lack of accessibility components. Further, we
recommended that Alf text is provided for the image with
other explanatory text also.

In addition to the range (minimum and maximum) score
of accessibility violations of Polytechnic Institute web-
sites (19) of Portugal is 18-5734 (AChecker Tool), 3—-472
(WAVE Tool) and 17-198 (aXe Tool), respectively. Also,
the range (minimum and maximum) score of accessibil-
ity violations of Universities websites (40) of Portugal is
22-7920 (AChecker Tool), 16-845 (WAVE Tool) and 5-151
(aXe Tool), respectively.

Table 11 presented in Sect. 7 provides issues descrip-
tion along with the solution for each problem detected in
analyzed websites to help web developers, website design-
ers or website administrators to develop more inclusive web
platforms.

Conclusively, there is a need for awareness programs and
proper training of web accessibility for developers, design-
ers and administrators of the websites. In the future, we will
focus on checking the audits of websites of progressive, per-
formance, accessibility and best practices.

element
Ensures <dt> and <dd> elements are contained by a <dI>

Ensures each HTML document contains a non-empty <title>

Ensures <blink> elements are not used

Issue description

Document does not have a non-empty <title> element
Description list item does not have a <dl> parent element

To solve this violation, you need to

Element is visible

Documents must have <title> element to aid in navigation
<blink> elements are deprecated and must not be used
<dt> and <dd> elements must be contained by a <dI>

3
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