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Abstract
The current development of the Internet and its growing use make it necessary to satisfy the needs of users with disabilities.
The primary objective of this study is to examine healthcare-related websites in nine European countries in order to evaluate
the status of their accessibility. Such a detailed statistical comparison has not yet beenmade in Europe, especially as the present
study offers a dual measurement system combining both the application of automated testing software and statistical analysis
of user feedback. The study compares 48 websites from Eastern Europe with 51 sites fromWestern and Northern Europe. The
research phase was performed in three steps: firstly by using AChecker, secondly by Nibbler and subsequently followed by
user feedback questionnaires evaluated by a group of experts. The overall goal of this study is to determine the most common
accessibility problems and to draw site owners’ attention to shortcomings so that they can improve the quality of service of
their healthcare-related sites in the future. The investigated Europeanwebsites are grouped into Eastern andWestern–Northern
countries.Wecompared our results fromdifferent perspectives and ascertained that no significant differences canbe established
between the two groups predicated on their respective economic situations. Equally, no correlations were observed while
comparing the sizes of web pages in Kbytes, the number of barriers and their Nibbler accessibility scores. Furthermore, there
appears to be no correlation between the results of the software tests and the percentage of the elderly population in the
respective country.

Keywords Software engineering · WCAG 2.0 · Testing tools · Usability testing · Web design · Computer science

1 Introduction

The current development of the Internet and its growing use
make it necessary to meet the needs of those disabled peo-
ple who experience accessibility problems, be it related to
visual, motor, mobility, auditory, cognitive or intellectual
skills. Most software engineering companies have not been
developing for users with special needs because they do not
see a potential market in these users [1]. However, figures
have proved that at least 10% of the world’s population has
some kind of impairment (http://www.disabled-world.com/
disability/statistics/). This number is estimated to reach 14%
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in the USA, and 65% of the population older than 65 years
is likely to develop a handicap of some kind. Disabilities
correlate with age. In developed societies, more and more
people turning older than 75 are likely to have some kind
of impairment. This group will comprise 14.4% of the pop-
ulation by 2040, compared to 7.5% in 2003. It is almost a
twofold increase [2].

Another factor is that by 2020 25% of the EU’s popula-
tion will be over 65 years. Money spent on pension, health
and long-term care is expected to increase by 4–8% of the
GDP in the forthcoming decades. These expenditures will
triple by 2050. It is not negligible either that the combined
wealth of older Europeans is estimated more than e3000
billion [3]. If companies do not respond to the demand of
producing barrier-free websites, they are likely to lose a
considerable number of potential customers/users. New solu-
tions are needed for those elderly people who might not be
able to leave their homes and for healthcaremonitoring [3, 4].
Barrier-free Internet and software are an essential part of this
process. Figure 1 shows elderly populations in the countries
of the European Union (EU-28) in the period of 2004–2014.

123

http://crossmark.crossref.org/dialog/?doi=10.1007/s13369-019-04017-z&domain=pdf
http://orcid.org/0000-0003-3142-6824
http://www.disabled-world.com/disability/statistics/


9172 Arabian Journal for Science and Engineering (2019) 44:9171–9190

Fig. 1 Elderly population in EU-28: total percentage of population, 2004–2014 [5]

Table 1 GDP, the total population and elderly population numbers in the investigated countries

Country GDP 2017 US$ billion [6] Total population
(millions) in August 2018
[7]

Region The elderly population %
of total population in 2013
or 2014 [5]

The elderly population %
of total population in 2017
[8]

Germany 3677.44 82.323 W-E 21.45 (2014) 22.06

Switzerland 678.89 8.555 W-E 17.6 (2013) 18.15

Sweden 538.04 9.994 N-E 19.91 (2013) 20.26

Austria 416.60 8.754 W-E 18.21 (2013) 19.26

Finland 251.88 5.545 N-E 19.94 (2014) 21.1

Poland 524.51 38.093 V4 15 (2014) 16.86

Czech Republic 215.73 10.626 V4 17.6 (2014) 18.98

Hungary 139.14 9.683 V4 17.72 (2014) 19.05

Slovakia 95.77 5.45 V4 No data available 15.43

Table 1 shows the GDP, total population, region and per-
centage of the population in the countries included in this
study from Central-Eastern Europe (the so-called V4 coun-
tries) and fromWest Europe (W-E) and North Europe (N-E).
The size of the elderly population is increasing everywhere
in Europe.

Table 2 shows theGNI data and the region by each country
in this study.

Providing a barrier-free Internet, software and VR appli-
cations is a challenging task. Already existing principles and
standards of universal design/design for all cannot guaran-
tee accessibility, per se [11, 12], and the fact that providers
overlook these regulations further delays the introduction of

a barrier-free Internet [13]. In 1999, the World Wide Web
Consortium published theWeb Content Accessibility Guide-
linesWCAG1.0 [14].WebContentAccessibilityGuidelines,
WCAG 2.0, was released in 2008 [15]. To complete WCAG
2.0, the researchers recorded the number of known prob-
lems identified for A, AA and AAA level guidelines. While
WCAG 1.0 contains 14 guidelines with 62 checkpoints at
three priority levels, the WCAG 2.0 has only four principles
with 12 guidelines. Both have three levels of conformance:
A, AA and AAA. Both provide technical advice.

The main principles and structure of WCAG 2.0:

• Principles—Top four principles.
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Table 2 GNI per capita in the investigated countries in 2017

Country GNI per capita,
Atlas method
(current US$) [9]

GNI per capita,
PPP (current
international $)
[10]

Region

Germany 43,490.00 51,680.00 W-E

Switzerland 80,560.00 50,980.00 W-E

Sweden 52,590.00 65,610.00 N-E

Austria 45,450.00 52,500.00 W-E

Finland 44,580.00 45,400.00 N-E

Poland 12,730.00 27,970.00 V4

Czech Republic 18,160.00 34,450.00 V4

Hungary 12,870.00 26,960.00 V4

Slovakia 16,610.00 30,880.00 V4

• Guidelines—12 guidelines provide the basic goals.
• Success criteria—For eachguideline testable success crite-
ria are provided. Three levels of conformance are defined:
A (lowest), AA and AAA (highest).

Several other guidelines based on WCAG 2.0 exist. For
example, the standard in Canada is the Standard on Web
Accessibility [16], which follows the WCAG 2.0 guidelines.
The Web Content Accessibility Guidelines for Japan, called
JIS (Japanese Industrial Standards), was released in 2004
[17]. Recognizing the growing demand for an accessible
Internet,more andmore countries pass legislation concerning
accessible digital information. Countries frequently support
and adopt WCAG 2.0 by referring to the guidelines in their
legislation [18–21]. The USA, furthermore, specifies that all
Federal electronic media must be made accessible to people
with disabilities. WCAG 2.0 AA standard has been approved
as an appropriate standard for accessibility by theUSDepart-
ment of Justice in multiple settlement agreements [22, 23].
The European Parliament approved a draft in February 2014
which states that all websites in the public sector have to be
developed to be accessible for everyone [24]. This European
standard, called EN 301 549 version 1.1.2, describes relevant
accessibility requirements. The problem of accessibility is
twofold at this juncture. Firstly, not all member states have
harmonized their accessibility lawswith that of the European
Union, even though it was expected to take place by Septem-
ber 2018. Secondly, not all public sector websites had been
able to comply with guidelines by September 2018. The next
goal is thatmobile apps in the public sector should comply by
June 2021 [24, 25]. Although the newest version of WCAG,
the WCAG 2.1 [26, 27], was released on 5 June 2018, there
is no suitable, efficient automatic test tool based on these
guidelines. There has been extensive research dealing with
Web accessibility, mainly in the domain of testing the acces-
sibility of governmental websites [28–36] only to conclude

that websites are barely accessible and further research is
required. Goodwin et al. [33] conducted the first global anal-
ysis of the Web accessibility of government websites of 192
United Nation Member States almost 9 years ago. Among
other things, they proved the following hypotheses:

• The wealthier a country is (GNI per capita), the fewer
barriers will be present on its websites.

• Awebsite with aWAI logo has better website accessibility
scores.

Zheng [34] investigated 108 consumer health information
websites in the USA. Although this research was performed
in 2003 and based on WCAG 1.0 [14], Zheng’s research
methodology used a taxonomy that classified the websites
into six categories—E-commerce, corporate, government,
portal, community and education. The result was that none
of the websites was completely accessible to people with
disabilities. Governmental, educational, health-related web-
sites, nevertheless, exhibited better performance on web
accessibility than other websites in other categories. They
also established correlation between the accessibility and the
popularity of a website.

Investigating web accessibility has become a frequently
researched topic and a number of publications have appeared
that address—among others—the accessibility of such insti-
tutions as universities. A group of Brazilian researchers [35],
for instance, set out to investigate Brazilian federal uni-
versities to see whether they complied with e-government
standards. Unfortunately, their results confirmed that most
federal university websites do not follow important acces-
sibility standards. Some of the reasons behind the findings
include IT teams that are unable to cope with staff shortage,
high demand, tight deadlines and the lack of specific devel-
opmentmethods. Our own research [37] looks at thewebsites
of Hungarian universities to discover potential accessibility
issues of students who have some colour deficiency prob-
lems. Our results make it clear that, unfortunately, not every
website is clearly visible; therefore, studentswith colour defi-
ciencies cannot acquire information the same way as healthy
ones. Our recommendation for web designers here is to cre-
ate websites that do not only feature colour visual cues, that
is, the implementation of various patterns and huge visual
contrasts would be more efficient to promote visibility in
texts, buttons and links. In general, website designers do not
tend to develop different versions of the same site for each
disability type; in fact, it is unlikely that further features are
added for the comfort of different disability groups [38–41].

The priorities of the European Commission include the
simplification of modern digital contract rules, the promo-
tion of access to digital content and the enhancement of
online sales [42, 43]. The EC wishes to support digital mar-
ket strategies in the member countries and introduce new
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e-commercial regulations in order to make buying and sell-
ing goods inside the EU easier [44]. InHungary, peoplemade
online purchases more than 22 million times in 2015 [45].
The retail turnover rate in Hungary grew by 18% in the first
half of 2016 compared to the data from the previous year,
and it reached 131 billion forints [46].

In this paper, we present the results of testing and eval-
uating almost 100 healthcare-related websites from nine
European countries. Based on the results, we will review our
earlier recommendations outlined in an earlier paper [41]
to see whether they still hold. The following sections will
set out the context of the research, its implementation and
results and, finally, look at the proposedhypotheses. Section3
details the research methodology and hypotheses. Section 4
discusses the results, and Sect. 5 presents the discussion and
main conclusions of the research.

2 Materials andMethods

The present study highlights the most acute accessibil-
ity problems of the examined healthcare-related websites.
The investigation includes healthcare-related sites from nine
European countries; 48 from Eastern Europe (the so-called
V4 countries); and 51 sites from Western and Northern
Europe (N–W-EU). Table 3 shows the number of tested web-
sites in the investigated European countries.

We examined the V4 countries together because, on the
one hand, they form one region and, on the other hand, eco-
nomically, historically and from an educational point of view
they are very similar. Salaries in the V4 countries amount to
one-third or one-fifth of that in the western part of Europe,
while the prices of basic foods and daily necessities do not
differ between significantly.

As the accessibility properties of the web pages can be
considered random qualities, the comparisons require sta-
tistical methods. This article uses both quantitative and

Table 3 Number of the tested websites

Country Number of the tested
website

Region

Germany (GER) 9 N–W-EU

Switzerland (SWI) 16 N–W-EU

Sweden (SWE) 8 N–W-EU

Austria (AU) 8 N–W-EU

Finland (FIN) 10 N–W-EU

Poland (PO) 8 V4 countries

Czech Republic (CZR) 8 V4 countries

Hungary (HU) 19 V4 countries

Slovakia (SLO) 13 V4 countries

qualitative research methods. The measurement of web
accessibility is addressed in this section.

The websites that fall within the scope of interest of the
present investigation were chosen based on Google search
results, concentrating on top finds. For automatic testing,
AChecker [47] and Nibbler [48] were used. AChecker is a
free tool that checks single HTML pages for conformance
with accessibility standards to ensure that the content can
be accessed without limitations [47]. AChecker diagnoses
known problems, likely problems and potential problems
with their levels of conformance based on WCAG 2.0. Nib-
bler is a free tool for testing websites; it generates a report
scoring the website on a scale of 10 for key areas includ-
ing accessibility, SEO (search engine optimization), social
media and technology [48]. Figure 2a and b presents screen-
shots featuringAChecker (Fig. 2a: before testing, Fig. 2b: test
results), and Fig. 3 introduces the Nibbler automated tool. To
improve the depth of the present research, we extended our
automated tests by interviewing users in the framework of a
questionnaire. We involved experts with considerable expe-
rience gained in the area of digital accessibility to compile a
questionnaire (see Table 4) and elicit useful feedback from
users with regard to their accessibility issues. The experts
involved in the present investigation include MSc IT engi-
neer university students specialized at software ergonomics,
human–computer interaction, user interface design and web
accessibility.

Despite the fact that both AChecker and Nibbler auto-
matic are very effective, there were a number of cases in
which they rather badly affected our research process. Some
of the issues that influenced measurement and/or evaluation
include test situations in which AChecker or Nibbler being
unable to measure and detect certain human needs. Websites
with a traditional blind version (yellow letters on a black
background), for instance, are not refreshed frequently.Web-
masters tend to forget to make new information available;
consequently, those websites are likely to contain outdated
information. Certain buttons lose their functions over time,
which may make users confused. Automatic test tools, to
move onto another area, do not measure colour vision prob-
lems well enough. At times, users of low or impaired can
hardly read CAPTCHA figures (an audio version remedies
this problem). Considering further user groups with accessi-
bility issues, blind users or those who have motion problems
with their hands use a special keyboard or just the TAB key to
navigate. If onebuttonor submenu is not available by theTAB
key, the website becomes unsuitable for further use. These
are the main aspects that we wanted our experts to investi-
gate in a questionnaire based on our earlier experiences in
the field.

As mentioned, the testing phase started with AChecker,
followed by Nibbler and ended with the questionnaires
(Table 4) including the use of the SEE web application [49]
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Fig. 2 a Screenshot of the AChecker automated tool (at the beginning of the test), b screenshot of the AChecker automated tool (after the test,
showing the results)

(question 3 in Table 4). The SEE web application proved to
be the best and easiest test software from the point of view
of handling because the user only needs to set a colour defi-
ciency typewith a slider and does not have to upload a picture
to a web page as in the case of other testers. The test phase
is concluded with the use of Variantor special glasses [50].

All these tests were performed in the time period of
June–July 2018. The most frequently visited and most pop-
ular sites were chosen by Google statistics for the test upon
searching for “healthcare”, “assistive technology”, “health
related”, etc. keywords. The focus of interest was web-

sites that contained health-related information or blogs about
health topics or web shops for medicaments or assistive
technologies. Moreover, we consulted native speakers in the
respective countries and asked them to send us the URLs of
the most popular websites in their areas of interest.

3 Hypotheses and Research Questions

This chapter presents our research questions (Qs) and
hypotheses (H) based on related questions. They are grouped
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Fig. 3 Screenshot of the Nibbler automated tool

based on closely related topics. The scenario is based on the
order of first asking a question (Q); then, we formulate the
statistical hypothesis together with its alternative (H).

3.1 Testing by Nibbler

Q1 Can we ascertain significant differences between the
groups of V4 countries and N–W-EU countries performing
the evaluation by the data of Nibbler test investigating the
different aspects separately?

H1 Are the expectations of the scores of the V4 coun-
tries and N–W-EU countries regarding the aspects separately
equal versus the alternative hypothesis that they are different?

Q2 How large are the correlation coefficients and deter-
mination coefficients between the points of the different
aspects? Is there any relation between the different aspects?
Can the scores of the different aspects be considered sta-
tistically independent or higher technology results higher
accessibility?

H2 Is the correlation coefficient between the different
aspects equal to zero or it is not? What about the one-sided
alternative hypothesis?

3.2 Testing by AChecker

Q3 Can we see significant differences in average error num-
bers in theN–W-EU andV4 countries grouping the questions
by their types (using the AChecker automated tool)? What
is the situation if we focus on the questions separately and
what about the most affected principles?

H3There are no differences between the V4 andN–W-EU
countries concerning the average error numbers, versus there
is difference between the error numbers.

The expectations of the error numbers are the same
statistically in the case of the most frequently affected prin-
ciples comparing V4 and N–W-EU countries versus the
non-equality.

Q4 Are the conformance levels (A, AA, AAA) the same
in the N–W-EU and V4 countries based on the error numbers
(by using the AChecker automated tool)?

H4 The average error numbers are equal comparing V4
and N–W-EU countries in case of each conformance level
versus they are different.

Q5 Which are the most frequently violated principles
based on the error numbers of AChecker results and how
much are the extreme values?

H5 Most error numbers originate when web developers
violate the first principle.

3.3 Comparison

Q6 Is there any relation between the scores of the separate
websites given by Nibbler tests and AChecker tests or are
they independent? What about the average scores of web-
sites belonging to the same countries? How much are the
correlation coefficients?

H6 The correlation between the scores by Nibbler test
and the error numbers provided by AChecker is zero, versus
it differs from zero, investigating websites separately and
grouping them by countries.
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Table 4 Questionnaire of the experts’ test

Questions Remarks

1. Does the website have a blind
version? (yes/no)

Developing a blind version site
is not a good solution

2. Each link can be determined
based on the link text alone

For example, “click here” or
“here” links are not
understandable

2.1 Can linked texts be
followed?

If the earlier answer is “yes”,
please write the text of the
link here

3. Is information lost by a user
with colour deficiency?

Check it with the Google SEE
web application

3.1 Protanomaly If you answered “yes” to the
previous question, please
indicate here which colour
information was lost!

3.2 Deuteranomaly

3.3 Tritanomaly

3.4 Achromatopsy

4. Is there CAPTCHA on the
website? (yes/no)

For this question, look at the
whole web page, not just the
main page!

4.1 If CAPTCHA is available,
can it be heard? (yes/no)

–

5. Is every part accessible by
using the keyboard? (yes/no)

5.1 Inaccessible features

Use TAB to scroll through all
menu items; can you enter all
submenu points; are all
functions available on the
main page?

If your answer was “no” to the
previous question, type here
what was unavailable on the
keyboard!

6. Is there an English-language
website? (yes/no)

–

6.1 Is the information same on
the opening page in English
and in the national language?
(yes/no)

–

7. Is the website responsive?
(yes/no)

8. Is WAI logo indicated on the
site? (yes/no)

–

3.4 Human aspects

Q7 Should users who have any colour deficiency be able to
use the investigated websites the same way as people with
no vision impairment (by using as test tool the SEE web
application and the Variantor special glasses)?

H7 Users who have any colour deficiency are able to use
the investigated websites the same way as people with no
vision impairment (by using as test tool the SEE web appli-
cation and the Variantor special glasses).

Q8 Is there any difference between the N–W-EU and V4
countries based on the experts’ test?

H8 There is no significant difference between the N–W-
EU and V4 countries based on the evaluation of the experts’
questionnaire.

3.5 External and Internal Characteristics andWeb
Accessibility

Previous research upholds [33] that the wealthier a country
is (GNI per capita), the fewer barriers will hinder the use
of websites. Moreover, website with a WAI logo has bet-
ter accessibility scores. Furthermore, there is a correlation
between the size of web pages and the number of barriers
detected. In addition, we challenged these findings only to
prove the opposite; that is, neither of the above statements
hold true for health-related web pages.

3.5.1 Correlation between the sizes of the web page
and barriers

Q9 Is there any correlation between the sizes in Kbytes of
the website and the number of known problems byAChecker
and the Nibbler accessibility scores? How large are the cor-
relation coefficients?

H9 The correlation coefficients between the sizes in
Kbytes of websites and the numbers of known problems by
the AChecker/the Nibbler accessibility scores are zero. The
alternative hypothesis is that the correlations differ fromzero;
that is, the sizes and the accessibility are dependent.

3.5.2 Correlation between the economic aspects
and barriers

Q10 Are there any links between the GNI per capita of a
country and the known problems by AChecker/the Nibbler
accessibility scores of the web pages? How large are the
correlation coefficients?

H10 The economic character of a country does not affect
the web accessibility versus the alternative hypothesis: the
wealthier a country is (GNI per capita), the fewer barriers
will be found on its websites.

3.5.3 Correlation between the number of elderly citizens
and barriers

Q11 Are there any correlation between the size of elderly
population and the known problems by AChecker and the
Nibbler accessibility scores? How large are the correlation
coefficients? Does higher ratio of the elderly population pro-
duce accessible websites?

H11 Ratio of the elderly population is independent of the
number of knownproblemsversus these quantities are depen-
dent.
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Table 5 Average values and
dispersions in case of groups of
countries and groups of
questions

V4 N–W-EU Total

Average Dispersion Average Dispersion Average Dispersion

Accessibility 8.845 1.823 8.923 1.933 8.886 1.88

Experiences 7.125 3.734 7.329 3.536 7.232 3.631

Marketing 7.369 3.5 7.222 3.467 7.292 3.482

Technology 7.995 2.982 8.09 3.136 8.045 2.903

3.6 The applied statistical methods

This subsection presents the applied statistical methods and
the references in which they can be found in greater detail.
During the analysis of the data, we computed not only
the values of the descriptive statistics, but we tested some
hypotheses as well. In most cases, we apply two-sided alter-
native hypotheses with two-tailed tests. We computed the
appropriate test statistics and the p-values belonging to them.
The p value is the probability of error type one, namely the
probability of having a value that is larger in absolute value
than the value of the test statistics, assuming null hypothesis
holds [51] (p. 334). Decisions were made on the standard
significance level 0.05: if the p-value is less than 0.05, we
rejected hypothesis H0, and in the opposite case, we accepted
it.

Applying Nibbler and AChecker evaluating tools, we get
numbers for the websites; therefore, we can compare the
expected values of these numbers. Nibbler provides point
values for the website from different aspects; consequently,
we can apply two-sided two sample tests for comparing the
expectations of the points [51] (p. 346). If the equality of
the dispersion does not hold, the Welch test is applied for
checking the equality of the expectations [51] (p. 347). In
these cases, hypothesis H0 was the equality of the expec-
tations and the alternative hypothesis was its opposite. The
AChecker test counts the number of errors; ergo, the equality
of the expectations can be tested in the same manner.

As for the data gained by questionnaires, we investigated
the equality of the ratios of the websites satisfying certain
conditions. In these cases, hypothesis H0 was the equality of
the two proportions and the alternative hypothesis was sup-
ported by all other values [51] (p. 364). For investigating the
link between two quantities, we applied Pearson correlation
coefficients [51] (p. 432) and hypothesis H0 was confirmed
with a value of zero [51] (p. 436) as then the independence of
the variables is true in terms of their Gauss distribution. We
investigated rank correlations aswell by testing the zero value
of the Spearman rank correlation coefficient [51] (p. 691).
Finally, we made clusters from the countries to see the sim-
ilarity in groups. For this purpose, the generally accepted
k-means clustering algorithm was applied [52]. All statisti-
cal computations were carried out by the statistical program
package R (R version 3.5.0.) [53].

Table 6 p-values of the tests V4: N–W-EU

Accessibility 0.646

Experiences 0.357

Marketing 0.467

Technology 0.649

4 Results

4.1 Results Based on the Nibbler Tests

Answer to Q1Grouping the questions by properties, we can-
not find significant differences between the results of the
groups in case of V4 and N–W-EU countries. If we compare
the V4 and N–W-EU countries by the groups of questions,
there are significant differences between the expectations of
the question groups except the areas of Experiences andMar-
keting.

Table 5 shows that the largest averages belong to accessi-
bility and the smallest ones to the experiences in almost all
cases.

We performed the equality test in each question group.
The p-values are displayed in Table 6.

Table 6 confirms that the expectations of the V4 countries
can be considered the same as the expectations of the N–W-
EU countries in all groups of questions. If we make the pairs

of question groups, we have

(
4
2

)
� 6 pairs. Performing the

tests of equalities of the expectations for all pairs, we have
the following results (Table 7).

Table 7 shows that there is no significant difference
between Experiences and Marketing scores, but all other
pairs present significant differences. The statement is true
for the V4 countries, for the N–W-EU countries and for all
countries too. The best performing area is Accessibility, it is
followed by Technology and the last areas areMarketing and
Technology.

Answer to Q2 Investigating the correlations between
the areas, we found the following correlation coefficients
(Table 8). The scores of the different groups of questions are
not independent except Marketing and Technology. Higher
scores in one area imply higher scores in another one. Mar-
keting and Technology are independent in the case of V4
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Table 7 p-values belonging to
the tests of equalities V4 N–W-EU Total

Accessibility–experiences 1.18E − 16 2.48E − 16 2.09E − 31

Accessibility–Marketing 2.15E − 14 1.58E − 19 2.63E − 32

Accessibility–Technology 1.45E − 05 6.67E − 06 3.91E − 10

Experiences–Marketing 0.269032 0.59758 0.689924

Experiences–Technology 0.000118 0.000187 8.07E − 08

Marketing–Technology 0.003382 1.10E − 05 2.04E − 07

Table 8 Correlations between
the results of groups of questions
in case of V4, N–W-EU
countries and in all countries

V4 N–W-EU Total

Accessibility–Experiences 0.602 0.496 0.538

Accessibility–Marketing 0.273 0.25 0.254

Accessibility–Technology 0.564 0.448 0.508

Experiences–Marketing 0.721 0.795 0.756

Experiences–Technology 0.559 0.709 0.641

Marketing–Technology 0.171 0.541 0.37

Table 9 Determination
coefficients in the case V4,
N–W-EU and all investigated
countries

V4 N–W-EU Total

Accessibility–Experiences 0.363 0.246 0.289

Accessibility–Marketing 0.075 0.062 0.065

Accessibility–Technology 0.318 0.201 0.258

Experiences–Marketing 0.52 0.632 0.571

Experiences–Technology 0.313 0.502 0.411

Marketing–Technology 0.029 0.293 0.137

Table 10 P-values of the test of
independence in the case of
one-sided and two-sided
alternative hypothesis

Two-sided alternative
hypothesis

One-sided alternative
hypothesis

V4 N–W-EU Total V4 N–W-EU Total

Accessibility–Experiences 0 0 0 0 0 0

Accessibility–Marketing 0.063 0.074 0.011 0.033 0.037 0.006

Accessibility–Technology 0 0.001 0 0 0.0005 0

Experiences–Marketing 0 0 0 0 0 0

Experiences–Technology 0 0 0 0 0 0

Marketing–Technology 0.249 0 0 0.125 0 0

countries, but considering N–W-EU countries or all data the
statement does not hold. Testing the independence of the
areas, i.e. the scores belonging to the separate aspects, the
results are summarized in Table 10.

Table 8 presents usually medium positive correlations.
The relation is stochastic, the scores change together in the
same direction on average, and largest Accessibility implies
largest Experience and Technology. In case of Accessibility
and Marketing, Technology and Marketing correlations are
rather small.

The determination coefficients are shown in Table 9.

Table 9 demonstrates that determination of one area by
another is slight and usually is under 50% in most cases
(Table 10).

Decisions are presented in Table 11.
In the columns concerning the two-sided alternative

hypothesis, we can see that independence is acceptable in
the case of Accessibility and Marketing if we investigate V4
countries or N–W-EU countries. But the p-values 0.063 and
0.074 are close to the standard 0.05 value. The number ofweb
pages included in the study is 48 and 51, respectively. If we
investigate all of them together, the total number is 99, and
the dependence is demonstrable on the level of significance
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Table 11 Decisions about the
independence of areas (D �
dependent, I � independent)

Two-sided alternative
hypothesis

One-sided alternative
hypothesis

V4 N–W-EU Total V4 N–W-EU Total

Accessibility–Experiences D D D D D D

Accessibility–Marketing I I D D D D

Accessibility–Technology D D D D D D

Experiences–Marketing D D D D D D

Experiences–Technology D D D D D D

Marketing–Technology I D D I D D

Table 12 Average values in the
case of different error types V4 N–W-EU Total

Known 45.426 47.686 46.602

Likely 0.894 1.902 1.418

Potential 710.681 487.941 594.765

Total 757.1 537.529 642.785

Table 13 Significance levels
testing the equality of the
numbers of errors in the web
pages of V4 and N–W-EU
countries

Error type Known Likely Potential Total

Two-sided One-sided

p-value 0.886 0.297 0.005 0.082 0.041

Table 14 Number of guideline’s subsections (error type) in case of sig-
nificant differences between the V4 and N–W-EU countries

Number of error
type

Interpretation of the
success criterion

Error type Sign. level

1.1.1. Non-text content
(level A)

Potential 0.02

1.3.1 Info and
relationships
(level A)

Potential 0.035

1.4.1. Use of colour (level
A)

Potential 0.028

1.4.5. Images of text
(level AA)

Potential 0.019

2.4.3. Focus order (level
A)

Potential 0.016

2.4.4. Link purpose (in
context) (level A)

Potential 0.030

3.1.2 Language of parts
(level AA)

Potential 0.001

3.2.1 On focus (level A) Potential 0.014

3.3.2. Labels or
instructions (level
A)

Known 0.015

0.011. The independence of Marketing and Technology is
acceptable in the case of one-sided and two-sided tests on
the level of significance 0.249 and 0.125, respectively, in the
case of V4 countries.

Table 15 Most frequent known errors in the case of different groups of
countries and in the case in all countries

Type of known error V4 N–W-EU Total Sign. level

1.1.1. Non-text content 11.208 29.686 20.727 0.1389

1.4.4 Resized text 10.437 5.392 7.838 0.258

1.4.6 Contrast (enhanced) 10.563 3.255 6.79 0.209

4.2 Results Based on the AChecker Tests

Answer to Q3 There are no significant differences between
V4 and N–W-EU countries in the expected number of known
and likely errors, but there is in the number of potential errors.
The total number of the errors is significantly higher in V4
countries than inN–W-EUcountries, but the difference is due
to the potential errors. If we compare the V4 and N–W-EU
countries grouping the test questions based on type, we get
the following average values (Table 12). In the case of both
V4 and N–W-EU countries, the most frequent known errors
are “Non-text content”, “Contrast (Enhanced)” and “Resize
text”. This emphasizes the similarity between the properties
of the V4 and N–W-EU countries. The average values are
given in Table 15.

If we compare the V4 countries and N–W-EU countries
by grouping the errors by types, i.e. by the known, likely and
potential error numbers, we get the results given in Table 13.
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Table 16 Average values of the
groups in case of known errors Success criteria (level of conformance) V4 N–W-EU Total p value

A 1.094 1.60866 1.359 0.350

AA 0.859 0.26 0.687 0.313

AAA 0.463 0.150 0.301 0.271

Table 17 Number of errors
violating the different error
types

Level V4 N–W-EU Comp. Total

Mean Dispersion Max Mean Dispersion Max p value Mean Dispersion

A 26.25 34.54 213 38.608 86.81 371 0.35 32.616 66.75

AA 11.167 24.82 155 6.843 12.532 68 0.82 8.939 19.501

AAA 10.646 42.677 275 3.451 12.415 63 0.266 6.939 31.068

Table 18 Number of errors per error type

Known error type Level of conformance Number of errors

1.1.1. Non-text
content

Level A 2052

1.3.1 Info and
Relationships

Level A 376

1.4.4 Resize Text Level AA 776

1.4.6 Contrast
(Enhanced)

Level AAA 715

3.3.2 Labels or
Instructions

Level A 260

Fig. 4 Data of the investigated websites

The data found Table 13 confirm that in the case of known
and likely errors there are no significant differences between
the groups of V4 and N–W-EU countries, but in the case of
potential errors there is. If we consider all types of errors,
we can state that the number of the errors of websites in
V4 countries is significantly higher than that of N–W-EU
countries provided we use one-sided tests (p-value is under
the level 0.05). The difference, however, is not significant if

Fig. 5 Average data of the countries

we test non-equality by two-sided test. The last result can be
explained by the large dispersions values.

Investigating the number of errors in the websites of V4
and N–W-EU countries, we can state that there are usually
no significant differences between the V4 and the N–W-EU
countries even from the perspective of questions. Perform-
ing the Welch test for every question separately (183 tests),
we found significant differences in nine cases, and these are
presented in Table 14. It should be highlighted that all errors
except 3.3.2 are potential errors and only one known error
can be found among them (Table 15).

Although the maximal number of the average error is
higher in the group of N–W-EU countries than in the group
of V4 countries, the opposite is true for the second and the
third values in the rank.Moreover, the differences are not sig-
nificant, as it can be seen from the values in the last column,
a consequence of the large values in the standard deviations.

Answer to Q4We cannot ascertain significant differences
between the V4 countries and the N–W-EU countries by
the level of conformances of known errors. Grouping the
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questions by level of conformance (A, AA and AAA), we
performed the equality test for the expectations of the num-
ber of errors in the case of known errors. The average values
of the groups and the p-values are presented in Table 16.

Table 16 shows that in the case of the level A group V4
has better values, but in the case of levels AA and AAA
the N–W-EU group has fewer errors. Performing the test of
equality, we do not see significant differences between the
groups of countries. The number of errors violating success
criteria (level of conformance) A, AA and AAA is given in
Table 17. We can conclude that there is no significant differ-
ence between the V4 countries and the N–W-EU countries.
The average number of N–W-EU is larger in the case of error
type A. The reverse is true in the case of error types AA and
AAA. The maximal values are large as compared to the aver-
age, which causes large dispersions.

Table 19 Covariance, correlation and p-values between the results of
Nibbler and AChecker tests investigating separate websites and coun-
tries

Cov. Corr. p value

Separate websites − 0.12 − 0.059 0.561

Countries − 0.037 -0.118 0.762

Answer to Q5 Table 18 shows the five highest number of
errors in the case of known errors based on the AChecker
tests.

4.3 Comparison of the Nibbler and AChecker Tests’
Results

Answer to Q6 Nibbler and AChecker data tests are indepen-
dent in ranks and values by countries for each individualweb-
site. We compared the results of the Nibbler and AChecker
tests for the same websites. No dependence can be found.
We plotted the average values of the websites by Nibbler and
AChecker tests, and the results are shown in Figs. 4 and 5.
These figures demonstrate that no correlation can be seen
between the results of the different methods.

The same conclusion can be drawn based on the calcula-
tions of the tests (see Table 19) (Figs. 6, 7, Table 20).

Table 21 demonstrates that the correlations are low, and
we accept the hypothesis of the independence of both the
rank and clusters on very high levels of significance.

4.4 Results Based on the Experts’Tests

Answer to Q7 Following Google Chrome SEE web applica-
tion tests, we can ascertain that we found no lost information.

Fig. 6 Plotted ranks

Fig. 7 Plotted cluster numbers
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Table 20 Rank and the clusters
of the countries according to the
Nibbler and AChecker tests

FIN PO HU SWI SWE SLO CZR GER AU

Nibbler average values 7.348 7.395 7.476 7.595 7.827 7.838 7.881 8.011 8.044

Rank 9 8 7 6 5 4 3 2 1

Nibbler cluster 3 3 2 2 1 1 1 1 1

AChecker average values 2.403 5.649 4.505 2.517 2.809 3.823 3.388 5.021 2.624

Rank 1 9 7 2 4 6 5 8 3

AChecker clusters 1 3 3 1 1 2 2 3 1

We can state that these websites can be used equally by
users who have colour deficiency problems. The zero value
in Table 22, column 3 confirms that there was no information
loss when simulating four types of colour deficiencies (see
Table 4, question 3).

By testing the websites with Variantor special glasses, we
can state that we found no information loss, and these web-
sites can be used equally well by users with colour deficiency
problems.

Answer to Q8 Based on our questionnaires, there is no
usual significant difference between the V4 and the N–W-
EU countries. Results focusing on countries and groups of
countries are found in Table 4. The results are summarized
in Table 22.

Creating blind website versions has turned out to be a
less convenient solution for providing accessibility. Usually
the blind version is not updated frequently enough and con-
tains old information. The applied aspects of measurement
include the following: each link should be determined from

the link text. For example, “click here” or “here” is not under-
standable; that is, the user could askwhere they are. “Success
Criterion 2.4.4 Link Purpose (In Context), that is the purpose
of each link can be determined from the link text alone or
from the link together with its programmatically determined
link context, except where the purpose of the link would be
ambiguous for users in general (Level A)” [15]. Therefore,
the values of the first and second columns of Table 22 are
considered with a negative sign. Column six is not subject
to analysis because of its redundant nature. Native language
users of a country do not need the English version of a site
for accessibility. Websites with a WAI logo were scored sep-
arately.

Only one Austrian healthcare-related governmental web-
site contains aWAI accessibility logo among the 99 websites
included in the study. This poor result may have two under-
lying reasons: either designers do not know about it or they
do not consider it important. The fact that the WAI logo is
rarely found on the investigated websites disproves the state-

Table 21 Results of testing the
independence of ranks and
clusters of countries provided by
Nibbler and AChecker tests

Covariance Correlation p value

Ranks − 0.625 − 0.083 0.831

Clusters 0.083 0.104 0.791

Table 22 Ratio of web pages satisfying special requirements in the different countries and groups of countries

Question
number

1 2 3 4 5 6 7 8
∑

Blind version Link purpose Colour
deficiency

CAPTCHA Keyboard English
version

Responsive Accessibility
logo

HU 0 0.882 0 0.176 0.529 0 0.824 0 0.65

AU 0 0.875 0 0 1 0.125 1 0.125 1.25

CZR 0 0 0 0 0.875 0.125 0.875 0 1.75

FIN 0 0 0 0 0.7 0.9 0.8 0 1.5

PO 0 1 0 0.125 0.5 0 0.625 0 0.25

GER 0 1 0 0 1 0 1 0 1

SWI 0.125 1 0 0 0.688 1 0.5 0 0.06

SLO 0 0.615 0 0 0.769 0.077 1 0 1.15

SWE 0.125 1 0 0 0.625 0.25 0.75 0 0.25

V4 0 0.674 0 0.087 0.652 0.043 0.848 0 0.91

N–W-EU 0.059 0.784 0 0 0.784 0.549 0.765 0.019 0.73

Total 0.031 0.732 0 0.041 0.722 0.309 0.804 0.01 0.81
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Table 23 Comparison of V4 and N–W-EU countries from the different perspectives (E � there is no significant difference, D � different)

Question number 1 2 3 4 5 6 7
Blind version Link purpose Colour deficiency CAPTCHA Keyboard English version Responsive

p value 0.095 0.220 1 0.032 0.147 7.49E − 08 0.303

Decision E E E D E D E

Fig. 8 Box-plot of the AChecker known values in the function of web
page sizes (large, medium, small)

Fig. 9 Diagram of the AChecker known values in the function of the
web page sizes (Kbytes)

ment by Goodwin et al. [33]: “website with WAI logo have
better website accessibility scores”.We can state that it is not
true that a website with a WAI logo has better accessibility
scores.

Based on the last column of Table 22 (total score), it can be
established that the best performing countries are the Czech
Republic (total score: 1.75), Finland (total score: 1.5) and
Austria (total score: 1.25); they are followed by Slovakia
(total score: 1.15), Germany (total score: 1.0) and Hungary
(total score: 0.65). Although the total score 0.91 of the V4

Fig. 10 Box-plot of Nibbler accessibility scores in the function of the
web page sizes

Fig. 11 Diagram of the Nibbler accessibility scores in the function of
the web page sizes (Kbytes)

countries was higher than the total score 0.73 of the N–W-
EUcountries, there is no significant difference between them.
Altogether, based on both the statistical analyses and theNib-
bler results, the first three countrieswereGermany, the Czech
Republic and Slovakia and statistics showed that the order in
AChecker test result was Finland, Switzerland and Austria.
This suggests that the Nibbler results are more similar to the
findings of the questionnaires. This also demonstrates that for
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Fig. 12 Box-plot of the AChecker known problems in the function of
the GNI per capita

Fig. 13 Box-plot of Nibbler scores in the function of the GNI per capita

Fig. 14 Box-plots of numbers of the AChecker known problems in the
function of the elderly population’s ratio

a thorough evaluation automated tests and human feedback
must complement and confirm each other.

Comparing the V4 and the N–W-EU countries, there
are no usual significant differences between the ratios. The

Fig. 15 Box-plot of Nibbler accessibility scores in the functions of the
elderly population’s ratio

exceptions are the CAPTCHA function and English version
availability as we take the previously mentioned calculation
in Table 22 into account. The total score of the V4 coun-
ties is 0.91, whereas that of the N–W-EU countries is 0.73
(Table 23).

4.5 Results for External and Internal Characteristics

Answer to Q9 AChecker tests
Figures 8 and 9 show that in the case of the AChecker test

a larger size does not imply more errors. The estimated value
of the correlation coefficient is 0.027, and it is very close to
0. The p-value of the test is 0.791; therefore, we accept the
hypothesis that these quantities do not correlate. This result
is the opposite of what was concluded byGoodwin et al. [33].

Concerning the Nibbler accessibility test, the opposite
results are shown in Figs. 10 and 11. The trend that is sug-
gested by the values is that smaller web pages have slightly
lower Nibbler scores on average as compared to larger web-
sites. The categories of small/medium/large were further
defined by the trisection size values.

The estimated value of the correlation coefficient is 0.226.
Although it is not high, it is still significantly higher than in
the case of AChecker scores. The p-value is 0.025, which is
less than the usual 0.05 significance level; therefore, there
is a slight correlation between size and Nibbler scores. The
correlation is positive with larger websites having a higher
Nibbler score. This shows that the creators of larger web-
sites pay more attention to accessibility, but the number of
mistakes does not increase with the size of the web page.

Answer to Q10 Fig. 12 presents the number of AChecker
known errors in the function of the GNI per capita.

The correlation coefficient is estimated to be − 0.097;
thus, the hypothesis of independency can be accepted on a
significance level of 0.169.

123



9186 Arabian Journal for Science and Engineering (2019) 44:9171–9190

In the case ofNibbler tests,we can notice the opposite phe-
nomenon. The estimated value of the correlation coefficient
is 0.217, which proves a slight positive correlation between
the economic potential and accessibility. The hypothesis of
independence is rejected; in the case of one-sided alternative
hypothesis, the p-value is 0.016, which confirms Goodwin
et al. [33] too (Fig. 13).

Answer to Q11 The relationships between the ratio
of elderly people and accessibility were investigated by
AChecker and Nibbler as well. We have not found corre-
lations. The box-plots are shown in Figs. 14 and 15.

The correlation coefficients are 0.166 and− 0.039, respec-
tively, so the hypothesis of independency can be accepted on
the usual significance levels.

5 Discussion

Access to healthcare-related websites is of utmost impor-
tance to citizens all over the world, yet the present research
demonstrates that people with disabilities are often excluded.
Manyof the accessibility problems identified in this study can
be fixed relatively easily and do not require huge redesigns of
the site, for example, adding appropriate ALT attributes for
images. ALT tags convey the text equivalent of the image on
display and are necessary for those with disabilities as they
may not have the ability to physically see the image.

Providing adequate access especially to healthcare-related
information is inarguably a vital task in the field of informa-
tion technology. Our present research demonstrates, never-
theless, that people with disabilities are often excluded. For
instance, a surprisingly large number of errors detected by
AChecker (see Table 18) concern a major area of improve-
ment, namely Alt attributes. ALT tags convey the text
equivalent of the image on display and are necessary for
those users who due to some visual impairment are not able
to physically see the actual pictures themselves on the site.
Alt attributes are responsible for what the screen reader can
read in such cases as an alternative text about an image. The
guidelines for implementation, handling and problem reso-
lution are clearly stated in WCAG 2.0. [15], which already
classifies Alt tags as a Level A area. Identifying and reme-
dying Alt tag issues, as accessibility problems, is a relatively
simple task and does not require huge redesigns of the site.

“Success Criterion 1.1.1 Non-text Content (Level A):
All non-text content that is presented to the user has a
text alternative that serves the equivalent purpose” [15].
“Success Criterion 1.3.1 Info and Relationships (Level A):
Information, structure and relationships conveyed through
presentation can be programmatically determined or are
available in text” [15]. “The intent of this Success Crite-
rion is to ensure that information and relationships that are
implied by visual or auditory formatting are preserved when

the presentation format changes. For example, the presen-
tation format changes when the content is read by a screen
reader or when a user style sheet is substituted for the style
sheet provided by the author” [15]. “Success Criterion 1.4.4
Resize text (Level AA): Except for captions and images of
text, text can be resized without assistive technology up to
200% without loss of content or functionality” [15]. “The
intent of this Success Criterion is to ensure that visually
rendered text, including text-based controls can be scaled
successfully so that it can be read directly by people with
mild visual disabilities, without requiring the use of assistive
technology such as a screen magnifier. Users may benefit
from scaling all content on the Web page, but text is most
critical” [15]. “Success Criterion 1.4.6 Contract (Enhanced)
(Level AAA): The visual presentation of text and images of
text has a contrast ratio of at least 7:1” [15].

From the data collected and analysed on the basis of both
our questionnaires and the figures produced by the applied
automated tools, we accept hypotheses: H1, H4, H5, H6, H7,
H8 and H11.

The answer is mixed for H3. For two subproblems, the
first part of H3 is accepted; for another two, it is rejected. A
few questions of the second part of H3 are rejected, but in the
most cases they are accepted. H9 and H10 are mixed again.

5.1 Accepted Hypotheses

Taking into account our response to research question Q1,
documented in Tables 6, 7 and 8, it can be claimed that
there is no significant difference between the expectations
in the groups of countries. So, we formulate Thesis T1.
T1: The expectations of the scores of the V4 countries and
the N–W-EU countries regarding the aspects separately are
equal. There is no significant difference. H4 is also accept-
able.We formulate T4: The average number of errors is equal
comparing V4 and N–W-EU countries in case of each con-
formance level versus they are different. Themost frequently
violated success criterions are 1.1.1 Non-text content, 1.3.1
Info and Relationships, 1.4.4 Resize Text and 1.4.6 Contrast
(Enhanced) (see Table 18), which are all known problems,
and they belong to Principle 1. So, H5 is true. T5:Most errors
originated when web developers violated Principle 1—that
is, web developers do not provide a text alternative to any
non-text content. We accept H6 because the independence
of the two evaluations can be accepted in case of the both
websites and countries. It is proved by Figs. 4, 5, 6, 7 and
Tables 19, 20, 21. T6: There is no correlation between Nib-
bler and AChecker evaluations, either in ranks or in values.
Regarding the answers to questions Q7 and concerning H7
hypothesis, we can state the following thesis about the colour
design of the investigated websites. T7: Users with colour
deficiencies are able to use the investigatedwebsites the same
way as people with no vision impairment (here we applied
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SEE and Variantor glasses). T8: There is no significant dif-
ference between the N-W-EU and V4 countries based on the
evaluation of the experts’ questionnaire (see Table 22). T11:
There is no connection between the ratio of elderly popula-
tions and web accessibility, even though elderly people need
more accessible web pages (see Figs. 14, 15).

5.2 Mixed Cases

We agree with the first part of H2 because the scores show
medium positive correlations numerically in the case of V4,
N–W-EU countries and all countries. (See Tables 8, 9.)

We reject the second part of H2. In most cases, the cor-
relation between the different aspects cannot be considered
zero; therefore, the scores gained at different aspects are not
independent. In the case of the two-sided alternative hypoth-
esis, the only exception is the Marketing–Technology pair in
the case of the V4 countries. Therefore, in the case of any
other pairs we can state that on average a larger score for a
certain aspect implies larger score for another one.

Consequently, we formulate T2 as follows: Better tech-
nology results in higher accessibility in numerical values.
Although numerically the average number of errors of the
N–W-EU countries is higher in the case of level A than that of
V4 countries and the opposite is true for level AA and AAA,
statistically there are no significant differences between the
expectations. (Tables 16, 17 show the results.) Larger score
for one aspect implies larger score for another one, except
for Marketing and Technology in the V4 countries.

T3: There are no significant differences in the case of
known and likely problems. Considering the numbers of
errors of all types, we can state that the expectation is larger
in case of V4 countries than in the case of N–W-EU coun-
tries. The most frequently affected guidelines are Non-text
content, Resized text and Contrast. Non-text content means
that there is no verbal explanation for the figures. Success
Criterion “1.4.4 Resize text (Level AA)”and Success Crite-
rion “1.4.6 Contract (Enhanced) (Level AAA)”were detailed
in the first paragraph of Discussion. The expected numbers
of the above errors can be considered the same in case of V4
and N–W-EU countries.

The scores are not country specific and not country group
specific. There is a high degree of variation among individual
web pages in the same countries. This implies that there are
very well and there are particularly poorly performing sites
in each country. There is no correlation between Nibbler and
AChecker results. Although they do not measure the results
based on the same algorithms, it is necessary to compare
them since they complement each other and they allow us to
ascertain which one yields similar results to the applied ques-
tionnaires. AChecker tests investigate mainly programming
solutions, while Nibbler takes user experience into account,
and therefore correlates more with the conclusions drawn on

the basis of user feedback. This comparison helps web devel-
opers decide which test serves their goals better, depending
on what they want to test.

We also performed the tests designed by Goodwin et al.
[33] for investigating the relation between size and acces-
sibility. The result is mixed: we accept the hypothesis of
the independence of size and accessibility if we measure
accessibility by AChecker, but if independence is measured
by Nibbler we reject the previous statement and accept the
notion that size and accessibility go hand in hand. T9: The
size of theweb page does not correlate with the number of the
known errors indicated by AChecker, and larger websites do
not contain more errors than smaller websites. Larger web-
sites, however, have better accessibility if the accessibility is
characterized by Nibbler scores.

Q10 is motivated again by Goodwin et al. [33]. We
investigated the relation between economic potential and
accessibility. We found that H0 is accepted if accessibility
was measured by AChecker, and H0 is rejected if the acces-
sibility was characterized by Nibbler scores.

T10: The effect of the economic potential of a region can-
not be demonstrated inAChecker tests, but it can be presented
in the results of the Nibbler test. The countries with higher
GNI per capita have more accessible websites by Nibbler.

5.3 Recommendations

Unfortunately, in the identified known, likely and potential
problems, errors have not changed for the last 10 years com-
pared to our earlier research [38, 41]. Our recommendation
still holds [38, 41]:

1. Provide alternative short text for all non-text elements
(for example, image), if one is not able to write a short
description, use long texts,

2. Use relative positioning, rather than absolute,
3. The content of the site should be accessible without

using the mouse (the appearance of the content) and
should not depend on JavaScript event handlers/modal
windows,

4. Use<label> tag defining the elements of formandwhere
it is not possible use “title” attributes,

5. The texts of the references have to be understandable
without their contexts,

6. In the <html> tag, identify the primary natural language
using the “lang” attribute, and specify the base direction
of directionally neutral texts using “dir” attributes,

7. Provide summaries for tables using “summary”
attributes in <table> tags,

8. Put some separating characters between links,
9. Check <title> tags whether they identify the subject of

the web page correctly,
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10. Html tagsmust be closed correctly so that assistive tech-
nologies can parse the content accurately [38, 41].

We are hereby extending our earlier recommendations by
adding Point

11. All websites must be made responsive, so that they can
be accessed by any device or platform independently of
screen size.

The remaining part of this section describes how some of
our own recommendations conform to the WCAG 2.0. The
first recommendation is relevant for users who need a screen
reader. It conforms to the WCAG 2.0 1.1.1 success criterion.

The third one is also necessary if somebody is not able to
use amouse. Thefirst part fits the 2.1 guideline ofWCAG2.0,
which suggests making all functions available for keyboard
input.

Our fourth recommendationfits the 2.4.2 and2.4.6 success
criteria. Those help navigate the user. Both describe the topic
of the page.

The fifth one conforms to the 2.4.4 and 2.4.9 criteria of
WCAG 2.0. Both describe how to identify links.

Our sixth recommendation meets 3.1.1 and 3.1.2 crite-
ria of WCAG 2.0. Those explain use of language. It is also
important for screen readers to identify the human language
of the page or the human language of a part of the text.

The ninth one fits the 2.4.2 criterion of WCAG 2.0. It
defines the purpose or the topic of the page.

Our tenth recommendationmeetsGuideline 4.1 ofWCAG
2.0 for the purpose of using the web easily for future tech-
nologies.

6 Conclusions

The element of innovation this research presents is that it
looks at some relevant accessibility issues concerning health-
related websites in different historical and economic regions
in Europe. Such a detailed statistical comparison has not
yet been made in Europe for testing healthcare-related web-
sites, even though their regular revision seems necessary
owing to the demands of the growing elderly population.
The authors would also like to draw attention to the fact that
the two applied automatic testers yielded different accessibil-
ity results for the same sites; therefore, statistical evaluation
based on user response has proved inevitable for thorough
analysis.

This research demonstrates that a vast majority of
healthcare-related websites in the North–West-European
(N–W-E) and V4 countries (Czech Republic, Hungary,
Poland, Slovakia) do not meet industry-related accessibil-
ity guidelines. Most of the websites in this research violated

the same guidelines because their designers did not take the
needs of people with disabilities into account. Consequently,
these websites contain almost the same, very common errors.
Accessibility errors should be identified by software testing
tools based onWCAG 2.0 and user response. We did not find
differences between the results ofN–W-EUandV4countries,
in spite of the fact that the GDP and GNI of the N–W-EU
countries are much higher than the GDP and GNI of V4
countries.

First of all, the findings in this paper might help web
designers by providing a better understanding of their web-
sites and can also be used to facilitate assessing web
accessibility. Second, if service or software development has
been carried out without taking the requirements of acces-
sibility into consideration, it is certain that the result will
not be an accessible solution and accessibility problems
will emerge. The accessibility problems will remain until
an expert in accessibility gives instruction to web designers;
otherwise, web designers will have to familiarize themselves
with all accessibility guidelines. There is no doubt that users
with special needs are not involved in the design process
and the testing of the usability of websites. Furthermore, it
is clear that the cost of developing accessible websites from
the first step of the design process is much cheaper than to
redesign or transform the badly designed website and make
it accessible.

All our measurements and research are based on the
WCAG 2.0 guidelines; meanwhile, the newest version
WCAG 2.1 [26, 27] has just been released. In the future, this
research should be repeated based on WCAG 2.1, but cur-
rently there is a lack of effective automatic test tools based
on WCAG 2.1.

In conclusion, a site that meets accessibility requirements
opens the market to a wider range of customers. If we look
at the growing number of elderly people, their demand for
accessible websites can be expected to increase. If compa-
nies do not focus on these requirements, they will lose a
high number of their customers. The overall benefit is that of
increased value. The issues identified in this study can also
be considered to be independent of financial considerations,
since they require only a bit of attention and the willingness
to identify the needs of people with disabilities.
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