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Abstract

The Web Content Accessibility Guidelines (WCAG) facilitate equal accessi-
bility to websites for people with impairments. However, the adoption of this
standard remains low, leaving much of the web inaccessible to millions of
users with an impairment. This paper seeks to understand why this standard
has had limited impact. As the European Accessibility Act required busi-
nesses to have accessible websites from June 2025 there is growing pressure
to make improvements. Moving beyond the technical evaluations that domi-
nated past research, this study looks through a standardisation lens at likely
reasons for the private sectors’ limited use of the web accessibility standard.
We compare accessibility differences per industry quantitatively. We then go
back to the literature and look at government practices to identify solutions
for web accessibility barriers. This allows us to provide a new perspective
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on how web accessibility can be improved. Our findings identify two main
obstacles: a lack of awareness of the WCAG standard, and difficulties in
understanding and implementing it. Implementation is hindered by a shortage
of developers with accessibility expertise, and by the absence of sanctions for
non-compliance. To conclude, the new law first needs to tackle the barriers to
web accessibility and introduce a reasonable risk on sanctions as impetus for
change.

Keywords: Web accessibility, standards, human—computer interaction,
WCAG, government policy.

1 Introduction

The internet has become an essential part of our daily lives. Websites are
essential to retrieve information, connect with others, scan for job oppor-
tunities, conduct business, and access financial services such as banking.
However, millions of people worldwide have an impairment that changes
their ability to navigate websites, interpret multimedia content, or interact
with online tools.

While people increasingly dependent on websites, they differ in how
they use a website. For example, the technology’s visual nature is especially
challenging for people with visual impairments or low vision. They may need
assistive technologies to browse the web [1]. A standard was developed to
allow people with various abilities, who may use assistive technologies, to
have equal access to the to the information, multimedia content, and services
on websites: the Web Content Accessibility Guidelines (WCAG) [63, 87, 88].
The first WCAG version arrived in 1999 and was followed by WCAG 2.0 in
2008 [82, 88]. This would be the official standard for website accessibility
after its implementation by ISO and various governments (e.g., [28, 68]).
Nevertheless, nearly fifteen years later, and with several revised versions of
the WCAG, a large study showed that most websites remain inaccessible to
many: 96.8% do not offer full accessibility in compliance with the WCAG
2.0 standard [11].

Previous studies on web accessibility have examined the status and limita-
tions of current standards and evaluation methods (e.g. [15, 44, 54]). Most of
the studies focused on the public sector as these organisations typically need
to comply with accessibility regulations ([96] is an exception). However, with
the increasing focus of accessibility regulations on the private sector, more
research is needed to guide successful implementation of web accessibility
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for the private sector. Although formally there were no requirements for
the private sector to work on web accessibility, it is surprising that minimal
progress was made despite the growing importance of accessible websites
as the internet-accustomed population in Western countries is ageing rapidly.
For instance, by 2050, it is expected that 30% of the EU population will be
older than 65 [53]. With the enforcement of the European Accessibility Act
in June 2025, the urgency for the private sector to improve their limited web
accessibility has risen even more.

In digitalisation, the Netherlands is one of the leading EU member states.
This country shows a high proficiency of digital skills, and many facets
of daily life are offered as online services [17, 19]. These services range
from banking to applying for a new passport, and sometimes the online
service is the only option available. Despite this, accessibility remains an
issue. Therefore, we examine the state of accessibility in this country, across
different sectors. First, we differentiate between the public and private sector
as rules for web accessibility have already been mandatory for public sector
organisations. Secondly, we look at industry classifications to determine if
the implementation of the web accessibility standard differs across industries.
This is important to study as previous literature frequently focused on small
samples within a specific category (e.g., 50 websites of universities), and the
level of awareness and implementation of web accessibility likely differs per
sector.

This research analyses the adoption of accessibility measures, the factors
influencing compliance, and the barriers to improving digital accessibility.
Focusing on the private sector allows exploring the voluntary adoption of
accessibility standards, and why the digital divide persists despite the WCAG.
While the public sector is legally bound to follow guidelines, the private
sector’s less-regulated approach makes it more relevant for understanding
accessibility issues and gaps. Therefore, this research aims to answer: How
accessible are the websites of private sector organisations? and Why does the
digital divide still exist when there is a standard for web accessibility?

We can make use of a dataset from Web Accessibility In Mind
(WebAIM). It focuses on the desktop experience; the mobile experience is
excluded. We want to understand how internet users experience the web
across different website categories in their daily lives. The focus is thus
on the desktop/laptop computer user’s accessibility experience, rather than
the development process. First, many studies have been conducted on the
development process. However, the low levels of adoption might suggest
that problems occur much earlier and there is not enough awareness of the
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issue. Secondly, the standard and testing tools have been developed for the
computer user first, and the perspective of the mobile user has appeared
later. Therefore, organisations have had less time to ensure mobile web
accessibility. Moreover, desktop and laptop platforms remain critical access
points for users with certain disabilities who rely on assistive technologies
(e.g., alternative input devices) that are often more robust and configurable on
non-mobile systems. Lastly, the variety of operating systems and screen sizes
for mobile devices complicates the assessment of the accessibility standard;
excluding mobile devices to focus on the computer users experience allows
for more consistent testing of parameters.

This paper contributes to the body of knowledge in two ways. First, we
argue for a more systematic approach to improving private website accessi-
bility through a standardisation perspective. Second, we explore barriers to
web accessibility and suggest potential solutions.

2 Setting the Scene

This section explores key aspects of web accessibility. It defines web
accessibility, describes the standard for web accessibility, and addresses
how compliance is verified. It also identifies barriers to compliance in the
Netherlands and suggests potential solutions for the identified barriers.

2.1 Web Accessibility

Web accessibility is achieved when “all people, particularly disabled and
older people, can use websites in a range of contexts of use, including
mainstream and assistive technologies” [63]. Slatin and Rush [73] defined
web accessibility as “people with some impairment can use it with the same
effectiveness as non-disabled people”. From these definitions, we conclude
that: all people should be able to use websites in a range of contexts of use, if
needed with assistive technologies, with the same effectiveness.

Accessibility challenges, whether permanent or temporary, come from a
disability or limiting factor. Disabilities encompass speech, cognitive, audi-
tory, physical, and visual impairments [69]. Limiting factors are (1) language
barriers, (2) lack of ability, and (3) situational limitations [8, 84]. Situationally
induced impairments and disabilities come from the circumstances, environ-
ment, or device [72, 79]. The severity can vary depending on the location
(e.g., being in a rural area with poor internet connection), and in duration
(e.g., unable to afford a high-speed connection) [79, 90].
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2.2 The Standard for Web Accessibility

Web accessibility is defined by first-wave inclusion, minimum functional-
ities such as the ability to obtain and enter information, and second-wave
inclusion, which focuses on accessibility-in-use (i.e., how the interaction is
perceived) [77, 83]. The primary standard, the Web Content Accessibility
Guidelines (WCAG), began with WCAG 1.0 in 1999, marking the first wave
of inclusion standards [88, 77]. WCAG 2.0, released in 2008, aligns with the
second-wave inclusion and adopts a more technology-neutral approach [77,
82]. However, it faced criticism for being less specific, making it harder for
smaller companies to interpret as it shifted from a design-based (WCAG
1.0) to a performance-based standard (WCAG 2.0) [22, 57, 82, 94]. Design
standards provide clarity and ease of assessment by having prescribed a
specific method, while performance standards offer flexibility and often lead
to better outcomes by focusing on the results rather than the means [57].

The WCAG 2.0 standard includes 13 guidelines based on four principles:
perceivable, operable, understandable, and robust [21, 80]. Success criteria
are categorised into three levels of conformance: A (least strict), AA, and
AAA (most strict) [81]. Perceivable refers to whether the information and
user interface are interpretable for all users. Requirements include providing
text alternatives for non-text content, captions for multimedia, and ensur-
ing content remains understandable across different technologies, including
assistive devices, without losing meaning. Operable relates to having naviga-
tion and interface components that are usable with a keyboard only, provide
enough time to read a text, and avoid content that might trigger seizures.
Understandable is when the information and use of the interface are clear, and
both its use and content are not beyond the user’s understanding [80]. Robust
refers to content that is interpreted similarly by different users, including
those who use assistive technologies.

The European Union used the WCAG 2.0 at AA level in 2016 in a manda-
tory procurement law for government agencies and organisations receiving
government funding to comply with the European standard EN 301 549
[28, 96]. This was followed by the Web and Mobile Accessibility Directive,
which requires public sector websites (enforced from 2018) and mobile apps
(enforced from 2021) to be accessible according to the standard [28, 96].

WCAG 2.1 added 17 criteria for mobile accessibility, addressing the
needs of people with limited vision, as well as those with cognitive and
learning disabilities [97]. More recently, the European Accessibility Act
(EAA) was introduced to harmonise existing laws across EU countries, and
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it makes use of WCAG 2.1 [34]. By 2025, private and public organisations
must ensure their apps and websites comply with WCAG, with an exemption
for micro-enterprises with ten or fewer employees and a turnover below €2
million [29, 30]. WCAG 2.2 was released in 2021 to extend the number of
means by which one can conform with the previous standards and is upward-
compatible with WCAG 2.0 and 2.1 [92]. WCAG 3.0 is still a working
draft; it attempts to be even more technology neutral and will be much more
comprehensive, as the guidelines will cover accessibility of web content on
desktops, laptops, and mobile devices, and adds accessibility for Internet
of Things devices. Moreover, the guidelines extent to more types of web
content such as static, dynamic, interactive, streaming content, visual and
auditory media, virtual and augmented reality, and other alternative means of
presentation and control, and will address web tools such as user agents (for
the browser and assistive technologies), content management systems (e.g.,
WordPress), authoring tools for creating web content, and web accessibility
testing tools [93].

2.3 Conformity Assessment

Web accessibility comprises (1) the content on a website (including the code,
structure, text, and images or other media), (2) the web browser, media player,
or assistive device that is used to access the resource, (3) the users’ experience
and knowledge, and sometimes adaptive strategies to use the internet, (4) the
developers (e.g., programmers, designers, and authors), (5) authoring tools
(software to build websites like WordPress), and (6) evaluation tools (used to
assess a website’s accessibility) [45].

WCAG compliance can be tested with three types of method: (1) auto-
matic, (2) manual, and (3) semi-automatic [2]. The WCAG’s main limitations
relate to validity and conformance assessments. Validity refers to how accu-
rately the measurements represent the website’s accessibility for disabled
users [76]. While parts of the guidelines can be tested automatically, the
validity of WCAG 2.0 tests is low, as only 32% of accessibility problems
were identified [70].

Thus far, automatic evaluation tools cannot check all the requirements
(e.g., [7]). Nonetheless, they are useful for developers during website devel-
opment. Manual assessments, whether by experts or users, present chal-
lenges. Roughly half of the success criteria of the WCAG 2.0 fail to meet
the 80% agreement threshold; “experts produce 20% false positives and
miss 32% of the true problems” [14]. Moreover, user and expert testing
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is expensive [10, 48]. Semi-automatic evaluations combine automatic and
human assessment of web accessibility, in which human judgment is needed
to check potential issues (e.g., checking code fragments to see whether their
purpose matches the content) [2]. This is the most common method, as some
aspects require manual verification. An example from WCAG 2.0 is “making
the text easier to read” [2].

Challenges from automated and human evaluators show how difficult it
is to develop reliable and accurate heuristics of web accessibility [7, 14]. In
practice, web developers need to rely on the WCAG standard as even in large
projects it is not feasible to include people with a representative diversity of
impairments and digital skills [77]. Thus, conformance to the standard can
provide a solid foundation that covers the main technical aspects [77]. At the
same time, expectations need to be managed as compliance does not lead to
good results in every case [77].

Only limited support is available for organisations to implement acces-
sibility standards [20]. The code for interactive websites is complex and
ever-changing, and guidelines must be updated time and again [26]. To make
websites more accessible for users, artificial intelligence (Al) could provide
help as a digital assistant, for instance Google Assistant or Apple Siri [20, 58].
While this helps users navigate the webpage, lasting accessibility improve-
ments require a developer to implement the necessary changes [58]. To make
a website permanently more accessible, Al can utilise image recognition and
natural language processing through a visual appraisal system that checks
the WCAG criteria, which evaluates of web accessibility more like the
experience of a human [26]. Lastly, as developers are working with large
language models such as Chat-GPT, Al can also improve the awareness of
web accessibility and help with coding by suggesting code changes [3].

2.4 Web Accessibility Barriers

The foregoing shows that the implementation of web accessibility standards
is not self- evident. This applies to many other standards as well. In particular,
small and medium-sized enterprises (SMEs) do not reap the benefits or are
hindered by standards [25]. SMEs may face a sequence of barriers to benefit
from standards, including (ibid):

» Awareness of the existence of standards

* Awareness of the importance of standards for their own company
* Tracing standards

* Obtaining standards
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* Understanding standards
* Implementing standards
* Evaluating the implementation of standards.

In the WCAG case, challenges may arise from a lack of awareness of the
standard, its benefits, and understanding of its implementation. W3C tries to
persuade organisations to adopt the standard by informing them about the
potential benefits of conforming to the standard it: (1) makes web content
more usable for all users, (2) stimulates innovation, (3) improves the brand
image, (4) allows for a larger potential market, and (5) minimises legal risk
[71, 86]. Because there is only one dominant web accessibility standard, this
leaves little doubt about which standard to use. Moreover, the standard can
be easily obtained online and is free of charge.

The WCAG is difficult to understand for some web developers [23, 67].
Furthermore, the standard’s comprehensiveness and the vast number of web
pages and elements on some websites make implementation challenging.
Hence, the main obstacles to the WCAG standard are the following: (a)
awareness of the standard, (b) awareness of the importance of the standard
for the company, (c) understanding the standard, and lastly, (d) implementing
the standard. While evaluation is challenging as well, it is currently not one
of the main obstacles, as there are many tools with varying capabilities that
support web accessibility improvements.

2.5 Proposed Solutions

Many solutions to mitigate or remove obstacles to standards use are avail-
able [25]. First, a fundamental obstacle is that many companies seem unaware
of accessibility standards like WCAG and their potential benefits. Since most
standards are voluntary, highlighting the benefits of conforming is essential to
persuade organisations to follow them [24]. The lack of awareness extends to
future developers; Aquino found that while most computer science students
know of web accessibility, only about one-third are familiar with WCAG
guidelines [6]. This underscores the need for education and training. Possible
solutions include teaching information sciences students about the benefits
of web accessibility and training them to use the WCAG [16]. Furthermore,
organisations hiring web developers should be informed of applicable poli-
cies or laws, alongside compelling statistics on the negative consequences of
website inaccessibility for their organisation [25, 51].
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Secondly, the standard itself may cause implementation difficulties, due
to (1) its technical content, (2) the technical language, (3) lack of version in
the national language, (4) references to other standards, (5) insufficient infor-
mation to show how the new version of the standard differs from the previous,
and (6) insufficient information explaining the context of the standard [25].
Technical language is problematic for the WCAG [61], as the status of guide-
line versions is ambiguous. For example, candidate recommendation, group
note, proposed edited recommendation, proposed recommendation, recom-
mendation, working draft, and retired when the standard is withdrawn [67].
Also, distinguishing between normative and non-normative requirements can
be difficult [23]. Lastly, there are complaints about outdated code examples
and the addition of new criteria without updating prior ones [67]. As official
translations of the WCAG are missing for many languages, unofficial transla-
tions are provided [91]. Out of the 14 official translations, 12 are in European
languages (the other two are Brazilian Portuguese and Mandarin).

Lastly, there might be organisational limitations that impede implemen-
tation of the standard such as lack of knowledge and skills to understand
the standard, financial constraints, lack of web developers’ time, knowledge
and skills, and insufficient managerial and client support [9, 25, 51]. Poten-
tial solutions include education, training, and assistance to implement the
standard [25, 61]. Table 1 lists some solutions.

Table 1
Problem Stage Proposed Solution
Awareness A leaflet from the Chamber of Commerce for all registered companies

(communication) about web accessibility and the WCAG, explaining the regulations
and providing statistics on the impact of inaccessible websites on
companies and users [25, 51].

Awareness Students studying IT or related studies receive training to use the

(education) WCAG and education on the benefits of web accessibility for
organisations [16, 25].

Understanding Government funding for the standardisation organisation that

(assistance) developed the WCAG to translate the new official version into the

national language and test its user-friendliness with a representative
variety of stakeholders [25].
Implementation Government cooperation with the national standardisation
(training) organisation or other private organisations to provide webinars to
train web developers to use the WCAG [25, 61].
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3 Method
3.1 Empirical Setting and Sample

Despite the existence of newer versions of WCAG and the prevalence of
mobile devices, we focus on WCAG 2.0 compliance from a computer user’s
perspective for several reasons. First, understanding the barriers to adopting
WCAG 2.0 is fundamental. Its adoption rate is alarmingly low, and later
versions of WCAG are assumed to have even lower compliance rates, espe-
cially for the private sector. Secondly, the WCAG has traditionally been
a desktop-centric standard, which changed after version 2.1. In our case
country, the Netherlands, the standard version mentioned in the Dutch law for
digital accessibility is 2.1. It applies to governmental organisations (national,
provincial, municipal, and water authorities) and the (semi) public sector
since June 2021 [89, 60]. Nonetheless, automated testing tools for mobile are
a much more recent development, and the mobile-specific criteria of 2.1 or 2.2
have not been in use for long, which makes it harder to study. Therefore, by
concentrating on WCAG 2.0 from a computer user’s perspective, this study
aims to diagnose the most fundamental and widespread accessibility barriers
within the private sector, providing insights into why even an established stan-
dard falls short, irrespective of device type or the nuances of later versions.

We use a country case to evaluate to what degree a nation can over-
come the hurdles of implementing web accessibility standards. A case study
allows us to go more in-depth [62]. The Netherlands was selected partly
for the pragmatic reason that the researchers understand the Dutch system
and language. This was needed to classify websites manually as belonging
to the private or public sector. Additionally, not all EU countries provide
information on web accessibility in English. This makes it difficult to study
their implementation of the web accessibility standard. The Netherlands
has a high degree of digitalisation, and online governmental services are
frequently used (internet users as a percentage of all users 92% vs. 65% for
the EU) [32]. Web accessibility in the Netherlands seems to be better than
in most other European countries [31, 55]. Furthermore, the Netherlands is
one of the countries with the most accessibility statements on government
websites and has taken the extra step to require improvement plans [27, 31].
Nevertheless, over two million (out of 18 million) people in the Netherlands
face accessibility issues [95].

The sample for our study is provided by WebAIM, a non-profit organi-
sation from the Institute for Disability Research, Policy, and Practice at Utah
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State University [11]. Their “WebAIM Million 2022” report evaluates the
accessibility of the homepage of one million websites worldwide [11]. They
selected websites based on the page rank and the number of visitors according
to three sources: the Majestic Millions list, Alexa Top one million websites,
and the DomCop top ten million domains [11]. Out of these, we selected six
categories of frequently visited websites: news/weather/information, careers,
personal finance, education, law, government, and politics, and arts and enter-
tainment. Websites were excluded from the WebAIM sample if (1) evaluation
with the automatic testing tool is not possible as they only have a login screen,
or (2) the site has fewer than the minimum of 10 elements for starting the
web accessibility analysis [11]. The data from the WAVE testing tool for web
accessibility was extended with additional tools to get sector parameters [11].
Moreover, because the total number of .us domains in the dataset was below
5000 and the U.S. is a key country to include, the Whois library was used to
identify .com, .net, and .org domains registered in the U.S. using a Python
script [74].

Additionally, we analysed Canada and the United Kingdom (UK), the two
leading countries in web accessibility, for insights into government policy
and strategy to support compliance with web accessibility regulations and
standards.

3.2 Data Collection and Procedures

We used the “WebAIM Million 2022” dataset to investigate web accessibility
worldwide. Websites are ranked based on their accessibility ranking in com-
parison to other websites (n = 1 million). We also explored other variables,
such as the top-level domains (TLDs), to identify the best-performing coun-
tries, and used six IAB industry categories to compare the accessibility of
various sectors. See Figure 1 for an overview of the process. Subsequently,
we repeated this process for the Netherlands by selecting all websites with
a .nl TLD. Other TLDs with Dutch as the specified language were excluded
because Dutch is also used outside the Netherlands (i.e., the Flanders region
in Belgium, Suriname, and the Dutch Caribbean).

Figure 1 provides an overview of the procedures that were taken to obtain
a sample of private sector websites in the Netherlands. First, each website
URL was classified as belonging to the private or public sector. Second,
websites from the selected categories were used, and from this subset we
looked at the most common WCAG errors.
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Dataset

/\

Private

Public

News /Weather/
Information

Arts and
Entertainment

Careers

Llaw, Government,
and Politics

Personal Finance

Education

Ranking, types of
errors

Figure 1 Overview of the data collection process.

3.3 Measures

Public or private sector: The Dutch law on digital accessibility applies
to regulatory organisations (national, provincial, municipalities, and water
authorities) and the (semi) public sector [89]. Therefore, we distinguish
between the public sector (required by law to be accessible) and the pri-
vate sector (encouraged but not obliged to conform to the standard). Some
URLs are known to belong to the private sector (e.g., facebook.nl) or public
organisations like GGD (the Dutch municipal health service). When in doubt,
we marked the entry and visited the URL. The distinction between public and
private organisations is based on the legal form, financing, purpose, authority,
and accountability (see Table 2, based on [13], p. 343). If any of the above
were unclear, we checked the companies’ annual reportsto verify funding.

Table 2 summarizes how each URL was classified as belonging to the
private or public sector.

IAB content taxonomy categories: The concept of disability has evolved
from being viewed as an individual limitation to a societal issue that can
be addressed by designing an inclusive environment where individuals of
all abilities can participate equally [36]. To examine web accessibility in
the private sector, we utilised a dataset categorised into 26 main content
taxonomy categories, obtained from the Webshrinker categorisation ser-
vice [11]. These categories align with IAB industry standards, widely used
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Table 2 The distinction between the public and private sectors [13]

Public Private
Legal form Public legal entities established by ~ Association, foundation, public
law or regulation. limited company, or private
limited company.
Financing Funds from public sources such as  Based on voluntary contributions,
taxation or subsidies. donations, or through the market.
Purpose General interest. Specific interest or profit.
Authority Vertical authority with powers, Horizontal authority, where goals
including the ability to exert are achieved through negotiations,
coercion or issue orders. agreements, and contracts.
Accountability Public organisations are Private organisations are
accountable to the political sphere,  accountable behind closed doors
including the government, to e.g., a general assembly of
parliament, voters, and media. members, a board of directors, or
shareholders.

in IT security and advertising [47]. We focused on six key categories:
news/weather/information, careers, personal finance, education, law, govern-
ment, and politics, and arts and entertainment. Although these categories
represent just 36.3% of the total IAM-homepage classification, they have the
most substantial societal and economic impact on accessibility.

News/weather/information ensures that people with a disability can
access essential updates, emergency alerts, and stay in touch with societal
trends and topics of discussion. Careers covers employment opportunities and
the digital barriers that can hinder workforce participation. Personal finance is
critical as online banking and financial services are becoming the norm, and
their accessibility is needed for financial independence. Education includes e-
books and digital learning platforms, ensuring equitable access to knowledge
and skill development. Law, government, and politics are vital for regulatory
compliance and civic participation, as individuals must be able to engage with
public services and policy information. Lastly, arts and entertainment allows
for participation in cultural events alongside friends or family.

Other categories were excluded due to a lower bearing on inclusivity or
lower regulatory emphasis, as rules prioritize inclusivity in education and
the job market over other areas like fashion, real estate, and adult content.
By prioritising these six categories, this study highlights the most impactful
areas for improving digital accessibility in the private sector.

Web accessibility: For each web address, we use the WAVE testing tool to
identify WCAG 2.0 web accessibility errors and alerts on the homepage [4].
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This data provides three important variables: total errors (representing the
overall number of errors detected), error density (score from 0-1, calculated
as total errors divided by total elements of a homepage), and total alerts
(reflecting the number of alerts, which notify potential WCAG violations).
We compute the overall access rank based on a list of the total errors, error
density, and total alerts, each sorted by accessibility. If there is a tie, the more
popular website is ranked higher (see Equation (1) [85]).

Access rank = (0.6 x Total errors) + (0.3 x Error density)
+ (0.1 x Total alerts) (1)

Country comparison: As the sampling methods for studies on web acces-
sibility vary greatly in terms of the websites included and the countries
included, a comparison across countries is not feasible. On top of that, the
time when the studies were conducted, the version of the WCAG, and even
the evaluation tools varied. The WebAIM dataset did provide a comparison
of a large sample of countries and websites across different industries. We
examine web accessibility policies and strategies of the two best-performing
countries based on our dataset: Canada and the UK.

3.4 Analyses

First, we present descriptive statistics from the WebAIM Million 2022,
focusing on common TLDs, country comparisons, and the characteristics of
websites that tend to do well on accessibility. Secondly, we filter the data for
the Netherlands and investigate the difference between the public and private
sectors using Student t-test statistics for accessibility, errors, and popularity.
Significance was set at &« = 0.05. From the selection of private sector
websites, we list the most and the least popular and accessible websites.

We present the average of total errors, the average of total elements,
error density, frequencies of prevalent error types, website popularity, and the
number of errors per IAB classification and their differences from the average
for the whole dataset of the selection of private websites in the Netherlands.
We perform statistical analyses using IBM SPSS Statistics for Windows,
Version 27.0 (Armonk, NY: IBM Corp.).

We investigate the best-performing countries to discover how web acces-
sibility can be improved. Finally, we examine government policy and strategy
and investigate the literature for possible causes of problems, and their
solutions.
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4 Results
4.1 The WebAIM Million Dataset

We assessed the accessibility of popular websites using the WebAIM Million
2020 dataset and reported statistics and based on our analyses of a subset
of the data [11]. On average, each homepage contained 50.8 errors and 955
elements. Users with disabilities encountered errors in approximately 5.3%
of homepage elements, equating to one error in every 19 elements. As a
result, it is not surprising that a high percentage (96.8%) of the homepages fail
to comply with WCAG 2.0 standards. While the WAVE testing tool cannot
detect all errors, it is presumed that the overall adherence to level A or AA
standards is even lower. The most prevalent error types identified include low
contrast text (83.9%), missing alternative text (55.4%), empty links (50.1%),
missing form labels (46.1%), empty buttons (27.2%), and missing document
language (the language that is used, e.g., English) (22.3%), see Figure 2.
Furthermore, 96.5% of all errors were in these categories.

The most common TLDs are .com (49.2%), .org (8.2%), and .net (4.2%).
The .com domains score slightly above the average number of errors (+1.1%
errors), .org domains are generally more accessible (—21.1% errors), and .net
is slightly more accessible (—10.1% errors).

The TLDs that perform the best for accessibility are .gov (0.6%) and .edu
(1.4%). These websites showed the largest improvement in accessibility from
the average (.gov: —58.0% errors and .edu: —40.7% errors). A comparison of
the country code TLDs (with more than 5000 websites in the sample) shows

100%
80%
60%
40%

20%

0%

Low Missing Empty links Missing Empty Missing
contrast alternative form labels buttons document
text text language

Figure 2 Most common WCAG errors on homepages [11].
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Table 3 Top-level domains of countries (n > 5000) [11]

Country Code No. of No. of Errors
Country Top-level Domain  Homepages (%) (Difference From Average)*
Canada .ca 8269 (0.8) 33.2 (—34.8%)
United Kingdom .uk 25,867 (2.6) 37.2 (—26.8%)
Australia .au 9689 (1.0) 51.4 (—10.2%)
Japan Jjp 15,663 (1.6) 47.2 (=7.2%)
the Netherlands .nl 7731 (0.8) 47.4 (—6.8%)
Germany .de 27,576 (2.8) 48.6 (—4.5%)
France fr 9433 (0.9) 49.4 (—2.9%)
Brazil .br 5946 (0.6) 55.4 (+9.0%)
India .in 15,202 (1.5) 60.6 (+19.2%)
Poland .pl 6810 (0.7) 60.6 (+19.3%)
Ttaly it 9810 (1.0) 62.3 (+22.6%)
Russia .ru 28,858 (2.9) 73.0 (+43.7%)
China .cn 6857 (0.7) 78.7 (+54.9%)

*The average number of errors per homepage is 50.8.

Table 4 Accessibility of .com, .net, and .org websites registered in the US [11].

Top-level Domain  No. of Homepages No. of Errors (Difference from Average)*

.com 9781 49.8 (—2.0%)
net 553 66.9 (+31.7%)
org 3498 42.7 (—15.9%)
Total 13,832 48.7 (—4.1%)

*The average number of errors per homepage is 50.

that websites registered in Canada, the UK, and Australia are more accessible
than the average homepage. This may be due to regulations in these countries.
This will be investigated later in this paper. The worst performers are China,
Russia, and Italy. Table 3 provides the statistics of the TLDs per country. The
Netherlands performed slightly better than the average number of detected
WCAG 2.0 errors. However, 47.4 errors on average are still a considerable
barrier.

The United States (.us) is missing in the data because the number of
entries was below the cutoff value of 5000 websites. Also, .us is less popular
than generic TLDs such as .com, .net, and .org [46]. Table 4 shows the most
popular TLDs in the United States. Most websites with the .us domain are
in use by federal and local government organisations [46]. The 4337 entries
from .us show an average of 31.0 errors per homepage (—39.0%).
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Table 5 IAB classification from one million most popular websites [11]

No. of No. of Errors
Category Homepages (%) (Difference from Average)*
Law, government, and politics 30,570 (3.3) 29.5 (—41.9%)
Education 58,032 (6.2) 449 (—11.6%)
Careers 11,408 (1.2) 49.8 (—2.0%)
Personal finance 31,452 (3.3) 50.2 (—1.2%)
Other! 689,188 (73.3) 52.4 (+1.6%)
Arts and entertainment 45,883 (4.9) 55.8 (+9.7%)
News/weather/information 73,153 (7.8) 66.9 (+31.6%)

*The average number of errors per homepage is 50.8.

!The other category includes twenty IAB categories: social media, science,
technology and computing, society, business, food and drink, health and fitness,
family and parenting, religion and spirituality, home and gardens, travel, pets,
hobbies and interests, automotive, sports, style and fashion, real estate, shopping,
and adult content.

The homepages were also classified based on their IAB category (see
Table 5). Categories are not mutually exclusive. For example, a career plat-
form might also offer educational courses and would be classified under both
categories. The category law, government, and politics performs the best (an
improvement of 41.9% fewer errors in comparison to the average website).
Websites in the news/weather/information category had the most errors on
average (31.6% more errors).

4.2 Benchmarking Countries

The two countries with the highest accessibility scores were selected as
benchmarks. Canada is the forerunner in web accessibility and one of the first
to develop web accessibility laws for the private sector. A 2018 standardised
ICT skills questionnaire revealed that 91% of Canadians aged 15 or older
had at least basic digital skills, compared to 57% in the EU, and 71% in
the UK [32, 33, 78]. The UK ranks second in web accessibility and has
also implemented indirect laws for the private sector. Although laws do not
directly mandate the private sector to have web accessibility with a specified
standard at a certain level, such as WCAG 2.1 at AA level, having an
inaccessible website or app might result in a lawsuit. Furthermore, Canada
and the UK are amongst the only countries at the time of this study to have
implemented regulations that also target the private sector to improve their
web accessibility.
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Canada: In the province of Ontario, organisations with over 50 employees in
the private or public sectors must ensure their websites comply with WCAG
2.0 at the AA level, according to the Accessibility for Ontarians with Disabil-
ities Act [5]. Non-compliance can result in fines up to CAD50,000 per day for
individuals, including negligent directors/officers, and up to CAD100,000 per
day for corporations [59]. Similar legislation was passed in other provinces,
including the Nova Scotia Act, which sets a timetable for compliance and
provides grants to assist organisations [65, 66].

Inspired by provincial regulations, parliament introduced the Accessible
Canada Act (ACA) in 2019 to guide the creation of accessible websites
based on the WCAG. The ACA applies to federally regulated entities
such as industry sectors (e.g., banking, telecommunications, and transporta-
tion), government agencies and departments, parliament, crown corporations
(government-owned corporations), military and police, and First National
band councils, an organisation advocating for indigenous peoples’ rights [38].
Failing to implement and maintain the guidelines can be penalised up to
CAD250,000 [39].

Under the ACA, the Accessible Canada Regulations (ACR) were added
to establish rules for organisations to follow in providing their accessibility
plans, establishing feedback processes, and submitting progress reports. To
ensure a barrier-free Canada by 2040, a five-year strategy was developed
along four pillars (1) identify gaps in knowledge and data, and establish
indicators, (2) promote standardised measurement, (3) expand and inte-
grate data sources, and (4) data and knowledge mobilisation: increases
awareness through infographics that display statistics on web accessibility’s
importance [38].

Canada has an annual National AccessAbility Week, during which activ-
ities and events display the valuable contributions of people with disability to
society, and the efforts of people who work to remove barriers in the physical
and digital space [38]. Lastly, the government’s open-source Web Experience
toolkit supports developers in implementing the web accessibility standard
by providing accessible and mobile-friendly code components [49].

United Kingdom: In the UK, a key legislation for web accessibility is
the Equality Act of 2010. The legislation obliges providers of goods and
services, both public and private, not to discriminate against people based on
age (with some exceptions, e.g. alcohol sales), gender reassignment, marital
status, pregnancy or maternity leave, disability, race (including skin colour,
nationality, and ethnicity), religion or belief, sex, and sexual orientation [42].
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Organisations must make reasonable adjustments, depending on financial
circumstances and other factors, so that disabled people can access the
service [52]. This not only avoids discrimination but also anticipates the
needs of potential disabled customers for reasonable adjustments [64]. Non-
compliance with the Equality Act has not resulted in any court cases;
however, websites that failed to comply have been taken up by the Royal
National Institute of Blind People and settled out of court [64].

In 2018, the legislation on web accessibility was extended with the Acces-
sibility Regulations [41]. Websites and apps from the public sector should
display an accessibility statement and meet the WCAG 2.1 standard at level
AA [41]. The Central Digital and Data Office (CCDO) checks conformance
and can request information or demand access to web content [40]. Organi-
sations with an inaccurate statement or without an accessibility statement are
listed on the CCDO website [40]. Further enforcement of the law can be taken
up by the Equality and Human Rights Commission, which can investigate
the organisation and take legal action [40]. Lastly, despite Brexit, EU law
remains relevant for all organisations that do business in the EU, as they are
then required to comply with the European Accessibility Act.

4.3 Case Country: The Netherlands

The Netherlands’ top-level domain (.nl) is the 8th most popular globally, and
the 4th among country code TLDs [75]. Large companies with 250 or more
employees are more likely to have a website than micro-companies with 2—10
employees (98% vs. 76%), or people who are self-employed (34%) [18].
In 2022, the Netherlands had 2.2 million registered businesses, with 68.3%
being self-employed professionals, 20.5% small and medium-sized enter-
prises (SMEs) with fewer than 250 employees', 0.1% large companies, and
11.2% categorised as part-time businesses” [50].

From the 7731 Dutch websites, we selected six IAB categories, resulting
in 4133 entries. Given time constraints and the manual, resource-intensive
process required to classify websites as public or private, 3597 websites were
included in the review. Of these, 2758 (76.7%) were from the private sector,
566 (15.7%) from the public sector, and 273 (7.6%) were excluded. Excluded

'The Dutch definition of SMEs deviates from the one in many countries where the term
SME is coined for companies up to 500 employees.

2“Part-time businesses do not fall into any of the other segments, often because no active
personnel are listed in the Trade Register” [50].
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Table 6 Differences in accessibility between the private (2758 homepages) and public (566
homepages) sectors for the selection of Dutch websites [11]
Category Group Mean Std. Deviation ~ p-value
Access rank Public 325,007 289,506 p < 0.001
Private 539,562 272,820

Total errors Public 23.6 38.1 p < 0.001
Private 53.6 95.1

Error density Public 0.038 0.049 p < 0.001
Private 0.059 0.054

Total elements  Public 719 1298 p < 0.001
Private 1185 2563

Rank Public 409,853 299,986 p < 0.001

Private 546,372 274,352

100%
88.3%

80%

60% 56.5% 56.2%

40% 39.0% 36.8%

33.9%

20%

0%

Low contrast Empty links  Missing form Linked image Missing Empty
text labels missing alternative buttons
alternative text

text

Figure 3 Most common WCAG errors on homepages (for the selection of private sector
Dutch websites) [11].

websites belong to a (semi) public organisation, produced errors or redirects,
were removed by the owner, or resulted in errors (e.g., page not found).

We compared the accessibility, errors, and popularity of websites from the
public and private sectors using the variables access rank (web accessibility),
total errors (number of WCAG errors found), error density (score from 0-1,
calculated as total errors divided by total elements), total elements (number of
code components), and rank (website popularity). The Student t-test showed
that on all the variables, websites from the private sector scored significantly
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Table 7 IAB homepage classification from the six categories and the remainder [11]

No. of No. of Errors

Category Homepages (%) (Difference from Average)*
Careers 71 (2.6) 36.5 (—31.9%)
Education 190 (6.9) 38.2 (—28.7%)

Law, government, and politics 64 (2.3) 474 (—11.6%)

Arts and entertainment 204 (7.4) 47.7 (—11.0%)
Other 1758 (63.7) 53.6 (0%)
News/weather/information 284 (10.3) 58.6 (4+9.3%)
Personal finance 195 (7.1) 74.6 (+39.2%)

* Average number of errors per homepage: 53.6.

worse in terms of accessibility than the public sector (p < 0.001) (see
Table 6).

Websites from the Dutch private sector had an average of 53.6 errors on
the homepage and 1185 website elements. Users with a disability encountered
errors in 5.9% of homepage elements, or one error per every 22 elements.
As a result, 97.8% of the homepages failed to comply with the WCAG 2.0
standards. The most prevalent error types are shown in Figure 3.

The careers category is the most accessible, followed by education, law,
government and politics, and arts and entertainment. The other category
displayed the same percentage difference of errors per homepage as the aver-
age of the entire sample of one million websites. News/weather/information
had 9.3% more errors than the average, and personal finance was the least
accessible with an increase of 39.2% more errors than the average (see
Table 7).

5 Conclusions and Discussion
5.1 Conclusions

The focus of this study was to investigate the digital divide and its underlying
causes. Unequal Internet accessibility hinders an inclusive society. Little
progress has been made over the last three decades, and it remains a sig-
nificant challenge. This paper addressed two questions: How accessible are
the websites of private sector organisations? and Why does the digital divide
still exist when there is a standard for web accessibility?

First, global web accessibility remains poor, though public organisations
tend to perform better. The most accessible top-level domains (TLDs) are
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.gov and .edu, which are largely public, while .com domains perform worst —
likely due to ads, a major source of accessibility issues [11]. In the Nether-
lands, the least accessible website categories are “news/weather/information”
and “personal finance”, mostly privately owned. “careers” sites, predomi-
nantly private, were most accessible, followed by “education, law, govern-
ment and politics”, which includes many public organisations.

Second, the digital divide persists despite the existence of web accessi-
bility standards primarily due to challenges in the standard’s widespread and
effective implementation. Key reasons for its limited use, which contribute
to the ongoing divide, include a lack of awareness of the issue, costs, and
shortage of web developers knowledgeable in web accessibility. The extent
of this problem is expected to increase as demand for these services grows,
especially with increasing web accessibility requirements from both the
private and public sectors. Additionally, there is a pressing need to address
the lack of consequences for failing to comply with web accessibility regu-
lations. Past research focused on technical evaluations of the standard, rather
than addressing these practical barriers to its use. We found additional and
probably more important reasons for the standard’s limited use, including a
lack of awareness, problems understanding the standard, and difficulties with
its implementation.

Web accessibility is important as the Internet is a necessity in daily
life. As the countries studied are leaders in digitalisation and digital skills,
organisational barriers to web accessibility compliance in those countries
can offer insights for other countries’ digitalisation strategies. By prioritising
web accessibility and removing barriers, society can foster greater equality,
diversity, and social cohesion to truly create an Internet for all.

5.2 Research Implications

This paper contributes to the body of knowledge on website accessibility by
(1) arguing for a more systematic approach towards improving accessibility
of private websites by making use of a standardisation perspective, and (2)
to explore solutions to the barriers that seem to prevent further progress
in web accessibility. Thereby, we address an important research gap in the
understanding of the social problem of web accessibility by focusing on the
applicable standard, WCAG. Our focus on the non-technical aspects of the
standard provides better insight into the problem at hand.

From a standardisation literature perspective, our study can be seen as a
case study on reasons for low standard adoption (see for another one [35]).
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We examined various stages in the process, not only the technical aspects
of the standard itself. De Vries et al.’s [25] report on barriers to benefit from
standards showed that two out of the four barriers occur before the standard
is implemented. We addressed all factors mentioned in that report. We can
conclude that barriers to conformance arise due to limited awareness of the
existence of the standard, its benefits for a company, and understanding the
standard and its implementation. So, the theory on barriers to benefitting
from standards describes the stages that have stalled progress in the past.
Prior research focusing on the content of the standard does not address this,
resulting in incomplete conclusions about accessibility. This is an example
of a more general issue revealed by Grillo et al. [43]: technical research on
standards tends to focus on the contents of the standard, extending this with
input from social sciences leads to a better understanding.

5.3 Practical Implications

Web accessibility benefits many people in society, and greater WCAG com-
pliance would help more internet users to achieve tasks efficiently. While
compliance does not guarantee full accessibility, the WCAG provides a strong
foundation.

The main barriers identified to new web accessibility regulations and the
applicable standard are a lack of awareness of the standard and its benefits,
difficulties in understanding the standard, and challenges in its implementa-
tion, including the perceived costs. Increased awareness is key to improving
web accessibility. More detailed information on the accessibility problems
faced by website visitors, the number of affected individuals, and the costs
and benefits of making a website accessible could enhance the situation.

To further bolster efforts to improve web accessibility, enhancing the
understandability of the WCAG is essential, as this supports the subse-
quent implementation step. Analysing the impact of government policies
and strategies on web accessibility in the leading countries, Canada and the
UK, alongside the literature provided potential lessons to be learnt: (1) train
more web developers to use the WCAG standard, (2) raise awareness of web
accessibility and its benefits, and (3) introduce sanctions for non-compliance.
The order of these steps is relevant and can inform future research on the
European Accessibility Act (EAA) (see Tables 8 and 9).

The European Accessibility Act (EAA), that took effect on 28 June 2025,
extends accessibility requirements for apps and websites to the private sector
but faces significant hurdles that may impede its success. Evidence from the
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Table 8 Solutions to increase awareness of the web accessibility standard
Problem Stage Solution

Awareness (literature) Communication: A leaflet from the Chamber of Commerce for all
registered companies about web accessibility and the WCAG.
Explaining the regulations and providing statistics on the impact
of inaccessible websites for companies and users [25, 51].

Awareness (literature) Education: Students studying IT or related studies receive training
to use the WCAG and education on the benefits of web
accessibility for organisations and website visitors [16, 25].

Awareness of benefits Communication: A national communication strategy on TV or

(practice, UK) social media that explains the benefits for organisations [25]. For
example, accessible websites work better for everyone, as they are
often faster, more user-friendly, and appear higher in the search
results [41].

Table 9 Solutions to motivate SMEs to comply with the web accessibility standard (in
brackets: solutions identified in the literature or in practise)

Problem Stage Solution
Understanding Assistance: The national standardisation institute helps with authorised
(literature) translation into the national language of new official versions of the

WCAG and tests its user-friendliness with a representative variety of
stakeholders [25].

Implementation Training: The government cooperates with the national standardisation

(literature) institute or private organisations to provide webinars to train web
developers to use the WCAG [25, 61]

Implementation Code components: Accessible and mobile-friendly web apps are

(practice, Canada)  provided to support implementation [61, 49].

Netherlands, where similar requirements already apply to the public sector,
highlights potential challenges. Many government websites and apps lack
clear ownership, making accessibility accountability difficult. Furthermore,
compliance rates are low: recent Dutch government data indicates only 8.5%
of 4434 public sector websites and apps fully meet requirements, with another
37.6% only partially compliant [56].

Compounding this challenge is a shortage of web developers skilled in
accessibility standards, a bottleneck expected to worsen as the EAA increases
demand. This situation raises critical questions: should we train more devel-
opers in the web accessibility standard, or invest in dedicated accessibility
experts? What role could Al play in solving some of the challenges? Will
sanctions for non-compliance be more effective than subsidies, and is risk of
a lawsuit an insufficient deterrent if its likelihood is considered negligible?
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Lastly, historical cases suggest that design methods that focus on demand-
ing users may enhance innovation. For instance, Alexander Graham Bell
invented the first telephone while trying to develop a hearing aid, Apple
developed voice technology Siri for visually impaired users to control their
touchscreen device, and Google started the auto-complete function for people
with disabilities [12, 71]. Nowadays, these inventions can be enjoyed by all.

5.4 Limitations and Future Work

This study addressed a gap in the literature by examining barriers to using
standards and potential ways of improving the current situation. One limi-
tation is the focus on computer users, while mobile users are now arguably
more important. We do not expect the results of this study to be generalizable
to mobile phone users, as mobile accessibility is a more recent focus within
the WCAG and involves a fundamentally different user interface. Further
research is therefore needed to explore the state of web accessibility for
mobile users, specifically in the context of how they typically interact with
their devices, including the use of speech recognition and other assistive
technologies they may rely on. Furthermore, subjective decisions in the
theoretical framework can introduce bias by allowing prior beliefs to shape
interpretation and reporting of findings. Lastly, data limitations arose from
the difficulty of distinguishing between private and public sectors for some
websites.

Since the enactment of the EAA in 2025, web accessibility laws also
apply to the private sector. Therefore, future research could consider disre-
garding the distinction between private and public sector websites and instead
focus on websites by specific functions or use cases (e.g., online banking,
transportation, entertainment) as was done in this study. More research is
required to guide its successful implementation. Future WCAG versions
could be improved by testing user-friendliness by involving a representative
variety of stakeholders, including web developers, organisations, and their
website users from diverse organisational sizes, sectors, and countries [25].
Future research could also replicate this study in a country that scores low on
web accessibility to provide a contrast. For instance, Italy could be selected.
As TItalian design is renowned across the world, it would be noteworthy to
understand what effect it has on web design. Moreover, future research could
examine web accessibility for mobile users, as mobile devices are the most
popular for browsing. Advances in voice software and Al likely create a
different accessibility experience [37].
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