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ACCESSIBILITY, COMPLEXITY, AND READABILITY OF INTERNET
WEBSITESTHROUGH TIME

Stephanie R. Hackett, RHIA

University of Pittsburgh, 2004

Objective: Using Internet Archive's Wayback Machine, websites were retrospectively
analyzed for effects that technology has on accessibility for persons with disabilities.
Change in readability was also analyzed. Design: Convenience samples of three
categories (random, education, and government) were studied for years 1997-2002. The
homepage and pages 1-level down were evaluated. M easurements. Web Accessibility
Barrier (WAB), complexity, and Flesch Index (readability) scores were calculated.
Analysis of Variance (ANOVA) and Tukey’'s HSD were used to determine differences
among years and Pearson’s correlation (r) was performed to correlate accessibility and
complexity and accessibility and readability. Results: Random websites become
progressively inaccessible (p<0.0001) as complexity increases (p<0.0001), r=0.463
(p<0.01), as do education websites (p<0.0001) r=0.332 (p<0.01). Government websites
remain accessible while increasing in complexity (p<0.041), r=0.14. There is no
significant change in readability, but a weak correlation between WAB and readability:
r=0.175 (p<0.01) for education and r=0.294 (p<0.01) for random websites. Conclusion:
Increasing complexity, often caused by adding new technology to Web pages,
inadvertently contributes to increasing barriers to accessibility for persons with
disabilities. Thereis no significant change in readability over the years.
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PREFACE
The objective of this study is to retrospectively anayze the effects that technology has
had on the accessibility, complexity, and readability of websites. Utilizing the Internet
Archive, archived instances of websites from two different genres, as well as a sample of
randomly chosen websites, were evaluated to see how they changed over a time frame of
1997 — 2002. The genres looked at were education and government. The homepage and
pages 1-level below the homepage were evaluated by looking at the websites are they
existed in the years 1997 — 2002. Some possibilities for the changes are explored. This
is the first study of this type and findings from this and studies like it can aid in the
development of new and revised Web content guidelines, Web accessibility design

guidelines and tools, and Web accessibility policies.

Hypothesis 1: Over time (1997-2002), accessibility of websites decreases, as shown by
increasing WAB scores. A description of the WAB score is included in 1.5.2

M easurement for Evaluating Accessibility.

Hypothesis 2: Over time (1997-2002), complexity of websites increases, as shown by
increase in the complexity score. A description of the complexity score is included in

1.5.3 Measurement for Evaluating Complexity.

Hypothesis 3. Over time (1997-2002), readability of websites decreases, as shown by a

decrease in the Flesch Index. A description of the Flesh Index is included in 2.4.2

Measurement for Evaluating Readability.

viii



1. ACCESSIBILITY and COMPLEXITY

1.1. BACKGROUND

The World Wide Web is an ever-popular way to share information. Constantly emerging
technologies present new ways of presenting this information. These new technologies
also present on-going challenges for maintaining Web accessibility for people with
disabilities. When the Web first entered mainstream use it was primarily text-based. A
blind person could access most of it easily through text-to-speech software. As Web
page design has evolved, however, and Web designers have started to include images,
frames, tables, animated Java applications, and streaming audio and video to organize
information in more complex ways, it has become less accessible for the blind user and

for users with other disabilities [1-4].

Accessibility, when pertaining to a Web page, means that information has been made
available for use by amost everyone, including persons with disabilities. This
accessibility may be direct or through the use of assistive technologies. Web accessibility
varies depending on the type of disability. Low-vision users might require a large font
with a sharp contrast between the background and foreground color, whereas colorblind
users may need to have color-transmitted information translated into distinguishable
shades of gray. Blind users may be accessing Web pages using a screen reader, atype of
assistive technology that trandlates text displayed on the computer screen into synthesized
speech [1]. Physically impaired users might have difficulty typing key combinations or
need to navigate with a non-traditional input device [5]. Other types of assistive

technology include magnification programs to enlarge the text on the screen [6] and



refreshable Braille displays that reproduce a tactile output of the text presented on the

computer screen [7].

According to the U.S. Census Bureau [8], 49.7 million persons have some type of long
lasting condition or disability, of which 9.3 million have a sensory disability involving
sight or hearing and 12.4 million have a physical, mental, or emotional condition causing
difficulty in learning, remembering, or concentrating. Persons with disabilities have
historically been segregated and denied opportunities that non-disabled persons take for
granted. In regards to technology and the Internet this could be due, in part, to alag in
technological advances in assistive technology as compared to the advances in Web
application technology and design. The U.S. Federal Government acknowledges this
particular “digital divide” with the Rehabilitation Act Amendments of 1998. These
amendments, known as Section 508, set standards requiring that all electronic and
information technology (including the Internet and the Web) developed or purchased by
the U.S. Federa Government be accessible by persons with disabilities, except where this
would cause an “undue burden”. It applies to, though not exclusively, Federal pages on

the Internet or the World Wide Web [9, 10].

The Federal Government is not the only, nor is it the first, organization aiming toward
Web accessibility. The World Wide Web Consortium (W3C), the standards-setting body
for the Web, developed the Web Content Accessibility Guidelines (WCAG), consisting
of fourteen guidelines that provide specifications on how to develop accessible Web

pages[11]. Each guidelineincludes alist of checkpoints, totaling 91 in all, for evaluating
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Web pages for their degree of accessibility to persons with physical, visual, hearing and
cognitive/neurological disabilities[5]. Version 1 of the guidelines was published in May
1999 and primarily addresses the needs of visually impaired users. Version 2, which is
yet to be finalized, takes a broader view and includes greater accessibility for other
groups, especially taking note of those with cognitive or reading disabilities [12]. The
checkpoints are organized into three levels of priority. Priority 1 ensures that the page
itself is accessible and these checkpoints must be met to prevent lack of access for some
groups of users. Priority 2 checkpoints should be met to prevent difficulties in access for
some users. Meeting Priority 3 checkpoints ensures that al content on the page is
completely accessible [5]. Web designers can use WCAG Conformance Logos to
indicate a clam of conformance to the specific level of the WCAG. The conformance
levelsarein line with the priority levels. Conformance Level “A” impliesthat all Priority
1 checkpoints have been satisfied. Conformance Level “AA” implies that all Priority 1
and 2 checkpoints have been satisfied and Conformance Level “AAA” means that all

Priority 1,2, and 3 checkpoints have been satisfied [13].

In the U.S,, there are other pieces of legidlation that address discrimination against those
with disabilities. Among these are Section 255 of the Telecommunications Act of 1996,
Section 504 of the Rehabilitation Act, and the Americans with Disabilities Act (ADA) of
1990. Similarly, countries around the world are also addressing the issue of Web
accessibility through laws, regulations, policies, directives, government-related standards
and guidelines, or implementation guidelines [14]. Australia issued the Disability

Discrimination Act of 1992; Canada enforced the Canadian Human Rights Act in 1977.
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The United Kingdom has the Disability Discrimination Act 1995 (which is similar to the
U.S.’s ADA) and the Specia Educational Needs and Disability Act of 2001. Still other

countries have similar legislation.

Making websites accessible is not only beneficial for those with disabilities. Generaly,
removal of barriers on websites is ssimply a matter of good design, but it aso benefits
others such as those using low-end technology with lower modem speeds, persons
utilizing wireless Internet connections [2], and the aging. The average age of the world
population is rapidly increasing [15] and, as we age, our chances of living with a
disability increase. By age 65, most persons have lost at least some of their ability to
focus, resolve images, distinguish colors, and adapt to changes in light [16]. According
to a study commissioned by Microsoft Corporation [17], the aging population, in
combination with the trend in delayed retirement, will shift the U.S. labor force toward
older workers. Businesses will try to keep their aging workers productive throughout
their long careers. Accessible computer technologies can benefit these businesses. A
website that is navigable by assistive technology is aso accessible by phones and
palmtops [ 3] whose smalls screens make it difficult and time-consuming to scroll through
the information that was designed with the desktop user in mind [18]. Making a website
accessible may increase cost of design by one to two percent, but will increase the

audience by twenty percent [3].
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1.2. ACCESSIBILITY BARRIERS

The content in this section is important for understanding how accessibility for persons
with disabilities and complex technologies introduced into Web page design relate. The
technology used to create most websites is hypertext markup language (HTML). It isnot
programmable, but it can be augmented with other features [19]. These additions to the
HTML add complexity and often are the barriers to accessibility. Some of the
technologies that pose barriers are plug-ins, Java applets, frames, and scripting languages,

among others.

Plug-ins are add-ons that alow third-party companies to develop specia content not
normally available using just HTML [20]. Each plug-in requires a distinct strategy for
accessibility [10]. Plug-ins or other applications are needed to view multimedia content,
such as sound and video, which in itself can pose accessibility issues. Multimedia
technologies alow Web pages to include presentations, short movies, or other content
with synchronized audio and video tracks. Because multimedia generally requires users
to rely on more than one sense, those with disabilities face barriers to understanding the

page content [20].

Java applets, application-program components often used to create Web page effects,
cause accessibility problems for various reasons. Many browsers used by persons with
disabilities do not support applets [16]. Also, because applets may provide video or
audio output, it is important that they are accompanied by aternative text [2]. This can

easily be provided by making a simple modification to the HTML. In order to make non-
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text elements (such as images, multimedia objects, logos, Java applets, or other types of
Web page content that cannot be reduced to ASCI|I text) readable by some of the assistive
technologies, it isimportant to accompany non-text elements with meaningful alternative
text labels [13, 20]. Assistive technology cannot describe images, but the text equivalent
can be rendered as speech or Braille output, enabling access to the content regardless of

disability or device constraints [20, 21].

Frames provide a means of visually dividing the screen into different areas. They can
present difficulties for users of assistive technology, who may not be able to clearly
differentiate between the frames [2, 22]. Most screen readers will traverse framesin an
arbitrary order, possibly reading text from one frame and then another, then returning to
the first [23]. Not al browsers support frames, posing problems for screen readers,
which may only work with certain browsers [7]. Users with cognitive disabilities may
also have difficulty understanding the relationships between the different frames on the

screen [2].

Scripting languages are used most often to add dynamic and interactive behavior to a
Web page. Scripts can be used to change an image on the screen when the user moves
his or her cursor over the image (e.g., rollover gif). This type of script presents barriers
to some groups of users, as the rollover gif may require careful mouse placement to work

and this level of dexterity may be impossible for some users with disabilities[2, 20].
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Other barriers to accessibility include tables, still and animated images, and flashing or
flickering text. Tables are multi-dimensiona and layout is an important part of the
content. Tables present special problems for users of screen readers. Often cells
containing no information are skipped, with no indication given to the user that this was
done [1]. Since many screen readers read across cells in a table row by row, they may
not reproduce the information in the intended order, making it impossible for the user to

associate a particular cell or content with the corresponding column and row [5, 22, 23].

Images provide obvious obstacles to blind individuals. They should be accompanied by
aternative text that explains the image. Animated graphic image files (GIF's) and
animations are typically image files that repeat or change from one image to the next.
Alternative text should be provided to make them accessible to persons who cannot see

the animation [2].

Movement on a Web page poses various barriers. Moving elements could be animated
gifs, Java applets, or third-party plug-ins [22]. The movement can cause such a
distraction that the rest of the page becomes unreadable for persons with cognitive
disabilities. Moving text is unreadable to screen readers. Persons with physical
disabilities might not be able to move quickly or accurately enough to interact with
moving objects [2]. Flashing and flickering on a Web page may affect some individuals

with photosensitive epilepsy [22].
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1.3. ACCESSIBILITY EVALUATION

There are several tools available that allow evaluation of website accessibility. The
oldest and most well known of these is Bobby [24]. Bobby, developed by the Center for
Applied Special Technology (CAST), is software that examines Web pages and reports
violations of Web accessibility. Bobby provides a rating of either “approved” or “not
approved”. If it receives a favorable rating, the website is alowed to display a specidl
icon indicating its compliance with Bobby standards [25]. Another method for
evauating websites was developed at the University of Pittsburgh. The Web
Accessibility Barrier (WAB) score is derived by automatically evaluating 25 checkpoints
(Appendix A). A higher WAB score means more accessibility barriers exist. A lower
score means better conformance with WCAG guidelines. A score of zero means that the
site has no accessibility barriers [13]. This measure is explained in greater detail in 1.5.2

M easurement for Evaluating Accessibility.

The average life of aWeb page is about 100 days. Websites are constantly being altered
to incorporate new features and technologies in Web development. Thanks to the
Wayback Machine, a service from the Internet Archive and Alexa® Internet, one can
actually see the changes that are made to a page over time. The Internet Archive began
archiving the rapidly changing Web in 1996, in an effort of preservation. By 2001, when
the Wayback Machine became available to the public, allowing people to access and use
archived versions of stored websites, there was aready over 100 terabytes of data and a
growth of 12 terabytes per month [26]. Any Website that is available to the public has

the potential to be in the Wayback Machine. Typically excluded websites are: those sites
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that are password-protected, blocked by the Webmaster, or otherwise inaccessible to the

Archive s automated systems [27].

1.3.1. Related Work

A report funded by the Price WaterhouseCoopers Endowment for the Business of
Government found Section 508 regulations slow to take effect. Using Bobby, 148 magor
U.S. Federa websites were examined for accessibility. Although Section 508 required
Federal agencies to be in compliance as of June 2001, only 13.5% of the websites
examined complied with the requirements a year after that deadline [28]. An earlier
study conducted by a Brown University researcher, also using Bobby, found that 37% of

the U.S. government websites are accessible [29].

A recently completed study of accessibility of the 30 most popular French websites found
that none of the 30 websites met conformance level “A” standards [30]. A similar study
conducted in Ireland found that 94% of the 159 websites tested failed to meet the
minimum accessibility standard (*A”), and not one website met the guidelines of levels

“AA” and “AAA” [31].

Lazar et a. [32] conducted a study on private and non-profit websites and found that 49

of 50 websites were found to have accessibility problems. Over time those websites

became even less accessible [33].
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Parmanto and Zeng [13] conducted an evaluation on a large sample of websites that
considered themselves as accessible and self-rated as“A”, “AA”, or “AAA”. They found
that even among websites that considered themselves to have a “AAA” conformance

level, only 8.81% weretruly “AAA”.

1.4 HYPOTHESES

Hypothesis 1: Over time (1997-2002), accessibility of websites decreases, as shown by
increasing WAB scores. An explanation of the WAB score can be found in 1.5.2

M easurement for Evaluating Accessibility.

Hypothesis 2: Over time (1997-2002), complexity of websites increases, as shown by
increasing complexity scores. An explanation of the complexity score can be found in

1.5.3 Measurement for Evaluating Complexity.

1.5. METHODS

15.1. Selection of Websites

The unit of analysis in the study is the individual website. Because the number and
distribution of websites are undeterminable due to the size and dynamics of the Web,
many probabilistic sampling methods, such as random or stratified sampling, are not
applicable. An aternative sampling method widely adopted by researchers conducting
studies on websites is to utilize the directory services provided by many Web search

engines.
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A list of the Top 500 ranked websites was obtained from www.alexa.com on July 28,
2003. Alexa® Internet’s traffic rankings rate how popular a site is with other users [34].
Since rankings of websites can change from day to day, depending on traffic to that site,
the Top 500 ranked websites can change from day to day. Of the Top 500 sites, those
excluded were: non-English language sites, websites that were no longer in service or
could not be located, and those that did not meet certain content criteria. Of the Top 500,

221 (44%) were included in the study.

Since the Top 500 from Alexa® is biased toward commercial websites, education and
government websites were added to alow for a more rounded sampling pool. The
education websites included were all members of the Association of American
Universities (AAU). At the time of this study there are 62 members of the AAU. This
method of selecting education websites was chosen since members of AAU are known to
be the leading research universities that set standards for academic research and
education [35]. Government websites from http://www.100topgovernmentsites.com [ 36]
were aso included. This is a subset of 100.com, a website that ranks the top 100
websites in various categories. A list of the 100 top government websites was obtained
from this site on August 15, 2003. Government websites included were limited to those
ending in the postfix “.gov” from thislist of 100. There were 32 unique “.gov” websites

included from thislist.

Valid websites from the Alexa® Top 500, AAU member list and the list from 100 Top

Government Sites yielded 315 potential websites for use in this study. By completing a
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Wayback Machine search for each website from this list, it was noted for which years, if
any, the website had been archived. From thisinformation, alist was assembled for each
year (1997-2002) containing all websites that had at least one archived instance for that
year. An archived instance is defined as one archived sample of the full website at a

specific time.

Using SPSS® for Windows 11.5, a random sample of 40 websites for each year was
obtained from the aforementioned lists. From this random sample, an archived instance
was collected from the Internet Archive for each website. For convenience, the first
archived instance for each year was used. If the first instance was unable to be used (due
to a Web crawling exclusion or Internet Archive error such as Path Index Error, Failed
Connection Error, or File Not Found Error), the next archived instance for the year was
used and so on. Again for convenience, if an instance was unobtainable for awebsite, the

website was replaced by the website that was next in the alphabetical list of websites.

To obtain the sample of government and education websites, only websites that had an
archived instance for every year, 1997 — 2002, were used. Similar to obtaining instances
for the randomly chosen websites, the first archived instance for each year was used for
analysis, unless this was unable to be used. If there was not a valid instance for a
particular year for an education or government website this site was not included in the
study. By including only websites that have archived instances for all years being

studied, it is possible to analyze trends in individua websites as well as across the genre.
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There were atotal of 22 government websites and 45 education websites included in the

study.

1.5.2. Measurement for Evaluating Accessibility

The accessibility of each archived instance was measured using the Web Accessibility
Barrier score [13]. Each measure is a site-based measure that includes the homepage and
1-level from the homepage (link from the home page to another page of the website).
The best assessment of website accessibility is the average of the scores for all pages

making up the website.

As previously mentioned, researchers at the University of Pittsburgh developed the
accessibility metric used in this study [13]. The metric was devel oped with the intentions
of overcoming the deficiencies of the current measurements used in Web accessibility
studies. The current rating system and the so called “Bobby Approved” measurement
reflect an absolute measure of accessibility: either the website conforms to all
checkpoints or it is considered inaccessible. The new metric provides a quantitative score
that provides a continuous range of values ranging from perfectly accessible to
completely inaccessible. This allows assessment of changes in Web accessibility over

time as well as comparison between websites or between groups of websites.

The metric is a proxy indicator of Web accessibility and looks at 25 checkpoints that can

be automatically evaluated, based on WCAG and the U.S. Access Board' s Electronic and

Information Technology Accessibility Standards specifications. The number of
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violations of the checkpoints is the basis for the score. The formula for calculating the

WAB scoreisdepicted in Figure 1.

WABScore = %

p: Total pages of awebsite

v:Tota violationsof a Web page

nv: Number of violations

Nv : Number of potential violations

WV : Weight of violationsininverse
proportion to WCAG priority level.

Np : Total number of pages checked

Figurel. The WAB Formula

This measure looks at the actual violations of the page and normalizes them against the
potential violations. For example, if the checkpoint looks at the number of images
without alternative text, the number of violations would be the actual number of images
without alternative text while the number of potential violations would be the number of
images within the page. The measure utilizes the checkpoint priorities, as well, but in
reverse. Priority 1 violations weigh 3 times more than a Priority 3 violation, since
Priority 1 violations pose more difficulties in accessibility than Priority 3 violations. The
WAB score for each website is then the summed WAB score of the Web pages

normalized against the total number of pages.

A higher WAB score means more accessibility barriers exist. A lower score means better
conformance with WCAG guidelines. A score of zero denotes that the website does not

violate any Web accessibility guidelines and should not present any accessibility barriers
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to persons with disabilities. There also exists a threshold between accessible and non-
accessible websites. A WAB score of 5.5 or less means a website has better conformance
to the WCAG and contains few barriers to accessibility, whereas scores above 5.5

indicate increasingly more barriers to accessibility [13].

1.5.3. Measurement for Evaluating Complexity

Complexity of the websites was also examined for the purposes of explaining
accessibility. The complexity score was designed to follow the intuitive complexity
sequence derived when one looks at a point, a square, a cube, or an enclosed object such
asahouse. A dot issimpler than a square, a 2-dimensional square is simpler than a cube,
and an enclosed object is intuitively considered more complex than a cube. The
complexity score is derived by parsing the entire HTML document of the website and
assigning a value to each HTML tag. By weighing certain HTML tags differently, the
complexity score captures the fact that components of the Web page pose differing levels
of barriers to accessibility. Object tags (e.g., <OBJECT> and </OBJECT>), represented
by the cube or enclosed object in the metaphor, are coded with a value of 100 units.
Script tags (e.g.., <SCRIPT> and </SCRIPT>), represented by the square in the
metaphor, are coded with a value of 10 units. All other tags (e.g., <P>, </P>, <TR>,
</TR>), represented by the dot in the metaphor, are coded with a value of 1 unit. A tag
value starts at the opening angle, "<", and ends at the ending angle, ">", and only
standard tag names are recognized, al other non-identifying modifiers (e.g., ID,
VALIGN, etc.) are ignored. Comments are not counted in the formula and also not

counted is the coding within the OBJECT and SCRIPT tags. The tag unit values are
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summed and this summation represents the complexity score. Figure 2 illustrates the

equation used to determine the complexity score.

Complexity=(Tag*1) + (Script*10)+ (Object*100)

Figure2. Complexity Score

The best assessment of website complexity for each website is the average of the scores

of the pages making up that website, including the homepage and one level from the

homepage.

1.5.4. Statistical Methods

Analysis of Variance (ANOVA) procedures were used to compare mean WAB scores
and mean complexity scores of different years. When ANOVA showed statistical
significance, Tukey’s “Honestly Significantly Different” (HSD) procedures were used to
do pairwise comparisons among means of the years. Pearson correlation was performed

to correlate WAB scores and complexity scores without regard to year.

1.6. RESULTS

1.6.1. Random Websites
A total of 240 archived instances of websites were analyzed for the random category of
websites. There were 40 websites for each of 6 years, 1997-2002. There were 154

unique websites included, since it was possible for awebsite to be included in the sample
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for multiple years. An alphalevel of 0.05 was assumed for analyses. Mean WAB scores
increased each year from 1997-2001 and then decreased slightly in 2002 (see Figure 3).
ANOVA was computed comparing the mean WAB scores for each year. A significant

difference was found among the years (F(5,234) = 7.246, p<0.0001).

10.00=

8.00™

6.00- |

4.00™

2.00m

1997 1998 1999 2000 2001 2002

Figure3. Mean WAB Scoresfor Random Websites

Our previous study [13] found the score that separates accessible websites from the
inaccessible ones is 5.5. One could extrapolate that the Web was relatively accessible at
the beginning of its history. By 1997, it was still not far from the accessible line. By

2001 and 2002, it has become inaccessible to persons with disabilities.

Tukey’s HSD procedure was used to do pairwise comparisons among means of the years.

This analysis revealed that websites selected for the year 2001 (m=8.90, sd=2.47) had
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significantly higher WAB scores than websites for the years 1997 (m=6.32, sd=2.21) and
1998 (m=6.67, sd=2.41). Websites for the year 2002 (m=8.51, sd=2.73) also had
significantly higher WAB scores than websites for the years 1997 and 1998. Scores for
years 1999 and 2000 did not show statisticaly significant differences with any other

years.

Complexity scores increased each year from 1997-2002 (see Figure 4). ANOVA was
computed comparing the mean complexity scores for each year. A dstatisticaly
significant difference was found among the years (F(5, 234) = 16.52, p<0.0001).
Tukey’ s HSD procedure was used to do pairwise comparisons among means of the years.
This analysis revealed that websites selected for the year 2002 had significantly higher
complexity scores than websites for al other years. The year 2001 had significantly
higher scores than years 1997-1999 and the year 2000 had significantly higher scores

than 1997.
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Figure4. Mean Complexity Scoresfor Random Websites

Pearson correlation was performed to correlate WAB scores and complexity scores
without regard to year (see Figure 5). A positive correlation was shown between the two:
as complexity scores increase so do WAB scores. Pearson correlation coefficient is
0.485 (p< 0.0001). By graphing a box-plot, outliers (15) were identified and removed
and the correlation was run again (n=225) (see Figure 6). Pearson correlation coefficient,
when outliers are removed, is 0.463 (p<0.0001). With or without outliers included, this

may be regarded as a moderate degree of correlation [37].
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Figure5. Correlation of WAB and Complexity Scoresfor Random Websites 1997-
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Figure6. Correlation of WAB and Complexity Scoresfor Random Websites 1997-

2002, with outliersremoved
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Table 1 shows results of the 25 checkpoints comprising the WAB score for random
websites. The column entitled “Potential” shows the number of occurrences of the
checkpoint subject, while the column entitled “Actua” shows the number of actua

violations.
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Checkpoint

1997

1998

1999

2000

2001

2002

Potential Actual

Potential Actual

Potential Actual

Potential

Actual

Potential

Actual

Potential

Actual

Provide alternative text
for all images

6,022 | 2,993

11,233 | 5,955

14,327 | 6,607

37,900

23,885

44,561

24,000

127,570

53,242

Provide alternative text
lfor each applet

23 23

18

17

11

11

Provide alternative
content for each object

17 17

13

13

66

66

Provide alternative text
for all image-type
buttons in forms

48 44

141 52

607 571

722

402

1,264

1,014

2,436

1,544

Provide alternative text
for all image map hot-
spots (areas)

1,689 | 1,406

2,677 | 2,093

3,693 | 2,975

4,868

1,728

9,310

4,277

14,050

4,195

Client-side image map
contains a link not
presented elsewhere
on the page

1,689 |1,092

2,677 1,561

3,693 | 1,766

4,868

3,544

9,310

6,847

14,050

10,606

Use a public text
identifier in a
DOCTYPE statement

638 502

905 689

975 813

1,283

960

1,248

1,094

1,717

1,197

Use relative sizing and
positioning (% values)
rather than absolute
(pixels)

22,081 | 1,627

43,265 | 3,469

51,216 | 4,236

134,323

18,628

136,200

17,249

284,842

50,256

Nest headings properly

2,079 90

1,352 150

732 123

409

11

293

81

416

17

Identify the language of
the text

624 624

887 887

956 956

1,270

1,254

1,234

1,179

1,702

1,700

Provide a summary for
tables

2,016 | 2,016

3,803 | 3,803

6,014 | 6,014

13,731

13,690

18,647

18,645

33,300

33,134

Table 1. Resultsfor the 25 Checkpoints Comprising the WAB Score for Random Websites 1997-2002

30




1997 1998 1999 2000 2001 2002
Checkpoint Priority |Potential Actual | Potential Actual | Potential Actual| Potential Actual | Potential Actual | Potential Actual

Each frame must
reference an HTML file 1 21 4 50 2 222 8 53 16 19 2 54 1

Provide a NOFRAMES
section when using
frames 2 0 0 0 0 0 0 0 0 0 0 0 0

IAvoid blinking text
created with the BLINK
element 2 3 3 4 4 2 2 0 0 2 2 0 0

IAvoid scrolling text
created with the
MARQUEE element 2 0 0 2 2 0 0 1 1 2 2 0 0

Do not cause a page to
refresh automatically 2 1 0 0 0 0 0 0 0 0 0 0 0

Do not cause a page to
redirect to a new URL 2 0 0 0 0 0 0 0 0 0 0 0 0

Make sure event
handlers do not require
use of a mouse 2 347 331 650 650 837 837 1,860 1,856 2,393 2,393 8,146 8,115

Include default, place-
holding characters in
edit boxes and text
areas 3 550 309 839 653 1,625 675 2,271 1,283 3,188 1,333 6,012 2,689

Separate adjacent links
with more than white
space 3 14,114 | 1,930 | 24,860 | 9,473 | 29,094 |5,184 | 50,379 |11,985| 51,441 7,666 | 102,991 | 30,861

Table 1. Resultsfor the 25 Checkpoints Comprising the WAB Score for Random Websites 1997-2002 (continued)
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1997 1998 1999 2000 2001 2002
Checkpoint Priority |Potential Actual | Potential Actual | Potential Actual| Potential Actual | Potential Actual | Potential Actual
Give each frame a title 1 21 21 50 50 222 222 53 53 19 16 54 54
Explicitly associate form
controls and their labels
with the LABEL element 2 550 458 839 739 1,625 | 1,485 2,271 1,956 3,188 2,658 6,012 4,987
Create link phrases that
make sense when read
out of context 2 14,114 | 411 24,860 363 29,094 | 547 50,379 851 51,441 1,534 | 102,991 | 2,524
Do not use the same
link phrase more than
once when the links
point to different URLs 2 14,114 | 1,192 | 24,860 | 2,468 | 29,094 | 4,616 | 50,379 8,251 51,441 7,949 | 102,991 | 17,464
Include a documents
TITLE 2 638 4 905 12 975 20 1,283 13 1,248 8 1,717 24

Table 1. Resultsfor the 25 Checkpoints Comprising the WAB Scorefor Random Websites 1997-2002 (continued)

32




1.6.2. Government Websites

For comparison, government websites were also examined as a group. Government
websites are, thus far, the only websites required to meet accessibility standards.
Therefore, they form a good basis for comparison. Mean WAB scores remain fairly
unchanged from 1997-2002 (see Figure 7). ANOVA was computed and there was no
statistically significant difference between the mean values of any years. The scores of

government websites over the years are close to the accessible line.

B— Government
g Random

WAB SCORE

1997 1998 1999 2000 2001 2002

Figure7. Comparison of Mean WAB Scoresfor Government and Random

Websites

The percentage of government websites that were accessible (WAB score <= 5.5) in 1997

was 59.2%, compared to 32.5% in the random websites. By 2002, the percentage of

government websites considered accessible was still amost 41%, while the percentage of
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the random websites was only 12.5%. Without enforcing guidelines or policies, this

number can be expected to drop even farther in the coming years.

Evauating complexity of government websites shows that complexity increases over
time (see Figure 8). ANOVA was computed and a statistically significant difference was
found among the years (F(5,126) = 2.395, p<0.041). The year 2002 (m=111.52,

sd=33.96) was significantly higher than the year 1998 (m=78.33, sd=34.13).

300+ B— Government

g Random

2007

1007

COMPLEXITY SCORE

1997 1998 1999 2000 2001 2002

Figure 8. Comparison of Mean Complexity Scoresfor Government and Random

Websites

Pearson correlation was also performed to correlate WAB scores and complexity scores
of government websites without regard to year (see Figure 9). Pearson correlation
coefficient is 0.206, indicating that there is negligible correlation between WAB scores

and complexity scores. By graphing a box-plot, outliers (6) were identified and removed
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(n=126). Pearson correlation was performed again (n=126) and the correlation

coefficient is 0.14 (see Figure 10), again indicating that there is no correlation [37].

WAB SCORE

16

COMPLEAITY SCORE

200 300

Figure9. Correation of WAB and Complexity Scoresfor Government Websites

WAB SCORE

1997-2002, with outliers

-]

COMPLEXITY SCORE

I T
200 300

Figure 10. Correlation of WAB and Complexity Scoresfor Government Websites

1997-2002, with outlier sremoved
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Table 2 shows results of the 25 checkpoints comprising the WAB score for government
websites. The column entitled “Potentia” shows the number of occurrences of the
checkpoint subject, while the column entitled “Actual” shows the number of actua

violations.
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Checkpoint

Priority

1997

1998

1999

2000

2001

2002

Potential Actual

Potential Actual

Potential Actual

Potential

Actual

Potential Actual

Potential

Actual

Provide alternative text
for all images

2,689

906

3,216

755

4,578

1,423

7,454

1,818

9,988 1,789

21,258

1,629

Provide alternative text
lfor each applet

10

10

16

15

12

20

14

Provide alternative
content for each object

11

11

Provide alternative text
for all image-type
buttons in forms

10

32

40 1

187

Provide alternative text
for all image map hot-
spots (areas)

748

612

510

330

673

449

1,131

424

1,464 700

1,434

369

Client-side image map
contains a link not
presented elsewhere on
the page

748

554

510

328

673

427

1,131

692

1,464 1,010

1,434

944

Use a public text
identifier in a DOCTYPE|
statement

422

286

415

288

498

368

601

414

735 505

849

503

Use relative sizing and
positioning (% values)
rather than absolute
(pixels)

10,158

430

12,603

861

16,368

1,434

36,375

7,021

41,023 8,417

71,781

14,228

Nest headings properly

1,391

384

800

66

745

111

479

30

767 51

644

58

Identify the language of
the text

411

411

408

405

490

485

593

552

733 647

846

604

Provide a summary for

tables

514

512

856

819

1,130

1,093

1,726

1,717

2,294 2,269

6,415

4,937

Table 2. Resultsfor the 25 Checkpoints Comprising the WAB Score for Government Websites 1997-2002
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1997 1998 1999 2000 2001 2002
Checkpoint Priority |Potential Actual | Potential Actual | Potential Actual| Potential Actual | Potential Actual | Potential Actual

Each frame must
reference an HTML file 1 7 1 27 1 46 1 44 7 49 1 24 5

Provide a NOFRAMES
section when using
frames 2 0 0 0 0 0 0 0 0 0 0 0 0

IAvoid blinking text
created with the BLINK
element 2 3 3 3 3 2 2 2 2 2 2 1 1

IAvoid scrolling text
created with the
MARQUEE element 2 1 1 1 1 1 1 0 0 0 0 1 1

Do not cause a page to
refresh automatically 2 0 0 0 0 0 0 0 0 0 0 0 0

Do not cause a page to
redirect to a new URL 2 0 0 0 0 0 0 0 0 0 0 0 0

Make sure event
handlers do not require
use of a mouse 2 65 65 616 616 704 704 1,474 1,474 2,221 2,221 3,308 3,242

Include default, place-
holding characters in
edit boxes and text
areas 3 180 134 241 148 234 145 288 196 300 207 789 429

Separate adjacent links
with more than white
space 3 9,617 |2594| 8,379 |1,553| 11,615 | 3,033 | 17,596 5,638 18,567 4,493 30,462 | 11,130

Table 2. Resultsfor the 25 Checkpoints Comprising the WAB Score for Government Websites 1997-2002 (continued)
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1997 1998 1999 2000 2001 2002
Checkpoint Priority |Potential Actual | Potential Actual | Potential Actual| Potential Actual | Potential Actual | Potential Actual

Give each frame a title 1 7 7 27 27 46 46 44 41 49 23 24 9

Explicitly associate form
controls and their labels
with the LABEL element 2 180 157 241 171 234 173 288 223 300 248 789 586

Create link phrases that
make sense when read
out of context 2 9,617 459 8,379 324 11,615 538 17,596 496 18,567 665 30,462 1,930

Do not use the same
link phrase more than
once when the links

point to different URLs 2 9,617 2,569 8,379 1,812 | 11,615 | 2,536 17,596 4,694 18,567 3,411 30,462 5,679
Include a documents
TITLE 2 422 11 415 2 498 5 601 7 735 5 849 5

Table 2. Resultsfor the 25 Checkpoints Comprising the WAB Score for Government Websites 1997-2002 (continued)
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Of the 25 checkpoints captured and used to determine the WAB score, the following
checkpoints were further analyzed because they are classified as Priority 1 checkpoints
and pose absolute barriersif violated:

Provide aternative text for all images

Provide aternative text for each applet

Provide alternative content for each object

Provide aternative text for each image-type button in forms

Provide aternative text for all image map hot-spots (areas)

Each frame must reference an HTML file

Give each frame atitle

Tables 3 and 4 show the total annual violations of the checkpoint as well as the total
number of potential violations for that year. Also included is the number of average
violations per site. The number of average violationsis included to allow for comparison
to other categories, specifically the government category, since the number of websites

studied was different in the government (n=22) and random (n=40) categories.
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1997 1998 1999 2000 2001 2002
Alt text for 906 of 2,689 | 7550f3,216 | 14230f4578 | 1,818 0f7,454 | 1,789 0f 9,988 | 1,629 of 21,258
images (41.18) (34.32) (64.68) (82.64) (81.32) (74.05)
Alt text for 10 of 10 8of 8 15 of 16 9 of 12 20f7 14 of 20
applets (0.46) (0.36) (0.68) (0.41) (0.09) (0.64)
Alt content lof1l 11 of 11
for objects 0 0 0 0 (0.05) (0.5)
i’?r']tat;;_tt;%; 20f 4 20f 4 10f 10 10f 32 1 0f 40 4.0f 187
buttons (0.09) (0.09) (0.05) (0.05) (0.05) (0.18)
ﬁ]'qtatgeé‘tn,‘:gg 612 0f 748 | 330 of 510 449 of 673 4240f 1,131 700 0f 1,464 | 369 of 1,434
mags (27.82) (15) (20.41) (19.27) (31.82) (16.77)
fg]?erp:rfce 1of7 1 of 27 10f 46 7 of 44 1 of 49 5 of 24
bbb (0.05) (0.05) (0.05) (0.32) (0.05) (0.23)
Frames have | 7 of 7 27 of 27 46 of 46 41 of 44 23 of 49 9 of 24
atitle (0.32) (1.23) (2.09) (1.86) (1.05) (0.41)

Table 3. Annual Actual Violations out of Annual Potential Violations (annual average per site) for Gover nment

Websites
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1997

1998

1999

2000

2001

2002

Alt text for | 2,993 of 6,022 | 5,955 of 11,233 | 6,607 of 14,327 | 23,885 of 37,900 | 24,000 of 44,561 | 53,242 of 127,570
images (74.83) (148.88) (165.18) (597.13) (600) (1,331.05)

Alt text for 50f5 23 of 23 20f2 17 of 18 80of9 11 of 11
applets (0.13) (0.58) (0.05) (0.43) (0.2) (0.28)

Alt content | 17 of 17 lofl lofl 7of7 13 of 13 66 of 66

for objects | (0.43) (0.03) (0.03) (0.18) (0.33) (1.65)
i/?]'qtatgeé‘_tt;‘;re 44 of 48 52 of 141 571 of 607 402 of 722 101407 1,264 | 1,544 of 2,436
peoe (1.1) (1.3) (14.28) (10.05) (25.35) (38.6)

Alt text for

image map | 1406 011,689 | 200302677 | 2975013693 | 1728014868 | 427709310 | 4,195 of 14,050
i (35.15) (52.33) (74.38) (43.2) (106.93) (104.88)
fg]?e”::rfce 40f 21 2 of 50 8 of 222 16 of 53 2 of 19 1 of 54

ML files | (01) (0.05) (0.2) (0.4) (0.05) (0.03)

Frames 21 of 21 50 of 50 (252%50)f 222 53 of 53 16 of 19 54 of 54

have a title | (0.53) (1.25) ' (1.33) (0.4) (1.35)

42

Table4. Annual Actual Violations out of Annual Potential Violations (annual average per site) for Random Websites




For both categories of websites, the use of images has been increasing rapidly, more than
doubling in government websites from 2001 to 2002 and nearly tripling in random
websites during the same period. The average number of violations of alternative text for
images per site for government websites peaked in 2000 and has continued to decrease
since. The average number of violations for random websites have always been greater
than those for government websites but also been increasing rapidly, with a significant

increase from 2001 to 2002.

It appears as though applets and objects are not being used too often in either genre. This
IS surprising since the object attribute is often used as a means to catch many different
enhancements including scripts, images, applets, or multimedia [2]. Both types of
violations occur at arate of less than once per site, on average, in each genre. The only
exception to this is the occurrence of sites not providing alternative text for objects,

which occurs at arate of less than twice per site, on average, for random websites.

Image-type buttons have begun to be used with more frequency in government websites
recently. This could be due to more forms being on-line now than ever before. It has
become good customer service to provide many services on the Internet that previously
needed to be done in person or over the telephone. In an effort to make pleasant looking,
user-friendly forms, image-type buttons have started to be used more often. Violations of
this checkpoint, though, occur very infrequently, on average, in government websites. In

random websites the average number of violations per website has increased along with
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the increased use of image-type buttons, (with a rate of 38.6 violations per site in 2002),

indicating alack of awareness that they should be accompanied by alternative text.

Although in 1997 both categories had a moderate number of violations of providing
alternative text for image map areas, the number of violations, on average, has remained
steady for government websites over the years. The average number of violations per site
was reduced by half from 2001 to 2002, indicating that some designers are aware of the
need for aternative text for image map areas. The use of image maps is more common in
random websites, with usage substantially increasing in 2001 and 2002. The number of
violations has also increased. This indicated that designers lack awareness of the need

for aternative text.

Frames are not very common on the Web anymore. Their usage seems to have peaked
around 19992001 for government websites and 1999 for random websites. For the most
part, they don't seem to be an issue since they are used so infrequently. Government
Web designers appear to be aware that they need to reference an HTML file, but this
could be good practice in Web design. Asfar as providing titles for frames, designers for
government sites may be aware of the need since the occurrence of frames without titles
has been decreasing since 2001. In the websites comprising the random category, frames

are rarely accompanied by titles.

Due to the weighting system of the WAB metric, with Priority 1 checkpoints being more

heavily weighted, the issues that cause the most accessibility barriers to persons with



disabilities are not supplying alternative text for images and image map hotspots for
government websites. For random websites, these same two checkpoints cause the
majority of accessibility barriers, along with another checkpoint that is increasingly
becoming a barrier: not providing alternative text for image-type buttons in forms. The
astounding point to mention is that if designers would make the minimal effort to include
aternative text for each image, image map hot spot and image-type button, their website
would be substantially more accessible. One example of thisis a 2002 website, of which
the homepage and 16 pages 1-level down were evaluated, has a mean WAB score of
12.87. If the designer would add aternative text for images and image map areas (there
were no image-type buttons in the design of the website), the mean WAB score of the
website would decrease to 9.75. In another example of a 2002 website, the homepage
and 5 pages 1-level below the homepage were evaluated. The mean WAB score of the
website is 10.08. If the designer of this website fixed violations of the only most
commonly violated checkpoints (alternative text for images, image-type buttons, and
image map areas), the mean WAB score would decrease to 6.55. Since this website did
not have any image-maps, alternative text would need to added for only 28 images and 8

image-type buttons.

With respect to the complexity of the websites, in 1997 government and random websites
were fairly equivalent in terms of average number of simple tags per website, with a
difference of only a few hundred tags (see Table 5). Beginning in 2000 this difference
becomes much larger, increasing to more than double the average number of simple tags

per random website than government website in 2002. The same is true for the number
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of scripts. Objects are not used too often in government sites, but are beginning to be
used more often in random websites. In 2002, objects were implemented an average of
over 1 per site, while government websites had objects only once every two sites, on

average. This could be due to Section 508, since it was to be implemented in 2001.

Government Random

Simple Tags Scripts Objects Simple Tags Scripts Objects
1997 36,246 (1,647.55) 449 (20.41) 0 45,845 (1,146.13) 697 (17.43) 17 (0.43)
1998 35,097 (1,595.32) 523 (23.77) 0 75,750 (1,893.75) 1,140 (28.5) 1(0.03)
1999 44,302 (2,013.73) 684 (31.09) 0 95,275 (2,381.88) 1,335 (33.38) 1(0.03)
2000 50,373 (2,289.68) 868 (39.46) 0 157,732 (3,943.3) 2,238 (55.95) 7 (0.18)
2001 60,808 (2,764) 1,129 (51.32) 1(0.05) 172,240 (4,306) 5,040 (126) 13 (0.33)
2002 82,248 (3,738.55) | 1,730 (78.64) | 11 (0.5) | 316,041 (7,901.03) | 9,906 (247.65) 66 (1.65)

Table5. Annual Number (average per site) for Government and Random Websites

Several examples (see Figures 11 and 12) of government websites that have increased in
complexity while still maintaining a relatively accessible site include the Centers for
Disease Control and Prevention (www.cdc.gov) and the U.S. Census Bureau

(www.census.gov). Another government website that had increasingly complex website

design over the years, yet continued to maintain a WAB score below 5.5 in all years
except for 1997 is that of the Federal Communications Commission (www.fcc.gov). Yet
another example in this category that maintained a moderate level of complexity while
aso maintaining an accessible website is the U.S. House of Representatives

(www.house.gov).
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Figure 11. WAB Scoresfor Examples of Government Websites
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Figure 12. Complexity Scoresfor Examples of Government Websites

The results of government websites show that an increase in complexity does not
necessarily tranglate into a decrease in accessibility. These results provide hope that if all
websites take accessibility issues as seriously as government websites do, the goal of

universal Web accessibility is one that is attainable.
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1.6.3. Education Websites

The remaining category of websites that was studied is education websites. Of the 62
members of the AAU at the time of data gathering, 45 (72.6%) were valid sites, since a
requirement for selection was the presence of an archived instance in the Wayback
Machine for each year 1997 — 2002. WAB scores for education websites aso
continuously increased over time (see Figure 13). ANOVA was computed comparing the
mean WAB scores for each year. A statistically significant difference was found among

the years (F(5,246) = 10.687, p<0.0001).

1997 1998 1999 2000 2001 2002

Figure 13. Mean WAB Scorefor Education Websites
Education websites were accessible at the beginning of the Web's history. As time has
elapsed however, they have gotten progressively less accessible for persons with

disabilities. Tukey’s HSD procedure was used to do pairwise comparisons among means
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of the years. This analysis revealed that websites in the years 2000 (m=7.19, sd=2.22),
2001 (m=7.69, sd=2.32), and 2002 (m=7.75, sd=2.34) had significantly higher WAB
scores than websites for the years 1997 (m=5.31, sd=1.50) and 1998 (m=5.89, sd=1.55).

Scores for 1999 were not significantly different than any other year.

The percentage of education websites that were considered accessible (WAB score <=
5.5) in 1997 was 64.4%. This is an even larger percentage than that observed in
government websites. However, the decrease is steady 1998 through 2002 and by 2002
this number had fallen to 15.6%, which is only dlightly higher than that observed in

random websites.

Complexity scores also increased each year from 1997 — 2002 for education websites (see
Figure 14). ANOVA was computed comparing the mean complexity scores for each
year. A dtatistically significant difference was found (F(5,264) = 11.965, p<0.0001).
Tukey’s HSD procedure was used to do pairwise comparisons among means of the years.
Education websites selected for the year 2002 (m=114.24, sd=39.16) had significantly
higher complexity scores than did websites from 1997 (m=68.27, sd=36.55), 1998
(m=75.70, sd=31.16), 1999 (m=80.0, sd=24.16), and 2000 (mM=91.47, sd=24.37).
Websites in the year 2001 (m=99.13, sd=37.86) had significantly higher complexity
scores than did years 1997 and 1998 and websites in the year 2000 had significantly

higher complexity scores than did the year 1997.
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Figure 14. Mean Complexity Scoresfor Education Websites

Pearson correlation was performed to correlate WAB scores and complexity scores of
education websites without regard to year and the correlation coefficient is 0.297 (see
Figure 15), This suggests a low degree of positive correlation between accessibility and
complexity [37]: as complexity scores increase so do WAB scores. By graphing a box-
plot, outliers (18) were identified and removed (n=252). Pearson correlation coefficient

is0.332 (p<0.01), again suggesting a low degree of correlation.
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Figure 15. Correlation of WAB and Complexity Scoresfor Education Websites
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Figure 16. Correlation of WAB and Complexity Scoresfor Education Websites

1997-2002, with outlier sremoved
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Table 6 shows results of the 25 checkpoints comprising the WAB score for education
websites. The column entitled “Potential” shows the number of occurrences of the
checkpoint subject, while the column entitled “Actua” shows the number of actua

violations.
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Checkpoint

Priority

1997

1998

1999

2000

2001

2002

Potential Actual

Potential Actual

Potential Actual

Potential

Actual

Potential

Actual

Potential

Actual

Provide alternative text
for all images

7,729 |2,394

10,276 | 3,010

13,445 | 5,777

21,802

9,841

32,345

12,196

40,378

11,724

Provide alternative text
for each applet

18 18

18 18

72

59

37

25

Provide alternative
content for each object

16

16

36

36

Provide alternative text
for all image-type
buttons in forms

55 43

84

43

168

66

255

69

Provide alternative text
for all image map hot-
spots (areas)

1,272 | 1,008

1,725 [1,275

2,501 | 1,493

4,006

1,950

4,157

1,766

4,275

1,649

Client-side image map
contains a link not
presented elsewhere on
the page

1,272 861

1,725 [1,164

2,501 | 1,553

4,006

2,575

4,157

3,036

4,275

3,171

Use a public text
identifier in a DOCTYPE]|
statement

957 845

1,054 867

1,025 820

1,304

1,000

1,449

1,113

1,495

1,011

Use relative sizing and
positioning (% values)
rather than absolute
(pixels)

20,035 541

20,959 |1,743

33,150 | 3,183

61,340

9,577

86,413

18,343

96,424

19,811

Nest headings properly

3,556 549

2,806 200

2,440 153

1,313

149

1,224

89

1,150

77

Identify the language of
the text

897 897

1,019 |1,019

994 993

1,278

1,274

1,420

1,415

1,476

1,454

Provide a summary for
tables

1,027 | 1,027

1,689 |1,689

2,634 |2,630

4,596

4,596

6,734

6,718

9,004

8,216

Table 6. Resultsfor the 25 Checkpoints Comprising the WAB Score for Education Websites 1997-2002

54




Checkpoint

Priority

1997

1998

1999

2000

2001

2002

Potential Actual

Potential Actual

Potential Actual

Potential

Actual

Potential

Actual

Potential

Actual

Each frame must
reference an HTML file

22 0

76 2

113 6

112

166

19

134

21

Provide a NOFRAMES
section when using
frames

IAvoid blinking text
created with the BLINK
element

IAvoid scrolling text
created with the
MARQUEE element

Do not cause a page to
refresh automatically

Do not cause a page to
redirect to a new URL

Make sure event
handlers do not require
use of a mouse

333 306

565 538

1,007 991

2,825

2,809

4,233

4,233

5,541

5,189

Include default, place-
holding characters in
edit boxes and text
areas

257 175

298 207

381 269

748

546

1,085

687

1,278

722

Separate adjacent links
with more than white
space

23,426 | 3,765

27,658 | 5,089

23,714 | 4,420

30,860

6,071

35,131

8,974

46,592

15,799
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Table 6. Resultsfor the 25 Checkpoints Comprising the WAB Scorefor Education Websites 1997-2002 (continued)




1997 1998 1999 2000 2001 2002
Checkpoint Priority |Potential Actual | Potential Actual | Potential Actual| Potential Actual | Potential Actual | Potential Actual

Give each frame a title 1 22 22 76 76 113 113 112 112 166 166 134 134

Explicitly associate form
controls and their labels
with the LABEL element 2 257 207 298 252 381 318 748 631 1,085 969 1,278 1,178

Create link phrases that
make sense when read
out of context 2 23,426 369 27,658 483 23,714 443 30,860 932 35,131 1,417 46,592 1,523

Do not use the same
link phrase more than
once when the links

point to different URLs 2 23,426 | 1,945 | 27,658 | 2,303 | 23,714 | 2,524 30,860 3,535 35,131 4,457 46,592 6,077
Include a documents
TITLE 2 957 20 1,054 15 1,025 13 1,304 15 1,449 10 1,495 12

Table 6. Resultsfor the 25 Checkpoints Comprising the WAB Score for Education Websites 1997-2002 (continued)
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Table 7 shows the total annual violations of the Priority 1 checkpoints, as well as the total
number of potential violations for that year. Also included is the number of average
violations per site. The number of average violationsis included to allow for comparison
to other categories, specificaly the government category, since the number of websites

studied was different in the government (n=22) and education (n=45) categories.
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1,008 of 1,272

1,275 of 1,725

1,493 of 2,501

1,950 of 4,006

1,766 of 4,157

1997 1998 1999 2000 2001 2002
Alt text for | 2,394 of 7,729 | 3,010 of 10,276 | 5,777 of 13,445 | 9.841 of 21,802 | 12,196 of 32,345 | 11,724 of 40,378
images (53.2) (66.89) (128.38) (218.69) (271.02) (260.53)
Alt text for | 18 of 18 18 of 18 60f 6 59 of 72 25 of 37 8of 8
applets (0.4) (0.4) (0.13) (1.31) (0.56) (0.18)
Alt content | 1 of 1 2 0f 2 0 30f3 16 of 16 36 of 36
for objects | (0.02) (0.04) (0.07) (0.36) (0.8)
ﬁr']taég’_(&ggr 30f7 40f8 43 of 55 43 of 84 66 of 168 69 of 255
paget (0.07) (0.09) (0.96) (0.96) (1.47) (1.53)
Alt text for

1,649 of 4,275

'mage map | > 4y (28.33) (33.18) (43.33) (39.24) (36.64)
areas

Ir:erl?er?eer?ce 0 of 22 2 of 76 6 of 113 9 of 112 19 of 166 21 of 134
e | ©.0) (0.04) (0.13) (0.2) (0.42) (0.47)
Frames 22 of 22 76 of 76 (121210; 113 112 of 112 166 of 166 134 of 134
have a title | (0.49) (1.69) : (2.49) (3.69) (2.98)

Table 7. Annual Actual Violations of Annual Potential Violations (annual average per site) for Education Websites.
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Comparing education websites to government websites, again the use of images has been
steadily increasing for both groups. The use of images is more frequent in education
websites. The average number of violations of alternative text for images per site for
education websites appears to have peaked in 2001. The average number of violationsis

down dlightly in 2002.

The use of applets appears more in education websites than they did even in the random
websites. The usage does appear to have died off, peaking with an average of more than
one per website in 2000. The use of objects is becoming more frequent in education

websites, aswell.

Image-type buttons have begun to be used with more frequency in education websites.
Thisis similar to the findings in government websites. Violations of this checkpoint are

also increasing.

Similarly to government and random websites, education websites had a moderate
number of violations of providing alternative text for image map areas. Again similarly,

the number of violations, on average, has remained steady for over the years.

Frames are seen more often in education websites than in the other categories of websites

studied. It appears as though their usage may have peaked in 2001, which is later than

that of the other categories. Designers of education websites rarely fail to reference an
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HTML file, but they are shown to never provide a title for frames in the websites

evaluated.

For education websites, the violations that posed the most barriers to persons with
disabilities are, like government and random websites, the lack of alternative text for
images and image map hotspots. Although education websites do pose issues by not
providing alternative text for image-type buttons in forms, the checkpoint that posed
more violations on average per site was the lack of providing titles for frames. The
education category was the only one studied in which frames proved to be an

accessibility issue for persons with disabilities.

With respect to the complexity of the websites, government and education websites are
fairly similar in terms of the average number of simple tags per site (see Table 8). The
same is true for the average number of scripts per website. Education websites appear to
be incorporating objects into their design more frequently. This could be due to many
universities including virtual campus tours and other information in multimedia format to

inform prospective students.
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Government Education

Simple Tags Scripts Objects Simple Tags Scripts Objects
1997 | 36,246 (1,647.55) | 449 (20.41) 0 67,809 (1,506.87) | 967 (21.49) 1 (0.02)
1998 | 35,097 (1,595.32) 523 (23.77) 0 70,754 (1,572.31) 1,109 (24.64) 2 (0.04)
1999 | 44,302 (2,013.73) 684 (31.09) 0 71,659 (1,592.42) 1,151 (25.58) | O
2000 | 50,373 (2,289.68) 868 (39.46) 0 104,258 (2,316.84) | 1,799 (39.98) | 3(0.07)
2001 | 60,808 (2,764) 1,129 (51.32) | 1(0.05) 122,210 (2,715.78) | 2,583 (57.40) | 16 (0.36)
2002 | 82,248 (3,738.55) | 1,730 (78.64) | 11 (0.5) 140,126 (3,113.91) | 3,155 (70.11) | 36 (0.80)

Table8. Annual Number (average per site) for Government and Education

Websites

Examples of education websites (see Figures 17 and 18) that have increased in
complexity while maintain a website that is accessible are the University of Washington

(www.washington.edu) and the University of Maryland (www.umd.edu). Universities

that have increased in complexity while remaining nearly accessible are Yale

(www.yaleedu) and Rutgers  (www.rutgers.edu). Columbia  University

(www.columbia.edu) continued to increase in complexity while decreasing their WAB

score from 9.5in 2000 to 4.7 in 2002.
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Figure 17. WAB Scoresfor Examples of Education Websites
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Figure 18. Complexity Scoresfor Examples of Education Websites

A comparison of random, government, and education websites shows that random
websites are the least accessible, followed by education websites, in terms of barriers to
the Web for persons with disabilities (see Figure 19). Government websites are the only
category required to adhere to accessibility guidelines and this study shows that this
policy is working, as they are the only websites that are close to the accessible level

(WAB score<=5.5).
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Figure 19. Comparison of WAB Scoresfor All Categories, 1997 — 2002

Similarly, a comparison of complexity scores for random, government, and education
websites (see Figure 20) shows that random websites are, by far, the most complex.
Government and education websites are very close in terms of complexity, with

education websites being only slightly more complex in recent years.
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Figure20. Comparison of Complexity Scoresfor All Categories, 1997 — 2002

1.7. DISCUSSION

The findings from the ANOVA and Tukey HSD analyses show that along with a
statistically significant increase in accessibility barriers there has been a concurrent
statistically significant increase in complexity in the random and education websites
studied. As Web designers have added increasingly complex components to their Web
pages for the purposes of creating aesthetically appealing and interactive websites, they

have also added barriers to accessibility for persons with disabilities.

Upon examining various checkpoints comprising the WAB score, there are severd

noteworthy findings. The amount of images used in website design increases incredibly

through the years studied in all categories, but especially in the random category of
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websites. The number of image-type buttons, image maps, tables, and event handlers
also increase. These elements are most often used to make attractive looking websites
that grab the attention of the consumer and hold their interest as they travel through the
website. As the usage of these more complex Web page elements has increased, so (for
the most part) has the number of actual guideline violations. It is promising to notice that
even though the number of potential and actual violations increases, the percentage of
actual to potential violations doesn’'t necessarily increase. For example, the percentage of
violations of “Provide alternative text for all images’ in the random category decreased
from 63% to 41.7% even though the number of images increased from 37,900 to 127,570.
This either suggests that some Web designers are becoming aware of accessibility
guidelines or that general “good practice” in Web design happens to include elements

that also increase accessibility.

The number of links to other websites or to pages within the same site increases through
time, as well. Even though links themselves may not pose accessibility barriers as long
as they are adequately descriptive, they could potentially make the Web less navigable to
persons with disabilities. Navigation barriers make the Web less usable to persons with
disabilities. Summaries are amost never provided for tables, making information
contained therein virtually unavailable for users of screen readers. Although frames
aren’'t used very often, when present they usually do reference an HTML file, but usually
do not have atitle. It is also interesting to note that the presence of frames in websites
peaked in 1999 for government and random websites, but can still be seen in education

websites.
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Like websites in the sample of random and education websites, the complexity scores of
the 22 government websites included in the study aso increased. Interestingly, the
government websites failed to have the concurrent increase in WAB scores. The WAB
scores of government websites remain consistently close to the accessibility line. Thisis
evidence that increasing complexity for purposes of aesthetically appealing or consumer-

driven design does not necessarily equate to inaccessibility for persons with disabilities.

In terms of the hypotheses of the study, Hypothesis 1. over time (1997 — 2002),
accessibility of websites decreases, as shown by increasing WAB scores is correct for
random and education websites. The WAB scores for both categories were significantly
higher through the years. The WAB scores for government websites, however, remained
fairly unchanged and close to the accessible line. Hypothesis 2: over time (1997-2002),
complexity of websites increases, as shown by increasing complexity scoresis true for all

categories of websites studied.
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2. READABILITY

2.1. BACKGROUND

An important factor of accessibility is the readability of the website. Readability is an
issue for users with cognitive and learning disabilities, users of text-to-speech and text-to-
sign language browsers, low-literate adults, and aso for the aging. One of WCAG
guidelines states that a site should use clear and simple language to promote effective
communication [11]. This will help to ensure better comprehension of the website's

contents for all users.

There are several variations of measuring the readability of text. Most subject the text to
mathematical formulas. The Flesch Easy Reading Formula, or Flesch Index, was
developed by Rudolph Flesch in 1948. The index ranges between O (hard) and 100
(easy), with standard-English documents usually rating 60 — 70 [23]. Although these
formulas are not perfect, they can be easily applied to the text of a website and allow for

ameasure of comparability [38].

2.2. READABILITY EVALUATION

2.2.1. Related Work

Boldyreff [38] found that readability formulas, like the Flesch Index, can be useful when
designing or redesigning a website. They can assist the designer in assessing the
language of a site and simplifying or altering it to improve the readability, quality, and

accessibility particularly for tranglation to sign language or another language.

68



Zibell [39] argues that the readability principles recommended by George Klare in 1963
hold true for designing useful information on the Web. His “useful information for
communicators’ discussed writing principles that led to high readability scores and the
use of readability formulas to measure the readability of writing. The Web designer is
designing an experience for an audience and, in doing so, must take into consideration the
reading and education levels of the audience. Readability formulas can aid the designer

in doing this.

2.3. HYPOTHESIS

Hypothesis 3. Over time (1997-2002), readability of websites decreases, as shown by a

decrease in the Flesch Index.

24. METHODS

24.1. Selection of Websites
The same websites and pages were evaluated for their readability as were evaluated for

accessibility and complexity. The unit of analysisisthe individual website.

2.4.2. Measurement for Evaluating Readability
The measurement used in this study for evaluating the readability of websitesisthe
Flesch Index. Theindex uses an agorithm [40] (Figure 21) to assign a number between

0 and 100 to the website, with 0 being hard and 100 being easy.
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Fleschindex = 206.835 - (1.015)(words/ sentences) - (84.6)(syllables/ words)|

Figure21. Readability Score

24.3. Statistical Methods

Analysis of Variance (ANOVA) procedures were used to compare mean readability
scores of different years. When ANOVA showed statistical significance, Tukey’'s
“Honestly Significantly Different” (HSD) procedures were used to do pairwise
comparisons among means of the years. Pearson correlation was performed to correlate

WAB scores and readability scores without regard to year.

25.RESULTS

The same websites and pages were evauated for their readability as were evaluated for
accessibility and complexity. An apha level of 0.05 was assumed for analysis. For
random and education websites, the readability score increased over the years while the
scores for government websites remain fairly stable (see Figure 22). ANOVA was
computed for all categories and no statistically significant differences were seen among

the years of any of the categories.

Because a lower readability score is indicative that a website requires a higher level of

reading skill, the education category comprises websites that have a level of readability

demanding a higher skill level than those websites in the government and random
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categories. Random websites have the highest readability scores, indicating that they are

the easiest to read of the categories studied.

B0
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Figure22. Comparison of Readability Scoresfor All Categories, 1997 — 2002

Pearson correlation was performed to correlate WAB scores and readability scores
without regard to year for government websites (see Figure 23). Pearson correlation
coefficient is (.044). This is not statistically significant and indicates that there is no
correlation between accessibility and readability among these websites [37]. By graphing
a box-plot, outliers were identified and removed. Four outliers were removed (n=128)

and the Pearson correlation coefficient was (0.094) (see Figure 24).
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Figure 24. Correlation of WAB and Readability Scoresfor Government Websites

1997-2002, with outliersremoved
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For education websites, the Pearson correlation coefficient is 0.084 (see Figure 25). This
indicates a negligible correlation between readability and accessibility [37]. By graphing
a box-plot 7 outliers were removed (n=263) and the Pearson correlation coefficient was

0.175 (p<0.01) (see Figure 26).

16

WAB SCORE

READABILITY SCORE

Figure 25. Correlation of WAB and Readability Scoresfor Education Websites

1997-2002, with outliers
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Figure26. Correlation of WAB and Readability Scoresfor Education Websites

1997-2002, with outliersremoved

In the random website category, the Pearson correlation coefficient is 0.242 (see Figure
27). This indicates a low degree of correlation between readability and accessibility -
that as readability scores increase, so do WAB scores. By graphing a box-plot 4 outliers
were identified and removed (n=236) and the Pearson correlation coefficient was 0.294
(see Figure 28). Increasing readability scores means that the level of skill needed to read
the information presented is lower than it would be for the same information presented in

amanner consistent with alower readability score.
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Figure27. Correlation of WAB and Readability Scoresfor Random Websites 1997-

2002, with outliers

Figure 28. Correlation of WAB and Readability Scoresfor Random Websites 1997-

2002, with outliersremoved
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2.6. DISCUSSION

One reason for the increasing WAB scores accompanying increasing readability scores
may be that more information is presented graphically or through the use of multimedia
in websites comprising the random category. As more information is presented
graphically, less is presented in text, especialy in paragraph form. As discussed
previously, images are used with increasing frequency on the Web. The introduction of
images and other more complex components into the HTML increases the complexity of

the website and tends to aso increase the number of barriers to persons with disabilities.

Although each category has readability scores less than that of standard-English
documents, education websites require the highest level of reading skill of the categories
studied. This could be due to the audience of these particular websites. The audiences of
the websites of universities belonging to the AAU are most likely to be prospective

college students and the faculty, staff, and researchers of these universities.

In terms of Hypothesis 3: over time (1997-2002), readability of websites decreases, as

shown by a decrease in the Flesch Index, this has not proved to be true in any of the

categories analyzed in this study.
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3. CONCLUSION

3.1. LIMITATIONS

There are limitations to this study. When using the Internet Archive, some websites in
the random sample had to be replaced because they were not in the Wayback Machine for
various reasons. This included websites that are password protected, blocked by the
Webmaster to not be available for crawls, and websites that were inaccessible because of

an Internet Archive error.

3.2. CONTRIBUTIONS

Research studies like this one can provide valuable information that can lead to
improvements in guidelines for accessible Web design by demonstrating where the red
problems are. With frames being a technology seemingly on its way out, it is possible
that the emphasis on checkpoints relating to frames and/or the designation of priority 1 to
checkpoints relating to frames may be revised in future versions of the WCAG or similar
guidelines. These studies can aso provide meaningful information to engineers of
assistive technologies so that these technologies may become better suited to anticipate
changes in the Web. Similar to changes in guidelines, the information pertaining to
frames would be useful to designers of assistive technologies so that they didn’'t use

valuable time devel oping a technology for which thereislimited need.

This information can be useful also to engineers of web authoring tools. By

incorporating information on what the accessibility issues are and where they lie within
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the design, as well as including accessibility guidelines into authoring tools, designers
would be a step ahead in producing an accessible website. Another beneficial technology
is one similar to Bobby (which gives the designer feedback as to where violations are
occurring within the design), in which the designer could run an application that would
not only tell them what the violations are and where they occur, but aso what the WAB
score is. This would alow the designer to run the application on numerous occasions

until the desired WAB scoreis reached.

Law and policy implications may arise from studies, such as this one, that demonstrate
the trend of inaccessibility that is occurring on the Web for persons with disabilities. One
such implication could be the extension of the ADA to the Internet. Government
agencies have already been mandated to provide accessible websites and have proved that
this can be accomplished despite increasing complexity. These mandates would be
beneficial in educational institutions, at the state and local government level, aswell asin
the private sector as they design intranets for their employees and commercia websites

for their customers and the public.

Many Web designers, especially of non-government websites, may be inadvertently
placing barriers to persons with disabilities smply by using Web authoring tools and the
latest Web technologies. Although they may be providing an aesthetically appealing site
for some people, they are unaware of the implications such technology poses to other
individuals. Guidelines and policies cannot only bring about adherence to better

practices of Web page design; they can forge a more widespread awareness of the
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problem. By proving that these mandates do have an effect on accessibility, more
industries will embrace policies similar to Section 508, making WCAG checkpoints

common practice and evolving the Internet into something that truly is accessible.
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APPENDIX A

25 Checkpoints Comprising the WAB Score

WCAG . .
Check- | 508 |[Bobby ID| Priority Description HTML che\t/:ilgragt;i;?]r potential
point
11 a g9 Provide alternative text for all images. <img>
11 a |(g21 Provide alternative text for each APPLET.|<applet>
Provide alternative content for each .
1.1 a |[g20 OBJECT. <object>
Provide alternative text for all image-type | . o R
1.1 a g10 buttons in forms. <input type="image" ... >
Provide alternative text for all image map
11 a (9240 hot-spots (AREAS). <area>
15 gl4 Client-side image map contains a link not <area>
presented elsewhere on the page.
3.2 271 Use a public text identifier in a DOCTYPE{Whole document. Simply
) 9 statement. yes or no
3.4 104 Use relative sizing and positioning (% <font>, <table>, <td>, <tr>,
’ 9 values) rather than absolute (pixels). <th>
3.5 g2 Nest headings properly. gr%;headllne tag <h1>...
4.3 gl25 Identify the language of the text. Whole document. Simply
yes or no
5.5 g3l Provide a summary for tables. <table>
6.2 938 Fiéch FRAME must reference an HTML <frame>
Provide a NOFRAMES section when \Whole document, simply yes
6.5 g37 .
using FRAMEs. or no
79 4 Avoid blinking text created with the Simply count as one. Not
’ 9 BLINK element. able to decide denominator.
73 5 Avoid scrolling text created with the Simply count as one. Not
) 9 MARQUEE element. able to decide denominator
Do not cause a page to refresh Simply count as one. Not
7.4 g33 . . .
automatically. able to decide denominator
75 254 Do not cause a page to redirect to a new [Simply count as one. Not
’ 9 URL. able to decide denominator
onmousedown, onkeydown,
. lonmouseup, onkeyup,
93 4269 Make sure event handlers do not require onclick, onkeypress,

use of a mouse.

onmouseover, onfocus,

onmouseout, onblur
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WCAG
Check-

508

Bobby ID

Priority

Description

HTML checking for potential

point violation
10.4 gl109 3 :Rcelléﬁebgi;zughSI?GC;'Q?;(;?Q characters <textarea><input><select>
10.5 935 3 Separate adjacent links with more than <a>
white space.
12.1 g39 1 Give each frame a title. <frame>
12.4 n |g4l 2 E )E)F:;gltilv)iltﬁstigcll_?;géfrglecr?g;ct)ls and their <textarea><input><select>
Create link phrases that make sense
13.1 g34 2 when read out of context. <a>
Do not use the same link phrase more
13.1 g265 2 than once when the links point to different |<a>
URLs.
13.2 g273 2 Include a document TITLE. Whole document, simply

Yes or no
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