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ABSTRACT 
Using Internet Archive’s Wayback Machine, a random sample of 
websites from 1997-2002 were retrospectively analyzed for effects 
that technology has on accessibility for persons with disabilities 
and compared to government websites. Analysis of Variance 
(ANOVA) and Tukey’s HSD were used to determine differences 
among years. Random websites become progressively inaccessible 
through the years (p<0.0001) [as shown by increasing Web 
Accessibility Barrier (WAB) scores], while complexity of the 
websites increased through the years (p<0.0001).  Pearson’s 
correlation (r) was performed to correlate accessibility and 
complexity: r=0.463 (p<0.01). Government websites remain 
accessible while increasing in complexity: r=0.14 (p<0.041).  It is 
concluded that increasing complexity, oftentimes caused by 
adding new technology to a Web page, inadvertently contributes 
to increasing barriers to accessibility for persons with disabilities.       

Categor ies and Subject Descr iptors 
K.4.2 [Computers and Society]: Social Issues – Assistive 
technologies for persons with disabilities; K.5.2 [Legal Aspects 
of Computing]: Governmental Issues – Regulation. 

General Terms 
Human Factors. 

Keywords 
Web accessibility, World Wide Web, Internet Archive. 

1. INTRODUCTION 
The World Wide Web (WWW) 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 
persons with disabilities.  With the help of the Wayback Machine, 
a service from the Internet Archive and Alexa® Internet, websites 
were retrospectively evaluated to see how they have changed over 
time.  This was done by looking at a sample of websites as they 
existed in the years 1997-2002.  We also explore some 
possibilities for these changes. 

2. BACKGROUND 
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 [6, 16, 19, 24], it has 
become saturated with obstacles for users with disabilities.   

Accessibility, when pertaining to a Web page, means that 
information has been made available for use by almost 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, a type of assistive technology 
that translates text displayed on the computer screen into 
synthesized speech [7, 9, 11].  Physically impaired users might 
have difficulty typing key combinations or need to navigate with a 
non-traditional input device [23].  Other types of assistive 
technology include magnification programs to enlarge the text on 
the screen [17] and refreshable Braille displays that reproduce a 
tactile output of the text presented on the computer screen [25]. 

According to the U.S. Census Bureau [36], 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 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 a lag 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, which covers access to 
Federally funded programs and services.  These amendments [10], 
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. Federal Government be 
accessible by persons with disabilities.     

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) 
[21], consisting of fourteen guidelines that provide specifications 
on how to develop accessible Web pages.  Each guideline 
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includes a list of checkpoints, totaling 91 in all, for evaluating 
Web pages for their degree of accessibility to persons who may 
have with visual, hearing, physical, or cognitive/neurological 
disabilities.  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 [18].  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 all content on the page is completely accessible [23].  Web 
designers can use WCAG Conformance Logos to indicate a claim 
of conformance to the specific level of the WCAG.  The 
conformance levels are in line with the priority levels [31].  
Conformance Level “A”  implies that 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.     

Making websites accessible is not only beneficial for those with 
disabilities.  Generally, removal of barriers on websites is simply a 
matter of good design, but it also benefits others such as those 
using low-end technology with lower modem speeds, persons 
utilizing wireless Internet connections [6], and the aging.  The 
average age of the world population is rapidly increasing [30] 
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 [28].  A website that is navigable by assistive technology is 
also accessible by phones and palmtops [24] whose smalls screens 
make it difficult and time-consuming to scroll through the 
information that was designed with the desktop user in mind [20].  
Making a website accessible may increase cost of design by one to 
two percent, but will increase the audience by twenty percent 
[24].   

3. ACCESSIBIL ITY BARRIERS 
In order to identify and resolve barriers for accessibility it is 
important to understand 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 is not programmable, but 
it can be augmented with other features [5].  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 allow third-party companies to develop 
special content not normally available using just HTML [12].  
Each plug-in requires a distinct strategy for accessibility [22].  
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 allow 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 [12].   

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 [28].  Also, because applets may provide video or 
audio output [6], it is important that they are accompanied by 
alternative text.  This can easily be provided by making a simple 
modification to the HTML.  In order to make non-text elements 
(such as images, multimedia objects, logos, Java applets, or other 
types of Web page content that cannot be reduced to ASCII text) 
readable by some of the assistive technologies [12, 31], it is 
important to accompany non-text elements with meaningful 
alternative text labels.  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 [12, 13].      

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 [6, 15].  Most screen readers will traverse frames in an 
arbitrary order, possibly reading text from one frame and then 
another, then returning to the first [32].  Not all browsers support 
frames, posing problems for screen readers, which may only work 
with certain browsers [25].  Users with cognitive disabilities may 
also have difficulty understanding the relationships between the 
different frames on the screen [6].   

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 [6, 
12].   

Other barriers to accessibility include tables, still and animated 
images, and flashing or flickering text.  Tables are multi-
dimensional 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 [16].  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 [15, 23, 32].   

Images provide obvious obstacles to blind individuals.  They 
should be accompanied by alternative 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 [6].   

Movement on a Web page poses various barriers.  Moving 
elements could be animated Gifs, Java applets, or third-party 
plug-ins [15].  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 [6].  Flashing 
and flickering on a Web page may affect some individuals with 
photosensitive epilepsy [15]. 



4. ACCESSIBIL ITY EVALUATION 
There are several tools available that allow evaluation of website 
accessibility.  The oldest and most well known of these is Bobby 
[4].  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 allowed to display a special icon indicating 
its compliance with Bobby standards [34].  Another method for 
evaluating websites was developed at the University of Pittsburgh 
[31].  The Web Accessibility Barrier (WAB) score is derived by 
automatically evaluating 25 checkpoints.  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.  This measure is 
explained in greater detail in the methods section of this paper.   

The average life of a Web page is about 100 days.  Websites are 
constantly being altered to incorporate new features and 
technologies in Web development.  Thanks to the Wayback 
Machine [14], 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 already over 100 terabytes of data and a 
growth of 12 terabytes per month [38].  Any website that is 
available to the public has the potential to be in the Wayback 
Machine.  Typically excluded websites are: those sites that are 
password-protected, blocked by the Webmaster, or otherwise 
inaccessible to the Archive’s automated systems [8]. 

4.1 Related Work 
A report funded by the Price WaterhouseCoopers Endowment for 
the Business of Government [35] found Section 508 regulations 
slow to take effect.  Using Bobby, 148 major U.S. Federal 
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.  An earlier study [37] 
conducted by a Brown University researcher, also using Bobby, 
found that 37% of the U.S. government websites are accessible.   

A recently completed study [33] of accessibility of the 30 most 
popular French websites found that none of the 30 websites met 
the conformance level “A” .  A similar study [29] conducted in 
Ireland found that 94% of the 159 websites tested failed to meet 
the minimum accessibility standard (“A”), and not one site met 
the guidelines of levels “AA” and “AAA”. 

Lazar et al. [26] 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 [27].   

Parmanto and Zeng [31] 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% were truly “AAA”.  

5. METHODS 
5.1 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 alternative sampling method 
widely adopted by researchers conducting studies on websites is 
to utilize the directory services provided by many Web search 
engines.  

A list of the Top 500 ranked websites was obtained from 
www.alexa.com on July 28, 2003.  Alexa® Internet’s [2] traffic 
rankings rate how popular a site is with other users.  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 allow 
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 [3] are known to be 
the leading research universities that set standards for academic 
research and education.  Government websites from 
http://www.100topgovernmentsites.com [1] were also 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 this list of 100.  There were 32 unique “ .gov”  
websites included from this list.       

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 Wayback Machine 
search for each website from this list, it was noted for which 
years, if any, the website had been archived.  From this 
information, a list 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 in this paper as one 
archived sample of the full website at a specific time.    

Using SPSS® 11.5 for Windows, 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 a website, the website was replaced by the 
website that was next in the alphabetical list of websites. 

To obtain the sample of government websites, only websites that 
had an archived instance for every year (1997-2002) were used. 
Again, the first archived instance for each year was used for 



analysis unless it was unable to be used. If there was not a valid 
instance for a particular year, that website 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 the 
government category. There were a total of 22 government 
websites included in the study.   

5.2 Measurement for  Evaluating Accessibility 
The accessibility of each archived instance was measured using 
the Web Accessibility Barrier [31] formula.  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 
[31].  The metric was developed 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 (see Figure 1) 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 violations of the checkpoints is the basis for the 
score.  
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Figure 1.  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 to persons with disabilities.  There also exists a threshold 
between accessible and non-accessible websites.  A WAB score of 
5.5 [31] 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.  

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 as a house.  
A dot is simpler 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 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, all 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 tags unit 
values are summed and this summation represents the complexity 
score.  Figure 2 illustrates the equation used to determine the 
complexity score.   
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Figure 2.  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 1-level from the homepage. 

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 for the random 
sample of websites.  Repeated measures ANOVA was computed 
for sample of government websites since the same websites were 
measured for each year.  Pearson correlation was performed to 
correlate WAB scores and complexity scores without regard to 
year.   



6. RESULTS 
A total of 240 archived instances of random websites were 
analyzed.  There were 40 websites for each of 6 years, 1997-2002.  
There were 154 unique websites included, since it was possible 
for a website to be included in the sample for multiple years.  An 
alpha level 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).   

 

 
Figure 3.  Compar ison of Mean WAB Scores for  Government 

and Random Websites 

 

Our previous study [31] found the score that separates accessible 
websites from the inaccessible ones is 5.5.  We 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 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 statistically 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 statistically 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 all other years.  The year 
2001 had significantly higher scores than years 1997-1999 and the 
year 2000 had significantly higher scores than 1997.  

Pearson correlation was performed to correlate WAB scores and 
complexity scores (n=225) without regard to year (see Figure 5). 
By graphing a box-plot, outliers (15) were identified and 
removed.  A positive correlation was shown between the two: as 
complexity scores increase so do WAB scores.  Pearson 
correlation coefficient is 0.463 (p<0.01).  Pearson correlation 
coefficient prior to the removal of outliers is 0.485 (p<0.0001). 

 

Figure 4. Compar ison of Mean Complexity Scores for  
Government and Random Websites 

 

 
Figure 5.  Scatter  Plot of Correlation between WAB and 

Complexity Scores 1997-2002, outliers removed. 

 

Table 1 shows results for the random sample of the 25 
checkpoints comprising the WAB score.  The column entitled 
“Potential”  shows the number of occurrences of the checkpoint 
subject while the column entitled “Actual”  shows the number of 
actual violations.   

An element that was not part of the WAB score, but rather a 
component of the complexity score is the number of scripts.  The 
number of scripts present in each year was 697 (1997), 1,140 
(1998), 1,335 (1999), 2,238 (2000), 5,040 (2001) and 9,906 
(2002).    

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 3); the scores of 
government websites over the years are close to the accessible 
line.  Repeated measures ANOVA was computed and there was 
no linear trend noted for the WAB scores across the years 
(F=1.148). 

Evaluating complexity of government websites shows that 
complexity increases through time (see Figure 4).  Repeated 
measures ANOVA was computed.  The F value is 3.758 and is 



  Table 1. Results for  the 25 Checkpoints Compr ising the WAB Score for  Random Websites 1997-2002 
  1997 1998 1999 2000 2001 2002 

Checkpoint Priority Potential Actual Potential Actual Potential Actual Potential Actual Potential Actual Potential Actual 

Provide alternative text for 
images 

1 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 for 
applets 

1 5 5 23 23 2 2 18 17 9 8 11 11 

Provide alternative content for 
objects 

1 17 17 1 1 1 1 7 7 13 13 66 66 

Provide alternative text for all 
image-type buttons in forms 

1 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 1,689 1,406 2,677 2,093 3,693 2,975 4,868 1,728 9,310 4,277 14,050 4,195 

Each frame must reference an 
HTML file 

1 21 4 50 2 222 8 53 16 19 2 54 1 

Give each frame a title 1 21 21 50 50 222 222 53 53 19 16 54 54 

Use a public text identifier in a 
DOCTYPE statement 

2 638 502 905 689 975 813 1,283 960 1,248 1,094 1,717 1,197 

Use relative sizing and 
positioning rather than absolute 

2 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 2,079 90 1,352 150 732 123 409 11 293 81 416 17 

Provide a NOFRAMES section 
when using frames 

2 0 0 0 0 0 0 0 0 0 0 0 0 

Avoid blinking text created with 
the BLINK element 

2 3 3 4 4 2 2 0 0 2 2 0 0 

Avoid 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 

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 

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

3 1,689 1,092 2,677 1,561 3,693 1,766 4,868 3,544 9,310 6,847 14,050 10,606 

Identify the language of the text 3 624 624 887 887 956 956 1,270 1,254 1,234 1,179 1,702 1,700 

Provide a summary for tables 3 2,016 2,016 3,803 3,803 6,014 6,014 13,731 13,690 18,647 18,645 33,300 33,134 

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 



significant (p<0.01).  There is also a significant linear trend in the 
data (F=9.926, p<0.005), indicating that there is a tendency for 
complexity scores to increase each year.   

The results of government websites show that an increase in 
complexity does not necessarily translate 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.   

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 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 several noteworthy findings.  The amount of images used 
in website design increases incredibly through the years studied.  
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”  decreased from 63% in 2000 to 41.7% in 2002 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 
almost 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 a title.  It is also 
interesting to note that the presence of frames in websites peaked 
in 1999.   

Like websites in the random sample, the complexity scores of the 
22 government websites included in the study also 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.    

7.1 L imitations 
The authors recognize 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.   

7.2 Contr ibutions 
Research studies like this one can provide valuable information 
that can lead to improvements in guidelines for accessible Web 
design.  These studies can also provide meaningful information to 
engineers of assistive technology so that these technologies may 
become better suited to anticipate changes in the Web.  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 1990 Americans with Disabilities Act to the 
Internet.  Government agencies have already been mandated to 
provide accessible websites and have proved that this can be 
accomplished despite increasing complexity.     
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