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Università di Udine, Italy
www.dimi.uniud.it/giorgio
October 16, 2007
Abstract
The talk will highlight several issues related to processes that are
normally used to assess, and sometimes, measure the accessibility level
of web sites. These processes include sampling pages, testing and
analyzing them, and measuring their accessibility level. In many cases
these processes introduce bias and errors, leading to wrong and invalid
conclusions about accessibility.

Extended abstract
Several methods can be adopted for assessing accessibility of a web site: it can
be tested with respect to guidelines (like WCAG 1.0, or Section 508) through
a standards review method, other methods can be employed, like user testing
(DRC, 2004) or usability inspection methods (Preece et al., 2002; Gray and
Salzman, 1998; Nielsen, 1993) or those suggested by Henry and Grossnickle
(2004) or the barrier walkthough method (Brajnik, 2007, 2006).
Several metrics have been proposed to measure the accessibility level, so
that features of web sites are mapped to a value representing the accessibility
level of the site. In order to distinguish accessibility from conformance, we
adopt the following definition, derived from Slatin and Rush (2003); U.S.
Government (1998): “a web site is accessible if people with some impairment
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can use it with the same effectiveness and safety as non-disabled people”. In
this context, a failure mode of a web site is any accessibility hindrance that
appears when somebody uses the web site.
Sullivan and Matson (2000) define the failure rate (FR) on the basis of a
subset of eight WCAG 1.0 checkpoints. The FR of a page is defined as the
number of violations of any of those checkpoints divided by the maximum
number of violations of any of those checkpoints that can take place (i.e.
by the number of possible violations). By doing so, two pages that include
10 images, one with 3 properly defined “alt-text”, the other with 8, have
FR = 0.7 and FR = 0.2 respectively.
The advantage of such a metric lies in its simplicity: it’s easily interpretable, it provides normalized, quantitative and absolute values. However,
with a large set of checkpoints, FR values tend to be close to 0, reducing
the ability to discriminate among web sites that are fairly accessible. Furthermore, such a metric is based on conformance rather than accessibility
(as defined above) and it does not consider severity of detected violations.
FR also leads to apparently counterintuitive results: for example, a page
with 3 violations over 20 possible violations scores better than a page with 1
violation over 5, even though it actually shows a higher number of violations.
Zeng (2004) defines the Web Accessibility Barrier Score (WAB), for a
web site constituted by NP pages {p, ...}, analyzed by WCAG 1.0
 check
F R(p,c)
1 P P
points {c, ...} having priorities priorityc , as WAB = NP p c priority
,
c
where F R(p, c) is the failure rate of checkpoint c on page p.
Also in this case, a high WAB means a low accessibility level; WAB yields
quantitative absolute values that are not normalized. This metric is based on
conformance, and considers also the priority level of the checkpoints: higher
priorities mitigate corresponding failure rates.
The Unified Web Evaluation Methodology 1.0 (UWEM) Velleman et al.
(2006) is a methodology designed to assess accessibility by merging manual
and automatic evaluations. Within such a context, the accessibility value of a
Q
page p is AVp = 1− c (1−Rpc Fc ), where Fc is the probability that a violation
of checkpoint c results in a failure mode (Fc is assumed to be constant, set
to 0.05), whereas Rpc is a factor that depends on the agent who carries out
the evaluation of the checkpoint. If it is a tool, then Rpc is the failure rate
combined with the error rate of the tool; if it is an expert, then Rpc is the
probability of error of the expert1 . AV p gives the probability that the page
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Although Velleman et al. (2006) mentions the probabilities that the tool and the expert
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leads to a failure mode; its mean over all the pages gives the accessibility
value for the entire web site.
The advantages of this conformance-based metric are that it yields a
quantitative, normalized and absolute value, and that it is rooted on a clean
mathematical background. In addition, the metric (in its more general definition) considers error rates, the impact on users, and supports integration
of manual with automatic evaluations. However, from a practical viewpoint,
no suggestions are given on how to reliably estimate these parameters.
Web Accessibility Quantitative Metric (WAQM) Arrue et al. (2005) provides a solution to some of the problems discussed above. On the basis of
automatic testing of WCAG 1.0 checkpoints, WAQM considers the failure
rate of each checkpoint on each page: F R(p, c). Such a failure rate is transformed, through a piecewise linear function that approximates a hyperbole,
to values that are more spread out as they get close to 0. These values are
then weighted by priority of the checkpoint, and finally weighted by dp = e−i ,
where p is a page and i is its depth level in number of links from the home
page (for which i = 0). Weights associated to priorities, slopes and intercepts
of the piecewise linear function need to be experimentally tuned. A further
study Vigo et al. (2007) discusses the dependence of the WAQM metric on
the specific tool being used, and shows that although the numeric values
produced by WAQM are tool-dependent, the ranking of web pages and web
sites does not depend significantly on the tool.
Advantages of WAQM include that it produces normalized quantitative
values dependent on checkpoint priorities. On the other hand, it does not
consider the error rate of the tool being used, and it does not provide means
to combine automatic and manual evaluations.
Anther metric is based on the evaluation form used by the Accessibility
Internet Rally (AIR) judges. In this competition among web developers
(designed and managed by Knowbility), a web site is ranked according to
points given to it by human judges. A spreadsheet2 is used to collect the data
and compute the score on the basis of penalty points associated to certain
defects: for example, a deduction up to 20 points (out of 320) for images
yield false negatives and false positives, no suggestions are given as to how to compute
these probabilities, except for assuming that they are 0; in such a case Rpc becomes the
failure rate F R(p, c) when using a tool, 0 when the expert did not find any violation of c
on p, 1 if the expert found at least one violation.
2
See www.knowbility.org/air-austin/?content=judgingFAQ for details about the
process and the actual judging form.
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bearing information that have no proper alternative text. The criteria used
by the judges include accessibility and usability aspects (e.g. aesthetics is also
considered) and are not directly related to WCAG or Section 508 checkpoints,
although addressing all important accessibility barriers.
While providing a structured way to compute an accessibility score, AIR
is not based on automatic testing tools (although judges can use them) and it
does not specify which pages of the web site should be considered. Therefore
it is not clear how much AIR scales up when applied to web sites that are
highly dynamic or very large.
SAMBA (Brajnik and Lomuscio, 2007) is a metric that was developed
in order to address accessibility, as opposed to conformance, and still be
based on automatic testing tools. SAMBA (Semi-Automatic Method for
measuring Barriers of Accessibility) is a measuring methodology and a metric that merge human judgments with automatic testing, that go beyond
conformance, and that provide values useful to understand how accessible a
web site is with respect to some specific user category. It is based on the
following key points:
1. Using tools to automatically identify potential accessibility barriers;
2. Sampling results that are submitted to human judgment. In order to
judge sampled barriers, experts have: 1. to define user profiles (i.e. type
of disability, experience level); 2. to define user scenarios (i.e. assistive
technology, possible goals and user roles); 3. to select relevant types of
barriers from existing lists; 4. to evaluate pages against barriers in the
context of scenarios with respect to goals that users may achieve; 5. to
estimate severity of detected barriers.
3. Statistically estimating — from the sample — false positives and severity of barriers for the entire web site;
4. Grouping barriers by disability types and deriving scores that represent
non-accessibility with respect to disability type as well as a global nonaccessibility level.
An important contribution of SAMBA is that differently from other automatable metrics, it is not based on conformance nor in failure rates, but it
uses human judgements to 1) filter out noise produced by the testing tool, 2)
to associate a severity (minor, significant, critical) to sampled barriers, and
3) to statistically derive upper and lower bounds on the accessibility level.
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Figure 1: Distribution of intervals for AI.
Figure 1 shows the distribution and width of the intervals of AI, the accessibility index computed by SAMBA over 15 web sites (results are taken
from the study described in (Brajnik and Lomuscio, 2007)). Intervals of AI
induce a partial order relationship on web sites, based on whether intervals
overlap or not. Table 1 shows the pair-wise distance between AI for some
of the sites. The distance between two intervals is 0 if they overlap or just
touch, and it is the difference of adjacent endpoints otherwise. From the table
it’s easy to see that, for example, london is more accessible than most other
web sites, except for calgary, bolton and pretoria. It is also very close
to five others, while being 22 points more accessible than nigeria. Since
AI is computed from the confidence intervals severity matrix, these differences are valid (because free from tool errors), appropriate for accessibility
(because they consider severities), significant (because they are conservative)
and reliable (because they are statistically inferred).
Another key ingredient of evaluating web accessibility is the method used
for sampling pages. Except for trivial cases, any accessibility evaluation
has to be based on some method for selecting pages to be analyzed. But
this selection process may bias the evaluation. Up to know, not much is
known about available selection methods, and about their effectiveness and
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...
irishTimes
nigeria
daily
outlook
dundee
smh
berkeley
lancaster
belfast
kansas
cambridge
calgary
bolton
pretoria
london

belfast
0
0.05
0
0
0
0
0
0

kansas
0
0.07
0
0
0
0
0
0
0

cambridge
0.02
0.09
0
0
0
0
0
0
0
0

calgary
0.05
0.12
0
0
0
0
0
0
0
0
0

bolton
0.11
0.18
0.05
0.05
0
0
0
0
0
0
0
0

pretoria
0.11
0.18
0.05
0.05
0
0
0
0
0
0
0
0
0

london
0.15
0.22
0.09
0.09
0.04
0.02
0.04
0.02
0.02
0.02
0.02
0
0
0

Table 1: Portion of the distance table between sites; for example, to go from
nigeria (row) to belfast (column), AI increases by 0.05.
efficiency. In all practical cases we have to face the problem of selecting only
a small portion of the web pages in order to compute the metric value. This is
usually due to the sheer size of some web sites (e.g. King et al. (2005) discusses
assessments of a web site comprising 30 million pages), to the highly dynamic
content of web sites, especially “Web 2.0” ones, and to the need of applying
human judgment in order to decide whether certain web site features impact
accessibility.
Several sampling methods have been proposed so far. Ad hoc methods
specify predefined criteria to choose web pages, such ad the home page, site
map, contact page, and a representative page for each subsection of the web
site. Other sampling methods are probabilistic in nature (e.g. random walk
and uniform random sampling) and other ones are based on error profiles
computed by accessibility testing tools.
The uniform random sampling method, which guarantees that each page
of the web site has the same probability to be included in the sample, is
conceptually simple, but for large and dynamic web sites it is not practical
since rarely one has an exhaustive list of all the pages ready to choose from
and often the same url may lead to content that changes over time. However,
this method can be easily approximated by having a tool download a large
set of the pages and then implement a random sampling with no replacement
6

from such a set.
Henzinger et al. (2000); Ulltveit-Moe et al. (2006) discuss two methods
based on random walks over links between pages. The first method encompasses two phases; a walk phase during which, starting from the home page,
with probability d an outgoing link and its destination page is selected, and
with probability 1 − d the walk returns to another page selected from the set
of already-visited pages. The subsequent sampling phase selects some of the
pages visited during the walk phase so that each of the visited pages has the
same probability to be included in the final sample.
The second method, developed in the context of the European Internet
Accessibility Observatory (EIAO) EIAO, for each page included in an initial
pool, and for each of the links leaving the page, selects the corresponding
destination page with probability d. d is recomputed at every cycle so that
pages have the same probability to be selected.
Sampling methods based on distributions of violations have the advantage of selecting pages on the basis of information relevant to accessibility
evaluations. King et al. King et al. (2005) describe a sampling method based
on clustering pages according to similarity of the distribution of checkpoint
violations (called error profile) and to urls sharing a prefix. More specifically, the error profile of a page is a vector with n components, each consisting
of the number of violations of a list of n checkpoints. Only automatically
testable checkpoints are included, and the important assumption is made
that automatically testable checkpoints have the same distribution as those
that are not automatically testable). Using a clustering algorithm applied
to a distance metric defined on error profiles, King et al. produced several
clusters of pages. From each cluster they randomly sampled pages until a
sample of size proportional to the average distance between error profiles in
that cluster was reached. In this way, clusters with more heterogeneous error
profiles lead to larger samples, coping therefore with the increased difference
between profiles.
A study that compared these sampling methods (Brajnik et al., 2007)
reported that the quality of the methods (represented by the mean systematic
error) is related to the metric that is being used (the study considered a
conformance metric, WAQM and UWEM). In fact, accuracy of methods
depends heavily on the metric, i.e. on the purpose for which sampling is
performed. This means that the choice of the sampling method should be
made after careful analysis, since the method will dramatically affect the
outcome. The conformance metric is by far the most sensible one with respect
7

to method changes and sample size. In the worst case, inaccuracy can be so
high that more than 50% of the checkpoints showing a violation are not
detected; in the best case it can be 1.2%.
Accuracy also depends on sample size. Sample size accounts, with conformance metric, for more than 11% difference in accuracy. In order to reach
5% or less of inaccuracy, with conformance a sample of at least 50 is needed.
For the other two metrics sample size is not so important: with just one page
one can get an error as low as 3.9% for WAQM and 5% for UWEM.
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