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Abstract. Explicit syntax and implicit semantics of Web coding are typically 
addressed as distinct dominions in providing metrics for content accessibility. A 
more down-to-earth portrait about barriers and their impact on users with disa-
bilities could be obtained whether any quantitative synthesis about number and 
size of barriers integrated measurements from automatic checks and human as-
sessments. In this work, we present a metric to evaluate accessibility as a 
unique meas-ure of both syntax correctness and semantic consistence, 
according to some general assumptions about relationship and dependencies 
between them. WCAG 2.0 guidelines are used to define boundaries for any 
single barrier eval-uation, either from a syntactic point of view, or a 
subjective/human one. In or-der to assess our metric, gathered data form a large 
scale accessibility monitor has been utilized. 
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1 Introduction 

Summing up, national and trans-national regulations about Web accessibility promot-
ed and translated guidelines to a set of mandatory constraints, operating rules and 
evaluation practices (inherited, in case, from the guidelines themselves). Tools and 
procedures for controlling the respect of the law assumed a key role, due to the very 
large scale and dynamics of its target. Thousands Web sites, hundreds thousands Web 
pages must typically be evaluated to be syntactically correct and semantically con-
sistent, as regard to the removal (or, at least, to the reduction) of barriers in acquiring 
Web content by users with disabilities. Automatic tools effectively satisfy the syntac-
tic aspect of evaluation, whilst human interventions are needed for the semantic one. 
In order to provide a suitable, meaningful synthesis of the processes above, metrics 
about accessibility level have been designed, implemented and investigated. One of 
the main aspects of such researches is the disjunction between the syntactic dominion 
and the semantic one in addressing measures. 

Starting from an application called AMA (Accessibility Monitoring Application), 
we designed and implemented to evaluate and collect accessibility status of large sets 
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of Web sites (according to different guidelines, including WCAG 2.0), we approached 
the integration of semantic and syntactic measurements to a unique, consistent value. 
As we will detail in the following, we made some very general assumption about 
grouping, ordering and relating specific checks (coming from WCAG 2.0) to provide 
a final formula which is consistent to a realistic evaluation of barriers, both in terms 
of syntax and in terms of experts’ assessments. 

The remainder of this paper is organized as follows. Section 2 (Related work) will 
introduce main related work. Section 3 (The VaMoLà System) will describe the sys-
tems which have been exploited in order to gather and report data about Web sites 
accessibility, by means of automatic and semi-automatic evaluation and monitoring 
activities. Section 4 (Methodology and approach) will detail our proposed metrics, 
measuring automatic and manual evaluations and will detail how our metric can be 
exploited weight an accessibility barriers. Section 5 (Involving experts’ assessment) 
will present an experiment we have assessed with a group of experts. Finally Section 
6 (Discussion and conclusions) will close the paper, by showing some final considera-
tions and future work. 

2 Related Work 

In literature, different metrics to measure Web accessibility barriers have been de-fined 
and assessed on several works by generally assuming the necessity of a quanti-tative, 
continuous scale to cover accessibility degrees. They try to go beyond the di-chotomy 
between an accessible and a not accessible Web content, since binary values might be 
not meaningful for quality assurance and assessment or they could report misleading 
values. Some of them are based on specific Web pages sampling methods (often from 
the same Web site) and they usually include an intense manual control phase too, 
which can be conducted by experts or users [3], [11], [12], [14]. The metric we present 
here has been inspired by such previous and related works (in particular by Giorgio 
Brajnik's Barrier Walkthrough method [2 - 3]), but it has been defined and adapted so 
as to support an accessibility monitoring activity on a large set of Web sites and to take 
into account manual evaluations done by different human operators. Brajnik and 
Lomuscio [3] have defined the Semi-Automatic Method for measuring Barriers of 
Accessibility (SAMBA), to integrate manual and automatic evaluations on the strength 
of barriers harshness and of tools errors rate, on the basis of the Barrier Walkthrough 
method [2]. Through a three phases process a “disability vector” and a “confidence 
intervals severity matrix” are created, whose values report the probability that each 
barrier affects a particular disability. Finally, a barrier density factor is com-puted to 
state the probability that each line of markup may contain a barrier (it is the ratio 
between the amount of potential barriers and the number of markup lines). 

3 The VaMoLà System 

VaMoLà is the Italian acronym for “Accessibility Validator and Monitor”. It is a sys-
tem integrating two applications which respectively provide automatic accessibility 
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checks and periodically monitor accessibility of a wide set of sites. I has been de-
signed and implemented to support surveillance on the Italian Public Administration 
Web Sites, according to the prescriptions of the Italian Regulation (also known as the 
Stanca Act [7]). 

The tool for accessibility evaluation is based on AChecker [8, 10]. It automatically 
checks a single URL and allows end-users to specify which requirements (of the Ital-
ian Regulation) must be controlled. After the evaluation process, It reports an analysis 
of actual and potential barriers it has found, as well as some guidelines to the subjec-
tive manual evaluation. Details on the VaMoLà Validator design issues and imple-
mentation can be found in [1]. 

The monitoring tool, namely the Vamolà Monitor let the users to provide periodi-
cal analysis on a set of Web sites, according to their administrative role inside the 
Public Administration and the geographical position of their referring institutions. A 
plethora of parameters can be set up to gather and record specific data about barriers, 
according to the International Guidelines (WCAG 1.0 and 2.0) and the specific con-
straints the Italian law imposes. Large scale geo-political approach of monitoring is 
provided through a suitable Web interface mashing up Google services to localize 
resources and generating suitable reports (either tabular or graphics). More details 
about the VaMoLà Monitoring system can be found in [9]. 

4 Methodology and Approach 

The goal of our metric is measuring how far a Web page is from its accessibility ver-
sion. In other words, it is a quantitative synthesis about how much accessibility barri-
ers affect user’s browsing by means of assistive technologies. Hence, the lower is the 
resulting value and the better is the accessibility level of the evaluated Web page. To 
associate errors to barriers in the most effective way, we analyzed WCAG 2.0 [13] 
and their related Techniques [13]. For each error, success criteria and techniques ref-
erences have been used to identify disabilities/assistive technologies it affects. 

A first version of our metric (named Barriers Impact Factor, BIF) is computed on 
the basis of a barrier-error association table [9]. This table reports, for each error de-
tected in evaluating WCAG 2.0, the list of assistive technologies/disabilities affected 
by such an error. Barriers have been grouped into 7 sets, which impact in the follow-
ing assistive technologies and disabilities: screen reader/blindness; screen magnifi-
er/low vision; color blindness; input device in-dependence/movement impairments; 
deafness; cognitive disabilities; photosensitive epilepsy. For the sake of simplicity, in 
this version of our metric manually checked controls are not taken into account. 

In order to better quantify accessibility barriers within a Web page, thereby provid-
ing a more realistic synthesis, we have decided to take into account the whole amount 
of controls (including manual assessments, once an expert has done his/her 
evaluation). First of all, we have analyzed the validation checks, comparing them with 
WCAG 2.0 success criteria [13] and identified relationships among them. When a 
validation check fails, it means that a certain accessibility error occurs or that a manu-
al control is necessary (to certify the effective presence of an error or not). Success 
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The total cBIF value is computed by summing the cBIF values related to all the barri-
ers faced by the already mentioned seven types of disabilities/assistive technologies. 
More details about this new version of the metric can be found in [10]. 

Parameters m(i) and a(i) aim to weight respectively the role of manual and auto-
matic evaluations. Such parameters can be differently assessed for each i barrier and 
all the cases can be classified as follows: 

1. m(i)=a(i): in this case the formula is a mere average between Em(i) and Ea(i); 
2. m(i)>a(i): in this case the failure in manual assessment is considered more signifi-

cant than the automatic one; 
3. m(i)<a(i): in this case the failure in automatic assessment is considered more sig-

nificant than the manual one. 

All the values combinations are possible and to mix all the cases in a metric is another 
issue which has to be addressed. We could assert that the manual assessment is more 
important than the automatic one (case 2 in the previous list). We could assert that 
they identically quantify the height of a barrier afflicting the navigation done by the 
user with disabilities (case 1). Finally, we could say that the automatic assessment is 
more important than the manual one (case 3). There are many reasons supporting all 
these points of view and it's out of the scope of this paper discussing this aspect. 

5 Involving Experts’ Assessments 

We have evaluated the accessibility of a set of Web pages, involving a group of ex-
perts (composed by 5 people). As Web pages sample, we have chosen the Web sites 
of the Emilia-Romagna Region Provinces. We have evaluated those pages according 
to WCAG 2.0 success criterion 1.1.1 [13], by using the automatic validator of the 
AMA system. Then, we asked to the experts to rate accessibility barriers for the same 
pages (mainly related to adequateness of image textual alternatives), according to a 
range over the real numbers interval [0, 1]. During the whole experiment we have 
assigned 2 to parameter m and 1 to parameter a. The experts have faced different kind 
of situations and errors in the textual alternatives of images, from too long alt text 
for pure decorative images to the absence of alt, title or any other textual cue for 
images used as links. Fig. 1 shows a decorative image which is not used as a link, it is 
not equipped with a title attribute with an alt text with more than 83 chars. The auto-
matic evaluation system detects an error due to the extreme length of the alt content 
(the related error message is: “Image Alt text is too long”). Moreover, the image 
shows a motorbiker on a provincial road, while the alt text provides information about 
the winter public service of snow-ploughs, as follows: “Responsibility for SS45 Road 
is in charge of ANAS; on Provincial roads more than 100 snowploughs are involved”. 
Note that no snowflake or snowplough is shown in the image. 
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Experts A and D have assigned 1, experts B and C have assigned 0.8, finally expert 
E has assigned 0.7 as barrier value of the analyzed image that blind people have to 
face. The average value is 0.86 and the variance is 0.0144. We have computed the 
CBIF metrics by means of the average (CBIF=0.91) and the CBIFV as the variance as 
per-centage (CBIFV=14%). 

Fig. 2 depicts another decorative image which is not used as a link, it is not 
equipped with a title attribute, but with a placeholder as alt text (“Image”). The 
automatic evaluation system returns no syntactic error and a warning due to the de-
tected placeholder which has been assigned as the alt content (the related warning 
message is: “Image Alt text may be a placeholder”) is shown. 

Expert A has assigned 0.7, experts B and D have assigned 1, expert C has assigned 0.8 
and finally expert E has assigned 0.5 as barrier value of the analyzed image that blind 
people have to face. The average value is 0.8 and the variance is 0.036. We have 
computed the CBIF metrics by means of the average value (CBIF=0.53) and the CBIFV 
as the variance as percentage (CBIFV=36%). Variance shows that the experts have 
assigned different values for some images evaluation, thereby expressing that they 
disagree. 

6 Discussion and Conclusions 

With this work we faced the problem to portrait accessibility barriers as a suitable 
arrangement of formal aspects (syntactic correctness) and semantics ones (human 
judgment). Thus, we designed a metrics taking into account both such aspects. 

During this work several considerations have drawing interesting clues for future 
researches. First of all we could combine many humans’ assessment so as to express a 
more stable and reliable quantitative value from our metric. In fact, the more human 
operators provide evaluations about an accessibility barrier and the more the value 
they express (in terms of accessibility level) can be meant as stable and reliable. An 
interesting idea could be taking into account online rating systems behaviors. They 
have become a popular feature with the Web 2.0 applications coming. It typically 
involves a set of reviewers assigning rating scores (based on various evaluation crite-
ria) to a set of objects [8]. In particular, reviewers can develop trust and distrust on 
rated objects depending on a few rating and trust related factors [4]. In this context, it 
is worth noting that new reviewers rating can be influenced by already expressed 
evaluations from other reviewers. This new additional weight of manual evaluations 
cannot be a mere average of values, because variance must be considered in order to 
reinforce or not the whole computed accessibility level. Some more considerations 
about this issue can be found in [10]. Another interesting issue related to such a con-
text is how to express the expertise level of humans who provide manual assessments. 
This data could be exploited so as to make even more realistic and reliable the quanti-
tative synthesis computing by means of our metric. 

Some more future works we want to address are: proposing and discussing weights 
for the whole WCAG 2.0 set of barriers; (ii) investigate how the number of experts 
involved in the evaluation, together with the variance, could influence the reliability 
of the computed values (on the basis of previous results in this field, available in 
[14]). All these aspects should be been taken into account in improving our metric. 
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