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ABSTRACT

1.

Visual aesthetics enhances user experience in the context
of the World Wide Web (Web). Accordingly, many stud
ies report positive relationships between Web aesthetics and
facets of user experience like usability and credibility, but
does this hold for accessibility also? This paper describes
an empirical investigation towards this end. The aesthetic
judgements of 30 sighted Web users were elicited to under
stand what types of Web design come across as being vi
sually pleasing. Participants judged 50 homepages based
on Lavie and Tractinsky’s classical and expressive Web aes
thetics framework. A cross-section of the homepages were
then manually audited for accessibility compliance by 11
Web accessibility experts who used a heuristic evaluation
technique known as the Barrier Walkthrough (BW) method
to check for accessibility barriers that could aﬀect people
with visual impairments. Web pages judged on the classical
dimension as being visually clean showed signiﬁcant correla
tions with accessibility, suggesting that visual cleanness may
be a suitable proxy measure for accessibility as far as people
with visual impairments are concerned. Expressive designs
and other aesthetic dimensions showed no such correlation,
however, demonstrating that an expressive or aesthetically
pleasing Web design is not a barrier to accessibility.

The increasing levels of competition among organisations
with an on-line presence has facilitated the need for sophis
ticated and fanciful visual designs. Sometimes, in a bid to
attract on-line visitors, the visual appearance of a Web page
is placed ahead of its functionality. How to maintain a bal
ance between form and function has been a long standing
issue for disciplines with elements of visual design [7]. The
present study seeks to address a case of this design dilemma
by investigating the interplay between visual aesthetics and
accessibility considerations in the context of the Web.
Although visually attractive sites enhance Web experience
for sighted users [10, 28, 30], these sort of sites are specu
lated to hinder people with disabilities, especially those with
visual impairments1 [31]. On the other hand, most Web
designers perceive the accessibility initiative to be restric
tive creativity-wise [24, 27]. Web accessibility practition
ers’ eﬀorts to mediate between these two extremes have met
with challenges, primarily because the current state of aﬀairs
seem not to support claims that appealing Web designs can
go hand in glove with accessibility [27]. The nature of the
interaction between the use of Web aesthetics and accessi
bility still remains unclear. A proper understanding of this
interaction will help address some of the misconceptions that
surround accessible designs. These misunderstandings have
slowed down the advancement of inclusive Web design.
To aid to our investigation, the following research ques
tions were considered: i) What types of Web design come
across as aesthetically pleasing to sighted users? In order
to answer this ﬁrst question, Lavie and Tractinsky’s Web
aesthetics framework was used to classify Web pages. They
found that perceived visual aesthetic aspects of the Web
are “bi-dimensional”, with classical and expressive aspects.
The ﬁrst dimension represents early visual design principles
rooted in clarity and orderliness, while the second dimension
highlights designs which showcase a Web designer’s ingenu
ity [15]. ii) What is the relationship between Web aesthetics
and accessibility? To answer this second question, manual
accessibility audits were performed on Web pages whose aes
thetic quality had already been determined in (i). Web ac
cessibility experts examined a cross-section of the Web pages
for accessibility barriers which could aﬀect people with vi
sual impairments. We did not employ user-testing, another
eﬀective manual accessibility evaluation technique for the
following reasons: It is expensive [19]; It is also diﬃcult to
ﬁnd people with disabilities of the same degree, who have
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INTRODUCTION

1
Visual impairments here include blindness, low-vision and
colour-blindness.
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employed, their work highlights one aspect of visual designs
which is complexity. Visual complexity, however, happens to
be a rather weak indicator of aesthetic pleasure in Web do
mains [23, 33]. As such, questions regarding the relationship
between the use of Web aesthetics and accessibility remain
unanswered. The closest to our study is our earlier work [20]
in which we established that there was a link between Web
aesthetics and accessibility which required further investiga
tions. In that preliminary study, an automated accessibil
ity checker, Cynthia Says2 was used to examine Web pages
whose aesthetic quality had already been determined. We
found that Web pages which were rated by sighted users as
being clean, clear and organised signiﬁcantly violated fewer
checkpoints speciﬁed in Web Content Accessibility Guide
lines (WCAG) 1.0 [6]. Web pages rated as being beautiful
or interesting showed no signiﬁcant relationships with the
number of accessibility checkpoints violated.
The present study extends our previous work and closely
related studies in a number of ways: i) More Web pages were
examined here for their aesthetic quality, compared to our
previous study. As such, a wider range of Web designs were
taken into account considering the subjectivity of aesthetic
preference ii) A more reliable method for measuring Web
accessibility is employed here as well. Manual accessibility
evaluations were conducted by Web accessibility experts who
are well versed in the ﬁeld iii) The manual evaluation tech
nique employed here distinguishes between disability types,
and takes into account the severity of accessibility barri
ers found a Web page, whereas automated checkers do not
and ﬁnally iv) Our work extends the aforementioned closely
related studies by adopting an empirical approach and a
widely validated framework for Web aesthetics respectively,
in order to explain the interplay between Web aesthetics and
accessibility as it aﬀects people with visual impairments.

the same level of computing expertise [14, 25]; A person with
disabilities may have more than one disability. As a result,
such a person may be aﬀected by multiple Web accessibility
barriers which an evaluator may not be able to account for
in one go [25, 34]; People with disabilities have diﬀerent as
sistive technologies and personal adaptations. An evaluator
may not be able to create the same environment [25]; The
user’s ability to use the assistive technologies available is an
other issue [14, 32]. We reckoned that the level of subjectiv
ity would be greater if user-testing was employed, compared
with the use of Web accessibility experts. It is important to
note that no one evaluation method can identify all the ac
cessibility issues on a Website [19, 29]. Hybrid approaches
are agreed to be the most eﬀective. In particular, expert
reviews have been shown to be very eﬀective when multiple
evaluators are involved, and a combination of techniques are
used [19]. We employed 11 experts, and they made use of a
combination of accessibility evaluation tools and techniques.
The study reveals the relationship between Web aesthetics
and accessibility to be a rather complex one. Web pages
judged on the classical dimension as being visually clean
were more readily accessible, while expressive Web designs
(fascinating and creative) and other aesthetic dimensions
showed no signiﬁcant relationships with accessibility.

2.

AESTHETICS AND WEB EXPERIENCE

The eﬀect of visual aesthetics on user experience has been
widely investigated in Web domains. Most studies report a
positive relationship between Web aesthetics and the facet
of user experience which they investigate. In general, Web
users perceive visually attractive Websites to be more cred
ible [13, 28], usable [1, 10, 26], useful [8, 12] and desirable
[30], compared with sites that are not as visually adorned.
In the usability case, however, while some studies report
a straightforward strong positive relationship, because Websites which users perceive to be aesthetically pleasing are
also perceived to be easy to use (e.g [1, 12, 16, 26]). Other
studies relay a more complex interaction, as such strong pos
itive associations exist given certain conditions only. For
example, when the aesthetic quality of Web pages are con
sidered under ‘classical’ or ‘expressive’ dimensions as deﬁned
in [15], Web pages preferred on the classical dimension show
stronger positive relationships with usability. Classical de
signs are simple and clear. Expressive designs which are
usually more sophisticated in nature tend to be less closely
related with usability [9, 11, 15]. This insight is particularly
important for our study, since usability and accessibility are
considered to be closely related facets of user experience.
Very few studies explicitly address the relationship be
tween visual design and accessibility. In one of such stud
ies [27] where the state of aﬀairs in accessible design was
discussed, the author highlighted the gaps between visual
designs and Web accessibility, and the challenges which ac
cessible designs present to Web designers. The study was
based on the author’s industrial design experiences, and the
outcomes were mostly advisory in nature. No empirical data
was gathered as such. In another closely related study [24]
which was empirical in nature, 3 out of 100 Websites as
certained to be highly accessible by people with disabilities
were also shown to have complex visual designs. The au
thors concluded that accessibility considerations do not pre
vent Web designers from creating Websites with complex vi
sual designs. Along with the limited number of case studies

3.

STUDY 1 - AESTHETIC JUDGEMENTS

The aim of this study was to investigate how sighted users
rate the visual quality of Web pages. This facilitated the
classiﬁcation of Web pages based on ﬁve design dimensions:
clean, pleasing, fascinating, creative and aesthetic. Design
features which moderated users’ judgements were also elicited.

3.1

Participants

Thirty-two (32) participants, 25 males and 7 females were
recruited for the study. Two persons (males) had invalid
responses, so their data were not included in the ﬁnal anal
ysis. Consequently, there were 30 participants with valid
responses, 23 males and 7 females with ages ranging from
16 to 41 and over. Twenty six (26) were undergraduate and
postgraduate students from computing and life sciences de
partments, while 4 were professionals with nursing, teaching,
veterinary medicine and engineering as their backgrounds.
All the participants were frequent Web users. One person
reported a mild case of colour blindness. Interviews before
and after the task conﬁrmed that the impairment he claimed
did not aﬀect the purpose of the experiment. Moreover, the
inclusion or removal of his data did not inﬂuence the means
or standard deviations for the participants’ ratings signiﬁ
cantly, hence, his data was included. From a cultural point
of view, there were 16 Whites (British), 5 Blacks, 3 Asians,
2 Chinese, and 4 others (2 Arabics, 1 German, 1 Iraqi).
2
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Cynthia Says - http://www.cynthiasays.com/

3.2

Stimuli

grounds in mind, we did not make use of a more technical
design dimension like ‘symmetrical’ from their framework.
Qualitative feedback was gathered after the experiment. Ex
periment sessions lasted between 30 minutes and 1 hour de
pending on the participants’ judgement speed, and after task
discussions. The participants were paid £10 for their time.

Fifty (50) homepages were used for the study. This al
lowed for the investigation of a wide variety of Web designs.
Homepages were used because they represent gateways to
Websites. In agreement with Pandir and Knight [23], we
judged that the use of visual aesthetics may be more cru
cial for homepages. The Web pages were randomly selected
from the top 100 UK Websites as ranked by Alexa3 . We
also used randomly selected Web pages from the winners
and nominees list for the Webby awards4 under the best
visual aesthetic design and home/welcome page categories
for years 2005 to 2009. All the Web pages from Alexa were
downloaded on the 10th of November, 2009, while the Web
pages from the Webby award’s Website were downloaded on
the 23rd of November 2009, and then merged together to
form a pool. The 50 Web pages were stored locally, and
presented together with all their interactive features to the
participants. The Web pages represented news, sports, en
tertainment, education, blogging, search, government, social
networking, e-commerce and leisure genres among others.

3.3

3.4

Task and Procedure

Participants were ﬁrst made to read an information sheet
outlining the aim of the study. On agreeing to participate,
a consent form was signed and a demographic form ﬁlled.
The task was to judge the visual quality of 50 homepages.
Participants were shown a homepage for 4 seconds, and were
free to scroll up or down the page as they would normally
do when browsing. However, they could not navigate away
from the homepage. This was to ensure stimulus uniformity.
After 4 seconds, another page was shown instructing partic
ipants to rate the Web page they had just seen based on the
5 design dimensions under investigation. A 7-point Likert
scale was used, and the scores were written on a paper ques
tionnaire. After rating a Web page, participants then clicked
the ‘next’ button. This made another homepage appear for
4 seconds as before, after which a page with instructions
to rate followed. The viewing time was set to 4 seconds
because we were interested in visceral responses. Previous
studies report viewing times ranging from 50 milliseconds
[17] to 7 seconds [21] for gathering visceral responses. The
pages were ordered in two diﬀerent ways to counter balance
any position eﬀects, and participants had to rate twice.
Judgements were based on Lavie and Tractinsky’s Web
aesthetic dimensions [15], and the adjectives clean, pleasing
and fascinating, creative were selected to represent the two
dimensions respectively. Participants also gave an overall
score under the term beautiful/aesthetic. A close examina
tion of Lavie and Tractinsky’s framework will reveal that
some of their terms are very much related. For example, the
following pairs are synonyms: clean and clear; original and
creative. Hence, we chose a subset of terms that were seman
tically disparate. Their framework has also been criticized
for the inclusion of the term ‘aesthetic’, ﬁrstly as a design
dimension of aesthetics [17], and secondly under the classical
dimension only [22]. Consequently, we gathered the overall
judgements of the participants under the term ‘aesthetic’.
Also, the word ‘beautiful’ was used alongside ‘aesthetic’ in
the questionnaire to aid people who were not familiar with
the word ‘aesthetic’. As we had users with diﬀering back
3
4

Results

Means and standard deviations were computed for each of
the 50 homepages based on the participants’ ratings for the
pages, given the 5 design dimensions. This allowed the Web
pages to be ranked under the diﬀerent aesthetic dimensions.
A Pearson correlation analysis was performed between each
of the four design dimensions and the overall term ‘aesthetic’
using the mean ratings given by the participants. Figure 1
and Table 1 show that visual cleanness had the least pos
itive correlation with the term ‘aesthetic’, suggesting the
term ‘clean’ to be most unlike the other design dimensions.
Clean homepages were found to have a simple and less-dense
compositional layout, usually with one main image and a
mostly white background. While cluttered homepages had
a complex, dense look and feel, with heavy text presence
and/or segmentation of the layout.

(a)

(c)

Clean vs Aesthetic

(b)

Pleasing vs Aesthetic

Fascinating vs Aesthetic

(d)

Creative vs Aesthetic

Figure 1: Relationship between the design dimen
sions investigated and the term ‘aesthetic’
Table 1: Pearson correlation matrix for Figure 1
r
Clean
Pleasing
Fascinating
Creative
Aesthetic

Clean
1.000

Pleasing
0.781
1.000

Fascinating
0.471
0.898
1.000

Creative
0.513
0.891
0.958
1.000

Aesthetic
0.752
0.987
0.917
0.920
1.000

All correlations are signiﬁcant at the 0.01 level (2-tailed)
Expressive aspects (fascinating and creative) had a stronger
positive relationship with the term ‘aesthetic’. Expressive
Web designs made use of moderate to heavy animations and
were very colourful. They also contained more images than

http://www.alexa.com/topsites/countries/GB
http://webbyawards.com/
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clean homepages. The term ‘pleasing’ had the strongest re
lationship overall with the term ‘aesthetic’. Perhaps the
participants perceived the term ‘pleasing’ to be a general
design dimension as well. Recall that the participants were
asked to give an overall visual quality score under the term
‘aesthetic’. It was particularly diﬃcult to determine Web
page attributes which moderated participants’ ratings for
the design dimensions ‘pleasing’ and ‘aesthetic’. The Web
pages which topped the chart in these two categories ex
hibited a combination of characteristics found in the other
design dimensions. A similar concern is raised in [22].
In general, if a page received a high rating for one design
dimension, it was likely to receive similar ratings for other
dimensions, suggesting a positive link between the terms.
The correlation analysis in Table 1 conﬁrms this. However,
this was not always the case for homepages which topped
the chart as being visually clean. Some of them performed
poorly in the expressive design realm, hence the moderate
correlations between the design dimensions clean and fasci
nating (r = 0.471), as well as clean and creative (r = 0.513).

or bottom positions under the visual design categories (i.e
clean, pleasing, fascinating, creative and aesthetic) previ
ously investigated. This was to enable us report ﬁndings
on the interplay between various Web design dimensions
and accessibility as well. Table 2 contains the selected Web
pages, together with their study IDs and Web addresses.

4.

4.3

Table 2: Web pages with their study IDs and Urls

STUDY 2 - ACCESSIBILITY AUDITS

Participants

Nineteen (19) judges were contacted by e-mail. They were
people who currently work in the accessibility area, and be
long to research groups that focus on inclusive design across
academia and industry. Seventeen (17) of them volunteered
to do the study, but 12 judges carried out the accessibil
ity audits and returned their completed evaluation results.
Others sent in their apologies. One (1) out of the 12 had
invalid questionnaire responses, hence the associated data
was not used. There were 8 males and 3 females with ages
ranging from 26 to 50 years (Mean = 36.2 and SD = 7.76).
All the judges were ﬂuent in English language except one
judge who had intermediate skills. The judges had experi
ence working in the accessibility area for number of years
ranging from 1 to 15 (Mean = 7.5 and SD = 4.76). None of
the evaluators were beginners to the Web accessibility area,
they rated themselves as having intermediate or expert skills
in the area. Six (6) rated themselves as intermediate, while
5 rated themselves as experts. Four (4) of the judges had
worked as Web accessibility consultants in the past. The
judges evaluated one or more Web pages, depending on how
much time they were willing to spare.

4.2

PageID
ID1

Google UK
Good things-Orange
Full Sail University
Whalehunt
BBC
Askjeeves
Solar System-NASA
Wordpress
MSN
Virgin Media
Rapidshare
Gumtree
Directgov
Money Saving Expert.com
Ezine Articles

ID2
ID3
ID4
ID5
ID6
ID7
ID8
ID9
ID10
ID11
ID12
ID13
ID14
ID15
ID16

Web address
http://www.villasanmichele.com/web/
ovil/villa san michele.jsp
http://www.google.co.uk/
http://awards.goodthingsshouldneverend.com/
http://www.fullsail.edu/
http://thewhalehunt.org/
http://www.bbc.co.uk/
http://uk.ask.com/?o=312&l=dir
http://solarsystem.nasa.gov/index.cfm
http://wordpress.com/
http://uk.msn.com/
http://www.virginmedia.com/
http://www.rapidshare.com/
http://www.gumtree.com/
http://direct.gov.uk/en/index.htm
http://www.moneysavingexpert.com/
http://ezinearticles.com/

Task and Procedure

On agreeing to participate, the judges were assigned a judge
number and sent the study materials via e-mail. The study
pack comprised of a Participant Information Sheet (PIS),
demographic information sheet, Web page(s) to be evalu
ated, barrier-checklist spreadsheet(s) and a post-evaluation
questionnaire(s). The judges were instructed to read the PIS
which outlined the aim of the study and further instructions.
The following user categories were selected for investiga
tion after discussions between 4 of the judges: Blind: peo
ple who cannot see and have to use screen readers to access
the Web; Low-vision: people who see partially and require
screen magniﬁers, accessibility features oﬀered by operat
ing systems and maybe screen readers to access the Web;
Colour-blind: people who cannot distinguish between cer
tain colours [2]. The user categories chosen for investigation
were restricted to people with visual impairments, because
they represent a large population of people with disabilities
who have access to the Web [19]. Other disability types
were not considered, because we did not want to overbur
den the judges. Manual accessibility audits are very time
consuming. The evaluators were asked to imagine that the
user goal was browsing or information search. The evalua
tors judged the Web pages independently, and in their own
work environment using the Barrier Walkthrough method.
The Barrier Walkthrough (BW) method: is an accessi
bility evaluation method adapted from heuristic evaluation
techniques widely used in usability engineering [2]. The
heuristics used as checkpoints in the usability case are re
placed with barriers in the BW method. An accessibility
barrier prevents a person with disabilities from achieving
his/her set goals when interacting with a Web application.
Barriers are derived from known accessibility guidelines, and
can be described in terms of i) user category, ii) assistive
technology used, iii) goal/task being hindered and iv) Web
page features which trigger the barrier in question. A BW
evaluator must take the following steps: i) deﬁne of the user
category (e.g blind, deaf, mobile device user e.t.c), ii) deﬁne
user goals (e.g casual browsing, e-shopping e.t.c), iii) check
the selected Web pages for barrier presence and iv) deter
mine the severity of each barrier as {0,1,2,3}, meaning none,
minor, signiﬁcant or critical. According to Brajnik [3], the

The purpose of this study was to investigate the accessibility
level of a cross-section of homepages whose visual aesthetic
quality had been determined in Study 1. Based on insights
gained from the usability case discussed earlier in the back
ground and related work section (Section 2), we conjectured
that Web pages preferred on the classical dimension were
likely to have fewer accessibility barriers, compared with
Web pages classed as being expressive in their designs.

4.1

Page Name
Villa San Michelle

Stimuli

Sixteen (16) out of 50 homepages which had previously been
rated for their aesthetic quality were selected for Study 2.
Ten (10) pages were ﬁrst chosen by arranging all 50 homepages in descending order of their overall aesthetic quality,
and choosing every ﬁfth page. The selected pages therefore
spanned the best, average and worst pages in terms of aes
thetic quality. Six (6) extra pages were then added to the
list. These were pages which were consistently in the top
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ID2

ID3

ID4

ID5

ID6

ID7

ID8

ID9
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ID11

ID12

ID13

ID14

ID15

ID16

PageID

Figure 2: Accessibility barriers found on the Web pages based on average severity ratings

Table 3: Correlation between the aesthetic dimensions, number of barriers and other subjective quantities
r

Clean

Pleasing

Fascinating

Creative

Aesthetic

Barriers

Time

Conﬁdence

Eﬀort

Productivity

Clean
Pleasing
Fascinating
Creative
Aesthetic
Barriers
Time
Conﬁdence
Eﬀort
Productivity

1.000

0.868a
1.000

0.637a
0.930a
1.000

0.594b
0.898a
0.972a
1.000

0.835a
0.994a
0.947a
0.921a
1.000

−0.501b
-0.342
-0.158
-0.129
-0.294
1.000

-0.246
-0.228
-0.120
-0.137
-0.218
0.378
1.000

0.033
-0.118
-0.218
-0.266
-0.139
-0.433
-0.220
1.000

-0.417
-0.184
0.011
0.008
-0.163
0.783a
0.517b
−0.547b
1.000

0.047
-0.011
-0.049
-0.065
-0.022
-0.439
-0.378
0.740a
−0.655a
1.000

a is signiﬁcant at the 0.01 level, while b is signiﬁcant at the 0.05 level (2-tailed).
the BW method is believed to be educative for novice eval
uators. It is also eﬀective in identifying severe accessibility
issues and reducing false positives in the evaluation process.
However, like many other heuristic evaluation techniques,
the BW method suﬀers from an evaluator eﬀect [5, 35].
On completing the manual accessibility audits, the judges
were required to ﬁll a post-evaluation form. The form cap
tured the time taken to do the evaluations, the judges’ con
ﬁdence in auditing the Web page(s), the eﬀort required and
their productivity levels. The completed accessibility audits
were then e-mailed back to the principal investigator.

4.4

people with low-vision. The most common barrier found
which could aﬀect persons with blindness across the Web
pages was ‘generic or ambiguous links’, while ‘insuﬃcient
visual contrast’ was the most common barrier found which
could aﬀect people with low-vision and colour-blindness. In
general, more barriers were found capable of aﬀecting people
with blindness, followed by low-vision and colour-blindness.
Table 3 shows a Pearson correlation analysis which was
performed between the aesthetic dimensions (ratings ob
tained from Study 1), the number of accessibility barriers
found and other subjective ratings given by the judges. Al
though all the aesthetic dimensions showed negative rela
tionships with the number of barriers found on the examined
homepages, only visual cleanness had a moderate signiﬁcant
correlation with the number of barriers found. Visually clean
homepages had fewer accessibility barriers. Furthermore,
the number of barriers found on a Web page was positively
related with the eﬀort required to perform the accessibility
evaluations. The time taken for the accessibility evalua
tions was positively related with the eﬀort required to do
the evaluations. The judges’ conﬁdence in identifying the
accessibility barriers was negatively related with the eﬀort
expended, and positively related with productivity. Eﬀort
expended was negatively related with productivity.

Results

We received 37 valid BW reports for the 16 Web pages in
vestigated. Figure 2 shows the number of barriers found on
a Web page which received an average severity rating of at
least 1 from the judges which examined the page in question.
The highest number of barriers were found on ID11, while
the least numbers were found on ID5 and ID12. From the
BW reports, ‘spaced titles’, ‘ASCII art’ and ‘pages without
titles’ were the 3 accessibility barriers capable of aﬀecting
people with blindness that were not found on any of the
examined Web pages. ‘Widely formatted forms’ were not
found on any page examined for barriers which could aﬀect
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the page level reliability scores, the accessibility audits are
quite reproducible among judges. This also boosts our con
ﬁdence in the audits performed on ID4 and ID10, as the
lone judge with valid questionnaire responses also helped in
evaluating the accessibility levels of other Web pages.
In one study [5] where the role of expertise in Web acces
sibility evaluations was investigated, the authors found that
a lone expert judge was capable of identifying 70% of the
problems on a Website. With 2 judges 94% of the problems
were covered and 3 judges covered all. While more than one
expert judge per Web page is encouraged, they also found
that the reproducibliity of the accessibility evaluations re
duce as the judge numbers per page increase. This is due
to the increased subjectivity arising from the many diﬀer
ent opinions. Although the authors point out that not all
of their study outcomes are generalizable, as they either ap
ply to the experts they employed or the Websites evaluated.
Their ﬁndings still give us an idea of the eﬀect of expertise
on our own studies, especially as we employed some of the
Web accessibility experts that they used for their work.

Quality Assessment (QA): It is also important that we eval
uate the eﬀectiveness of the BW method here. One way of
doing this is through a reliability test. Reliability is the ex
tent to which independent accessibility audits produce the
same results [4]. One way of measuring reliability is by the
, where SD
coeﬃcient of variation (cv). It is deﬁned as SD
M
is the standard deviation and M is the mean of the number
of correctly identiﬁed barriers. The smaller the cv value,
the more reliable the audit results. Whenever the cv value
exceeds 1, it depicts low reliability as SD is greater than M.
Similar quality assessment measures are used in [4, 5, 35].
The cv value here measures the variation between the bar
rier severity ratings given by diﬀerent judges for barriers on
the same Web page, and for diﬀerent disability types. It is
represented by the triple (barrier type, disability category,
page). Since this value can be inﬂuenced by the number of
evaluators, we performed the reliability tests with the same
number of judges per page. Two judges were chosen per
page. For Web pages which had evaluations from more than
two judges, two sets of audits were randomly chosen. ID4
and ID10 had lone evaluations due to invalid questionnaire
responses from the second judge who was assigned the Web
pages in question, hence no reliability checks could be per
formed. The results for the QA are shown in Table 4.

5.

DISCUSSION

The overall objective of this paper was to investigate the
interplay between Web aesthetics and accessibility as it af
fects people with visual impairments. In the usability case
discussed in the background section (Section 2), Web pages
on the classical dimension were perceived to be easier to use,
while expressive Web designs were perceived to be more diﬃ
cult to use, because of their complex and sophisticated visual
designs [9, 11]. We had speculated that a similar situation
will hold for accessibility, since usability and accessibility are
closely related facets of user experience. Results from Study
2 show the relationship between Web aesthetics and accessi
bility to be rather complex. The only design dimension that
showed signiﬁcant relationships with accessibility was visual
cleanness. We observed a moderate signiﬁcant negative cor
relation between the design dimension clean and the num
ber of accessibility barriers present on a Web page. So, the
cleaner the homepage, the fewer the accessibility barriers.
Perhaps this outcome is due to the small number of HTML
elements required to build visually clean Web pages. A Web
page with a simple HTML code base is more likely to have
fewer accessibility issues, because the Web designer typically
has fewer bytes of code to mind. A similar outcome is re
ported in [18] where a correlation was observed between Web
page complexity levels (measured by the number of HTML
elements present) and accessibility quality. Web pages with
fewer HTML elements had better accessibility quality. The
authors believe that simplicity minimizes the occurrence of
accessibility issues, and makes veriﬁcation of accessibility
compliance manageable during Web development.
The other classical design dimension investigated, ‘pleas
ing’ showed no signiﬁcant relationships with accessibility.
We had established in Study 1 that it leaned more towards
the expressive, because it showed strong positive correla
tions with expressive design dimensions (fascinating and cre
ative), and the overall term ‘aesthetic’. In the original aes
thetics framework developed by Lavie and Tractinsky, the
design dimensions clean, pleasing and aesthetic all come un
der classical aesthetics. Notice that in Table 3, ‘pleasing’(r =
-0.342) and ‘aesthetic’ (r = -0.294) follow up closely behind
‘clean’ (r = -0.501) on their correlation with the number of
barriers present. However, our study reveals the design di

Table 4: Coeﬃcient of variation (cv) among judges
for the Web pages evaluated both at the page level
and for the three disability types investigated - Blind
(BL), Low-Vision (LV) and Colour-Blind (CB)
PageID Page BL
LV
CB
ID1
0.21 0.26 0.16 0.24
ID2
0.23 0.29 0.10 0.70
ID3
0.21 0.22 0.17 0.70
ID4
n/a
n/a n/a n/a
ID5
0.13 0.12 0.15 0.00
ID6
0.15 0.06 0.17 1.40
ID7
0.27 0.32 0.17 0.70
ID8
0.17 0.18 0.14 0.35
ID9
0.26 0.25 0.22 0.70
ID10
n/a
n/a n/a n/a
ID11
0.50 0.47 0.55 0.35
ID12
0.11 0.13 0.05 0.70
ID13
0.29 0.29 0.29 0.14
ID14
0.22 0.20 0.21 0.70
ID15
0.47 0.49 0.46 0.24
ID16
0.27 0.18 0.30 1.40
At the page level, we observe reasonable variations between
the independent accessibility audits performed by the judges.
The highest variation between judges was observed for ID11.
The Web page in question had the highest number of barriers
with an average severity rating of at least 1. Accordingly, we
would expect greater variances in the opinions of the judges
involved. When split between disability types, the results
show reasonable variations for the blind and low-vision cat
egories. The cv values are rather high for colour-blindness
on some of the homepages. This is because the BW method
speciﬁes only two types of barriers capable of aﬀecting peo
ple with colour-blindness, which are ‘color is necessary to
understand information’ and ‘insuﬃcient visual contrast’.
Whenever the judges disagreed on the barrier severity rat
ings for this user category the eﬀect was greater. Going by
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mension clean to be most unlike the other two investigated.
Hence, its unique relationship with accessibility here. In
our previous study [20], signiﬁcant correlations were also ob
served between similar design dimensions (clean, clear and
organised) and accessibility. This class of Web designs are
characterised by simplicity and minimalism. They primar
ily address design clarity rather than appeal or aﬀective as
pects. It may be this simplicity that the design community
struggles with or misunderstands. It is commonly believed
that accessible Websites are boring, because of the perceived
minimalistic undertone to their designs [24, 27]. Many Web
designers fail to see simplicity as an aesthetic notion [13].
Our ﬁndings do not fully support a closely related study
where highly accessible Websites were also shown to have
complex visual designs [24]. In our case, it was more com
mon for simple Web designs to have fewer accessibility is
sues. A similar situation to ours is reported in [18]. Ex
pressive designs which would normally come across as being
more complex and sophisticated showed no signiﬁcant rela
tionships with accessibility. However, further studies would
be required to draw stronger conclusions across related stud
ies. Consequently, this does not rule out the fact that fanci
ful or expressive Web designs cannot be created in an acces
sible fashion. Our data here, and indeed from our previous
study [20] only shows this to be less the case presently. Ex
pressive designs are not necessarily a barrier to accessibility.
Since the relationship between classical aesthetics and func
tionality is more consistently established across studies, Web
designers need to embrace simplicity in visual design. We
also acknowledge the fact that there may be other factors
moderating the interplay between Web aesthetics and acces
sibility which we did not investigate here. Some examples
include the tools used for Web development, the Web de
signer’s background and level of accessibility awareness, and
an individual’s or organisation’s adherence to accessibility
guidelines, either for business or legal reasons.
Furthermore, our ﬁndings suggest a link between the vi
sual appearance of a Website and its underlying functional
ity. At a very high level, the way a Web page looks could
be used to predict how easy or diﬃcult Web users would
ﬁnd the Web page in question. Existing studies establish
links between perceived aesthetic aspects of Web pages and
their perceived usability [1, 12, 16, 26]. However, none of
these studies explore the possibility of predicting functional
ity based on visual appearance. Such a system is diserable,
as it could provide a rough overview of any functionality is
sues, before actual user evaluations are employed. Our study
suggests visual cleanness to be a suitable proxy measure for
accessibility, compared with other aesthetic dimensions. It
is important to note, however, that we do not suggest that
such a system replaces manual accessibility evaluations.

6.

impairments. This was to enable us understand the interac
tions between the use of Web aesthetics and accessibility.
Our results show only one aesthetic dimension, clean to
be signiﬁcantly related with accessibility. Clean Web designs
were characterised by simplicity and minimalism. They had
fewer accessibility barriers compared with the other aes
thetic dimensions investigated. Our data suggests this de
sign dimension to be a suitable proxy measure for accessibil
ity as far as people with visual impairments are concerned.
This research contributes to our knowledge by further lend
ing support to the existing relationship between classical
aesthetic aspects and functionality, in this case accessibility.
As a next step, we intend to build a tool which is capa
ble of predicting the accessibility level of Web pages based
on the clarity of their visual designs. A further evaluation
will also be undertaken to investigate the eﬃcacy of our
tool. Further details on the studies can be found in their
associated technical reports available on-line at http://wel
eprints.cs.manchester.ac.uk/view/subjects/eivaa.html
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