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Abstract. The main purpose of this study is to compare objective layout-based
measures of visual aesthetics with subjective questionnaire-based measures.
Correlation analysis was used to carry out the comparison. Values for the tested
objective measures were calculated for forty-two web pages already used in a
previous study, for which subjective questionnaire scores (classical/expressive
and VisA WI) were already available. Results showed significant correlations
between many of the tested objective screen layout-based measures and subjec-
tive questionnaire-based measures related to order and layout of the screen.
These findings suggest that the objective layout-based measures tested in this
study can be used for overall assessments of visual aesthetics of websites and
particularly for assessing aesthetic aspects related to the classical and the
simplicity dimensions of website aesthetics.

Keywords: Aesthetics measures, Measure of Website aesthetics, Classi-
cal/expressive aesthetics, VisA WI, Visual aesthetics.

1 Introduction

Since its establishment in earlier 1980s, the field of the Human Computer Interaction
(HCI) was mainly concerned with functionality and usability aspects of interactive
computerized systems. However, recently, there was a new wave in the field empha-
sizing the importance of aesthetic aspects in HCI and interface design [13, 14, & 21].

1.1 Visual Aesthetics in Interface Design

The attention to the importance of aesthetics in interface design and its effect on us-
ers’ impressions of usability of the system began with findings of Kurosu and Kashi-
mura study [9]. Using different designs of an automated teller machine interface, they
found high correlation between users’ prior perception of usability (they called it
apparent usability) and users’ perception of visual aesthetics of the interface. Partici-
pants perceived the visually appealing interface designs as easier to use. Later,
Tracinsky [29] repeated their experiment in a different context using more rigors
approach, same high correlation was also found in all the tested cases. Furthermore,
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this strong relationship between user perception of interface aesthetics and perceived
usability remains intact even after actual use of the system [27]. Lindgaard et al. [12]
showed that first impressions of perception of visual appeal of websites formed very
quickly within 50 milliseconds. It remains stable even after a considerably longer
exposure [27]. Phillips and Chapparro [23] found that users’ impression of usability
of websites is most influenced by the visual appeal of the site. Users rated sites with
high visual appeal and low usability as easier to use, and gave lower rates to sites with
low visual appeal and high usability.

Besides positive effect of aesthetics on perceived usability, some even argue that
visually appealing interfaces might also have positive effects on performance. For
example, Moshagen et al., [17] found significant effect of highly aesthetic websites on
completion time in a low usability condition when participants completed search
tasks. Sonderegger & Sauer [26] showed that visual appearance of cell phones had a
positive effect on performance, leading to reduced completion time and number of
errors for the visually appealing design.

With recognition of the effect of visual aesthetics of interface and computer screen
design on users’ overall evaluation of the system, the next natural step in the design
process is to develop tools to assess and measure visual aesthetics.

1.2 Measures of Interface Aesthetics

In general, two approaches to measure interface aesthetics can be distinguished in the
literature. The first is an objective approach relating screen design features and layout
elements to the users' perception of visual aesthetics (e.g. [3 & 20]). The second one
is a subjective approach, utilizing questionnaire-based instruments to measure users'
perception of visual aesthetics (e.g. [11].

Objective Screen Layout-based Measures. This approach represents a bottom-up
procedure. It has its roots in the rationalistic philosophical view of aesthetics [22].
This approach comprises the concept of “beauty in the observed object”; i.e. human
perception of beauty is based on the order and organization of the various components
constructing the object. It is concerned with determining what features in the interface
design triggers users’ precipitin of aesthetics of the interface. It also tries to explore
the possibility of expressing changes in such features using numerical values and use
these numerical values to assess users' perception of interface aesthetics. Methods in
this approach are motivated by earlier aesthetic measures developed by Birkhoff [5],
Tullis’ quantitative techniques for evaluating screen design [32], and Gestlest theory
for visual design [6 & 19].

Supports of this approach [3 & 19] argue that developing such measures can be very
helpful in many design situations. They can be extremely helpful in early stages of
design. They can assist in preparing design alternatives and can reduce the number of
prototypes that will undergo tests with human users in later stages of design. However,
they are not meant to be replacements to human designers, but are intended to serve as
numerical tools to help designers and researches evaluate different design alternatives
without the need to use human participants. Moreover, they can provide researchers
with quantitative tools that can help in systematically study different design aspects
and give a numerical basis for direct comparing of different design proposals. These
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measures can also be useful in cases where on-the-fly designs are needed for non pro-
fessional designers as in online tools for designing websites [10].

Methods in this approach can be divided into two categories; one that simply uses
numerical counts of visual features on the screen (like: number of objects, number of
images ...etc) and relates them to users’ perception of aesthetics. The second one uses
mathematical formulas to express more sophisticated visual design features and con-
cepts (like: symmetry, balance ...etc) and relate them to users’ perception of aesthetics.

Simple counts measures. Visual features used in this categories includes number of
constructing elements or blocks and chunks of information on the screen [3, 4, & 15],
number of images [ 3, 4, 7, & 15], image size and font size [7 & 25], JPEG file size of
screenshots of websites [31]

Formularized measures. Methods in this category argues that physical layout of vis-
ual objects on the screen may play a role in users’ perception of aesthetics. The pro-
cedure involves expressing visual design features (like symmetry, balance, unity
...etc) using mathematical formulas and combine calculated values for all features to
build an overall measure that would reflect aesthetic level of the interface design.

One of such measures is the model developed by Ngo et al. [19]. The model con-
sists of fourteen proposed measures of screen aesthetics: balance, symmetry, equilib-
rium, unity, sequence, density, proportions, cohesion, simplicity, regularity, economy,
homogeneity, rhythm, and order. The value of each measure can be calculated using
formulas based on the layout of visual objects on the screen. The average of all these
measures represents the overall aesthetic value of the screen.

In a practical application of the model, Zain et al. [33] designed a computer appli-
cation to incorporate five measures (balance, equilibrium, symmetry, sequence, and
rhythm) of the fourteen measures. They used the software to evaluate language learn-
ing web pages.

Bauerly and Liu [3 & 4] developed mathematical formulas to measure and test ef-
fects of symmetry and balance on interface aesthetics. They developed their formulas
based on a microscopic view that compare screen elements in question pixel by pixel,
as opposed to the macroscopic view used by Ngo et al. [20] that compare higher level
elements such as specific objects or shapes. However, similar results were obtained in
both studies, which suggest that there are no practical differences between the two
sets of formulas. Lai et al. [10] utilized the quantitative measures of symmetry and
balance used by Bauerly and Liu [3 & 4] to quantitatively analyze the aesthetics of a
text-overlaid image such that a best position for overlaying the texts on a background
image can be obtained automatically. The two measures were evaluated against par-
ticipants’ subjective rating of visual aesthetic appeal in cases of color and mono-
chrome images.

Subjective Questionnaire-based Measures. Supporters of this approach claim that
the complexity and interrelated relationships among the screen design elements make
it difficult to use them to quantitatively measure aesthetics [11]. It would be more
convenient to use questionnaire-based instruments to measure users’ subjective per-
ception of aesthetics. Two widely accepted of such instruments are: the classical and
expressive instrument developed by Lavie and Tractinsky [11], and the Visual
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Aesthetics of Website Inventory (VisAWI) tool developed by Moshagen and Thielsch
[16]. Both were designed to measure perceived visual aesthetics of websites.

Lavie and Tractinsky [11] found two dimensions of the perceived website aesthet-
ics, termed “classical aesthetics” and “expressive aesthetics”. The classical aesthetics
dimension emphasizes orderly and clear design and is closely related to many of the
usability and interface design rules and guidelines. The expressive aesthetics dimen-
sion is linked to the designers’ creativity and originality and to the ability to break
design conventions. These two dimensions were the basis for developing quantitative
questionnaire-based instrument to measure website interface aesthetics. The classical
dimension includes the items “aesthetic”, “pleasant”, “symmetric”’, “clear”, and
“clean”, while the expressive aesthetics includes the items “creative”, “fascinating”,
“original”, “sophisticated”, and “uses special effects”.

VisAWI was constructed to serve as a new tool to measure perceived website aes-
thetics. It was designed to provide a tool that would cover border aspects of perceived
websites aesthetics that weren't adequately presented in early instruments. The in-
strument is based on four interrelated facets of perceived visual aesthetics of websites:
simplicity, diversity, colorfulness, and craftsmanship. Simplicity comprises visual
aesthetics aspects such as balance, unity, and clarity. It is closely related to the classi-
cal aesthetics dimension. The Diversity facet comprises visual complexity, dynamics,
novelty, and creativity. It is closely related to the expressive aesthetics dimension.
The colorfulness facet represents aesthetic impressions perceived from the selection,
placement, and combination of colors. Craftsmanship comprises the skillful and co-
herent integration of all relevant design dimensions. Each of the first two facets is
presented by five items in the questionnaire, while each of the last two facets has four
items. For full list of items of both questionnaires see [11 & 16].

1.3 Purpose of the Study

The main concern of this study is to investigate the possibility of finding significant
correlations between objective and subjective measures of website aesthetics. The
hypothesis is that significant correlations could be -at least- found between the objec-
tive layout-based measures and items related to screen layout in the subjective ques-
tionnaire-based measures (classical measure in the classical/expressive questionnaire
and simplicity measure in the VisA WI questionnaire).

Forty-two web pages already used in a previous study [16] to develop and validate
the VisA WI questionnaire and compare it with classical and expressive aesthetics
questionnaire will be used in this study. Values of selected objective measures will be
calculated for these 42 web pages and compared to subjective questionnaire scores
(VisA WI and classical/expressive) already available in [16]. Correlation analysis will
be used to carry out the comparisons.

The reason why these 42 web pages are utilized in this study is that they cover a
wide variety of websites with different levels of visual aesthetics. In addition, ques-
tionnaire scores (for both VisA WI and classical/expressive tools) for a relatively
large sample size are already available for these pages.
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2 Results and Discussion

2.1 Selected Objective Measures for the Study

Formularized. Eight of the measures suggested by Ngo et al. [18] were selected for
this study. The reasons for selecting these measures are that they are widely accepted
and have already being used and tested in many previous studies [1, 18, 24, & 33].
The eight selected measures are: symmetry, balance, unity, sequence, simplicity,
density, economy, and rhythm. The formulas developed by Ngo et al. [18] will be
used to calculate values for the selected measures (for full details of how to calculate
these measures and their definitions see [18, 19, & 20]). Table 1 shows descriptive
statistics for the calculated values using the formalized selected measures for the 42
web pages. Possible range of values of each measure is zero to one, where zero repre-
sents the lowest aesthetic level and one represents the highest level.

Table 1. Descriptive statistics for the selected formularized measures for the 42 web pages

Measure Min Max Average Standard deviation
Symmetry 0.761 0.985 0.873 0.046
Balance 0.516 0.950 0.792 0.105
Unity 0.157 0.684 0.393 0.145
Sequence 0.750 1.000 0.970 0.082
Simplicity 0.077 0.273 0.152 0.044
Density 0.091 0.977 0.453 0.230
Economy 0.050 0.250 0.105 0.040
Rhythm 0.257 0.792 0.627 0.109

Counts. Five measures were selected in this category, namely: number of visual ob-
jects on the screen, number of different sizes of visual objects, number of images,
number of different font types used in the web page, and JEPG file size of screenshot
of the webpage. Number of objects, number of images, and JEPG files size have
already been tested in previous studies [2, 3, 16, 14 & 24]; all with results indicting
some sort of a relationship between these measures and users’ perception of visual
aesthetics. Number of different sizes of visual objects is one of the input parameters in
Ngo et al. formulas for unity, economy, and simplicity; authors were interested in
testing it as a single feature. Number of different font types has been selected based
on earlier observation. Descriptive statistics for the calculated values for the selected
count-based measures for the 42 web pages are given in Table 2.

The calculated values for the above selected measures for all the 42 web pages will
be compared with scores of the classical/expressive and VisA WI questionnaires (see
[16] for questionnaire scores given to the 42 web pages).
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Table 2. Descriptive statistics for the selected count-based measures for the 42 web pages

Measure Min Max Average  Standard deviation
No of objects 6 22 11.9 3.9
No of different sizes of objects 4 20 10.7 3.6
JEPG file size* 50 251 170.8 444
No of different font types 1 6 2.8 1.3
No of images 0 12 43 3.1
*in Kbytes

2.2 Correlation Analysis

Correlation analysis was used to investigate possible relationship between the selected
objective and subjective measures of visual aesthetics of websites. Values of all the
selected objective measures were calculated for the 42 web pages, scores of subjective
questionnaire-based measures were obtained from [16]

Table 3 shows correlation coefficients between the formalized measures and ques-
tionnaire scores for the 42 web pages. From the table, one can see that all significant
correlations are with questionnaire items related to screen layout. The objective
measures of unity, simplicity, and economy are significantly correlated with the clas-
sical and the simplicity measures; both containing items related to visual layout and
clarity of the design. No significant correlations were found between the formalized
measures and questionnaire scores related to the expressive aesthetics.

An unexpected result is the lack of significant correlations between symmetry and
balance, and any of the questionnaire scores. This contradicts with results of earlier
studies showing significant effects of symmetry and balance on visual interface
aesthetics [1, 3, 4, 10, 18, & 30]. Possible explanation could be found by looking at
findings of an earlier study conducted by authors of the current study [2]. The study
investigated effects of the measures of balance, unity, and sequence and their interac-
tions on perceived visual aesthetics. Findings showed that with each pair of measures
the effect of one measure is larger at high values of the other measure; with the low
values the effect is very small. Looking back at Table 3, it can be seen that values of
symmetry, balance, and sequence are much higher than values of measures with sig-
nificant correlations (unity, simplicity, and economy). Symmetry, balance, and se-
quence have values larger than 0.761, 0.516, and 0.750 respectively with averages of
0.873, 0.792, and 0.970 respectively. On the other hand, measures with significant
correlations have smaller values; Unity with values less than 0.684 and an average of
0.393, simplicity and economy with values less than 0.300 and averages of 0.152 and
0.105 respectively.

Since symmetry, balance, and sequence have higher values than unity, simplicity
and economy, therefore, the later three will have higher effects on perceived aesthet-
ics. This might explain why only these three measures have significant correlations.
Nevertheless, the other case of lower values of symmetry, balance, and sequence
should also be investigated to confirm this explanation. Also, Can the high levels of
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symmetry and balance witnessed in the current study be considered as a typical char-
acteristic of all websites designs? Or is it just a coincidence with the 42 web pages
used in the study?

Another point worth mentioning is that only measures that have number of differ-
ent sizes of objects as an input parameter in their formulas (unity, simplicity, and
economy) produced significant correlations. The measures of density and rhythm that
do not have this parameter in their formulas didn’t produce significant correlations,
though have low values.

Table 4 shows correlation coefficients between the simple counts-based measures
and questionnaire scores for the 42 web pages. Significant correlations were found
between number of objects and number of different sizes with both the classical and
the simplicity measures. This wasn't surprising, since these two features (no of objects
and no of different sizes) are the main input parameters in the formulas used to calcu-
late values of the formalized-based measures that showed significant correlations
(unity, simplicity, and economy; for full details of the used formulas see [18, 19, &
20]). These significant correlations point out to clear negative effects of increasing
number of objects and number of different sizes on perceived visual aesthetics of
websites. The questions now are: Is there an optimal value or a threshold for these
two features? How much can both of them be lowered? Do they affect each other?

No strong correlations were found between JEPG file size, number of different font
types, and number of images with any of the classical and the simplicity measures.
However, an interesting result is the noticeable high and significant correlations found
between number of different fonts and the expressive and the diversity measures.
Does this indicate that number of different fonts may affect visual aesthetics? More
examinations are needed to clarify this.

3 Conclusions

The main goal of this study was to test the possibility of that significant correlations
could be found between the objective layout-based measures of website visual aes-
thetics and the subjective questionnaire-based measures related to order and organiza-
tion of visual objects on the screen. Values for the selected objective measure were
calculated for forty-two web pages already used in a previous study [16] for which
subjective questionnaire scores (classical/expressive and VisA WI) were already
available. Correlation coefficients between the objective measures and questionnaire
scores were calculated. Results showed significant correlations between many of the
selected objective screen layout-based measures and the subjective questionnaire-
based measures related to order and layout of the screen.

This suggests that the objective layout-based measures tested in this study could be
used to generally assess the overall visual aesthetics of websites and particularly aes-
thetic aspects related to classical and simplicity dimensions of website aesthetics.

However, several issues still need to be considered when interpreting findings of
this study. First, the formulas used to calculate values of the objective layout-based
measures don’t include effect of colors, although, Ngo et al [17] suggested adding
effects of colors as part of the balance measure, but, it is still not clear how to express
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effects of colors using numerical values. Second, for many of the relationships sug-
gested by the significant correlations found in this study to be fully confirmed, further
testing using more rigorous procedures is needed. Finally, since web pages were used
in this study, findings of this study are only applicable to visual aesthetics of websites.
Nonetheless, it would be interesting to see how these findings would work with other
types of interfaces and screens (e.g. cell phones).
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