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Abstract

This article describes computational models based on principles of visual weights to compute the symmetry and balance of text-

overlaid images. Two experiments were conducted to investigate the effects of symmetry and balance on the aesthetic appeal of text-

overlaid images. In the first experiment, five color photos were used to compose a set of test images overlaid with a paragraph of Chinese

texts as the stimuli. Contrastly, the second experiment applied monochrome photos to compute the stimuli. The positions of the text

overlay were determined by varying the balance and symmetry in order to validate computational aesthetic quantification algorithms

with subjective ratings. The stimuli were rated by 20 subjects in each experiment using the ratio-scale magnitude estimation method

against a benchmark image for each photo. Results from both experiments show that subjects are adept at judging symmetry and balance

in both the horizontal and vertical directions. Subjects are also adept at judging radial symmetry about the center point of an image. The

experiments also established a relationship between a higher averaged visual balance and the aesthetic appeal of text-overlaid images.

Symmetry in either direction, however, did not result in any proportional relations to the aesthetic appeal.

& 2009 Elsevier Ltd. All rights reserved.
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1. Introduction

Aesthetics has conventionally played a significant role in
commercial product developments, marketing strategies,
retail environments, and so on (Green and Jordan, 2001;
Kotler and Rath, 1984; Russell and Pratt, 1980; Whitney,
1988). In the field of human–computer interactions (HCI),
traditional researchers, to evaluate the performance of the
interfaces of computer systems, have often emphasized
objective performance criteria like time to learn, error rate,
and time to complete a task (Butler, 1996). Increasingly,
researchers and practitioners have begun to emphasize

considerations of aesthetics in interface design and to
investigate its impact on the overall experiences of users
when interacting with a computer system (Liu, 2003a,
2003b). Evidence in support of the importance of aesthetics
in various aspects of computing has emerged recently. For
example, recent empirical studies suggested that the
aesthetic aspect of various computing systems serves an
important role in shaping user attitudes in general (e.g.,
Hassenzahl, 2004; Karvonen, 2000; Lindgaard and Dudek,
2002a, 2002b, 2003; Tractinsky, 1997; Tractinsky et al.,
2000). It was found that subjective evaluations of usability
and aesthetics are correlated depending on the user’s
background, goal, task, and application type (Ben-Bassat
et al., 2006; De Angeli et al., 2006; Hartmann et al., 2007;
Schmidt, et al., 2009). In the context of multimedia web
page design, aesthetics was also found to be an important
determinant of user preferences of the sites. For example,
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Bauerly and Liu (2006, 2008a, 2008b) investigated the
effects of web page compositions on user preferences and
the value of interactive genetic algorithms (IGAs) in
representing the process of change in user preference of
web pages. Schenkman and Jonsson (2000) found that
beauty was a primary predictor of overall impression and
preferences of web sites, while van der Heijden (2003)
linked perceived attractiveness of a website to the useful-
ness, ease of use, and enjoyment perceived by users.
Research has also suggested a relationship between
aesthetics and e-trust or m-loyalty in E-commerce (Cyr
et al., 2006; Karvonen, 2000). Indeed, the sensory
experience of a website may often determine whether a
user stays and shops (Jiang and Benbasat, 2003; Rosen and
Purinton, 2004). Overall, these previous studies illustrate
the complexity and intricacy of the issues involved with
respect to the effect of aesthetics in visual interfaces of
general information systems. Although the exact mechan-
isms that link the affective and cognitive evaluations of the
visual interfaces are not yet clear, it is certain that
aesthetics has played a non-negligible role in general visual
interface designs for computer systems.

The type of visual interface addressed in this study is the
‘‘text-overlaid image’’, which usually consists of a large-size
‘‘background image’’ with a small number of texts overlaid
on it (refer to Fig. 2 for an example). An example
application is an online greeting card (or postcard) service
that dynamically positions user-input texts over a selected
background image. In such applications, there is a need to
automatically overlay the texts on the pictorial image
because the image and texts are generally randomly
selected and composed together on-the-fly. Existing ser-
vices of this kind provide only a small number of style
templates upon which the user’s message is positioned at a
pre-determined location on the background image. An-
other example is the dynamic text formatting used in
PowerPoint-like slide presentations. When a user switches
a background image for the slides, it is preferred that the
layout of the texts in a slide can be automatically
reorganized according to the selected background image.
Applications using this kind of interface typically are
graphic-intensive multimedia applications that attempt to
use the background images to generate appropriate affects.
To consider the overall aesthetics of the final presentation,
there is a need for appropriate tools to measure aesthetics
with which the dynamically composed images can be

created. To address this issue, this study was designed to
develop a quantitative metrics of perceived aesthetics of
text-overlaid images. Such metrics of aesthetics can be
potentially applied in an optimization engine that helps to
dynamically compose multimedia presentations on-the-fly,
based on optimization algorithms that maximize the
objective functions of aesthetics.
Research on visual interfaces with aesthetic considera-

tions has traditionally defined visual aesthetics using
various qualitative design principles. For example, Reiser
and Reiser (1995) created a list of aesthetic considerations
specific to multimedia presentations but without knowing
quantitatively where an optimal design space exists.
Indeed, there have been only a small number of studies
that aimed to develop computation models for the
aesthetics of visual interfaces. Ngo et al. (2000) developed
computation models quantifying various page layout
design principles including balance, symmetry, density,
and so on, but as yet there are no concrete experimental
evaluations to verify these proposed computation models.
Bauerly and Liu (2006) proposed computation models of
symmetry and balance. Evaluation experiments conducted
showed that symmetry is closely related to the aesthetic
appeal of pages with abstract black image blocks. Contra-
rily, the number of image blocks was shown to be the main
composition element related to the aesthetic appeal of
pages with realistic images.
Overall, previous studies aiming to develop computation

models of visual aesthetics of layout designs focused on
pages composed of large chunk of texts interlaced with a
small number of relatively small-sized images. This study,
in contrast, considers pages where small amounts of text
are to be overlaid upon large-sized color background
images. Previous computation models of aesthetics are not
applicable in such a context mainly because they do not
consider the color information for objects in a page.
Studies by Bauerly and Liu (2006) and Ngo et al. (2000)
considered each image inside the page as a ‘‘black’’
rectangular block when computing balance and symmetry.
We intend to place texts upon color images and thus the
color information of each pixel should be considered when
computing balance or symmetry. For example, a pixel with
a large color contrast to the background region generally
appears ‘‘visually heavier’’ than one with a lower color
contrast. In addition, previous studies considered texts
regions as ‘‘white-spaces’’ and thus balance and symmetry
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Nomenclature

xb the x-coordinate of the balance point b

yb the y-coordinate of the balance point b

w width of image in pixel blocks
h height of image in pixel blocks
DCij�B the color difference between a block at (i, j) and

the background

Wi summation of the visual weights of all color
pixel blocks in the ith column

Wj summation of the visual weights of all color
pixel blocks in the jth row

DCij�i0j0 the color difference between a block at (i, j) and
another one at (i0, j0); (i0, j0) is on the opposite
side of an given axis of reflection for (i, j)
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