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An important aspect of screen design is aesthetic evaluation of screen layouts.
However, no one knows how to measure aesthetic value.  This article proposes a theoretical
approach to capturing the essence of the artists’ insight.  We introduce several aesthetic
measures for graphic screens.  The results of our informal study demonstrate close relation-
ships between artistic vision and the proposed measures.
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1. INTRODUCTION

One way to enhance the usability of a computer system is to improve the appearance
of the user interface.  The research reported here concerns making computers easier to use
by improving interface aesthetics.

Users are frustrated with many unusable products they have to deal with in their day-
to-day lives.  Newsmagazines, newspapers, and books report growing dissatisfaction with
unusable products [1].  Use of a screen, and a system, is affected by a variety of factors.
Included are how much information is presented on the screen, how the screen is organized,
the language used on the screen, the distinctiveness of the screen’s components, and provi-
sion of proper feedback.  Among these factors, one very essential component of graphical
user interface design concerns the actual layout of elements on the screen.  This is a realm
of graphical design that has been missed by today’s HCI researchers. To achieve the ulti-
mate goal of designing an acceptable system, a more balanced approach may be needed.

Many of the low-level concerns of implementation have been eliminated through the
introduction of predefined screen elements and palettes that allow for a pick-and-choose
approach to design.  This allows more attention to be focused on the organization and
structure of interfaces, areas where design expertise should be focused.  Due to the lack of
formal design models, there are few supporting tools available for these areas.

The goals of this paper are to promote the importance of aesthetics in computer systems,
to compile a list of relevant aesthetic considerations, and to incorporate them into a compu-
tational model.  The paper begins with the motivation view and a presentation of related
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research.  Section 3 introduces a new aesthetic model.  Then, sections 4 and 5 present
preliminary studies on the model.  Section 6 outlines an example application where the
model has been installed as part of an evaluation tool.  Finally, the findings are summarized
and the contributions reviewed.

2. BACKGROUND

One way to make products easier to use, and users more productive, is to improve the
visual communication that takes place in all of the elements of the UI: metaphors, mental
models, navigation schema, look, and feel [2].  Recent research on these elements shows
great maturity.  For example, the desktop metaphor and its composites have been the most
successful and pervasive of all interface metaphors.  There are other metaphors which have
been developed for applications other than information systems [3.1].  Screen-based con-
trols are the elements of screens that permit the user to interact with data. Check boxes,
sliders, menus and buttons are all examples of interface components.  It is possible to iden-
tify basic interface components that nearly all windowing systems have in common [3.2].
There are standard navigation models for different applications.  Document-centric MDIs
(multi-document interfaces like Microsoft Word) typically have the daisy-style navigation
model [4.1].  People form mental models through experience, training and instruction [1, 3.
3].  We do know a great deal about how to figure out what ideas will already be familiar to
users, how to identify the underlying ideas of a program, and how to use that knowledge to
produce a better design [4.2, 3.4].

The element look (beauty) has not been properly documented in recent years.  One
study [5] has shown that the HCI literature in general, and that on usability in particular, has
mostly neglected the aesthetics issue completely.  For example, the indices of four promi-
nent HCI textbooks and reading collections [3, 6-8] do not contain a single entry for “aes-
thetics” (or synonyms and related concepts, such as “appearance,” “attractiveness,” “beauty”
or “form”).  Thus, it would appear that mainstream HCI has either belittled the importance
of aesthetics or ignored it altogether.  Are we missing an important point here?

Aesthetics may not be the only solution, but it definitely plays a significant role in the
overall value of screen design.  The role of aesthetics in human affairs has been widely
documented [9].  Certainly, it is related to our appreciation of computer systems as well.
However, some [10, 11] have warned against a tendency among designers to emphasize the
aesthetic elements of the user interface because they might degrade usability.  In fact, inter-
face aesthetics play a greater role in system usability and acceptability than we might be
willing to admit.  Two recent studies found very high correlations between users’ percep-
tions of interface aesthetics and of usability.  In the second study [5], three experiments
were conducted to validate and replicate, in a different cultural setting, the results of the
first [12], a study obtained by Kurosu and Kashimura concerning the relationships between
users’ perceptions of interface aesthetics and usability.  The results support the basic find-
ings by Kurosu and Kashimura.  Very high correlations were found between the perceived
aesthetics of the interface and the priori perceived ease of use of the system.  Another study
[13] found that good aesthetic layouts have a definite effect on a student’s motivation to
learn based on the ARCS model [14].  In particular, the study discovered that:
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∑ A = Attention (good layouts will attract the attention of the student);
∑ R = Relevance (good layouts will be relevant to the student);
∑ C = Confidence (good layouts will boost the student’s confidence);
∑ S = Satisfaction (the student will feel satisfied if the design is good and appealing).

There should be a system of methods and principles for evaluating interface aesthetics.
However, today’s techniques account only for usability measurement.  Tullis [15] devel-
oped four metrics for alphanumeric displays: overall density, local density, grouping, and
layout complexity. Streveler and Wasserman [16] proposed a measure of “balance” as one
of their objective techniques for assessing the spatial properties of screens.  Sears’ [17]
developed a task-dependent metric called layout appropriateness to assess whether the spa-
tial layout is in harmony with the user’s tasks.  Framer [18] proposed a small rule base with
design knowledge about relevant aspects of user interfaces.  The Praise command tells a
user the positive aspects of a design; the Suggest Improvements command criticizes the
design; the Explain option gives some rationale for the suggested improvement.

No one knows how to measure aesthetic value.  Some [19, 20.1] even doubt that it can
be measured.  This article reports a set of metrics that captures the essence of the artist’s
insight in order to complement the above measures.  We define five aesthetic measures for
graphic displays: balance, equilibrium, symmetry, sequence, and order and complexity.
(Previous related papers are [21, 22].)  The notion of what is artistic has evolved throughout
history.  Graphic design experts have, through perceptual research, derived a number of
principles for defining what comprises a visually pleasing appearance [20, 23-27].  This
article relies heavily on these works to help demonstrate our approach.

There are four basic ways to use windows [4.3]:

∑ multi-window interfaces: examples are the IBM OS/2 operating system, most UNIX
X-windows applications, and now Microsoft Windows 98;

∑ multi-document interfaces: for example, Microsoft Word or Excel;
∑ multi-pane interfaces: Microsoft Paint and Netscape Navigator are examples;
∑ multi-screen interfaces: mostly found in one-time GUIs and wizards, and multime-

dia applications.

This article primarily addresses multi-screen interfaces.  With some modification,
some of the techniques presented can also be used for other screen types.  Keep in mind that
the following discussion does not focus on the words on the screen, but on the perception of
structure created by such elements as spacing and objects.

3. AESTHETIC MEASURES

This section briefly defines the measures of balance, equilibrium, symmetry, and
sequence.  It also shows how the measure of screen order and complexity is derived from
them.
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3.1 Aesthetic Measure of Screen Balance

Balance on a screen is accomplished by centering the layout, thus maintaining an
equal weighting of components on each side of the horizontal and vertical axis.  It does not
have to be static balance which is symmetry; it can equally well be dynamic balance which
is asymmetry.

The formula is

BM = (wL - wR, wT - wB), (1)

where BM is the measure of balance, wL is the weight on the left hand side (LHS), wR is the
weight on the right hand side (RHS), wT is the weight on the top, and wB is the weight on the
bottom.

The weight of a layout is the algebraic sum of the weight of its components:

w a di i
i

= ∑ , (2)

where ai is the area of an object and di is the distance between its vertical central line and the
vertical axis.  Consider the layout shown in Fig. 1.

Fig. 1. A balanced screen layout.

In Fig. 1, we obtain from Eq. 2

wL = a1x1 + a2x2,
wR = a3x3,
wT = a1y1,
wB = a2y2 + a3y3.

If
BM = (0, 0),                    (from Eq. 1)

then the layout is in a state of balance.
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If
wL - wR > 0,

then the LHS is heavier than the RHS.
If

wL - wR < 0,

then the RHS is heavier than the LHS.
If

wT - wB > 0,

then the top is heavier than the bottom.
If

wT - wB < 0,

then the bottom is heavier than the top.
Visual balance may be achieved through symmetry or asymmetry.  A balanced dis-

play creates a feeling of stability and confidence in a viewer while an unbalanced display
creates a feeling of stress [19].

3.2 Aesthetic Measure of Screen Equilibrium

Equilibrium can be defined as equal balance between opposing forces.  Any visual
object constitutes a center of forces.  The interplay between various visual objects as cen-
ters of forces is the basis of composition.  A layout is in equilibrium when its center coin-
cides with the center of the frame. (There are minor deviations, which we will discuss in
section 7.)

The formula is:

EM = (xc, yc) - (x0,y0)

or

EM = (xc - y0) - (yc - y0), (3)

where EM is the measure of equilibrium, (x0, y0) is the center of a layout, and (xc, yc) is the
center of the frame.  The center of a set of objects of areas a1, a2, a3... at points (x1, y1), (x2,
y2), (x3, y3)... in the xy plane is

( , ) ,x y
a x

a

a y

a

i i
i

i
i

i i
i

i
i

0 0 =
∑

∑

∑

∑









 . (4)

This is based on the formula for the center of gravity of a set of particles in a plane.  Con-
sider the layout shown in Fig. 2.

In Fig. 2, we obtain from Eq. 4
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x
a x a x a x

a a a0
1 1 2 2 3 3

1 2 3
=

+ +
+ +

and

y
a y a y a y

a a a0
1 1 2 2 3 3

1 2 3
=

+ +
+ + .

For equilibrium,

EM = (0, 0)                  (from Eq. 3)

Equilibrium and balance are the same when either conditions xc = x0 and yc = y0 or wL

= wR and wT = wB (from Eq. 1) are fulfilled.  This can be illustrated as follows:
For an equal weighting of screen components on each side of the vertical axis, we

have
xc = x0

and
wL = wR.

For an equal weighting of screen components on each side of the horizontal axis, we have

yc = y0

and

wT = wB.

If

EM = (0, 0),
then

Fig. 2. A screen layout in equilibrium.
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BM = (0, 0);                (from Eq. 1)
thus,

EM = BM.

As long as the centers of a configuration are in perfect equilibrium, the whole is in a
state of repose.  Otherwise, strong incompatibility will develop, and the viewer will a faced
with a contradiction between the different centers.

3.3 Aesthetic Measure of Screen Symmetry

Symmetry is the balanced distribution of equivalent elements about a common line.
Vertical symmetry refers to the balanced arrangement of equivalent elements about a verti-
cal axis, and horizontal symmetry refers to the balanced arrangement of equivalent ele-
ments about a horizontal axis.  Radial symmetry consists of equivalent elements balanced
about two or more axes that intersect at a central point.

The formula is:

SM = {[gUL - gLL], [gUR -  gLR], [gUL - gUR], [gLL - gLR], [gUL - gLR], [gUR - gLL]}, (5)

where SM is the measure of symmetry, gUL is the weight on the upper-left quadrant, gUR is
the weight on the upper-right quadrant, gLL is the weight on the lower-left quadrant, and gLR

is the weight on the lower-right quadrant.
The weight of a layout is the algebraic sum of the weight of its components:

g x x y y l bi c i c i i
i

= − −∑ (| |, | |, , ), (6)

where l i is the length of an object, bi is the breadth of the object, (xi, yi) is the center of the
object, and (xc, yc) is the center of the frame. (Note the difference between Eq. 6 and Eq. 2.
We define different weight measures for different purposes.  We use Eq. 6 for the symmetry
measure and Eq. 2 for the balance measure.)

Consider the layout shown in Fig. 3.
In Fig. 3, we obtain from Eq. 6

       Fig. 3. A symmetrical screen layout.
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g x x y y l b
g x x y y l b
g x x y y l b
g x x y y l b

UL c c

UR c c

LL c c

LR c c

= − −
= − −
= − −
= − −

(| |, | |, , ),
(| |, | |, , ),
(| |, | |, , ),
(| |, | |, , ).

1 1 1 1

2 2 2 2

3 3 3 3

4 4 4 4

For vertical symmetry,

gUL - gUR = (0, 0, 0, 0),
gLL - gLR = (0, 0, 0, 0).               (from Eq. 5)

For horizontal symmetry,

gUL - gLL = (0, 0, 0, 0),
gUR - gLR = (0, 0, 0, 0).

For radial symmetry,

gUL - gLR = (0, 0, 0, 0),
gUR - gLL = (0, 0, 0, 0).

In screen composition, symmetry can be used to organize the components.  Symme-
try creates balance; however, the difference is that balance can be achieved without symmetry.

3.4 Aesthetic Measure of Screen Sequence

Sequence refers to the arrangement of objects in a layout in a way that facilitates eye
movement.  Normally the eyes, trained by reading, start from the upper left and move back
and forth across the display to the lower right.  Streveler and Wasserman [16] found that
visual targets located in the upper-left quadrant of a screen were found fastest, and that
those located in the lower right quadrant took longest to find.  By manipulating eye attractors,
we can plan how information in a display will be ordered for use.

To find a visual path in a layout,
1. start from an eye attractor;
2. move to an adjacent attractor on the same level or the level below;
3. repeat 2 until the last node is reach.

The attractiveness of an object depends on its weight, which is given by

a×q,

where a is the area of the object and q is the value of the quadrant in which the object
resides.  qUL (the upper-left quadrant) equals 4, qUR (the upper-right quadrant) equals 3, qLL

(the lower-left quadrant) equals 2, and qLR (the lower-right quadrant) equals 1.  The greater
the weight is, the more attractive the object is.
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A complete path is a path that exists from the upper-left quadrant of the screen to the
bottom-right quadrant.  The length of a path is the number of edges.  A short path is more
desirable than a longer one.  An optimal layout is a layout that facilitates eye the movement
and minimizes visual scanning.  If users can move through a display in a left-to-right, top-
to-bottom manner with few visual targets, then faster performance is likely, compared to
the case where the layout requires numerous jumps between widely separated parts of the
display.

The formula is given by

SQM = (p, d) (7)

with the following definitions:

p if a path exists
otherwise

d ne

= {
=

1
0
,
, ,
,

   

where SQM is the measure of sequence, p is the existence of a complete path, d is the length
of the path, and ne is the number of edges.

For optimal layouts,

SQM = (1, £ 3 ).

Consider the layout shown in Fig. 4.  Is there a path from the upper-left quadrant to
the bottom-right quadrant?  What is the distance?

Fig. 4. A screen with a sequential layout.

In Fig. 4, we obtain from Eq. 7

SQM = (1, 1).

Conforming to the findings of eyeball fixation studies, the measure encourages a
normal reading pattern so as to guide the eyes through the screen in a logical, rhythmic
order.   This approach will permit left-to-right, top-to-bottom reading as is common in
Western cultures.  The opposite of sequence is chaos, where a flow cannot be detected [25].
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3.5 Aesthetic Measure of Screen Order and Complexity

The measure of screen order and complexity follows from a well-known measure of
aesthetic value given by Birkhoff [28] based on the formula:

M O
C

= , (8)

where M is the measure of order and complexity, O is the order of an object in a certain
class of objects, and C is the complexity of the object in that class.

The aesthetic demand for “unity in variety” is closely related to this formula; unity is
associated with order and variety with complexity.  Birkhoff applies his formula to several
classes of objects: polygons, ornaments and tilings, vases, simple musical pieces, and po-
etry by giving explicit conventions for measuring the order and complexity of objects in
each of these classes.  We interpret this formula for screen design.  The order O of a screen
layout is defined as:

O = OBM + OEM + OSM + OSQM,                                                                                      (9)

where OBM is a measure of balance, OEM is a measure of equilibrium, OSM is a measure of
symmetry, and OSQM is a measure of sequence.  The complexity C of a layout is defined as
the number of its components.  More precisely, the conventions for determining the proper-
ties of a layout are as follows.  The formula is:

M
O O O O

C
CBM EM SM SQM=

+ + +
>( )0 (10)

with the following definitions.

O
if w w and w w from Eq
if w w or w w

otherwise

O
if x x and y y from Eq
if x x or y y

otherwise

O

BM

L R T B

L R T B

EM

c o c o

c o c o

=
= =
= =


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



=
= =
= =







0 5 1
0 25

0

0 5 3
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0

. , ( . )
. ,
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. , ( . )
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, ,
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UL LL UR LR

UL LR UR LL

UL UR LL LR

UL LL UR LR

UL UR LL

if g g and g g and
g g and g g and from Eq

g g and g g
if g g and g g and

g g and g g
if g g and g

=

= =
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= =
= =
= =
=
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otherwsie
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Notice that different order factors have different ranges, depending on their degree of
importance.  Since balance and equilibrium are closely related to each other (see section 3.
2), they form a collective factor with a range between 0 and 1.  According to experts, the
order of significance from most to least is symmetry, balance (or equilibrium) and sequence.
Therefore, the weighting criteria for symmetry and sequence are 1.5 and 0.5, respectively.
The range of the measure is from 0 to 3.  This measure is an aggregate of the aesthetic
measures discussed in the previous sections.  Fig. 5 shows the graph of the equation.  Note
that M decreases as C increases.

Fig. 5. The graph of Eq. 10.

With order, the objects are seen as forming one piece.  The way to maximize screen
order is to achieve balance, equilibrium, symmetry, and sequence while the way to mini-
mize screen complexity is to reduce the number of screen objects.  However, there must be
at least one object in order to do anything useful.

4. PENCIL-AND-PAPER STUDY

We have applied the measure of screen order (Eq. 9) to a set of two-object layouts as
shown in Fig. 6.  Our study, by way of illustration, used simple, artificial displays.  The
findings from this study can be easily generalized to complex, real-world displays. (Note
that Eq. 9, the numerator of Eq. 10, is used here instead of Eq. 10 as it is easier to work with
integers than fractions, and that since the denominator of Eq. 10, C, remains constant in this
study, it is insignificant anyway.)  The results are given in Table 1.  L1 and L2 are in balance
and equilibrium. Both are symmetrical about a horizontal axis and a vertical axis.  L3 and
L4 are partially in balance and equilibrium.  Their balancing centers do not coincide with
the center of the screen; they are either far above or below the center of the screen. L3 and
L4 are symmetrical about a vertical axis.  L5 is in balance and equilibrium, and is radially
symmetrical. L6 and L7 are partially in balance and equilibrium, and are asymmetrical.
The arrangement of objects in each layout provides sequence except in L4.   On the whole,
L1, L2 and L5 were measured high, and L3, L4, L6 and L7 were measured low.
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5. EMPIRICAL STUDY

The objectives of this exercise are to establish aesthetic values for a set of screen
layouts using our measures for comparison with the corresponding subjects’ scores, and to
see how consistent they are.  Our study consisted of two tests.  In the first test, we explored
the relationships between our aesthetic measures and artists’ aesthetic perceptions.  The
second test was designed to test the robustness of the findings.  A group of six GUI design-
ers working at a multimedia company in Ireland participated in the first test, and a different
group of twenty-two engineering undergraduates studying at a science university in Malay-
sia participated in the second test.  Seven layout patterns, which included the same compo-
nents and differed only in how these components were arranged, were evaluated with re-
spect to aesthetics.  The subjects were asked to rate this aspect using three point rating
scale, i.e., to rate how beautiful they looked.  The unique aspects of each test and the main
results are described below.

Fig. 6. A set of two-object layouts.

Table 1. Computation of aesthetic value for the layouts shown in Fig. 6 using Eq. 9.

Layout OBM OEM OSM OSQM O

L1 0.5 0.5 1 0.5 2.5

L2 0.5 0.5 1 0.5 2.5

L3 0.25 0.25 0.5 0.5 1.5

L4 0.25 0.25 0.5 0 1

L5 0.5 0.5 0.5 0.5 2

L6 0.25 0.25 0 0.5 1

L7 0.25 0.25 0 0.5 1
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The 7 layouts in Fig. 6 were first shown to each designer in hard copy form, and the
designer rated each layout based on a 0 (worst) to 3 (best) scale regarding how beautiful it
looked.  The results are presented in Table 2 alongside the corresponding aesthetic values
from Table 1.  Designer D6 committed himself on layout L5 only.

Table 2. Rating scores of the layouts in Fig. 6 given by 6 GUI designers.

D1 D2 D3 D4 D5 D6 Mean O

L1 2 2 2.5 2.5 1.5 N/A 2.1 2.5

L2 3 3 2.5 2.5 2 N/A 2.6 2.5

L3 2 2 0 1 1.5 N/A 1.3 1.5

L4 1 1 0 1 1 N/A 0.8 1

L5 2 2 2 3 2.5 3 2.4 2

L6 0 2 0 0 1 N/A 0.6 1

L7 0 1 1.5-2 0 1.5 N/A 0.8 1

On average, L1, L2 and L5 were rated high, and L3, L4, L6 and L7 were rated low,
which agreed with their computed values.  However, there were some discrepancies be-
tween the designers.  Layout L1, which was measured high, was rated low by designer D5.
He commented that although the layout was “nice,” its aspect ratio did not resemble the
aspect ratio of the frame.  Changing the aspect ratio of a visual field may affect eye move-
ment patterns, which, in turn, may confuse the user.  Layout L3, with a low aesthetic measure,
was rated high by designers D1 and D2.  They pointed out that the placement of the objects
in the layout provided an obvious starting point in the upper-left corner of the screen, which
was where visual scanning began, and also that the balancing center of the objects was
above rather than below the center of the frame, which gave the viewer a sense of stability
(see section 7 for an explanation).  Layout L6, with a low aesthetic measure, was rated high
by designer D2.  According to him, the layout was dynamic as opposed to monotonous.
The layout contained two objects lined up in a sloping line, which provided an impression
of movement.

By and large, the designers’ scores for the layouts were consistent with their aesthetic
values.  This can be seen in Fig. 7, which plots the computed versus the designers’ data
from Table 2.  Note that the scattergram suggests a linear relationship between the two
rankings.

The coefficient of correlation is rs = 0.99.  Thus, the designers’ scores and the com-
puted values are very highly correlated-at least for the sample of 7 layouts we studied.

The second part of the experiment was designed to test the robustness of the findings.
Participants were 22 first- to fourth-year undergraduates in a cross-section of disciplines
studying at a science university in Malaysia.  In contrast to the designers, who had 1 to 6
years’ professional experience in GUI design, none of these students had been trained in
visual design.  Irish, Malaysians, experts, and general users potentially represent different
attitudes towards the importance of aesthetics in computer systems.
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The procedure used was slightly different from the one used before.  The layouts
were displayed in a classroom, and the participants rated each layout using a 0 to 3 scale.
Participant ratings were averaged to form an aesthetic score for each of the 7 layouts.  Mean
scores for all 7 layouts were very similar to the findings obtained in the previous study (see

Table 3. Comparison of the two tests.

L1 L2 L3 L4 L5 L6 L7

        O 2.5 2.5 1.0 1.0 2.0 0.5 1.0

Test 1 (Mean) 2.1 2.6 1.3 0.8 2.4 0.6 0.8

Test 2 (Mean) 2.2 2.6 1.8 1.5 2.0 1.4 1.6

Table 3).
Because both groups showed high correlations in their judgments, we merged the

data for use in the following analysis.  Correlations of the aesthetic values with the corre-
sponding subjects’ scores for the two parts of the experiment are presented in Table 4.

Fig. 7. Scattergram for data in Table 2.

Table 4. Correlations of the computed values with the
subjects’ scores for the two test.

Test 1 Test 2 Both

O 0.99 0.96 0.97

Significant relationships were found between the scores the students gave to the lay-
outs and their corresponding values.  This impressive result is encouraging.  In general, the
relationships resemble those obtained before.  The results replicate the previous findings.
This suggests that aesthetic perceptions are culturally independent. (See [9, 13, 32] for a
different opinion.) Relatively high correlation was obtained between these two scales, which
suggests that our aesthetic model is somewhat related to non-designers’ as well as design-
ers’ perceptions of aesthetics.  However, the magnitude of correlation between the two
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rankings was slightly lower in this experiment.  These results are not surprising, given the
expectation that scientists would normally be less sensitive to the aesthetic aspects of the
interface.

6. AESTHETIC MEASURES IN AN APPLICATION

This section describes an example software system called Visit in which aesthetic
measures have been installed as part of a tool used to evaluate screen layouts.  Visit, which
stands for Visitor Information System Implementation Tool, is a new, experimental design
tool for creating hypermedia systems.  Visit provides a set of tools that simplify screen
design and implementation.  Visit offers the user a library of on-screen objects and supports
direct-manipulation interaction in the work area.  In addition, Visit has a critic system that
helps users design screens.  It offers criticism, suggestions, and explanations to help users
improve their designs through the use of aesthetic measures.  Visit was developed as part of
Ngo’s Ph.D. dissertation while he was at Trinity College, the University of Dublin.  A full
report on Visit is available [21].

We built a 15-node visitor information system for 14 golf courses in Northern Ireland
using Visit.  The overall design of the screen layouts and their contents were taken from a
promotional brochure produced by the Northern Ireland Tourist Board.  The system con-
tains 15 nodes with only two basic designs (Fig. 8 and Fig. 9).  The aesthetic values for the
designs were poor because they are not in balance or equilibrium, and are asymmetrical. We
then proposed two corresponding designs with the help of the critic system (Fig. 10 and Fig.
11).  A viewer can make a subjective evaluation of aesthetic preference between the two
sets of designs.  We believe that the original designs were significantly improved using the
Visit approach.  Most of the graphic designers we have interviewed agreed with us.  Com-
mon remarks about the redesigned screens include that they have fewer alignment points,
the arrangement of screen objects is ordered and facilitates eye movement patterns, and the
use of surrounding white space is efficient.

Fig. 8. Original screen.
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Fig. 10. Redesigned screen.

Fig. 11. Redesigned screen.

Fig. 9. Original screen.
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7. CONCLUSIONS AND FUTURE WORK

In this article, we have presented a computational theory of interface aesthetics
evaluation. Our informal study has suggested that the model is closely related to designers’
as well as non-designers’ perceptions of aesthetics. We have demonstrated that the aesthet-
ics of screen layouts can be measured objectively. We have also demonstrated that aspects
of the theory of aesthetics, such as Birkhoff’s aesthetic measure, can be effectively applied
to screen design. The application Visit, in which aesthetic measures have been applied,
allows the user to create screen layouts directly rather than by working through a designer.

Although the results of the evaluation were sufficiently clear to satisfy the overall
objective of the exercise, that is, to make interface design both objective and scientific, they
require further development.  Much can be done to make the current formulae better, and
the study described here has suggested some improvements which can enhance their usability.

First, a designer can control some elements of composition to achieve balance.  For
instance, color is visually heavier than white; big objects are visually heavier than little
objects.  The measure of screen balance presented here does not include properties like
object type and color, or font type and weight.  Second, a layout is in equilibrium when its
center corresponds approximately to the center of the frame.  Practically speaking, there are
however, minor deviations from this definition.  Owing to the visual gravitational pull, the
balancing center of the layout will lie somewhat higher than the center of the frame, thereby
compensating for the greater weight of the area’s upper half.  But such discrepancies are
small.  Hence, for equilibrium,

EM = (0, yc - yo)         (from Eq. 3)
and

′ ≤ − ≤y y yc( )0 0

where ′y  is the optimum level.
Third, as for complexity, which is defined as the number of on-screen objects, we can

increase its scope to include, for example, the numbers of typefaces and colors used.  Fourth,
the measure of sequence is culture dependent since it promotes a reading pattern that is
common in Western cultures.  Finally, principles may not always be compatible.  When
incompatibilities are encountered by the viewer, confusion results.  As pointed out by a
reviewer, from Tables 1-3, we can see that the sensitivity of the measure O used to discrimi-
nate between the different layout designs (L1-L7) is low compared to designers’ and users’
sensitivity.  This might be a deficiency of the measure.  We are gradually improving our
formulae to match the designer.  The formulae outlined in this paper are under continuous
review and development.  This study was concerned only with object organization, which
narrowed its focus.  For example, in this study, we did not consider properties such as
object type.  Therefore, this study cannot be regarded in any way as universal and all-
inclusive.  Cultural and educational differences may influence attitudes towards the impor-
tance of aesthetics.  We need to create more specially designed analysis packages to analyze
these equations.  We also need to increase the sensitivity of the experiment by increasing
the sample size.  Characteristics that are common to the feelings which give one an aes-
thetic experience should not be limited to the few.  More accordant ordering principles with
appropriate design conventions must be found if this approach is to be improved.



DAVID  CHEK LING NGO, AZMAN SAMSUDIN AND ROSNI ABDULLAH114

ACKNOWLEDGEMENTS

The authors’ sincere thanks go to the graphic designers of OnScreen Interactive Ltd.
and the students of the University of Science, Malaysia, who agreed to participate in this
study, and to the University of Science, Malaysia, Trinity College Dublin, and OnScreen
Interactive Ltd. for the provision of resources required for this study.  I am also grateful to
the anonymous referees for their helpful comments.

REFERENCES

1. D. A. Norman, The Design of Everyday Things, Doubleday, New York, 1990, pp. 17.
(Originally published as D. A. Norman, The Psychology of Everyday Things, Basic
Books, New York, 1988.)

2. A. Marcus, “Human communications issues in advanced UIs,” Communications of the
ACM, Vol. 36, No. 4, 1993, pp. 101-109.

3. J. Preece, Y. Rogers, H. Sharp, D. Benyon, S. Holland and T. Carey, Human-Computer
Interaction, Addison-Wesley, Reading, MA, 1994, [3.1, pp.149; 3.2, pp. 292-294; 3.3,
pp. 130-137; 3.4, pp. 417-419].

4. L. Arlov, GUI Design for Dummies, IDG Books Worldwide Inc., Foster City, CA,
1997, [4.1, pp. 87-88; 4.2, pp. 69-84; 4.3, pp 60-68].

5. N. Tractinsky, “Aesthetics and apparent usability: empirically assessing cultural and
methodological issues,” in Proceedings of CHI ’97 Conference on Computer Human
Interaction, 1997, pp. 115-122.

6. R. M. Baecker, J. Grudin, W. A. S. Buxton and S. Greenberg, (eds.), Readings in Hu-
man-Computer Interaction: Toward the Year 2000 (2nd ed.), Morgan Kaufman, 1995.

7. A. Dix, J. Finlay, G. Abowd and R. Beale, Human-Computer Interaction, New York,
Prentice Hall, 1993.

8. B. Shneiderman, Designing the User Interface: Strategies for Effective Human-Com-
puter Interaction (2nd edition), Addison-Wesley, Reading, MA, 1992.

9. J. Maquet, The Aesthetic Experience, Yale University Press, 1986.
10. J. D. Foley, A. van Dam, S. K. Feiner and J. F. Hughes, Computer Graphics: Principles

and Practice (2nd edition), Addison-Wesley, 1990.
11. A. Marcus, Graphic Design for Electronic Documents and User Interfaces, ACM Press,

1992.
12. M. Kurosu and K. Kashimura, “Apparent usability vs. inherent usability,” in Compan-

ion of CHI ’95 Conference on Computer Human Interaction, 1995, pp. 292-293.
13. S. C. Toh, Cognitive and Motivational Effects of Two Multimedia Simulation Presenta-

tion Modes on Science Learning, Ph.D. dissertation, Center for Educational Technol-
ogy and Media, University of Science Malaysia, Malaysia, 1998.

14. J. M. Keller and K. Suzuki, “Use of ARCS motivation model in courseware design,” in
D. H. Jonassen (ed.), Instructional Designs for Microcomputer Courseware, Lawrence
Erlbaum Associates, Hillsdale, NJ, 1983, pp. 26-34.

15. T. S. Tullis, “Screen design,” Helander, M. (ed.), Handbook of Human-Computer
Interaction, Elsevier Science Publishers, Amsterdam, The Netherlands, 1988, pp. 377-
411.



AESTHETIC MEASURES FOR ASSESSING GRAPHIC SCREENS 115

16. D. J. Streveler and A. I. Wasserman, “Quantitative measures of the spatial properties of
screen designs,” in Proceedings of INTERACT ’84 Conference on Human-Computer
Interaction, 1984, pp. 1.125-1.133.

17. A. Sears, “Layout appropriateness: guiding user interface design with simple task
descriptions,” IEEE Transactions on Software Engineering, Vol. 19, No. 7, 1993, pp.
707-719.

18. G. Fischer, “Human-computer interaction software: lessons learned, challenges ahead,”
IEEE Software, Vol. 6, No. 4, 1989, pp. 44-52.

19. S. S. Reilly and J. W. Roach, “Improved visual design for graphics display,” IEEE
Computer Graphics and Applications, Vol. 4, No. 2, 1984, pp. 42-51.

20. E. Tjalve, A Short Course in Industrial Design, Newnes-Butterworths, Boston, 1979,
pp. 141-173 [20.1, pp. 143-144].

21. D. C. L. Ngo, VISIT: Visitor Information System Implementation Tool, Ph.D. dissertation,
Department of Computer Science, Trinity College Dublin, Ireland, 1994.

22. D. C. L. Ngo and J. G. Byrne, “Aesthetic measures for screen design,” in Proceedings
of OZCHI ’98 Conference on Computer Human Interaction, 1998.

23. I. A. Taylor, “Perception and design,” in J. Ball and F. C. Pyres (eds.), Research Prin-
ciples and Practices in Visual Communication, Association for Educational Communi-
cation and Technology, 1960, pp. 51-70.

24. D. A. Dondis, A Primer of Visual Literacy, The MIT Press, Cambridge, MA, 1973.
25. W. O. Galitz, It’s Time to Clean Your Windows Designing GUIs That Work, John Wiley

& Sons, Inc., New York, 1994 pp. 65.
26. R. P. Nelson, The Design of Advertising, Wm. Brown Co., Dubuque, Iowa, 1981.
27. R. Arnheim, Art and Visual Perception, University of California Press, CA, 1954.
28. G. D. Birkhoff, Aesthetic Measure, Harvard University Press, Cambridge, Mass., 1933.
29. T. Fernandes, Global Interface Design, AP Professional, 1995.

David Chek Ling Ngo ( ) is a lecturer and dean’s rep-
resentative in the Faculty of Information Technology, leader of the
Human-Computer Interaction Group, member of the Quality As-
surance Subcommittee for Affiliated Program, and member of the
Board of Diploma Program, all at Multimedia University.  His ma-
jor research interests are in the areas of interface aesthetics and
automatic design of screen layouts.

Ngo received his BA in mathematics and BAI in electronic
and electrical engineering from Trinity College Dublin in 1990 and
his Ph.D. in computer science from the same university in 1995.



DAVID  CHEK LING NGO, AZMAN SAMSUDIN AND ROSNI ABDULLAH116

Azman Samsudin is a lecturer at the School of Computer
Science, University Sains Malaysia, Penang.  He received the B.
Sc. degree in Computer Science from the University of Rochester,
USA, in 1989.  He obtained his M.S. and Ph.D. degrees in Com-
puter Science from the University of Denver, USA, in 1993 and
1998, respectively.  His research interests are in the fields of inter-
connection networks, switches from telecommunication network,
parallel and distributed computing, and optical networkds.

Rosni Abdullah is currently a lecturer at the School of Com-
puter Science, Universiti Sains Malaysia (USM), Penang, Malaysia.
She joined USM in 1987 after obtaining her B.S. (1984) in Applied
Mathematics and Computer Science and M.S. in Computer Science
(1986) both from Western Michigan University, Kalamazoo,
Michigan, U.S.A. She obtained her Ph.D. from Loughborough
University, U.K., in 1997, specializing in Design and Analysis of
Parallel Numerical Algorithms for Parallel and Distributed
Architectures.

She has taught courses in software engineering, programming
languages, Introduction to Computer Systems using PDP-11 and

MC68000, Microprocessors and Interfacing Techniques, Introduction to Computing, Com-
puter Science Principles, Problem Solving and Programming using C, and Introduction to
Logic and Abstraction, all at the undergraduate level. At the postgraduate level, she teaches
Foundation of Parallel Computing.  She is currently supervising 2 Ph.D. students, 4 masters
students and 5 final year project students.

Her current research includes investigating the performance of the QR and QZ de-
composition methods in solving linear systems of equations on meassage-passing architec-
ture using the Parallel Virtual Machine (PVM) on a cluster of workstations, and develop-
ment of a Distributed Shared Memory (DSM) on a PC cluster.  She has also started work on
distributed data mining and data warehousing.

She is currently Head of the Parallel and Distributed Research Group in the department,
Chairperson of the Research & Development, Consultancy and Publication Committee and
Chairperson of the Adhoc committee for Staff Promotion.


