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Abstract

The purpose of thishesiswas to develop a conceptual framework that shows the
relationship between aesthetics, performance, and prefenencemputer interfee
design To investigate this relationshithe thesigocused on investigating the effect of

layout aesthetics on visual search performance and preference.

This thesis begins with a literature review of related work followed by the rationale for
conducing this researghn particular, defining what it meant by visual aesthetics in the
context of interface design.

Chapter 4focused on investigating the effect of layout aesthetics on performance and
preference. The resulshow thatresponse tim@erformance and pferenceincreased
with increasingaesthetic level. Preference and performamneee found to be highly

correlated.

Chapter 5f ocused on i nv e s tpiefgrancewimeqg they svere sod | a
involved with a performanebased task. The ressiltshoved, surprisingly,that
preferencewas highest with afimoderate level of layout aesthetics and lowest with

fihigho andfilowo levels of aesthetics.

Chapter 6focused on investigating visual effdsy measuring eye movement pattern
during task performare The results showed that visual effort increased with a

decreasing level of aesthetics

Chapter 7extended the experimert Chapter 4usi ng mor e HfAecol ocf

stimuli. The resultessentiallyreplicated the results producedGhapter 4

Chaper 8 focused on investigating the relationship betwessrc a | |classicabi
aesthetics andackground fiexpressivé aesthetics. The results shedvthat task
performance using classical aesthetics was highest with high and love leivel
aesthetics and worstith medium leves of aesthetics Performancewith expressive

aesthetics increased widecreasingesthetic leval

This thesis concludes with a conceptual framework for aesthetic design to help
interface designers design interfaces that look aesttetaiaasing while at the same

time suppoting good taslperformance.
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Introduction

The purpose of this chapter is to provithe researctbackground, motivation, thesis
statement, research objectyeesearch questions, and to state the significantieeof

thesis.

1.1 Research background

Attractive things work bettér Donald Normafo9]

The important role of visual aesthetics in interface design has been highlighted in many
studies. Most studies found that Bamesthetically designédnterface is perceived as
fbetterqualityd than a less aesthetistérface.Such qualities include perceived ease of
use (PEU), perceived usefulness (PU), trustworthiness, greater satisfaction, more

interest, more enjoyment, etc.

In the original version offechnology Acceptance Model (TAMyy Davis[33], PEU
and PUwere identified asthe main determinant fouser acceptance and usage of
information systemOver the yearsTAM hasbeenrevisedextensivelyresulting inthe
discoveryof otherimportant determining factors for technology acceptamesides
PEU and PWsuch as social influence, utility, etc. (see éaample[78,56]). Although
opinion varieson the most important factors for technology acceptanuast of the

studiesrecognig the importance oPEUand PUon technology acceptance
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What makesaninformation systenperceived as easy to use or usefsé®eral studies
[65,137,139144] found that PEU and PUare strongly related to aesthetis. An
aesthetically designed interface is perceived as easy to use and useful compared to less

aesthetic interface.

While there is substantial evidence thatsthetiodesignenhances perceptions, @ind
attitudes towardvarious computing productgs5,137,122,75,98,144,76,10313821],

whether aesthetic design also enhances actual task performance is unclear due to the
limited and nconsistent findings of studies that investigtite relationship between
aesthetics and task performance.

For example, the results afstudyby Szabo anKanuka [133 on a computebased

tutorial (CBT), suggest that learning time and task completion rate can be improved
significantly by good design principles such as balance, unityfaoud. Their claim

was supported byonderegger and Saugt29 who conducted a study omobile

phones and found that task completion time®re better with attractive models than
unattractive models. Further support can be found in Moshatieal. [90] who
conducted a study amebsites and found that webpages with aesthetic design edhance
userso6 performance when wusers wer ether equ

information they needed.

While studies such as those discussed abowsiggest that aesthetics support
performance, othestudiescontradicted this idedNakaradaKordic and Lobb[93] for
example, suggestl that aesthetic design does not support task effectiveness or
efficiency but it does make users more patient and keeps them intetastexther

study byChawdaet al. [24] where they compared the performance of several data
visualization techniques, they found that there was no difference between search time
and the number of errors betweesihetic and neaesthetic design and concluded that
although attractive things are perceived to work better they do not neceasardity

work better than unattractive things. A similar finding was foundBbg-Bassatet al.

[10] who conducted a studynaan electronic phone book and found thatahmuntof

data entered in a specific given time was no diffevetit a less aesthetic design. Ben
Bassatodos finding howevetal[9G0ta bebiasédaduencetite by
fixed number of stes that the participants had to follow to complete the task and not

due to the design of the interface.
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The different findings of thesestudiesare likely to be related to a difference in
methodology. Some studies focused on the layout, others on tha coimbinations,

or simply on the graphical design of the interface. Although these studies focused on
different aspects of the interface, they all are similar in one aspect. All of them rely on
subjective judgment to measure the aesthetics of the ic¢erf@/hile subjective
judgment is indeed an effective way to determine the aesthetics of an interface, an

objective, automatable metric of screen design is an essentjiBhid

Thereareseverametricsin the literature for screen design. For example, Streveler and
Wassermail3Z proposed metrics for assessing the spatial properties of alphanumeric
screens ch as symmetry, balance, percentage of screen used, and average distance
between groups of items. Streveler and Wasserman however did not apply or test these
metrics. Tullis[141] also proposed four metrics (dégs local density, grouping,

layout complexity) for assessing the spatial properties of alphanumeric screens. The
applicability of these metrics on Graphical User Inteda@@Uls) however has not

been tested. Sedis29 dev el oped a t as klaybusaypopurto pme tartiec
which measure the efficiency of widget (i.e. buttons, boxes, and lists) placement in
computer interface However, how this metric matches with visualaesthetic
perception is not known. Although the metrics proposed by these sflidixt41,125

are carefully developedhe objective measures proposed by Ngo ef9é@l can be
considered as theost comprehensive as they synthesize the guidelines for spatial
layout from many studies. The robustness of Ngo €i98lto measure the aesthetic

layout of the interface is also supported in other studiss for examplgl04,156].

Lavie and Tractinsky67] proposed that the aesthetics of an interface can be classified
into two dimensions: classical aesthetics and expressive aesthbgdsnding of De-

Angeli et al.[3] suggested that the selection of these dimensions should be based on
context of use and target populatiand suggested classical aesthetics for serious tasks
and with adult users, and expressive aesthetics for leisure tasks and with young users.
This suggestion was supported by Van Schaik and Lid. According to Van
Schaik and Ling, users expea interface wh dassical aesthetics for geafiented
producs and expressive aesthetics for actiotaty/leisure-oriented productswhile

the use of these two dimensionsoiten recommended, no studies have investigated

which one of then supports better performance.
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1.2 Motivation

This study is motivated by three considerations. Fiostly a few studies have
investigated the relationship between visual aesthetics, task performance, and
preference. Second, prior studies that have examined the role of visual aesthetics on
performance and preference have found mixed resn#ikingit difficult to draw firm
conclusions. Third, none of the prior studies have used an objective measure to measure
the aesthetics dhe interface and at the same time investigate the effect alekign

ontask performance and preference.

1.3 Thesis statement

An empirically validated framework for the aesthetic design of visual interfaces is
helpfulto understand the relationships between layout aesthetics, task performance, and

user preference in Huan Computer Interaction.

1.4 Research objectives

The main objective of this study is to develop a conceptual framework that shows the
relationship between aesthetics of interface design, task performance, and user

preference.

1.5 Research questions

To meet thebjectiveof this study, thefollowing questions weraddressed:

RQ1: What is the relationship between the aesthetics of interface design and task

performance?

RQ2: What is the relationship between the aesthetics of interface design and user

preference?

RQ3: Is there any relationship between user preference and task performance?

1.6 Significance of research

This studyprovidesa conceptualframeworkfor the aesthetic design of an interface
based orempirical evidenceand which could be used as a reference by relsess,
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practitioners, interface designers, or anyaise interested in designing aesthetic

interfaces that suppotiask performance angerpreference.

1.7 Overview of thesis

Chapter 2,Literature review reviews related work on visual aesthetics in Human
Computer Interaction (HCI). This chapter places the work of this thesis in context by

summarising related work and identifying an area which has received little attention.

Chapter 3,Rationale of studydiscusses the rationale of this thesis and also the

rationale ofeach individuakxperiment.

Chapter 4 ayout aesthetics vs. performance and preferenoepbrts the results of an
experiment investigating the effect of layout aesthetics on performance and preference
using simple stimuli (upright and inved triangles)

Chapter 5,Layout aesthetics vs. preferenaeports the results of an experiment
investigating the effect of layout aesthetics and preferersieg the same simple

stimuli.

Chapter 6,Layout aesthetg vs. visual effortreports the restd of an experiment
investigating the effect of layout aesthetics on visual effiyt measuring eye

movement patterns when viewing the same simple stimuli

Chapter 7]ayout aesthetics vs. performance and preferencephrts the results of an
experimat investigating the effect of layout aesthetics on performance and preference
with more complex stimuli (small photograph§he task was similar to finding images
using a standard interface such as Gddbienages or icons on a typical computer

desktop.

Chapter 8Classicallayout aestheticsand background image expressiyitgports the
results of an experiment investigating the effect of classical aesthetics and expressive

aesthetis on performance and preference, again using small photographs.

Chapter9, Discussion and conclusiorgviews the work presented in the thesis and its
novel contributions in terms of the research questions outlined in the introduktion.
conceptual framework which synthe=sshe findings of all experiments in this thesis is

includedto illustrate the relationships between visual aesthetics, task performance and
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preference.Finally, the limitations of the experimentare outlined along with

suggested areas of further research to be conducted.
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Literature review

The aim of this research is to investigate the relationships between visual aesthetics,
task performance, and preference. Therefdre,purpose of this chapter is poovide

an overview of existing researam visual aesthetics in Human Computateraction

(HCI) to place the contributions of this thesis in context. Although there is a vast
amount of literaturen the topicof visual aestheticghis review will focus mainly on

HCI andignores researcim other areas such as philosopagd historyof art.

The chapter begins by discussing the various definitions and theories of aesthetics, and
how visual elements otomputerinterfaces can be perceived as aesthetic. The
remainder of the chapter reviews the existing reseamchisual aesthetics witrespect

to perceived usability, task performance, and preference, and identifies research gap
Research Questioms this chapter are

1. How should we define aesthetics
2. How should we apply aesthetics to computer interfaces

3. What is the current staté researctonvisual aesthetics in HCI?

2.1 Definitions and theories of aesthetics

Given that this research focuses on investigating the relationships between aesthetics,
task performance, and preference, the first step is to know and understand the definition
of aesthetics and how people perceive aestheticsof interfaces This section

discusses various definitions and theories of aesthetics.
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2.1.1 Definitions of aesthetics

The term aesthetics i s de(prverdoafsthiidedd afi G
meani ng, Aithing perceivabl e to [1l defnessens

a e st h etheifornsal study of iart, especially in relation to the idea of béauty
In HCI, the term aebetics is defined in manyays:

Beauy (Tractinsky[137)]).

Visualappeal(Lindgaardet al.[76]).

Visual appeal an@ppropriatenesgAvery [5]).

An artistically beautiful or pleasing appearan@evie and Tracktinsky67]).

> > > > D>

The objective design aspects of a product, including form, tone, colour, and
texture(Postrel, cited ij129).
A Those elements of an interactive design that are carefully orchestrated to

enhance and heighten the learner experigidider [88]).

Although these authors diffén their definitiors of aestheticsa commonfactor in all
of these studies is that they defirmesthetic featureas those characteristics of an
interfacewhich areperceived as phsing or appealing to the view&his will be the

working definition used in this thesis.

2.1.2 Theories of aesthetics: what makes an interface aesthetily pleasing?

There are many theories in the literature of what makes an interface aaHhetic
pleasing Berlyne[12], suggested that preference for any stimulus is determined by its
arousal potential in an invertadl shape, that is, moderate complexity was preferred

over simple or extremely complex stim(figurel).

experience shift
—_—

liking

optimum complexity complexity

Figurel. Berlyneds model [69) aesthetic
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Berl yneds ar ousotl potenti al consi sts

A Psychophysical properties referring to the physical properties of the stimulus
such as intensity, pitch, hue, or brightness.

A Ecol ogical properties referring t o
associationso of a wor k maytbe asoused bp an a n
object or a work of art because it bringstiond an event that happened in the
past.

A Collative properties relating to higheorder attributes such asovelty,

complexity, surprise, etc.

Berlyne highlighted collative properties suat complexity (i.ethe amountof variety

or diversityin a stimuluspattern)as the most important predictor for preference.

Al t hough Ber | yn eldasrecpvecdc ™uchc supperte(seenfordezaimple
[13648,117]), several studies have found otherwise. For example, Martiredadd
[83] suggested that preference is relatestimulusarousal potential by a monotonic or
U-shapé pattern instead of an invertedddaped pattermrand highlighted semantic
factors (meaningfulness) as more important than the collative praperti@esthetic
preference Other studies whiclusedconcrete reaworld stimuli such as paintings,
buildings, and furniture suggested thapresentativeness is an effective predictor of
preference (cited [74]). In another study by Pandir and Knigi3, in which they
investigated the relationship between complexity, pleasure and interestingness of
webpages, they found that there was a tregaorrelation between complexity and
pleasure in website perceptidPandir and Knight highlightemhdividual differences in

taste and lifestyle as factors that underlie preference.

A dlightly different view, presentedn the influential work by Lavieand Tractinsky

[67], suggested that people perceive the aesthetics of intenfatgo different ways:

v i ealasdicab aesthetics an@lexpressiveé aesthetis. Classical aesthetics refers to the
orderliness and cdlay of the design and is closely related to many of the design rules
advocated by usability experts (e.pleasat, clean, clearsymmetrical) whereas
expressive aesthetics refers to the desi
break desig conventions (e.goerceived creativityuse ofspecial effets, originality,
sophistication, fascinatignThese two dimensions were similarthmseproposed by

Nasar (cited if67]) as visual clarity and visuakchness, respectively.
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In a more recent study by Thielsf®i], it was suggested that there are four facets of
visual aesthetics: simplicity, diversity, colourfulness, and craftsmanship. Simplicity and
diversity are similar to what Lavie and Tractingl87] termed as classical aesthetics

and expressive aesthetics respectively, colours are the property of the objects, and
craftsmanship refers to the skilful and coherent integration of the relevant design

dimensiong91].

The findings of these studi¢$2,83,67,10391] showed that the perception of aesthetics
can be based on many factors such as the level of complexity, meaningfulness of the

designrepresentativeness, interestingness, and aesthetic dimensions.

2.2 The influence of culture onthe perception of aesthetics

Culture plays significant influenceon how people perceive the aesthetics of the
interface[51,42]. Culture according t&Robbins and Styliano[l16r ef er s t o fi
val ues t hat infl uence societal percept
Different culturesperceive aesthetics differentlyn anterface whichis perceived as

aesthetic by other cultures might not be perceived as aesthetic by others.

A study by Masuda et a[84] suggested that Westerners used more analytic styles
whereas East Asians used more holistic styles when processing aesthetics and social
information involving face stimuli. Their dia was based on their evaluation of the
photographs taken by American and Japanese participants where they found that the
photographs taken by the American participants focused more ofadéend the

object of the photograptather than the backgroundhereaghe photograph taken by

the Japanesearticipantsfocused largely on the background rather tharfdbe. Their

finding was supported by Huang and P§k|] who extended Masudet al6 s st udy
using Faceboadk photographs, andiind that East Asianosers had lower intensity of

facial expressiosithan Americans on their photographs.

Besides processing style, the reading direction habit was also found to significantly
influence the perception of aesthetics. In a study by Chokromgastini [25], their
finding revealed that subjects preferred pictures possessing the santierdiliég as

their reading habit. Bennete et §l1] later suggested that the expressiveness of

pictures are affected by directionality.
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In a crosscultural study investigating the aesthetic perception of websites, many
studies found significant differences across differentct ur e s . (3] studly, r et
for example, they found that Canadians, Americans, Germans, and Japanese have
different preferences for website designcluding screen design (e.g. navigability,
layout, and graphical elements). In anothedgtinvestigating the colour appeal of an
e-commerce website, Cyr et §82] found that Canadians have a strong preference for

a grey colour scheme when compared to Germans and Japanese, whereas Germans, 0
the other hand, showed a stronger preference for a blue colour scheme and were more
sensitive ¢ jarring, unnatural or unappealing colours. Cyr et al. also highlighted the
importance of knowing the colour appeal of a specific culture to keep users interested

in the website.

Although the perception of aesthetics varies across cultures, accordiugn (cited

in [103), i t I's possible to hswvggdsttandhbatd b
principles of taste are umiTfher m aime MHwmse
pleased at Athens and Rome 2000 years ago, is still admired at Paris and at London.
All the changes of climate, government, religion, and language, have not been able to
obscurehisgloy (as [1OF)t ed i n

2.3 Visual search

Visual searchrefersto the act of visually scanning a scene, searching for a particular
target object among irrelevant ntarget obgcts[36,89]. The standard visual search
involves particpants looking for a target item among many distractor itefi$2]
(targetabsent search). Others requdaaticipantso look for more than one target (see
for example [15053]). Figure 2 shows an example of stimulus used in visual search
where the subject was asked to find the letter XTand

-

L
\ -
{
X

X/(\/

Figure2. Find the X and T (adapted frgh52)
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The objects in visual search are normally simple and-aeflhed such as letters (e.g.

T, F, S) [4158], geometric shapes (e.g. circle, cross, squamnengle, eto.
[126108111], oriented bard130,72], pictures (e.g. artifacts, animal, flowers, etc.)
[70,77], etc. The target may differ from the ntarges on a single feature (e.g. blue
shape presented among red and ggeen combination of more than one feature (e.g.
blue O presented among red Os and green Xs). Visual search difficulty depends on the
discriminability of targets and netargets, the hardet is to discriminae targetfrom

the nontargets the search taskcomes more difficu[t36].

There are several theories tife visual search task. The most popular theories
including Posner 69[11,i sTurad i somai nebnst i {adfh ttuhree
and Wol feds [1Ipf.i dPB ds mrerad sing wthewdyuemphasiaeas ithe n
movement of an attentional spotlight across spgcH]. I n Trei smanbo
integration theory, visual information is processed in at least two successive stages:
pre-attentive and attentive. In the paetentive stagethe visual system focuses the
attentononsaint 0-0 u i@ o @ naba lpnited se¢ &f basic features such as
colour, size, motion, and orientation in parallel. In the attentive stage, it processes more
detail features, one at a time. In guided search theory, attention is directed to objects
seaially in order of priority[39] based on toglown and bottorup activation. Top

down activation is based on the similarity between the stimulus and the known
properties of the target whereas bottomis based on the difference between the
stimulus and the knowproperties of the target. The two activations are combined to

produceanattention map.

Subitizing

Subitizing means "instantly seeing how maf®7]. There are two types of subitizing:
perceptual subitizing and conceptual subitizing. Perceptual subitizing occurs when we
recognie a number without counting (fewer thaf131]). For example, when we see
three dots, we automatically know it is three dots without counting. Conceptual
subitizingon the other hand refers to the ability to combine small sets of nanfier
example, it requires conceptual ability to knthat three dots if combine with two dots
equal to five dots. Several studig®7,149 suggest that subitizing is faster with
canonical presentation than randonegantation Kigure 3). Others[154 suggest that

patternrecognition process for a larger number of items also helped in subitizing.



28

Random presentation

Canonical presentation

Figure3. Canonical vs. random presentatiorkéia from[34])

Segmentation

Segmentation refers to the grouping of
[13]. It occurs preattentively as it is effortlessly perceived from the background.

According to Turner[142, preattentive segmentation occurs strongly for simple

properties such as brightness, colour, size, and the slopes of lines comppsies} fi

Figure4 illustrates examples of stimuli with segmentation and without segmentation.
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No segmentation Texture segmentation

Figure4. Segmentation vs. no segmentation (taken frbs1i])

In visual search, where finding a target among distractors is not influenced by the
number of distractors, both target and distractors are processed in parallel. As
segmentation involves piatentive tage, it is most likely linked to parallel processing.
Wolfe [151] however argued that segmentation and parallel visual search do not
always ceoperate: Parallel processing can occur with stimuli that do nmpostu

effortless texture segmentation and vice versa.

2.4 Visual Elements and Aesthetic Impressions

Before designing an aesthetic interface it is necessary to gain an understdriaing
the visual elements of an interface evoke aesthetic impressions. Thimnseiscusses
how three elements of interfacean bedesigned with aesthetics in mindpatial

layout, shape, and colour.
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2.4.1 Spatial layout

Spatial layout refers to the physical location and relative positioning of visual
media elements on the computeterface[6]. In creating an aesthetic layout, many
studies have referred to the Gestalt 1§%44,65,137,13313922,46]. Although Gestalt
theory originatedn the field of psychology, it has influenced many other disciplines
including HCI. The word Gestalt means t
part of a perceived object is grouptm form a perceptual wholg22]. The ke to
Gestalt laws igypically summarized in the mantfthe whole is greater than the sum

of its part® .

There are many Gestalt lawswever only a few are applicable computer interface
design Changet al.[22] for instance, identified eleven GestaNvs such as balance or
symmetry, ontinuation, closure, figurground, focal point, isomorphic
correspondencepragnanz proximity, similarity, simplicity, and unity or harmony.
Reilly and Roach[114] proposedfive principles for visual design: proportion,
sequence, emphasis, unity, and balance, and Szabo and Kh&gkased three design

principles:balance, unity, and focus.

Some studies created mathematical formulae from the Gestalt principles to enable
automatic design of screen layout. For example Bauerly and9lideveloped two
metrics: symmetry and balance and Ngo e{98] developed fourteemathematical
formulae to measure balance, equilibrium, symmetry, sequence, cohesion, unity,
proportion, simplicity, density, regularity, economy, homogeneity, rhythm and order

and complexity.

Besides the objective meassifgropsed by Bauerly and Liu, and Ngo et. al, other
studies which introduced objective measunecludeStreveler and Wassermh327]

who proposed metrics for assessing the spatial properties of alphanumeric screens such
as symmetry, balance, percentage of screen used, and avstageedbetween grosp

of items; Tullis [141] who proposed four metrics (density, local density, grouping,
layout complexity) for assessing the spatial properties of alphanumeric screens and
Seard125who devel oped a t alaybkutal papyroouptr infsehterniecs
measurethe efficiency of widget (i.e. buttons, boxes, and lists) placement in computer

interfaces.
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While there are many objective meassurin the literature, Ngo et. 'slobjective

measure is the most comprehensive as it synthesizes the findings of other studies.

Ngo et. al layout metrics

Table 1 shows a brief description and diagrams of eachhef fourteen aesthetic
measures developed by Ngo et. al (88 for thecompletemathematical formulae for

each of these fourteen measures).

Balance (BM) is the distribution of optica ] ]
weight in a picture. Optical weight refers B ] B
the perception that some objects app [ ] ] ] E
heavier than others. Larger objects 1 ]
heavier, vinereas smadr objects are lighter.

. . . . A balanced Unbalanced
BM in interface @sign is achieved b interface interface

providing an equal weight ofinterface
elements, left and right, top and bottom.

Equilibrium (EM) is a stabilisation, i
suspensiom@around the midpoint

i
i
i
i

EM on a screen is acconmdted through
centring the layout itself. The centre of t

layout coincides with that of the frame. A stableinterface  Unstableinterface
Symmetry (SYM) is the extent to which th ]

screen is symmetrical in three directio L] E
vertical, horizontal, and diagonal. B B B ]
SYM is achieved by replicatg the element L] L JL ]
vertically, horizontally and radially of th A symmetrical Asymmetrical
interface centre line. interface interface
Vertical symmetry refers to the balanc

arrangement of equivalent elements abo

vertical axis, and horizontal symmetry abc

a horizontal axis. Radial symmetry consi

of equivalent elements balanced about 1{

or more axes that intersect at a central po

Sequence (SQM)is a measure of ho 1 5

information in a disf@y is ordered in ~ Y
relation to thereading pattern that isnost ‘ 31 N1
common in Western cultures. 354

SQM is achieed by arranging elements A sequential Randominterface
guide the eye through the screen in ateft interface

right, topto-bottom pattern.




Cohesion (CM) is a measure of ho
cohesive the screen is. Similar aspect rg
promote cohesion. The term aspect ri
refers to the relatimship of width to height.

CM s achieved by maintaining the asp
ratio of a visuafield.

L]
N

HpN
]

High cohesion
interface

Low cohesion
interface

Unity (UM) is coherence, a totality ¢
elements that is visuallyiall one piecé.
With unity, the elements seem to belo
together, to dovetail or merge songoletely
that they are seen as one thifdhey are
grouped.

UM is achieved by using similar sizes g
leaving less space between elements
interfacethan the space left at the marging

L]
L]

A U n interiack

Fragmented
screen

Proportion (PM) is the comparative
relationship between the mdensions of the
interfacecomponents andanonicakhapes.

PM is achieved by following shapes su
as: square (1:1), square root of t
(1:1.414), golden rectangle (1:1.618), squ
root of three (1:1.732), and double squ
(1:2)

L
L]

L]
L

A proportionate
interface

Disproportionate
interface

Density (DM) is the etent to which the
screen is covered with objects.

DM is achieved by restricting screen dens
levels to an optimal percentage.

HiN
1]

A spacious
interface

NN
e
N

Denseinterface

Simplicity (SMM) is directness an
singleness of form, a combination
elements that results in ease
comprehendingte meaning of a pattern.

SMM in screen design is achieved
optimizing the number of elements on
interface and minimizing the alignmer
points.

L]
L

L
L]

A simpleinterface

Complexinterface
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Regularity (RM) is a uniformity of
elements based on some principle or plan

RM in interface design is achieved Dby

LI
LI
i

] L
i

(L] L

establishing standard and consistel

spaced horizontal and vertical alignmg A regular Irregularinterface
points for interface elements, an( interface

minimizing the alignment points.

Economy (ECM) is the careful and discre

use of display elements to get the messg [ ] [ ] M
acrossas simply as possible. 1 ]

ECM is achieved by using as few sizes
possible.

] O

An economial

Intricateinterface

interface
Homogeneity (HM) is a measure of ho ]
evenly the objects are distributed among ]
quadrants. ] [ ]
HM is achieved by distributing the objec
evenly on the four quadrants of the stre A homogeneous Uneven interface
interface
Rhythm (RHM) refers to regular patterns ][] 1 [
changes in the elements 1 [ ] ]
RHM is accomplished throughordered L] L 1 [
variation of arrangement, dimensiq | [ | [ | ] L]
number and form of the elements. : : :
A rhythmic Disorganised
interface interface

Order and Complexity (OM) is an

aggregatémean)of the above meases.

Tablel. The fourteen measures of aesthetic layout (adapted &46v,98)])

The aesthetics aothe layout ofobjects on a twalimensional planean be given a

number between (Worst)and1 (best) This number is termed tleesthetics valuand

can be high, medium, dow (the aesthetics lev® Table2 shows the aesthetiwalue

range for each level of aesthetics.

Aesthetics Level Value range
Low 0.000M based ori3 metrics< 0.5
Medium 0 . BOM®ased on3 metrics< 0.7

High 0.

TOM based ori3 metricsO

1.0

Table2. High, medium, and low aesthetic level (taken @)



The overall aesthetics value of an interface is determinedvbys@eTablel), that is,
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the aggregate of the thirteen layout metri¢édgure 5 shows an example of how the

aesthetics of an interface is measured by the fourteen layout metrics. As shown in

Figure5 the aesthetics value of the interface is 0.374 which is considered to be a low

aesthetics value.

Figure5. An example atput from the analysis program for a poorly design

Il n Ngo

et . a l

screen(adaped from[94,97]).

0s

study,

t hey

di

Model Screen GUI Screen
L]
| S plicity
[ THE « UNPRETENTIOUS 4 ARTISTIC & FORM
| [
Values Comments
Measures
Balance 0.357 Unbalanced
Economy 0.802 Stable
Symmetry 0.451 Asymmetrical
Sequence 0.500 Random
Cohesion 0.679 Cohesive
Unity 0.107 Fragmented
Proportion 0.734 Proportionate
Density 0.142 Complex
Simplicity 0.415 Cramped
Regularity 0.083 Irregular
Economy 0.142 Intricate
Homogeneity 0.000 Uneven
Rhythm 0.453 Disorganized
Order and complexity  0.374 Bad

d

not

expl

each level of aesthetics. Noticeably the value ranges of the three levels of aesthetics are

uneven where the value range of low aesthédiesl| is larger than the value range of

medium and high aesthetics. Ngo et. al justified the validity of these boundaries by

comparing the computed value ah interface withthe subjective rating of human

views in which they found a perfect match (ivehat considered high, medium, or low

aesthetics byhe computational methowasalso considered as high, medium, or low

aesthetics by human vigjy
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The validation of Ngo et. al 6s metrics w
of OM (not each of th 13 layout metricsyvith subjective rating of human views in a

series othreeseparate experiments:

1. Experiment 195]: 6 professional GUI designers were recruited to rate 7 model
screes printed on a hardcopy regarding how beautihdy were(0O-worst, 3
best). The result showed that the computed value of OM of the layouts was in

line with subjecting rating of the participants.

2. Experiment Z96]: There were 180 undergraduate students in this experiment.
The stimuli were 7 greyscale GUI screens. The stimuli were projected in a large
classroom using an evhead projector, one at a time for 20s, and the
participants were asked to rate on ailovediun high scale regarding how
beautify it was. The result showed that the computed value of OM of each of the
five GUI screens was in line with subjecting ratinghad participants.

3. Experiment 398]: This experiment was conductedtwo parts: In part 1, there
were 79 participants where in part 2 there were participants 180. None of the
participants participated in part 1 took part in part 2. All participants were
undergraduate students which received credit for participationstiimali in
part 1 were 5 model screens. These 5 model screens were used in part 2 but
filled with content to make it real screens (GUI screens) which means that the
stimuli in part 2 have the same OM as in part 1. In both parts, the stimuli were
projectedn a large classroom using an overhead projector, one at a time for 20s
and the participants were asked to rate each stimulus oniankmiuni high
scale regarding how beautify it was. The result showed that, the computed value
of OM of the stimuliinpartt was in | ine with the
rating. The result in part 1 was replicated in part 2.

Basedon the three experiments discussed above, the strengths of the validation of Ngo
et . al 6 s ftoreerfastbrsFiest, tha lack ob diffeence of subjective rating
betweenthe model screen and GUI screen shows that the formulaaparepriatefor
measuringthe aestheti of real screensSecond,the large number of participants
providesmore accurate predictioThird, the validation of theformulae stimuli were

carried out from the perspective of professional designers and users.
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2.4.2 Shapes

There are many types of shape or forms of an object. Previous stu@ié$] have
reported that there & higher preferenceor smoothlycurved objectsascompared to
sharpangled {.e. V-shaped corner) objects. Thesltking of sharpangled objectss

thought to stenfrom a feeling of threat For instancean edge that resemblaknife is
perceived aglangerous becausedbuld beused for cutting. Although shagngled

objects arenoredisliked,they are neverthelesnorerapidly noticed[66].

2.4.3 Colours

Codours are a critical property of aesthetic objects. The ability to handle colours
effectively is crucial as the use of colour could make the interface look either
aesthetically pleasant or vemnpleasan{91]. To choose the appropriatelour that

will produce the intendedaesthetic response from theewers, it is important to
consider colour preferenamd therelationship betweecolourandemaotion.

Colour preference

The literature on colour preference is variable and contradictory, howegananal,
many studiehavefound that blue arethe nost preferrechuesand yellowgreens are
the least preferref®0,101,80].

Kaya and Epp$60] suggested that colour preferences are associated with whether a
colour elicits positive or negative feelings. Fhgositive and negative feeling may
depend on the association of @at with past experiences. For example, some people
preferreda red colour because it remindechem of being in | ove
and the shape of a heart, while otheic notbecause it remiretl them of evil, Satan,

and blood.

Age has also beenadtified asanimportant factor that influensecolour preference
Dittmar [35] found that colour preferenahanges with the advancement of age. With
advancing age, the preference ue decreased steadily, whereas the popularity of
green and red increased. Thisheughtto be due talterations in colour discrimination
and visual imagery, the yellowing tfe crystalline lens, and the decreased function of

the blue cone mechanism with ageing.

Perhaps one of the most discussed factors that influences colour preference is cultural

difference. A crossultural study by Saitd87] investigating colour preferences in



36

Japan and its neighbouring countries, revealed teattwas a strong preference for
white; white was associated with image of being clean, pure, harmonious, refreshing,
beautiful, cheer, gentle, and natural. Similarly, virestern culture white is often
associated with purity, elegance and frankness.Heratudies by Jacob et al. (cited in
[78]), they found consistent agreement between Japan, China, South Korea, and United
States that blue is associated with high quality, red with love, and black with being
expensive anghowerful. Although there are similarities across culture, there are also
differences. For example) Chinese culture, there is a high preferenceddf7856).

For the Chinese, r e goyfumness, ramt shappiness, aridgitoio d
considered as the countchig ofen user Sni veddinogu | t
invitations and dresses, New Year events, ribbwiting ceremonies, etc. In western
culture however, red often symbolizes danger and alarm, violence, war, cruelty, etc.
Other conflicting use of colour is white. In Chinese a@iuwhite means lifeless
performance, and death, thus people often wear white during funerals whereas in

western culture, instead of white, blasjkmbolizesdeath and mourninb9].

Colour-emotion relationship

The association of colour with emotions has been investigated in many studies
[61,92,127]. The findings of these studiesiggestthat certain colow can induce

certainemotiorsin the viewer.

In a study by KayandEpps[61], investigating the emotion responses to five principal
hues (i.e., red, yellow, green, blue, purple), five intermediate hues (i.e. yeldbw
greenyellow, bluegreen, purplélue, and regburple), and three achromatic colours
(white, grey, and black), they found that the principal hues comprised the highest
number of positive emotional responses, followed by the intermediate hues and the

achromatic colors.

Kaya and Epps [61] suggested that the emotion elicited from colour is very much
dependent on preference aoasst experience. For example, the colour green was found
to evoke mainly positive emotions such as relaxation and colrégause it reminded

most of the respondents of nature. The colour gyeiow had the lowest number of
positive responses because it was associated with vomit and elicited the feelings of

sickness and disgust.
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Another study by Simmongl27] investigaed two affective dimensions of colour:
pleasarunpleasant and arouskoglming, and revealed that saturated blues and
purples are the most pleasant colours and greenish and yellowish brown colours are the
most unpleasant. Saturated reds and yellows were the most arousing colours, whereas
the nost calming were pale (whitth ) bl ues and fipdingspvéreqite Si n
similar with the previous studjl43 that found blue andreen as the most pleasant
colour, and yellow as the most unpleasant colour but emerged to be the most arousing

colour.

2.4.4 Summary

This section has discussed how visual elements of interfwmild be designed to
createmore favourableaesthetic impressian More specifically it focus# on three
elements of interfase spatial layout, shape, and colour. The most common reference
in spatial layout aesthetids to Gestalt principles. Several studies have introduced
descriptive referenseto Gestalttheorywhile others transform Gestalt principles into
objective measusesuch as mathematical formulae. While there are many objective
measures in the literature, Ngo ets abjective measure is the most comprehensive as
it synthesizes the findings of other sesli In term of shape, curved edgae more
preferable than shagdgel objecs. In term of colour, in general many studies agreed
that the most preferred colour is blue and the least preferred colour is -gedew
Besides the ordering of colour prefiece, other factor such #serelationshipbetween
colour and emotionshould also be considered when choosing col(sge also
[101,102).

2.5 Visual aesthetics in HCI

This section discusses three major areas whaske been explored HYCI researchers

while investigating aesthetics: perceived usability, task performance, and preference.

2.5.1 Aesthetics and perceived usability
Usability

Historically, HCI research focused mainly aspects of interface usabilif¢6]. The
standard definition of usability is given by ISO 92411 t h a't I's At he e;
product can be used by specified users to achieve specified goals with effectiveness,

efficiency and sati sf ac Table3rshowsthe aompapserc i f i
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of the definition given by ISO 92411 and other usability experts. Notice that their
opinions were different; however, all seem to agree that high usability consists of three

main componentsffectiveness, efficiency, and satisfaction.

A Effectiveness refers to the accuracy and completeness with which users achieve
specified goals.

A Efficiency refers to the extent to which time is well used to achieve specified
goals.

A Satisfaction is freedom from discéont, and positive attitudes towards the use of
the product.

ISO 9241:11 Shneiderman ‘ Nielsen Quesenbery
Efficiency Speed of performance Efficiency Efficient
Components Time to learn Learnability Easy to learn
of usability Retention Memorability
Effectiveness Rate of errors by users Errors Effective
Error tolerant
Satisfaction Subjective satisfaction Satisfaction Engaging

Table3. Components of usabilitfadapted fronj146,46])

Designing an intdéace that possesses such quali(feseTable 3) is quite challenging,
however, there are many guidelines in the litemttivat can help the designer in
designing usable systems. The most popular and recommended guidelines are
Nor mands seven principles for transforn
Ni el sends ten wusability heur nailes (ctedinan d
[146). While each expert proposed their own guidelines, their guidelines are almost
identical to one another and general enough to be applicable to use for any type of
system.

Aesthetics and perceived usability

Thepopukrity of visual aesthetics in HCI started wh€arosu and Kashimura found a
strong correlation between aesthetics and perceived usability. In their study, conducted
in Japan, 156 participants were asked to rate the aesthetics and usability of 26 layouts
of an Automatic Teller Machine (A'M). The result showed that ATMhich were

rated as having high aesthetics were also rated as having high usability and ATM which
were rated as having low aesthetics were also rated as having low uddbitityu and
Kashimuabs findings wer e @aopadulturamefldenceag theyr a c t

replicated the study with Israeli participants and found not only a similar but a stronger
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result. This is significant becaugapanese cultuiis known for its aesthetic traditng

whereadsraeli culturas known for its action orientation.

The main criticism ofKurosu and Kashimutas and Tractinskyoés
rating of aesthetics and usability was elicited without the participants using the ATM.
Thus, it could be spetated that the rating of usability was influenced by the aesthetic
appearance of the interface. This speculation however was unsupported in the later
study of Tractinskyet al.who extended the previous study to investigate whether the
strong correlatiorbetween aesthetics and perceived usability elicited before using the
ATM remained intact after using the ATM. In their study, 9 of the 26 ATM layouts
from the previous study were selected and used as the screen for an ATM simulation
programmed on a computeParticipants were asked to use the ATM simulation (i.e.
withdrawing money, account enquiry) and rate the ATMs for aesthetics and usability
before and after using them. The result showed that the strong correlation between
aesthetics and perceived usapiklicited before using the ATM remained intact after
using the ATM. The consistency of user si
and after using the ATMs showed that the association between aesthetics and usability
was a genuine phenomenonhd findingprovokedt hem t o concl ude

beauti f ul i s usabl eo.

Further support of the strong effect of aesthetics on perceived usability can be found in
the study byVan der Heijen who conducted a survey investigating factors that
influence the sage of a generic portal website in the Netherlands with 825 participants;

it was found that, perceived ease of use and perceived usefulness which were identified
as the main factors of technology acceptaf®#®, and perceived enjoyment, were

highly influenced by the aesthetic appearance oirtiegface.

The ability of an aesthetic interface to induce positive perception of usability was
explained by Norman abeing due to the positive emotionsilate whilst viewing
attractive interfaces. According to Norman aesthetic appearanceldrgge enpact on
the emotionalstateof the viewer If people feel good and happthis in turn makes
them think more creatively thus finding a solution to a problem becomes easier. Using

this theory, Norman boldly claimedthatat t r act i ve t hings worKk

Not all studies agree that aesthetics is a strong predictor for usability. Hassenzhal for

instance, argued that aesthetics is not a strong predictor for usability as he found no
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prominent relationship between aesthetics and usability. In his study where he
investigatedMIP3 playeriisking before and after use, he found that MP3 player skins
perceived as more beautiful were not necessarily perceived as more usable, and MP3
skins perceived as ugly were noecessarily perceived as not usable. Hassenzahl
pointed aut that the perception of usability was influenced by goodness rather than
beautiful appearance. Goodnesecording to Hassenzahl, is strongly affected by
pragmatic attribute (e.g. perceived usability), hedonic attribai{e.g. identification,
stimulatian), and mental effort (actual use of the system), and beauty is solely affected
by the hedonic factor. The ter ms Agood

however are unclear and confus[i§Q.

Similarly, De Angeli et al[3] also disagreed that aesthetics is a strong predictor for
usability. They conducted a study 1inve:
which have the same content but different interaction styles: a-besd style and a
metaphotbased style. The participants were asked to perform informedtaeval

tasks on these two websites. While performing the tasks, the participants were invited
to describe the usability errors they encountered and rate their tgeviter
completing the task, the participants briefly revisited the site and compléiearistics

test that assesdthe attractiveness of the site. The result of the study showed that the
metaphotbased interface was perceived as having better exmressstheticsbut it

was perceived as having more usability problems than the-besead interface. Their
results suggest that the perception of usability is influenced by interaction style and not

by the aesthetic appearance of the interface.

2.5.2 Aesthetics and task performance

To date, the studies investigating &esics and task performance &, and findings
are contradictorywhich makes it difficult to agree or disagree with the assextion

Awhat i s beavutiiaftdalr aicg i vealhlbe@aganadvor k b

In one such study, Szabo and Kan(ik33 investigated the effect of violagnscreen

design principles of balance, unity, and focus, on recall learning, study time, and
completion rates. In their study, 44 participants were asked to complete a tussoal le

on a WmputerBasedTut or i al (CBT) t hat had 43igood
participants were asked tmmplete a tutorial lesson @BTst h a't had fipoor

principles. After completing the tutorial lesson, participants were asked to perform
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informationrecall tasks. The results showed that study sraed completion rateof
CBTswi t h fAgoodo derehigher thanforiCBTswp t &s Awoor 0O
principles. There wahowever no significant difference between CBWi t h  fig o o «
design principlesand CBwi t h fipoor 06 design prirecali pl e
scores. Szabo and Kanuka suggested that
automatic processing, thus more efficie

screen designs encourage a manual and, therefore, less efficient processing.

The posiitve effect of aestheticon performance was also mentioned in Cawthon and
Moere [21] who investigated the effect of aesthetics on the usability of data
visualization (graphical representation of abstract data). In their study, 285 online
participants were recruited to rate the aesthetics of 14 waualization techniques

(e.g. TreeMap, SpaceTree, Windows Explpretc) on a scale fro
Abeauti ful o, and perform information r ¢
visualization techniques that received the highest aesthetic raifaymed relatively

high in metrics of effectiveness, low in task abandonment, and low latency of erroneous
response which suggeghat users approach aesthetic visualizations more thoroughly
and with greater patien¢é4).

Greater patience as a result of working with aesthetic interfaas also mentioned in
NakaradaKordic and Lobb93]. In their study, 19 participants were asked to order six
websites which differed only in colour scheme, from least attratsiveost attractive

and subsequently perform a visual search task on two of the six websites that they
ranked as the most atttae and the least attractive. The results showed ttat
response time and the number of errors made were not significantly different between
the most attractive website and the least attractive website. However, the length of time
spent searching for target that was not present was higher on the most attractive
website than the least attractive website. Thus, Nakafad#ic and Lobb concluded

that aesthetic interfacedonot make users work effectively or efficiently ey do

keep us erferalongdrtime bytcieaiimg an engaging atmosphere.

NakaradeKor di ¢ and Lobbdés view of aesthetic
by Chawdeet al.[23]. In theirstudy, 12 participants were recruited to perform a search

task using data visualizations. Parti ci |
data visualizations were elicited before and after usage. The result showed that

judgment of aesthetics drusability before and after usagereexactly as reported in



42

Tractinskyet al's study[139; however there was no primary relation found between
pre-aesthetic judgement and error made or completion time. Thus, they concluded that
Aattractive things autahatgheydo aot neesssarily aorkw o r

better than Aunattractive thingso.

Their findings were also shared by Van Schaik and Ling. In their study, whose primary
purpose was to investigate the effect of context on the stability of aesthetic perception,
115 paticipants were recruited to perform information retrieval on two versions of
websites which were identical but differed in terms of the colour combinations used for
its texts, links, and background. Perception of aesthetics was elicited after brief
exposue, selfpaced exposure, and aftire site was used. The reswudtshowed that

there was no relation between perception of aesthetics and task performance.

In another study bySonderegger and Saugt29, however, they found different
results. In their study, 60 participants were reited to perform typical tasken a

mobile phone (i.e. sending texthanging the phone settg)gn one of two versions of

a computessimulated mobile phone: highly appealing, and not appealing. The two
phones differed in tersof form and colour settingThe highly appealing phone had
thetypical form of a mobile phone and was coloured with harmonious colours whereas
the unappealing phone was the oppoditea r t i c i p a rstofsa@sthgtics cagdme n t
usability of the phones were elicited before and aftageisSimilar with the findings

of, for example[65137,144, the results showed that participants perceived the
appealing phone as more usable than the unappealing phone. The participants using the
appealing phone alstook less time to complete the task, needed fewer clicks to
complete their tasks, dncommitted fewer errors than participants who used the

unappealing phone.

The finding by Sonderegger and Sauer however was not in lineBertiBassatet al.

[10]. In their study, whose primary purpose was to compare monetary incentives and
guestionnaire nthods to evaluate the aesthetics and usability of a system, 150 students
were recruited tgerform data entry on four versions admputersimulated phone

books and subsequently evaluate the perceived aesthetics and perceived usability. The
aestheticswere manipulated by the graphical design (mainly decorative) of its
background and the usability was manipulated by the number of keystrokes required to
complete the task. The results showed that participants perceived aesthetic interfaces as

more usable, hower there was noaect of aesthetics on performance as measured by
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the number of items entered in a given time period. Moshageh [90], however
suggested that the lack of effect of aesthetics on performance iBd&3satet al's

study mayhawe beencaused by the fixed number of steps that the participants needed
to follow in order to complete the task and not because they were having difficulties
with the design of the interfak@9).

In another study by Moshagen al.[90], theyrecruited 257 participants to perform a
search task and subsequently rate the aesthetics and usability of four websites which
differed in terms of aesthetics and usability (high aesthetics/high usability, high
aesthetics/low usability, low aesthetics/higbability, low aesthetics/high usability).

The aestheticavere manipulated byarying colour schemes whereas the usability was
manipulated by the number of links that the participants et click to find the
information. Unlike the other studies e[§5,144], the result showed that participants

did not perceive the aesthetic interfaceraseusable Moshageret al.speculated that

this might be because the participants use cognitive effort to measure usability rather
than performance. The results also showed that there was no effect on accuracy but the
completion time was fastein the poor usabiliy condition Their result confirms

Nor mandés theory that attractiveness make

2.5.3 Aesthetics and user preference

There are many theories of what factors influence user preference of an interface.
However, it is undeable that most of the time user visual perception of interfaces is
the main determinant of usersodo preferen
of the interface creates a good impression. User impressions according to Liretgaard

al. [76], are formed very quickly, that is, as fast as 50 milliseconds and this rapid first

impression is unlikely to change after a longer t[i&g).

In a study by Schenkman and J6nsgb2?, they claimed that user prefererfoe a

web page is strongly influenced bye visual appeal of thenterface. Their claim was

based on the pairwise comparisons of 13 different web pages by 18 students which
showed that web pages perceived as more beautiful were more preferred than other web
pages which were perceived as less beautiful. They also editaat web pages
which were mostly illustrated were more preferred than web pages which were mostly

A

text . Schenkman and J°nssonods fl[80jmwbdoseng w



44

studydés finding also showed a strong r e

they found that prefrred colours lead to higher ratings of aesthetic quality.

The simple and straiglibrward relationship between aesthetics and preference as
mentioned in[12250] however was notonfirmedin De Angeliet al's [3] study.
According to De Angeliet al, user preference depends on target populations and
scenario of use. Their claim was based on the evaluation of two websites which have
the same content bdifferent interface styles: merhased and metaphbased. They
found that interfaces with merhased style were more suitable for mature and
knowledgeable uss and interfaces with metaphstyles were more suitable for

children interacting at home bnobt in a classroom.

De Angeli,et al's claim was supported by Van Schaik and Libg5. Van Schaik and

Ling suggested that interface preference was highly dependent on mode gbalse:
mode or action mode Goal mode is a state where users emphasizergdshment of
thegoal and in this case efficiency and effectiveness is very important. Action mode is
a state where usefecus on actions rather than goal accomplishment éfffisency

and effectiveness is less importdid5. Van Schaik and Ling founthat usersn goal
mode preferred classical aesthetics and useraction mode preferred expressive
aesthetics (sef67] for a detaiked explanationof classical aesthetics and expressive
aesthetics). The high perknce for classical aesthetics in the context of goal mode was
closely relatedo its high usability features (order and familiarity) which bedgask
effectiveness and efficiency, whereas the high prefer@arcexpressive aesthetics in

the context ofiction mode was closely related to its high arousal features.

On the other hand_ee and Koubek68] suggested that perceived aesthetic quality has

a strong influence on user preference before using a system but not after using a
system. In their studyinvestigating the effect of perceived aesthetic quality and
perceived usability before and after usage on user preference, they found that, prior to
using a system, user preference was strongly affected by perceived aesthetic quality and
only marginallyby perceived usability. However, after using a system, user preference
was equally influenced by perceived aesthetics and perceived usability. Their findings
were contradicted by the findings [#,145 who showed that an aesthetic interface is

still preferred over a less aesthetic interface even if it has usability issues. They also

pointed out that user preferencasvmore influenced by the organizational structure
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and layout of the interface rather than by aesthetic aspects, such as colour and

typography.

While many studies propose theories trying to determinieh factors influence user
preference, Pandir and Kyt [103 warred that researching aesthetics preferences is
challenging and subject to individual differences, personal interests, and subjectivity.

2.6 Discussion

Section2.5 has discussed the findings of studies which investigated aestiwtics
respect to perceived usability, task performance, and preference. This mhamiiies
researchgaps that need to be filled in order tweveal the relationship between

aesthetics, task performance, and preference.

2.6.1 Aesthetics and usability

All studies on aesthetics and usability (seeecHon 2.5.1) focused on subjective
evaluation of usability using methods such as questiomaieting scales,and
interviews. None of the studies have investigated usability of aestlesign using an

objectivemethodsuch @ eye movemergnalysis.

Subjectiveevaluation is a good evaluation methodeweal users' perceptions about the
interface. However, this methodasso time consuming, expensivesourcentensive
[147,157], and prone tonultiple biases such as cultural efiedeurthermoref may not
correspond to actual expeniee becausegarticipants respond only what they think the
experimenter wishes to hefr3]. These limitations can be addressed by objective
evaluation115

The main advantages @fye tracking over conventionakability method lies in its
potential to providea proper assessment by minimizing behavioural biases of users
such as social expectationmlitical correctnes®r simply to give a good impression
[123. More importantly eye tracking proviseconcrete data that represent the
cognitive states of individuals or the visual effort (the amount of attention devoted to a
particular area of the scre¢b23) required from the users while interacting with the
interface[38,86)].

More details of eye tracking are discusseQlmapter 6.
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2.6.2 Aesthetics and task performance

The findings of tlese studies (seee&ion2.5.2 are varied and contradictomnyhich is

likely due to the different methodologicalapproaches usedsuch asthe way the
aestletics of the interface was defined and the type of tagkn so, ti is obvious that
the majority of these studies (see for exam918,90,145129) used olour as the main

focus in defining the aestheticstbkinterface.

The impotance of colour to interface aesthetissindeniablg91]. However, it is not

the only interface attributethat contributes. Many studies (see for example
[65,137,13846]) have found that, besides colpuhe layout ofthe interface hasa
significant influence on theperception of aesthetiquality. Despite this,very few
studies have focused on the aesthetics of layout while investigating the effect of
aesthetics on task performance and no studigsassessed the aesthstaf the layout

based on an objective measure.

As discussed inSection 2.4.1here are several metrics available in the literature.
However the metrics proposed by Ngo et]88] arethe most comprehensive andithe
validity has been testadasingsubjective rating by humanobserversas wellasbeing

cited by several studiedNevertheless,ltnough the robustness of Ngo etsahetrics in
measuring the aesthetics of the layout has been validated, no studies have investigated

howthey dfect task performance.

Another important issue that hast beeninvestigated in previous studies is whether
task performances influenced by the aid ai mouse pointeas well aghe aesthetics of
the interface. The study of aesthetics and performdmasemostly involved visual
search taskor information rérieval tasls: which ofteninvolve the use of mouse
pointerin real world tasksCox[30] claimed that the use ofiouse pointing is likely to

aid interactivesearchwhile Hornof[54] reported that the layout designtbg interface
influences mouse movements. This raises questionof whether performance in
visual search taskis influenced more by mouse movemehtan by the design of
interface. This is an important relationship to investigate because the desigme of th
interface will affect mouse movement, which in turn will affect the process of visual
search. If the mouse movements are complex, then performance in the visual search

taskswill be impaired If, when using a mouse to aid the visual search, the perfoeman
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using a high aesthetic layout proves to be better than thataoth aesthetic layout,

this means that performance is more influenced by design than the use of a mouse.

2.6.3 Aesthetics and user preference

Although user preferender interface design seents have beerwell investigated in

the studies discussed abdgee &ction2.5.3, a deeper look at these studies revealed
that preference has not been investigated deeply with respect to specific visuatelemen
of interfaces (e.g. layout, texts, colours). The most common praati¢tbese studies is
asking participants to choose an interface that they preferred the most without pointing
to specific features of the interface.

The importance of recognizing visluelements that are more appropriate or responsible
for evoking aesthetic responses has been highlighted in Barél's [105 study.
According to Parket al, aesthetic fidelity (the degree to which users feel the target
impressions intended by designers) degegiatly on the ability of the designers to
identify specific visual elements responsible for evoking aesthetic resp@esdes
increasing the aesthetic fidelity, knowing exactly how specific visual elements affect

user so6 phelpsf desigeensdeelect visual elements that are relevant to the

intended aesthetic respon$&85.

2.7 Conclusion

This chapter has discussed various definitions and theories of aestheti€eqsee

2.1), how visual elements of interfaxsuch as spatl layout, colour, and shape evoke
aesthetic impressiarn(seeSection2.4), and the findings of studies which investigated

the effect of aesthetics on perceived usability, task performance, and preference (see
Section2.5).

1. How should we define aesthetics?
Aesthetics is defined athe characteristics of an interface that evoke positive
impressions (e.g. pleasure, contentment).

2. How should we apply aesthetics to computer interfaces?

These findings sugegst that to make aesthetiterfaces it is important to know
how visual elements of interfagsuch as spatial layout, shape, and colour, create

aesthetic impressions. To create aesthietyouts, most studies empldgestalt
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principles asa reference. G&alt principleshave been quantified descriptivety
with objective metrics. Ngo et. al[98] metrics of Gestalt principlearethe most
comprehensive aheysynthege the findings of other studies ahévebeenwell
validated. In terra of colour, most studiewiave found that blue is the most
preferred and yellovgreen is the least preferred. Other facosuch asthe
relationship betweenolourandemotion should also be considered while choosing
the appropriateolourscheme for an interfacés for shape, an object with curved

edgesis considered as moeestheticlly pleasingthana sharpedgel object.

3. What is the current state of research on visual aesthetics in HCI?

There are three areas whidtave capturedhe attention of researchers while
investigating aesthetics in HCI: usability, task performance, andrprefe The
study of usability however has bedmited to subjective measurs (e.qg.
guestonnaire, interview, survgy Task performance has mostgeninvestigated
with interfaces in which aesthetie was quantified in terms of the colour scheme
(e.g. comfementary colowsvs. norcomplementary colosy and graphical design
with very little focus orlayout design. In tersof preference, preferenggdgments
have beemmade based on the general appearaatteer tharspecific attributesof

the interface.

This chapter has revealed that there has been much reseaaekthetics thahas
investigatel perceived usabilitybut little on task performance and preference. Given
that task performance is crucial in HCI, it is important to investigate the relationship
between aesthetics, task performance and preferencedantortielp designersreate

interfaces which are both pleasing to look at and easy to use.
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Rationale for the Study

The purpose of this chapter is to discuss the ratidoaline study the reasons behind
the selection of just 6 over 13 layout metrics, and overvidwsach five experiments
in Chapter 4, 5, 6, 7, and 8

3.1 Rationale for the Study

The important role of visual aesthetics in interface design has been widely @isauss

the literaturg(see Chapter 2)t was reported that an interface with an aesthetic design
is perceived as having better quality (ergpre satisfactorymoretrustworthy) and is an
important factor that determines uskeenjoyment, acceptance andage of the
information system (IS)144. A few studies (see l@pter 2 sectior2.5 have
investigate the influence of aesthetic design on task performance and user preference.
The findings of these studies were insstent, which indicates the need for further

investigation.

One of the main issues in the rationale for this study was the opportunity to study the
pattern of userso6 perfor mawthas evihedoe | ii ki
disliking of the interfae. Although it is most likely that liking an interface might lead
users to spend more time (sign of engagement) and disliking might lead users to spend
less time (sign of disengagement), the duration of time spent mighindisate the

quality of designFor example, adnger time spent might indicatieat the design of the
interface is confusing thus users take a longer time to complete theotakkt the

design of the interface is so enjoyaliat users spend more time interacting witth
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Similarly, a short time spent might indicate that the design of the interface is so good
that users took less time to complete the tasthatrthe design of the interface is so

unpleasanthat users spend less time interacting wtith

The study of visual aesthesiin interface desighasconcentrated owebsites with the
aesthetics measured subjectively based on the overall appearance of the interface and
not based on specifiattributes of the interface such as layout desigrhere is,
therefore, a need fothe relationship between aesthetics, task performance, and
preferenceto be investigated witta focus on specifiattributesof the interface and
usingobjective measusdo quantifyaesthetics.

The assessment of visual aesthetics as an important factor fimrnmence and
preference can be done by using a typiotrfacedesign that is an interface which
combines manwttributessuch as colours, layout, blocks of text,.etnd measuring

the aesthetics subjectively. Almost all of the research on the assncof aesthetics

with performance and preference has been conducted in this way. However, it would be
more useful to investigate the association of aesthetith performance and
preference using an interface where the design focuses on one smidiite Each
attributeof the interface affects task performance and preference differently; therefore,
it would be useful to show the effect of eaatiribute separately in order to find the

bestway to combine them in ordéw support performance andeerence.

The main purpose of thihesiswas to investigate the effect of layout aesthetics on
performance and preference. The aesthetics of the layout was measured objectively

using mathematical formulae proposed by gal.[9§].

3.2 Layout aesthetics

This section discusses the layout metwtdNgo et. aesthetic dyout ee Qhapter 2
Section 2.4.1 for the precise definitions of Ngo et. al88] metricg and the reason
behind the selection (fevenmetrics instead ofhe fourteen metrics proposed in the

original paper.

3.2.1 The selected layout metrics

Seven layout metricécohesion, economy, regularity,ggence, symmetry, unity, order

and complexity out of theoriginal fourteenwere chosenThe selection of the seven
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layout metrics wagncouraged bgeveral studiegsee[104,156]) which used onlya

few of the metrics instead of all fourteen metrics to measure the aesthetics of the layou
of interface, and more importantlgased orananal ysi s of Ngo et.
and diagrams of each aesthetic meagseeTable 1) which revealed that most of the

variability in an interface layout could be capturedubing just seven of the measures

1. Cohesion

Accordi ng t o Ngcohesotis.acheted bysingthersamealspeat ratio
(i.e. the relationship of height to width) for thabjects, layout,and frame. For
examplejf the height of an object igreaterthan its width, then the heights of the
layout and thdrame must alsgreaterthan their widths. The diagram which was used

i n Ng o sty to illuatiaté sohesion was almost identical with the diagram which
was used tdlustrate proportion Kigure 6). Therefore, it was assumed tleathesion

would coverproportion

Proportion Cohesion

Figure6. Examples of diagram abhesiorandproportion(taken from[97])

Further analysis of the characteristics of proporterealed thaproportion can easily
covered bycohesionHow? Proportionr e f e rha comparatifiet relationship between

the dimensions of the screen components and proportional Ji@&pes Accordin
Ngo et. a | pooportidn ¢s rachieved when the dimensions of the screen
components follovthe proportional shapesuggestedby Marcus[8]] (i.e. square (1:1),

square root of two (1:1.414, golden rectangle (1:1.618), square root of three (1:1.732),
double square (1:2))f the dimensions of objects and layout & high cohesion
interface arel:1.414 and 1:1.732 respectively,can also be considered as a high

proportioninterface.
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2. Economy

Economy is achieved by using only one size. Due to the consistent size of objects,
aninterface with high economy can basdy distinguished from an interface designed

with other metrics. Therefore it can be suggested that ecostangs by itself.

3. Regularity

Regularity is defined aguniformity of elements based on some principle or p&gho
and accordi ng t orepuardyisadhievedaylfigstablishimgrstanadrda e |,
and comsistently spaced horizontal and vertical alignment points for screen elements,
and minimizing the alignment poinf88]0. Based on th&e characteristicsit is more
likely that regularity can also coverthe aesthetic measures rbfythm simplicity and

density(Figure7). How?

— .
— 3@
1 1

Rhythm

—> | L L]

]
I ]

T Simplicity Regularity

Density

Figure7. Examples ofegularity, rhythm simplicity, anddensity(takenfrom [96])

Rhythmrefers tofiregular patterns of changes in the elemd¢B&o and it isachieved
by systematic ordeng of the elementsNote thatas rhythm is archivedthrough
systematic orderingf the elementsit is in factalready coveredby regularity as the

elements imegularity are alsarrangedystematically(Figure7).

Besidesrhythm, regularityalso coversthe aesthetic measure @mplicity. Ngo et. al

definesmplicityasit he directness and singleness



53

that results in ease in comprehending the meaning of a pf@® asoggdest that
simplicity in screen desigis achievedby fioptimising tle number of elements on a

screen and minimising the alignment poiré§]o.

Note that, bothsimplicity andregularity depend on the vertical and horizontal
alignment points. Althougtsimplicityis less sensitive to the numbers of elements on
the screen as comparedregularity, the layout patterrs produced with the metr of
simplicity are practically similar with regularity (Figure 7). Therefore, it can be

suggested thatsimpleinterface can also be consideredhasgular interface

Note that, the key teimplicity is the lak of complexity. One way to
minimize complexity is to be careful with density (i.e. the number of objects that cover
theinterface).Ngo et. al[96] suggested that the optimal density for an interface is 50%
of thesize of the frame. More than 50% is considered as too much and confusing. With
lessthan 50% of thdrame covered with objects, the interface looks spacious and is
describableintermséfc ont ent (Rgurepl i ci t yo

4. Sequence

Sequencds achieved byiarranging elements to guide the eye though the screen in a
left-to-right, topto-bottom pattern[98]0 (Figure 8a). That meansscreenelements
should be heaviest dhe upperleft quadrant andteadily decrease towathe upper

right quadrant, loweleft quadrant, andightest onthe lower-right quadrant(Figure

8b). Comparedo other aesthetic measuresguencds considered unique asi# the

only metricof the fourteen metrics whidiocuson the eye directions.

(a) (b)
Figure8. Sequence

5. Symmetry

According toNgo et. al symmetryin screen desigms achieved by replicating the
elements verticallyhorizontally and radify of the interface centre ling~igure 9a).
Based on this description, it seems ttre screen elements the four quadrantsf



54

symmetryare more likely to be identical EFigure 9b). An interface with identical
elements on each of the four quadrants can also be considerqdildsium, balance

and homogeneity.This is becauseh ased on Ngo eeqguilibrianiss s f
achieved through centering the layout itsbHJancein the other hand is achieved by
providing an equal weight of screen elements, left and right, top and bottom, and
homogeneityis achieved by equally distribute the screen elements among the four
guadrants. Note that all of the characteristicedilibrium balanceandhomogeneity

arewell covered in the diagram symmetryFigure9b).

Horizontal

Vertical

Figure9. Symmetry
6. Unity

Unity,referstoit he ext ent to which the sd98é.en e
Unity is achieved byiusing similar sizes and leaving less space between elements of a
screen than the spacetlaf the margin§98]0. The metric of unitystanddy itself as it

is the only metric that makesi ndlee vpiseaad

7. Order and complexity

Order and complexitys the aggregate of thairteenlayout metrics, therefore in this
study,order and complexitys used as the aggregate of thersetrics discussed above.

Figurel0Os hows t he thirteen diagrams used in
thirteen aesthetic measuress shown inFigure 10, cohesioncan coverproportion,
regularity can cover rhythm simplicity, and density, symmetrycan ®ver balance,
equilibrium and homogeneity whereas economy, aquence and unity stand by
themselves.
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<— is covered hy Homogeneity

FigurelO0. Six layout metrics can account for all the variability in the thirte
layout metrics
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The assumption of thisesearctthat the asthetics of interface can be captured by just
seven layout metrics and not all fourteen layout metrics was further supported by
analysison the computed value o®M based orthe aggregate df3 and6 metricsfor
each of thes layouts in N@ et. al's stdy. The analysis showed that there was a linear
relationship between the OM of each of hlayouts based on 13 and 6 metriegy(ire
11).

8 10
@ _
y = 0.7247x + 0.1752
E o8- R = 0.9144
—
S 0.6 -
o
04 -
©
o]
2 0-2 T T T 1
O o2 0.4 0.6 0.8 1.0
OM based on 6 metrics

Figurell The OM of 6 layouts based orafid13 layoutmetrics

3.2.2 The mathematical formulae of the svenlayout metrics

The mathematical formulae of each of #svenlayout metrics are as showmFigures
571 11 (taken from[9§]). It is important to note that the tertayout used in the
formulae belowrefers tothe form and position of interface objects relative toeot
objects and their placement withirframe(i.e. the allocated space for the objects) and

that these formulae only tested @rectangular screen.

Cohesion (CM)

I n screen design, similar aspect r
refers to the relationship between width and height. Typical paper sizes are
than they are wide, while the opposite is true for typical VDU displays. Chanagir
aspect ratio of a visual yeld may a
forper formance differences. The aspecd
during the scanning of a display.
cohesive the screen is and is given by:
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|CM, [+|CM,, |
CM = (1)
CM, isarelativemeasuref theratiosof thelay outandscreen wit
iécﬂ if c, ¢1
CMy =11 Gtherwise (2)
f Cy
with
¢ = Mayour/Diyous 3)
hframe/bframe

wherebjayout aNdhjayout aNdbyrame andhrame are the widths and heights of the layout ¢
the frame, respectively. GMis a relative measure of the ratios of the objects
layout with

o
cm, = &b (4)
n
with
{'3‘0, if ¢c¢1
b :11 otherwise ®)
fc
with
c=_h/h ©)
I’\ayout/hayout

where hand hthe width and height of objecandn is the number of objectsn the
frame.

Figure1l2 Mathematical formulae farohesion(taken from[98])

Economy (ECM)

Economy is the careful and discreet use of display elements to get the messag
as simply as possible. Economy is achieved by using as few sizes as p

Economy, by deynidwieaomomicalthe saeemisaadcisugiven b
ECM=—2-1 [0,] ™
wheren,_._is thenumberof differentsizedobjects

size

Figure13. Mathematical formulae farconomy(taken from[98])
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Regularity (RM)

Regularity is a uniformity of elements based on some principle or plan. Reguld
screen design is achieved by establishing standard and cotigisfgaced horizontg
and vertical alignment points for screen elements, and minimising the alignment

Regularity, by deynition, is a measu
RIvlai nmen + RMS acin ,
RM = ormen] *| RM s i [0.1] (8)
2
RM jgnmenith€€Xtent towhich thealignmentp ointsareminimized with

fa'l if n=1

. =] nva +n a .
RMaignment=11. e " Thar - oporise ®)
| 2n
andRM ., is theextent towhich thealignmentpointsareconsisterly spacedvith
,Iél if n=1
- n —
RM spacing =11 —3290” = othenpise (10)
[T 2¢n-1)

wherenyap andnnap are the numbers ofertical and horizontal alignment pointgpacing
is the number of distinct distances between column and row starting poinissati
number of objects on the frame.

Figurel4. Mathematical formulae faegularity (taken fran [98])

Sequence (SQM)

Sequence in design refers to the arrangemérdbjects in a layout in a way th
facilitates the movement of the eye through the information displayed. Normal
eye, trained by reading, starts from the upper left and moves back and forth ac
di splay to the | oweion,isangdstre of ®w igforreation &
display is ordered in relation to a reading pattern that is common in Western ¢
and is given by,
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SOM =1- a J=UL.UR,L§LR‘ q; - Vi‘l' [0’]] (11)

with

{qUL,qURgLL, qLR} ={4,32.1}

1‘;‘1 if n=1

. =] +n
RMaignmen™1 1. Meo ™ Than - oyperyise (12)
| 2n
é 4 if w; is thebiggestin w
_}3 if w;isthe2ndbiggestinw . ULURLL LR 13
Yi _} 2if w; is the3rdbiggestin w J = ULURLL, 49
f 1if w; is thedthbiggestin w
with
nj
w =q 3 aj=ULURLLLR (14)
W= {V\{JL’ %R,WLL,WLR} (15)

where UL, UR, LL, and LR stand for uppleft, upperright, lowerleft, and lower
right, respectively; and;as the area of objecton quadranf. Each quadrant is given
weighting ing.

Figurel5. Mathematical formulae faequencgtaken from[98])

Symmetry (SYM)

Symmetry is axial duplication: a unit on one side of the centre line is exactly repl
on the other side. &ftical symmetry refers to the balanced arrangement of equiy
elements about a vertical axis, and horizontal symmetry about a horizontal axis.
symmetry consists of equivalent elements balanced about two or more ax
intersectatacentrabpi nt . Sy mmetry, by deynitio
symmetrical in three directions: vertical, horizontal, and diagonal and is given by

|SYM + |SYM horizontall + |SYM

radia|| i
; [ [o]] (16)

vertical|

SYM =1-

SYMuverticah SYMhorizontas @Nd SYMagial @re, respectively, the vertical, horizah and

radial symmetries with
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|XIUL' ><IUR| + |X'LL' X'LR| + |Y'UL- Y'UR| + |YIUL- YIUR|
|H IUL' H'UR| +|H'LL' H ILF<| +|BIUL' BIUR| +|BIU|_' B|UR|
= |Q'UL_ Q'UR| + |QILL- QILR| +|R|UL- R'UR| +|R'U|_' R'UR| (17)
vertical 12
|X|UL' X|LL| + |X|UR_ XILR| +|YIUL-YILL| +|YIUR-YI|_R|
[H'o - H' o +[H e H' el # (B - B | +|Blug By
SYM porizonta™ Q- Quul +[Qur- Q'ug| +[Ru - Riu| +[Rup- Rig (18)
12
|X'UL' X'LR| +|X|UR_ X'u_| +|YIUL_ YILR| +|YIUR-Y'|_|_|
[H'y - H'g| +[H'ye- H' | +[Bly - Blg| + B B
- |QIUL_ QILR| + |QIUR_ Q'LL| + |R'UL' R'LR| +|R'UR- R'LL|

= 19
radial 12 ( )

SYM

SYM

X,,Y,,H,,B;,Q,andR; are,respectivly, thenormalisedvaluesof

X, =é\>qj - %| j=ULURLL LR (20)

Y, =g{\yij -y.| j=ULUR|LL LR (21)

H, -5 hj =UL URLL, LR (22)

B, -5 b j =ULUR,LL, LR (23)

Q =3 Y| UL URLL LR (24)
i >§j - X

R =80 - %)~ (¥ - ¥)*i =ULURLL LR (26)

where UL, UR, LL and LR stand for uppleft, upperright, lowerleft and lowerright,
respectively (v and (%,Yc) are the ceordinates of the centres of objean quadran
j and the frameb;; and h; are the width and height of the object amds the total
number of objects on the quadrant

Figurel6. Mathematical formulae faymmetrytaken from[98])
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Unity (UM)

Unity is coherence, a totality of elements that is visually all one piece. With unit
elements seem to belonggther, to dovetail so completely that they are seen a
thing. Unity in screen design is achieved by using similar sizes and leaving lesg
between elementsofascen t han t he space | eft a
the extent to which the screen elements seem to belong together and is given by

UM orm + UMS ace r
UM:‘ ol *| pilbﬂ 27)
UM, ., is theextent towhich theobjectsarerelatedn sizewith
UM form — 1- nSiZ—e_l (28)
n

and UMspace is a relative measurement, which means that the space left at the

(the margin area of the screen) is related to the space between elements of th

(the betweercomponent area) with
s N

alayout_ ai a

o
Arame ai a

UM, ...=1-

space”

(29)

where @ 8ayous and @ame are the areas of object the layout, and the fram
respectively; B, is the nunber of sizes used; andis the number of objects on tl
frame.

Figurel7. Mathematical formulae fddnity (reproduced fronfi98])

Order and complexity (OM)

The measure of order is written as an aggregate of the above measures for a lay
opposite pole on the continuum is complexity. Thelescareated may also L
considered a scale of complexity, with extreme complexity at one end and m
complexity (order) at the other. The general form of the measure is given by

om=g{f,(M;}i [0.1 (30)
with
{M,; M,,M,,M,, M, M} ={CM,ECM,RM, SQM, SYM,UM} (31)

wherefiis a function ofM; and is functionally relted to the measurable criteria wh
characterisgf} and CM is given by (1), ECM by (7), RM by (8), SQM by (11), S
by (16), and UM by (27)

Figurel8. Mathematical formulae fddrder and complexit{taken from[98])
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3.3 Overview of experiments

There were five experiments conducted in this studych arereported in Chapters 4,
5, 6, 7, and 8Figure 19 showsthe purpose and the research questioddr@ssedn

each experiment

The relationship between visual interface aesthetics
task performance and preference

Chapter 4 Chapter 5 Chapter 6 Chapter 7 Chapter 8
To investigate To investigate To investigate To investigate To investigate
the the the the the
relationship relationship relationship relationship relationship
between between between between between
layout layoaut layout layout classical layout
aesthetics, aesthetics and aesthetics and aesthetics, aesthetics and
performancce, preference visual effort performancce, background
and preference and preference image
expressivity
1.What is the 1. What is the 1. What is the 1. What is the 1. What is the
relationship relationship relationship relationship relationship
between the between the between aesthetic between the between Classical
=  aesthetics of aesthetics of layout and visual | > aesthetics of layout aesthetics
interface design interface design effort interface design and background
and task and user and task image expressivity?
performance? preference? performance?
2.What is the 2.What is the
relationship relationship
N between the N between the
aesthetics of aesthetics of
interface design interface design
and preference? and preference?
3.What is the 3.What is the
relationship relationship
N between the N between the
aesthetics of aesthetics of
interface design interface design
and search tool? and search tool?
4. |s there any 4. Is there any
relationship relationship
Ly between user L) between user
preference and preference and
task performance? task performance?

Figure19. Summary ofthe experiment reported @hapters 4, 5, &, and 8
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3.4 Summary

This Chapter discusses the rationaletbé study, the selection of just 6 over the 13
layout metrics proposed by N@b al and each of the five experiment

This study was conductdd investigate the relationship between layoutteis, tak
performance, and preferencehe aesthetics of the layout was measured objectively
using 6 layout metricgcohesion, economy, regularity, sequence, symmetry, unity)
proposed by Ngo et g98]. The 6 layout metrics were chosen over 13 layout metrics
based on an analysis of Ngp &6 s de s cr i ptamof gachaaesthetid i a ¢
measurgwhich revealed that most of the variability in an interface layout could be

captured by using just 6 of the measures.

There were five experiments conducted in this studych arereported inChapters 4,

5, 6, 7, and 8. Chagr 4 investigated the relationship between layout aesthetics, task
performance, and preference. Chapter 5 investigated the relationship between layout
aesthetics and preference. Unlike the preference task in Chapter 4, no perfermance
based task involvechi t hi s experi ment to ensure the
modeo. Chapter 6 investigated the relat
effort. The result of this experiment provides concrete evidence of the usability of
layout aesthetics. l@apter 7 was carried out to test the robustness of the result produced
in Chapter 4 using more fecologically \
investigate how thexpressivity of the background affedtse performance of layout

aesthetics.
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Layout Aesthetics vs. Performance
and Preference |

In Chapter 2 an extensive literature review on visual aesthetics imel€tonducted.
It was noted that there isreeed for morestudiesinvestigatingthe relationship between
interface design aestheticdask performance,and preference and the reliability of
objective measusof aesthetics such that proposed by Ngo g9&l In Chapter3, an
extensiveanalysisof Ngo 4 al.'s 13 layout metricsvas conductednd concluded thd
of the 13 layout metrics are sufficient toharacterize an interfadayout: cohesion,

economyregularity, sequence, symmetandunity.

This chapter reports an experiment investigating the relationship be&estimetic
layout, task performancend preferenceising fiabstraab interfaces.The aesthetics of

the layout ismeasured using thé layout metrics identified in Chapter. Ihe
experiment wasnotivatedby three factors. Firlt, the inconsistency of findingsom

of previous studies about the effect of aesthetics on performance and preference
Secondy, the claim ly Ngo & al. (which was further confirmed in several studies
[104,156) that subjectivity of aesthetics can be measured in an objective manner, and
thirdly, the lack of studies on performanaed preferencéhat used objective aesthetic

measures of interfaces.
Thefollowing researclguestionsare addressed in this chapter

1. What is the relationship between the aestheticintefiface desigrand task

performance?



65

2. What is the relationship between the aesthetics of interface design and
preference?

3. What is the relationship between thesthécs of interface design anskarch
tool?

4. Is there any relationship between user preference and task performance?

4.1 Aims

In order to find the answers of the questions mentioned above, the following aims are

addressed:

to investigate the relationship betwessthetic layout an@skperformance
to investigate the relationship between aesthetic layout and preference
to investigate the relationship between aesthetic layouseadth tool

w0 N PR

to investigate the relationship between preferencdasigperformance

4.2 Experimental design

4.2.1 Interface components

The interface comprises geometric shapegupright and inverted triangles The
triangles were drawn using black lines on a white background and we2b Bm in
height and 56 25 mm in width. Since the main faEwf this experiment was on the
layout aesthetics, the colours were limited to black (colour of the triangle line) and
white (background) to avoid the effects of confounding facteigure 20 shows an

example of bw the upright and inverted triangles were placed on the screen.

<>

>
>>
1>

Figure20. Interface components
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The use of geometric shapes makes the intelfaae ratherabstract. The reason of
using just upright and inverted trianglesteed of a combination of many geometric
shapes, blocks of text, images, icons, etc., wenainimize confoundingeffects caused

by having too many features in the interface, and to make sure that the difference
between objects was not salient for visumlsr ch and t h-acset avef fle
(Pop-out occurs when a target can be found among multiple distractors without
attentional effor{119).

The following are the advantages cdfiossing triangles instead of other geometric
shapes:

A lts sharp angles make it more rapidly noticeable with minimal details required
compared to objects with curved andlé$6].

A Compared to other objects with sharp angles such as a square, the striking
pointing edges of the triangles make it more salient.

A A triangle is much simpler than other objects with striking finedges (e.g.

stars).

The characteristics of the triangle as mentioned above play an important role in
reducing the cognitive load in the visual search task.

4.2.2 Measuring aesthetics

The aesthetics of the layout of objects was measusdg the6 layout mnetrics
proposed by Ngo et. §08]: cohesion, economy, regularityequence, symmetrgnd
unity (see Chapter 3 faationale of this selectigimhe order and complexity(OM) are
the aggregate d layout metrics used to determine the aesthéicel of the layout
The aesthetics of the layout categorized into threeldewigh, medium, lowTable 4
shows the aesthetic value genfor each level of aesthetiCEhe value range for each
label was as suggested inNgad s st udy.

Aesthetics Level Value range

High (HAL) 0 . 7rdér and complexitp 1 .
Medium (MAL) 0 . B0rdé& and complexitg 0.7
Low (LAL) 0.000rder and complexityg 0.5

Table4. High, medium, and low aesthetic level (taken fi®)
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4.2.3 The tasks
Visual search task

A visual searchtaskwaschosento investigate performance because the demands the
task makes on cognitive processes are relatively{ 5y requiring only the ability to

find upright triangks among inverted triangles. It was important that the task did not
requirehigh cognitivedemand to avoid fatigue due to the high number of stimuli to be

viewed.

In this task, the participants were asked to find the upright triangles and ignore the
inverted triangles. An upright triangle was chosen as a target instead of an inverted
triangle to minimize the possibility that the content of the target might engage their

attention and thus distract from navigating the layout.

The visual search task was raped twice under two different conditions: with mouse
pointing and without mouse pointing. The main reason for conducting the visual search
task in two different conditions was to investigate the difference in pattern of
performance when the participantadnthe aid of a mouse pointer and when the
participants did not. A similar pattern of performance using both search tools would
indicate a strong influence of layout aesthetics on performance whereas a different

pattern would indicate weak influence of ¢tay aesthetics on performance.

Preference task

The preference task was conducted using direct ranking (also knowankasrdering
[19]), where the participants indicated thpneferencesy rank orderingthe stimuli
from least to most preferred. Direct ranking is an intuitive task and easy for the

participants to understanfdl6].

4.2.4 The Java program
The program that createdthe stimuli

The stimuli werecreated using a custom written Java program create a stimulus,
the experimenter set the program to produce a stimulus with a spesthetses value
range 0 @der and complexit 0.5;0 . 50rdér and complexitxk 0. 7; or
Order and complexitp 1. 0) . rafde set by éhe experimenter whs desired
average value of the six layout metrics. The progragwdriangles and adjustdbe

sizes anddcations of the triangles (with no overlapping) within the dimension of 600 x
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600 pixels, until the layout ntethe aesthetic value range set by the experimenter
(Figure 21). The experimenter kdano direct control over the layoutfoobjects or the
final aesthetics value of the stimuluBhe information on the stimuli sets.€. screen
image library used, actual value of aesthetic parameters, Java pseydomodee
found inAppendx 1 and AppendixX2.

ol

Aesthetics :0.62032

Figure21. A screen shot of the Java program that created the stir

The program that presental the stimuli
Visual search task

The stimuli for the search task were presented to the participants using a custom written
Java experimental program (different from the program that created the sthgune(
22). The program displayed the stimuli and recorded response time and answers from
the participants.The program casisted of three main displays: thastruction,
stimulus, and answer buttons. The location of display of the instruction and the answer
buttors remained unchanged during the visual search task. A new stimulus was

displayed when the participant clicked on an answer button.

COUNT THE NUMBER OF POINTING UP TRIANGLE(S)

=io) ANSWER

Py / 4 Triangles

5 Traagies

s 5 Triangles
— * 6 Triangles

Figure22. Screen shot of the Java program that presented the ¢
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Preference task

The stimuli in the preference task were presented to the participants using two sheets of
A4 paper. Each ske¢ was printed withthree and six layouts respectivelfs the
number of stimuli used in the preference task was very siballid not require
computationalaids beyond papandpencil. The papemandpencil technique makes

the task simple and easy (emm mouse clicking, no typing, no scrolling down, etc.).
Although te use of amputational aidduch as computer screen dispkyery useful, it

is mostly requiredfor a large number of stimuli due to its ability tecord a large
amountof datasystematially.

4.3 Methodology

4.3.1 Tasks

The participants were asked to perform two taakssual search task aradpreference

task.The vsual search task was always penied before the preference task

A Visual search task The participants were asked to fiadd repa the number
of upright triangles.
Preference task The participants were asked to rakler several layouts from

least preferred to the most preferred.

B
w
(N

Variables

>

Dependenvariables 1 Response timeerrors, preference
A Independent variablet Aestheic levels high, medium, low

4.3.3 Participants

Twenty two (11 male and 11 female) undergraduate and postgraduate students of the
University of Glasgow from a variety of backgrounds (e.g. Computer Science,
Accountancy & Finance, Accounting and Statistics, Eoagios, Business and
Management etc.) participated in the experiment. All the participants were computer
literate and used computers daily. The participants received no remuneration for their

participation.
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4.3.4 Stimuli
An overview of the design of stimuli

Eachstimulus consisted of 8 10 invertedand upright triangles. There werei 46
upright triangles on each stimulus and the remaining were inverted triangles. The total
number of triangles and the number of upright and inverted triangles for each stimulus
were randomly determined by the progranihe small number of triangles was
intentioral to avoid fatigue. In gilot study, it was found that fatigue startecberome

a problemwhen the total number of trianglegceeded 0. Constraining the number of
triandes on the screen to 0 less was found to reduce thésggue effects.

Visual search task

There were 90 different stimuli created for the search task. As the search task was
relativelyeasy and each stimulus took approximately ordyL@ seconds to coplete, a
total number of 90 stimuljave a reasonable experimental duration-(18 minutes).
The 90 stimuli were equally divided intbe threeaesthetics level (HAL, MAL, LAL)

shown inTable4.

Preference task

The stimuli in he preference task were presented to the participants using two sheets of
A4 paper.Thefirst sheet of paper contained 3 layowkgg(re23) and the seconsheet

of paper contained 6 layout§iQure 24). The layouts in the first sheet of paper
represerdd the three levels of aesthetiaad the layouts in the second shekpaper
represergdthe six layout metrics.

v ~
VvV V AN

A A

b VvV

; bg i

A A A - ZAN

AN AN

High aesthetis(0.7189 Medium aestheticf).5952 Low aestheticsQ.4902

Figure23. The £'sheet of paper consisted of three layouts
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Figure24. The 29 sheet of paper consisted of six layout

4.3.5 Procedure
Standard procedure

At the beginning of he experiment session, the participants received written
instructions about the experiment, signed a consent form and filled in a demographic
guestionnaire. The participants were then seated in front of a laptop screen (screen size
of 12 inches with resotion of 1024 x 768 pixels) with their eyes approximately 60 cm
from the screen. The laptop screen was tilted to a position that each participant felt
comfortable working with to ensure that no light reflectamturredthat could prevent

the participantsrbm seeing the stimuli on the screen.

The participants were first asked to perform the visual search task and upon completing
the visual search task, the participants were given a short break before performing the

preference task.
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Visual search

The stimtui for the search task were presented to the participants using a custom written
Java experimentgbrogram (lifferent from the prgram that created the stimuli, see
Figure22). The program displayed the stimuli amtorded response time and answers
from the participants. To minimize any learning effethe program randomized the

sequence of the stimuli for every participant.

The participants were asked to count the number of upright triangles carefully and as
fast as possible and to give their answer by clicking on one of the three answer buttons
provided on the right of the stimulusegFigure 22). The stimuluschangedwvhen the
participant clicked on an answer buttomtibiall 90 stimuli had beemresented A
message box was presented after tHe @bnulus to inform the participants that the

task was complete.

The searchtask was conducted under two conditiomsth mouse pointing, without

mouse pointing.

A With mousepointing - The participants were allowed to use the mouse pointer
to hover over the stimulus to assist them in finding the targets, and to click on
the answer button. There was no effefcclicking on the stimulus.

A Without mouse pointing The participarg were not allowed to use the mouse
pointer to hover over the stimulus. They were only allowed to use the mouse

pointer to click on an answer button.

The participants were randomly assigned to perform either condition 1 or condition 2
first before proceedig to the next task. The task for each condition took approximately
10- 15 minutes to complete. To avoid tiredness, the participants were allowed to take a

short break before atinuing to the next condition.

There were 90 stimuli used in each conditidmcla makes the total number of stimuli
viewed by the participants 180. The sequence of stimuli in both conditions was
randomized to minimize learning effectThe stimuli used in botleonditions were
identical thusthere might be a possibility that the fieipants would remember their
answers for some of the stimuli. This possibility however was low as the participants
were not informed that the same stimuli would be used in the next round of the task,
and because of tharge number of stimuli Thus, it 5 unlikely that the participants

were fAtrying to memorizeo their answers.
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In each condition, the paipants were allowed to praatisbefore starting the
experiment properThere was no specific time duration or number of stimuli for the
practice sessionThe participantsimply stopped practising when they thought they
were ready fordata collection Based on experimenter observation, the participants
spentless than a minuten practiceand the number of stimuli used was betweamé

10. The stimuli ged in the practice task were also used inetteriment proper, but
randomization limited the possibility for participants to remember #eswers The

data from the practice task were not included in the analysis of the data.

Preference task

The preérence task was conducted after the participants completed the visual search
task. The participants were given two sheets of A4 paper and a pen® Eheet of
paper contained three layoute¢Figure23) and tle 2" sheet of paper contained six

layouts 6eeFigure24).

On the ' sheet of paper, which contained three layouts, the participants were asked to
rank the layouts from 1 to 3 {@ast preferred, -Bhost preferrel On the 2 sheet of
paper, which contained six layouts, the participants were asked to rank the layout from
1 to 6 (tleast preferred,-Bnost preferred).

After finishing the task, the participants handed the papers to the experimenter and

were brieflyasked their reasons for their ranking choices.

4.4 Results

The data from the visual search task were analysed using SPSS version 18 with
ANOVA (analysis of variance) repeated measures procedure followgmbdioc t

tests withBonferroni adjustment for mulipe compar i sons (signi f
Bonferroni correction was used to eliminate false positives derived from multiple

comparisons.

The assumption of Sphericity (i.dnetequalityof variancesf the differences between
various condition$1l24) was tested using Mauchl yods t
the variables violated the Sphericity assumption. The violation of Sphericity is serious
for the Repeated Measures ANOVA as it can increase the Type | error rate (incorrect

rejection of a true null hypothesis).



74

The data for the preference task weralgsed using the Friedman te&tFriedman test

wasusedbecausehe preference data were kaf71].

4.4.1 Layout aesthetics vs. performance

There was a significant main effect of aesthetic lewrlesponse timéF,, 4= 16.311,
p<.001) but not for errorgF; » = 3.184 p=.052. The pairwise comparisons showed
that all possible pairs faresponse timavere significantly different ap<0.05 where

response timéor theHAL was significantly lower than those AL andLAL (Figure
25).

b o 0.08 0.07
© S 0.05  0.05
£ 5 :
S 2 0.04
C
a [3M]
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2 =
0.00

HAL MAL LAL

*lines indicate where paiwvise significance is founc

Figure25. Mean response time and errorshogh, medium andlow aesthetics

4.4.2 Layout aesthetics vssearch tool
Response time

There was a significant main etft of search toolF; ,;= 6.64p<.001) and aesthetics
level (R, 42= 16.3p<.001)on response time. The interaction betweerch toohnd
aesthetics level for response time was not significant{E 0.702,p=0.5Q1) (Figure
26).

%  With mouse pointing Without mouse pointing
2 480 505 518 S| 456 469 495
- Py
8 E
q) -
= 5

HAL MAL LAL e

Figure26. Mean response time with mouse pointing and without mouse pointing
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A With mouse pointing
There was a significant main effect of aesthetics lemgksponse time with mouse
pointing B, 42 = 7.64, p<.001. All possible pairs of the three levels of aesthetics
were significantly different except for the pairddAL andLAL .

A Without mouse pointing
There was a significant main effect of aesthetics levetesponse time without
mouse pointing=, 42 = 13.0, p<.001. Pairwise comparisons showed tladt pairs

were significantly different except for the pair of HAL and MAL

Errors

There was no significant main effect séarch tool(F;, »1 = 0.092, p=0.765) and
aesthetics level ¢4, = 3.18, p=0.05pon errors. The interaction betwesearch tool

and aesthetics level for error walsonot significant (i 2= 0.496, p=0.612)Kigure
27)

With mouse pointing Without mouse pointing
» 0.10 » 0.10
2 004 005 0.07 2 005 004 0.07
5 0.05 ;,;, 0.05
® 0.00 € 0.00
= HAL MAL  LAL = HAL MAL  LAL

Figure27. Mean errors with mouse pointiagd without mouse pointing

4.4.3 Layout aesthetics vs. preference
High, medium, and low aesthetics

The Friedman test ohigh, medium and low aestheticsshowed that there was a
significant differencen preference betweddAL, MAL,andLAL (62 = 26. 273
2, p<.001), where a higher level of aesthetic layout was more preferred thevera |

level of aesthetitayout 28).
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Figure28. Preference ranking of HAL, MAL, and LAL

Mean rank

Cohesion, Econory, Regularity, Sequence, Symmetry, Unity

Similarly, the Friedman test showed that there was a significant difference between the
six layoutmetric§ ¢ 2 = 57 . 9 7 4 ,inwHidh it showed higlp preferefceé fbr)
symmetryfollowed byregularity, unty, sequence, cohesicandeconomy

6 5.45 45 4

.91
I I 2.82 245 1.86

Mean rank
w

o

Figure29. Preference ranking of thsix layout metrics

4.4.4 Preference vs. performance

The relationship between preference and performance was analyse@psarghan's
rho correlation

High, medium, and low aesthetics

There was a perfect relationship betweesponse timand prefeence for HAL, MAL,
and LAL, r =1.000,p<.001 and a positive relationship between errors and preference
for HAL, MAL, and LAL, r=.866 p =.333(Tableb5).

ACTUAL DATA RANK
LAYOUT METRICS . .

Rank Errors Time | Rank Errors Time
HAL 2.77 0.0227 4.0909 3 25 3
MAL 2.00 0.0227 4.2821 2 25 2
LAL 1.23 0.1818 6.4373 1 1 1

Table5. Preference and performaneaksof three aesthetic levels

1 =worst, 3 =bes
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Cohesion, Economy, Regularity, Sequence, Symmetry, Unity

There was a negative relationship betweesponse timend preference for the six
layout metricsy = -.257, p=.623. Similarly, there was a negative relationshipvween

errors and prefereedor the six layout metrics=-.353 p =.492

LAYOUT METRICS ACTUAL DATA' RANK '
Rank Errors Time | Rank Errors Time

Cohesion 450 0.045 4.782 5 2 5
Economy 1.86 0 6.067 1 6 2
Regularity 245 0.023 4.457 2 4 6
Sequence 2.8 0.136 5.609 3 1 4
Symmetry 545 0.023 7.227 6 4 1

Unity 3.91 0.045 5.946 4 2 3

1 = worst,6 = best

Table6. Preference and performance ranksigfayout metrics

4.5 Analysis and Discussion

This section analyses and discusses #sellts of this experiment based on the four
aims of this chapter. Sectigh5.1discusses thtaskperformance, followethy Section
4.5.2which discusses the performze usingtwo differentsearch toolsSection4.5.3
discusses the preferenacmatg and finally Section4.5.4 discusses the interaction

between preference and performe.

4.5.1 Aesthetic layout vs. performance

The result shows that HAL producedshorterresponse time compared to MAL and
LAL. The number of errors between HAL, MAL, and LAL however were not
significantly dfferent. This result means that it has been demdssitrinat ahigher
aesthetis layout supportsresponse timeperformancebut not necessarilyaccuracy

performance

Although the finding of this study that an aesthetic interface suppeiter task
performance has been claimedprevious studies (see fekample[13390,129), the
focus and method used teeasure the aesthetics of the interface was different. In this
experiment, the focus was on the aesthetics of the layout and the agsilastic

measured objectively rather than subjectively.
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What makes theesponse timgerformancewith HAL higher thanwith MAL and

LAL? To answer this question it is important to examine the layout design of HAL,
MAL, and LAL. In an informal interview with the participants, the participants
described the raracteristics of stimuli withHAL using t er ms S uc-h as
structued 0, fAorganizedo, fAti dyo,LAlaaslkavifgthe der |
opposite characteristics such as Auns

Adi sorderl yo.

The description of HAL as given by the participants matches the characteristics of
interfaces with low levek of complexity such as grid lay@amvhereas the description of
MAL and LAL matches the characteristics of an interface with high deoél
complexity such as negrid layous [28]. Figure 30 shows examples of two extreme

complexities.

] O
] ]

Minimum complexity Maximum complexity

Figure30. Examples of two extreme complexities (taken frf2g))

But how doescomplexity influencetask performance? An interface with high
complexity isperceived as visually clutteredhereas an interfaceith low complexity

is perceived as visually cleqh8]. The level of tutterinani nt er f ace i nfl u
cognitive workload, where cluttered interfacequiremore cognitive efforcompared

to uncluttered interfassby increasing retrieval demands on memf®jy A high level

of cognitive effort is more likelyto result in both feelings drustration and decreased
performance[85] whereas a low level ofognitive effort leads to more enjoyable

interaction and increased performance.

It might beasked, how does thamotionalstate ofthe user(e.g.frustration happinesp
influences perfonance? This question is best answered by the theory proposed by
Norman[99/iat tractive things work bettero.
make peopléhappy whereas unattractive things make people unhappy. The state of

emotions such asappiness or unhappiness can have a stinfigence on how
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effectivdy or efficienty people perform in their task. Happy people are more
productive and efficienbecaue they do not ponder excessively ovarproblem but
actively find an alternative solution whereas unhappy people focus on one way to solve

a problemand are therefongrone tomakingmore mistake§99].

Thus, the answer t o trésgonsq tumparformance offHALh a t
hi gher t han dddldbe thaHAL hasAlawccomplexity which minimize

the cognitive workload.

4.5.2 Layout aesthetics vssearchtool

Visual search aided by mouse pointimgpducedsignificantly longer response timme
than visual searctwithout mouse pointing Kigure 26). However there was no
significant difference in termof errors Figure 27). Although the response time
performancefor these twosearch toolsvas different, bottsearch toolshowedthe
same pattern of performance (i.e. HAL produced longer response thiare MAL or

LAL). No significant interaction was found betwesgarch toolnd aesthetics level.

These results could mean that the use of mouse pointing is a drawback to visual search
performance as it slows down the searching processdaed not improve task
accuracy. Certainlyirrespective of the type afearch toolused in visual search, an
interface withhigher aesthetic layout will suppottetter performance Although the

finding of this experiment that the use of mouse pointing incseasponse time has

been found in Cox andilva [30], the study by Cox and Silva was limited to
investigating the effect of mouse pointing in interactive search using a-pagteweb

menu in which tk aesthetic condition of the interface was not defined.

The lack of significant difference of the number of errors between thed¢arch tod

was not expected. It was expected that participauatsld make fewer errors when

using mouse pointing than wh just relying on eye movements to navigate the layout.
This expectation was based on the findings of previous sty8i&4,30] which
demonstrated that mouse pointing significantly aids a search by enabling the user to
visually tag the object, while the eyes move elsewhere scanning for necessary
information requiredfor the task. The tagged object acts as a reference point and
reduces the possibility of miscounts or recounts of previously identified objects, which

in turn reduces the number of errors.
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There are two possible explanationsr fwhy this experiment did noteplicate the
findings of previous studies. First, thenwas alimited number of objects (&0
triangles) that forradthe layout and second, the participants mightfbeteic and not
it ago t hPeevioosbstudieshhve suggested that mouse pointisggnificantly
aids a visual search when there are large numbers of distractors competing with the

target objects.

While it is useful to know that the use of mouse pointing degraglgsonse time
performanceanddoesnot contribute taaccuracy performancghat is more important
from the results of this experiment is to show thatr performance is highly

influenced by the aesthetics of the interfagkatever te search tool

4.5.3 Layout Aesthetics vs. Preference
HAL, MAL, and LAL

Among the three levels tdyout aesthetics, HAL was the most preferred and LAL was
the least preferred28). This result means that preference increases with increasing

aesthetic level.

The result of this experiment corroborates the work of Martindalal. [83] who
suggested that preference nsonotonicallyrelated to a stimulus' arousal potential.
However, unlike Martindale et al who suggested that preference is influenced by
semantic fact@such as meaningfulness, prefiece in this experimemtasmore likely

to have beennfluenced by collective properties such as compjeag suggested by
Berlyne[12] (seeSection4.4.7).

Why does peference increaseith increasing aesthetidevel? To answer this question
it is important to lookat the imode of use of the participantsandwhether it isfgoal
mode or flaction/activity modeé. This is because mode of use hasignificant
influence m how people perceive the quality of the prodkty (see Mapter 2

Section2.5.3for details of mode of use).

In this preference task, it could be suggested that the participants wdigoa anodeé
state. This is becag before the preference task, the participants were involvedawith
performancebased task (i.e. visual seaycWhere goal accomplishment with high
effectiveness and efficienayasvery important. Thus, there iss&rongpossibility that
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the goal mode nu which was formed during the visual search task was carried

through to thereference task.

People imMgoal mode state are looking for a design which promotes high effectiveness
and efficiency[145. That means ardeal designis one that has low complexity and
with minimum or no ambiguity because this type of design requriesv level of
cognitive effort (e.g. symmetrical layout). An interface which requires lewel of
cognitive effort preventboth frustration and decreasgerformancg18]. For example,

an online banking website with well-structured layoutallows usersto happily
navigate through the interface because it §yea find the items they need

The description of HAL given by the participants durthg informal postexperiment
interview matchegshe description of an interface with low complgxi Thus, the
answer t o t hdoesgraferenteiinoreaséh nchegsing aesthetidevel?o
is, because performance is more likely to increase with increasing aeswetlodue

to thelow level of complexity which leads to low cognitive effort

The result of this experiment which showed kigphreferenceor the lowest level of
complexity is contraryo the findingof Berlyne[12], which showed that preference is
highest at the moderate level of compiexIt also contradicts the claim made by
Gaveret al.[47] who suggested thatn interface withambiguity is sometimes more
preferred than an interface with no ambiguity as it can be intriguing, mysterious, and

delightful and can encourage close personal engagement.

't shoul d be not e dthetprefarénceitask wBsinprécgdadeby a8 st
performance task. Thus, it could be sug:q«
in an action/activity/leisure mode and not in goal mode as in this experiment. People
action/activity/leisure modbavedifferent goas from peoplein goal mode People in
action/activity/leisure mode are looking for a design that intethgtm and not merely

helpsthem to perform the task at the maximum level of effectiveness or efficiency

[145.

But what makesa moderate level of complexity more preferred thiha lowest and
highest level of complexity in action/activity/leisure mode? This question will be
investigated in the next experiment (Septer 5).
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It is clear from the result of this preference task that prefeseiocenterfaces arevery
much infliencedby layout aestheticsyhere HAL is more prefeed due to its low

complexity which helps user to perform the task more effdgtaved efficiently.

Cohesion, Economy, Regularity, Sequence, Symmetry, Unity

Among the six layout metricsymmetrywas tle most preferred aneconomywas the
least preferred. An observation on the six stimuli that were used to represent the six
metrics however showed that, the triangles which formed the layout of each stimulus
wereall the same size (sdagure24). This means thatechnically,all stimuli can be
considered as higleconomy(This subtlety was notnoticed until after the data
collection was completeY.hus, in this analysigconomywill be ignored andcohesion

will be considered as the least preferred.

The high preference fosymmetryindicates that people prefer a layout with high
predictability. How doesymmetrymake a layouhighly predictable? The rigidity of
symmetrymakes it very predictable. For example, otfte participants have seen one
half of the stimulus, they will know what the other half is like. This can be illustrated in
Figure31 Both figures contain the same number of ba¥€$. However, as the boxes

in Figure 31a are arranged symmetritgl counting the number of boxes is much

quicker than irFigure31b.

L]
00 0o 05 04
00 OO0 m[
00oo 0o
00 00 e
a) Symmetric b) Nonsymmetric

Figure31 Example of symmetric and negymmetric layout:

Thelow preferencdor cohesionindicates that consistency aspect ratio of visual field
is least important for user. has been suggested that performance is bstien the
aspect ratio othevisual field stag the same during scanningtbie display[98]. This
raises an interesting questias to why the participantsn this experimendisliked
cohesionthe most. To find th answer to this questionis important to examingvhat
cohesive and neoohesive interfacdook like.
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Figure 32 illustratesexample of cohesive and neoohesive interfacelFigure 32a is

highly cohesive because the aspect ratios of the objects, layout, and screen are similar
whereasFigure 32b is not because of the dissimilarity of the aspect ratios of the
objects, layout, andcseen. As shown ifrigure32a,ac ohesi ve i nterfac
the eyeso because the eye mov e ment pat

consistency of aspect ratio of the objects, layout, and screen. Howabikieygh it is

Arest f ul to the eyeso other metrics mig
example, Asymmetryo is more restful as i
| Width :

[€4— Screen —» |:| |:|

! T Lavout —»
' G — | 1 :
e = | Object '_______*L;} [:}

Heigh

(a) Cohesive (b) Non-cohesive

Figure32. Examples of chesive and nenohesive layout

4.5.4 Preference vsperformance

There was a significant and perfect correlation between preferadaesponse time
performance of HAL, MAL, and LAL. There wakowever no significant correlation
found for the stimuli representing the six layout metrics. These resugdjigestthat
interfacepreferencecaa c c ur at el y repporsatimeerfornarsce whenbthe
aesthetis of the interface measured by the average value of the six layout nietrics

not byanyindividual metric.

This finding supportsthe notionof Tractinsky et al. [139 thatfi wh a t 'S bee
usabl eo. Thi s exper ifromthe studyoowBatieskyet al.agns d i

that it wasbased on participar@ipreferences rather than thperception of usability.

4.6 Conclusion

This chapter presented an experiment which investigated the relationship between
layout aesthetics, task performance, and prefer@iwee.tasks were performed: visual

search task and preference task. These
ensuring the interfaces t o,whiehwaslingsrtant i nf

to ensure thaheusers main focus was on the layand not on the content.
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The answers tthe questiongosed earlier in this chapter are as follow:

1. What is the relationship between aesthetics of interface design and task

performance?

A potentialanswer tahis question is provided by the result frohetexperiment in
Section4.4.1- 4.4.2where it was found thatrrespective of thesearch toolused,
performancgas represented by response tiimeyeases with ineasing aesthetc
level. This evidence providestrong support for the implementation of aesthetic

layoutprinciplesin interface design.

2. What is the relationship between aesthetics of interface design and preference?

A potential answer to this researguestion is provided by the result from the
experiment in Sectio®.4.3 where it was found that preference increases with
increasing aesthetics level as well as that there was a high preference for
symmetrical dyouts and a low preference for cohesive layouts. Given that a
performancebased task was conducted before the preference taskuld be
suggested thaireference judgments were strongly influenced by the ability of the

layout to assist the users to anwplish the task more effectively and efficiently.

3. What is the relationship between aesthetics of interface design and search tools?

An answer to this question is provided in Sectibd.2 where it was found that
there was a isiilar pattern of performance between the two search :tools
performance increases with increasing aesthetics .leMatrefore it can be
suggested thatgardless of the search tools used, performanbetter with high

aesthetics interface.

4. Is there anyelationship between preference and task performance?

A potentialanswer tahis questions provided by the result from the experiment in
Section4.4.4 where it was found that preference and performamess hghly
correlatedwhen thelayout aesthetics of the interfaceere measuredusing a
composite measuref the six layout metricsather tharman individual metric.It is

obvious that the interface which was preferred mostsupported the best
performanceln other word, performane can be predictedsingusesd i nt er f &

preference
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The most interesting aspect of this finding was that a high aesthetics layout was
regarded as beneficial for performance, rather than detrimental to performance, as
previously assmed by many usability experfBhe novel aspect of this experiment was

that the results were obtained with interfaces where the layout aesthetics were
measured objectively rather than subjectively, unlike most studies in the literature. This
suggests thatesides subjective measures interface designers can also rely on objective

measures to assess the aesthetics of interfaces.

The next step of thisreseansto I nvesti gate usarmdérpridfea
mo d,alinthis experiment, the padipants wereotentiallyinafi goal mode 0 &
were involved witha performancebased task (i.e. visual search tagkjor to the
preference taskThis is an important issue to investigate to see whether preference
would be differed according modeof use. This would be investigated in the next
chapter, Chapter 5.
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#EADOWAO

Layout aesthetics vs. preference

In Chapter 4it was found thapreference increases with increasing aesthédiel. It

was arguedhowever that this findingwas potentially biased by the preceding goal
orientedtask Ther ef ore this chapter will sforocus
layouss infi | seréoriented interfaces. The theoretical background on visual aesthetics

and preferencean be foundn the Iterature reviewn Chapter2.

The secondresearch question of this thesihich hasalreadybeenpartially addressed

in Chapter 4is readdressed in this chapter.
The research question of this chapter is:

1. What is the relationship between the aesthaticinterface design and user

preference?

5.1 Aims

The aim of this experiment waso i nvest i gat <forlaweawithdhe pr e f
intention of producing aanked list Furthermore, lie broadbackgroundsof the
participantsallowed an additional investigan into the effecs of culture, which has

not been doa before apart from in the work dfactinsky[137].
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5.2 Experimental design

5.2.1 Interface components

The interface compomnés were similato those used i€@hapter 4 feeFigure20).

5.2.2 Measuring aesthetics

In Chapter 4the aesthetgof the inerfacewas representedby the aggregaseof six
layout metrics.This meanghat there was a possibility that different metrics had the
same level of aestheticemaking itdifficult to determine which layout metriwasthe
mostinfluential. In this experimet, this issue waaddressedy changing the wathe

aestheticsvasmeasuredisingthe following methods:

1. All six layout metricshadthe same aesthesitevel (high, medium, or lowsee
Table7, Category 13)

2. Only one metrichad a high aesthets level and theremainingfive layout
metricshadlow aesthetislevels (seeTable7, Category 49)

3. Only one metrichad amedium aesthetickevel and the remainindive layout

metricshadlow aestheticéevels (seeTable7, Category 1€15)

Table7 shows ssummary of how the aesthegievel of the interface were specifieth

this experiment.

LAYOUT METRICS
CATEGORY - : -
Cohesion Economy Regularity Sequence Symmetry Unity
1. High aestheticHAL) High High High High High High
2. Medium aestheticdMAL) | Medium  Medium  Medium Medium  Medium Medium
3. Low aestheticf_AL) Low Low Low Low Low Low
4. High cdesion High Low Low Low Low Low
5. High economy Low High Low Low Low Low
6. High regularity Low Low High Low Low Low
7. High sequence Low Low Low High Low Low
8. High symmetry Low Low Low Low High Low
9. High unity Low Low Low Low Low High
10. Mediumcohesion Medium  Low Low Low Low Low
11. Medium economy Low Medium  Low Low Low Low
12. Medium regularity Low Low Medium Low Low Low
13. Medium sequence Low Low Low Medium  Low Low
14. Medium symmetry Low Low Low Low Medium Low
15. Medium unity Low Low Low Low Low Medium
0.7 O High 01.0, 0.5

Table7. Summary of how the aesthetics of the interdagere specified
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5.2.3 The Java program
The program that created the stimuli

The program thatreated the stimulivassimilar to the program that created the stimuli
for the experiment describél Chapter 4 feeFigure21). The only difference wathe

way thatthe aesthetigof the stimuliwas specifiedThe program created one stimulus
for eachcategory inTable 7, resulting 15stimuli in total for this experimenfThe
information on the stimuli sets (i.ecreen image library used, actual value of aesthetic

paramegrs, Java pseudocgdman be found in ppendx1 and AppendixX.

The program that presented the stimuli

The stimuli were presented to the participants using a Java programe(33). This
Java program was differefrom the program that created the stinadit only displays
the stimuli createdbeforehandby other Java prograanThe program displayed the
stimuli one at a time for two seconds each before the participaadetheir choice.
The participants werenot allowed to backrack This is to make sure thahe
participants spendnequal length of time on each stimubhsisgiving similar levels of
attention It was alsoa forcedchoice taskin that the participants were required
choose exactly one stimif.e. Picture A or Picture B).

FICTURE A PICTURE B

Which pietures do you FREFER the masi?
Pleture A or Pleture B

Figure33. The computer program that was used to present the s{Muté that each

panel of the figure was presented separately in order from left to right)
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5.3 Methodology

5.3.1 Task

The participats were presented with a series of J@rs of pictures. For each pair
they were required to choose which pair they preferred the mbet.105 pairs of

pictures were as a result for pairing 15 stimuli.

5.3.2 Variables

A Dependent variables
o Preference choice
A Independent variables
o0 High, medium, low aesthetics
o (High or medium)cohesion,economy, regularity, sequence, symmetry,
andunity.

5.3.3 Participants

A total of 72 participants participated in this experimesft which 26 participants
classified themselves as Asia 42 as Western, and 4 as
participants, data from 15 participants (5 Asian, 10 Western) were discarded due to the
high number of circular triads in their data (see below for an explanation). All the
participants were computéterate and used computers daily. The participants received

no remuneration for their participation.

5.3.4 Stimuli

The design of the stimuli for this experiment was similar to the design of the stimuli
Chapter 4 The only difference was the numhmrstimuli and how theaesthetis level

was specified.

15 stimuli

There were 15 stimiucreated for this experiment: one stimulus for eaakegoryin
Table 7. The program that createtthe stimuli and the program that prested the
stimuli to the participantsvere different. That meanthe stimuli viewed by the
participants during the preference tasire not created in real time. Thus, preventing

any delayin viewing the stimuli during the preference task asJavaprogran took
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sometimesto createthe stimuli according to the intended aesthetic proper(see
Table7).

The number of stimuli created for this experiment was higher than the number of
stimuli used in the preferencask inChapter 4. The difference in the number of stimuli
was a resulof the differentexperimentafocus on how the aesthetiof the stimuli was
specified In Chapter 4 thelayout aestheticsvere measuredising a composite metric,
whereas in this expienent, the layout aestheticsvere measuredising an individual

metric.

5.3.5 Procedure

The standard experimental procedure was implemented before starting the experiment

(seeChapter 4 standard procedure)

A computer program, written in JAVA was used to presgbkatstimuli and accept the
participant so6 c seekigure33). Thit prdgrame wap diftetent froens  (
the program that created the stim(i#Higure21).

After completing the standard procedure, the participants were shown a demonstration
of how to do the taskThe purpose of the demonstration was to ensure that the
participant was familiar and comfortable with the task before starting the experiment
proper After the demonstration, the paipants were allowed to practishe task. The

data from the practice task were not included in the analysis.

In the experimeniproper the participants were presented with a pair of pictures,
labelled as picture A and piceuB. Picture A was displayed first followed by picture B,
one at a time. Each picture was displayed for $&conds each, before the participants
made their choice of which of the two pictures they prefetinedmost.According to
Lindgaardet al.[76], judgement ofaninterface is made very quicklyhatis, as fast as

50 millisecondsTwo seconds was chosen as the display time for each picture because
it is a sufficient amount of time for an imtilual to make their choic&he task was a
forcedchoice paired comparispwhere the participants were required to méher

choice even if theglid notlike either of the pictures.

Thechoicescreen(seeFigure33)had t wo buttons (APicture
without the stimuli being visible anthere waso facility for the participants to back

track. This screen was untimed. The next pastimuli was shown automatically after
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the participants clickd on the answer button. This process continued until all 105 pairs
of pictures were shown (15 stimuli each shown 14 times with each of the other stimuli).
The order of the pairs and the orders of the pictures in each pair were both randomized

to minimizelearning effects.

5.4 Results

The data from the preference task were analysed using-Rann k i n [t al
TRICIR software. The use of Duan ki n et al 6s software
sever al studi es i nvest i gat-comparison §seer foro p
exampleg[52,26,17]). The program analyses the circular triad of paired comparison data
and provides informatiooncirculartre d s 6 pr obabi |l i ties for i
objects, as well as participant and object groups, performs object scaling according to
the simplified rank method, and cahcul a

and Kendal |l 6 sncardaecé W).ci ent s of <co

w indicatesthe consistency ahe participant in making their choices as measured by
the extent of circular triads. A circular triad is an inconsistency in choices of paired
comparisons. For example, three objects A, B, and C will prodwee possible pairs
AB, AC, and BC. If gparticipantswas asked to choose for each pair which ohifesit
preferred the most, if thparticipantchose A over B, and B over C, the choice of the
third pair should be A over @nd notC over A. A circular trad occurs when C is
chosen over A. It can be shown by the relationship below:

A>B, B>C, C>A where > means Ai s chosen ovVe

w is measured within the ranfm 0 to 1. Aw value closer to 0 means tparticipant

was either responding carelessly was not competent in the task (and therefore
produced alarge number of circular triads) and & value closer to 1 means the
participant made careful choices and that their view of the stimuli is sufficiently
different to enable a reasonably consisteni$ preferences to ecorded The cutoff

of w used in this experiment was 0.50 and below. Thisoffutvas as suggested by
[64].

The W is the measure of agreement in the object rankings among the participants. The
W was measured within the ranfem 0 to 1.W closer to 1 meanthere is aclose

agreement between the participants on which object is the most preferreal Vand
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value closer to 0 means that there is great deal of variation in the preference data

among the participants.

541 Kendall 6s coeffiwient of consistency

Data fom 15 participants (5 Asian and 10 Western) from 72 participants were

discarded as the value wfwas less than 0.g-igure 34). The low value ofv showed
that the choices made by these participants included a large humberutr diiads.
The remaining 57 participants were highly consistent witheanw of 0.7016. The
number of circular triads fagach of theemaining57 participants ranged from 9 to 69
with amean of 41.772 and standard deviation of 15.107.

1
1
Discardedw>X N1 @}pIncluded (v >0.5)
1
1
1
1
1
|

12345678 9101112131415161718192021222324252627282930313233343536373839404142434445464748495051 525354555657 585960616263 646566676869707172

Figure34. The coefficient consistencw] of 72 participants

5.4.2 All participants
Kendall 6s coefficients of concordance

The W for the 15 stimuli was lowyV =0.1023 (of possible 1.0). The low numbeVgf
means that there was not much agreemsentvhich one of these 15 stimuiiasthe
most preferred.

Preference ranking of 15 stimuli

(V

Figure35 shows the preference ranking of the 15 stimuli based on the number of votes

given by 57 participants. The stimslwith the most votes was the most preferred

layout whereas the stimulus with the least votes was the least preferred layout.

As shown inFigure 35 HAL was the least prefeed layout (286 votes) whereas

mediumsymmetrywas the most preferred layout (499 votes). The maximum number of

votes a stimulus could getas 79814 stimuli x 57 participants).
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Figure35. The preference ranking of 15 st

Test of signficance

The critical range is the product of the expected standard deviation E(S) and a value

from the range distribution £37]. Findingthe critical range is importanniorder to
find stimuli thatarechosersignificanty more or less than chanao®n illustration of the
calculation of the critical range for the sample of 57 partidgpand 15 stimuli where

the .05 probability level is chosen is shown below.

ES)= . + + ppg
Where K= number of the parameters and N = number of participAst& = 15 and N

=57 then

= UXPULPOIPC
= 33.764

Qais the studentizedange the difference between the largest and smallest data in a

sample measured in units of sample standard deviation& treatments and infinite
df. For N = 57, K = 15 an@=.05, the value, is 4.796 (Obtained from the studentized
table in[37])

Critical range = E(S) @
= (33.764) (4.796)
=161.93

The conclusion bthis analysis is thatrgy difference in the number of votes between
different stimuli which is greater than or equal to 162 is statistically signifitabte8
presents a matrix of rank differences for the gmerfice data shown rable8, in which
the significant values are shown in boldble 8 shows that 10 pairs of the 15 stimuli

were significantly different at the .05 prdblay level.
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s 3 @ 3 S = 2 c e £ 4 = =2
2 3 83 5 & 3 3 5 g 2 @ © I o 9
T = == T T 3 = T = T T T =2 =2 =2
Ri 268 313 330 364 365 376 378 383 411 424 443 450 487 494 499

HAL 268 | - - - - - - - - - - - - - - -
Medium sequence 313 |45 - - - - - - - - - - - - - -
Medium regularity 33062 17 -
High economy 36496 51 34 - - - - - - - - - - - -
High unity 365(97 52 35 1 - - - - - - - - - - -
LAL 376108 63 46 12 11 - - - - - - - - - -
Medium economy 378|110 65 48 14 13 2 - - - - - - - - -
High regularity 383|115 70 53 19 18 7 5 - - - - - - - -
Medium unity 411|143 98 81 47 46 35 33 28 -
High symmetry 4241156 111 94 60 59 48 46 41 13 - - - - - -
High sequence 443|175 130 113 79 78 67 65 60 32 19 - - - - -
High cohesion 4501182 137 120 86 85 74 72 67 -39 26 7 - - - -
MAL 487|219 174 157 123 122 111 109 104 76 63 44 37 - - -
Medium cohesion 494|226 181 164 130 129 118 116 111 83 70 51 44 7 - -
Medium symmetry 499|231 186 169 135 134 123 121 116 88 75 56 49 12 5 -

Bold numbers are significant at the .05 level (critical range =

Table8. Matrix of rank differences for aparticipants
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5.4.3 Asian participants
Kendall 6s coeffi ctW)ents of concordance (

The W for 15 stimuli for 21 Asian participants was very l&W=.1859 (of a possible
1.0). The low number oV means that there was not much agreement on which one of

these 15 stimluwasthe most preferred.

Preference ranking of 15 layout metrics

Figure36 shows the preference ranking (the least preferred to the most preferred) of 15
stimuli based on the number of votes by 21 Asian paamntgp As shown ifrigure 36,

the least preferred stimulwsas HAL with 72 votes and the most preferred stimulus
was medium symmetrywith 211 votes. Thanaximum numberof votes a stimulus

could get wa294 (14 aestttic parameters x 21 participants).

294

211

1 165 166 176 176 183

119 123 125 129 130 131 148 19

Figure36. The Asian participantsdé votes

Test of significance

As K= 15 and N=21 then,

ES)= . + + pIpg

= CpPLP @I G
= 20.49

For N = 21, K = 15 and p=.05, the valueas4.796 (Obtained from the studentized
table in[37])

Critical range = E(S) @
= (20.49) (4.796)
=98.27
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Any difference in the number of votes between different stimuli which is greater than
or equal to 98 is statistically significarftable9 presents a matrix of rank differences
for the preference data shownRigure36in which the significant values are shown in
bold. Table9 shows that 4 pairs of the 15 stithwere significantly different at the .05
probability level.
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R 72 119 123 125 129 130 131 148 151 165 166 176 176 183 211
HAL 72 |- - - - - - - - - - e e e
Medium regularity 119|47 - - - - - - - - - - - i i -
High economy 123|51 4 - - - - - - - - - - - - -
High unity 125(53 6 2 - - - - - - - - - -
Medium sequence 12957 10 6 4 - - - - - - - - - -
Medium regularity 130{58 11 7 5 1 - - - - - - - - - -
Medium economy 13159 12 8 6 2 1 - - - - - - - - -

LAL 14876 29 25 23 19 18 17 - - - - - - - -
Medium unity 151|179 32 28 26 22 21 20 3 - - - - - - -
High sequence 165(93 46 42 40 36 35 34 17 14 - - - - - -
High cohesion 16694 47 43 41 37 36 35 18 15 1 - - - - -
High Symmetry 176|104 57 53 51 47 46 45 28 25 11 10 - - - -
MAL 176|104 57 53 51 47 46 45 28 25 11 10 O - - -
Medium cohesion 183|111 64 60 58 54 53 52 35 32 18 17 7 7 - -
Medium symmetry 211|139 92 88 86 82 81 80 63 60 46 45 35 35 28

Bold numbers are significd at the .05 level (critical range = 9

Table9. Matrix of rank differences of the 15 stimuli for Asian participants





















































































































































































































































































































































































































