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Abstract

An increasing number of papers look at the relatigm between the classic Human-
Computer Interaction (HCI) interest usability ante tnewcomer aesthetics. We
replicated Tractinsky’s simulated cash machine erpmt, but avoided biasing
participants by showing them only one interface. W§ed multiple item measures and
made a distinction between classic aesthetics (agiplon orderly and clear design)
and expressive aesthetics (emphasis on creativity @riginality). Contrary to
Tractinsky, our manipulation of usability had afeet on perceived usability and we
found that classic aesthetics could influence actsability. In the second
experiment, our interfaces failed to differ in d@s and expressive aesthetic
judgements. We could not prove that aesthetics by an effect on perceived
usability through its effect on completion time&xpressive aesthetics appeared to
affect perceived usability and not actual usabilithis shows that aesthetics can
influence both actual and perceived usability.duld be argued that if there is no
actual usability difference, people base their gption of usability on aesthetics. If
however there is an actual usability differenceppgbe base their perception of
usability on both the actual usability and aestsetirherefore we recommend more
research into their exact relationship.
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Introduction

Until recently, the main interest in the Human-Canep Interaction (HCI) field has
been usability related. Aesthetics was almost cetapf ignored in the “traditional”
HCI books. Nielsen’s one entry of aesthetics in itidex of [NIELSEN_1993] is a
reference to aesthetics, which is only mentiongobissing. In the past few years there
has been an increased interest in aesthetics. Ratetes have been published with
such titles as “Attractive things work better” [NORN_2002] and “What is
beautiful is usable” [TRACTINSKY_2000]. They putrieard the idea that aesthetics
and usability are more closely connected than wasight. New insights into the
relationship between aesthetics and usability nmélyence how designers and HCI
experts develop interfaces.

Several experiments have been published whererobgza tried to determine the
relations between aesthetics and usability. In thisoduction we will look at a
number of articles which feature these topics.

Kurosu and Kashimura [KUROSU_1995] make a distorctibbetween apparent

usability and inherent usability. Apparent usapiig an indicator for how easy people
think something will be to use by looking at it aimtherent usability is the usability

experienced by someone actually using a systemy Bkked participants to rate

several Automatic Teller Machine (ATM) designs oottbfunctional and aesthetic

aspects. They found a relatively high correlatiostween beauty and apparent
usability. Furthermore, the correlation found betweapparent usability and apparent
beauty was higher than the correlation between reppausability and inherent

usability. Because people never actually used thecds, Kurosu and Kashimura’'s
measurement of inherent usability is questionabiheir measure of inherent usability
was based on factors that interface designers vieelido enhance the inherent
usability. The factors where not based on othezareh and they did not test whether
the factors actually affected inherent usability.

Tractinsky [TRACTINSKY_1997] repeated Kurosu's dt experiment to validate
and replicate the relationships between users’gptians of interface aesthetics and
usability in a different cultural setting. He didotnfind the expected cultural
differences between Japan and Israel, insteacehidts supported the basic findings
by Kurosu et al. He found very high correlation$nmen the perceived aesthetics of
the interface and a priori perceived ease of usbetystem. One of his conclusions
Is that “the results provide further support foe thontention that perceptions of
interface aesthetic are closely related to appawvsability and thus increase the
likelihood that aesthetics may considerably affgctem acceptability. ... The [third]
conclusion postulates that objective measures stesy behaviour and use may not
suffice in predicting system acceptability. Perhapsiore holistic approach toward
understanding how people experience and judgenrdton systems is needed.”

Tractinsky [TRACTINSKY_2000] elaborated on these@epts in later research. He
added functionality to the ATM designs by writingg@mputer simulation. He asked
the participants about their perceptions of thdesysbefore and after they used the
system. Strong correlations between the systemseiped aesthetics and it's
perceived usability were found both before andrédfte participants used the ATM.



The aesthetics of the system affected the pospesmeptions of both aesthetics and
usability, whereas the actual usability did not. déecludes: “The findings stress the
importance of studying the aesthetic aspect of mhw@mputer interaction (HCI)
design and its relationships to other design dinoess’

Definitions
To avoid any confusion we will define a number ohcepts used in this article.

2.1 Perceived vs. actual usability

Perceived usability is the user’s rating of us&pilit is a measure for how usable the
user thinks the system is, whereas actual usalslithe usability which is measured

while the user uses the system. We have used #rage/times to complete a task as
our measure of actual usability. Perceived usgbilias judged by the participants

before (pre-usability) and after (post-usabilitygy used the system.

2.2 Layout vs. Interface

Tractinsky used the wordyoutin his experiments to describe the different aststh
manipulations he made to the screen designs. Weusa the more general word
interfacefor two reasons. Firstly, we want to emphasis¢ #iesthetics is more than
only the layout of the buttons, images, text ankeptfeatures of a single screen
design. The second reason for usintgrfaceis that in the second experiment the
elements of the interface as well as their configan are varied.

Critique of Tractinsky

The experiment performed by Tractinsky in 2000 ¢ied of three stages. In thee-
test stageghe ATM displayed nine different interfaces. Theeninterfaces used were
selected from the 26 interfaces used in Kurosua.eexperiment [KUROSU 1995],
which Tractinsky adapted to wuse in his replicatiaf the experiment
[TRACTINSKY_1997]. For his 2000 experiment he setelcthree interfaces which
were rated as highly aesthetic, three which wetedréow in aesthetics and three
which had an aesthetic rating in between.

The experiment started by asking the participantrate each interface on the
dimensions of: aesthetics; ease of use; and amamuitformation on the screen.

During the rating each interface was presentecettinees. This was followed by the
test phase. The participants were assigned to othe dhree aesthetic conditions; the
high, low or medium aesthetic interface. Tractinskgd the participant’s own scores
on aesthetics to assign them to the aesthetic womdHe did this so each participant
used an interface they found to have a high, lownedium aesthetic, matching the
aesthetic condition they were assigned to. Paamntgpassigned to the high condition
used the screen they rated the highest and vieavé&he participants used only one
screen design in the remainder of the experimenily &fter they practiced the use of
the ATM were they assigned to one of two usabléisels. Tractinsky used the levels
low and high usability. In the low usability he a&didthree usability difficulties. 1)

Longer system delays of 9 seconds on average gierapbuttons that did not operate
the first time they where pressed; 3) a shortcutkvivas not available. In the high

usability condition these difficulties were not limded. The participants had to
perform the experimental tasks using the samefatgeras they used for the practise



tasks. During the post-test stage the participamie asked to rate the system on
several dimensions.

We have four critiques of the way Tractinsky sethigoexperiment. Our first critique
is that he might influence the participants by simgathem multiple interfaces. With
his setup, the pre-test might implicitly encourggeticipants to view usability only as
a property that can vary between the interfaces tttey compare and therefore as
being a property of layout of interface objectscémtrast, participants have no reason
to believe that response time would vary betweencds. So when rating usability
they may choose to ignore it because it does fotrmthe implicit comparisons they
are still using.

Our second critique is that participants mighttarype consistent in answering the pre-
and post-experiment questionnaire. The pre-tesns#aat any post-test judgments
will have to contradict pre-test judgments if treg to show an effect of manipulated
usability. The effects found could be the restilthe participants wanting to appear
to be consistent.

The third critique is the way in which the usalilwas manipulated. By adding the
usability factor as an increased system delay sk perhaps does not add a salient
usability factor. We think the users did not firne tsystem delays salient because the
ATM gives sufficient feedback through the displayother possibility might be that
they attribute the delays to the underlying devifg, example a background or
network task, instead of the ATM. Table 1 showsoarrview of system response
times and the effects on the user. The informationthe table is based on
[NIELSEN_1993]. For a realistic simulation of an MTeach task has more than one
delay. It is not likely that a single delay will @ed 10 seconds. Since the users
receive proper feedback they will most likely thimtkis a normal part of the
simulation. This could explain why Tractinsky didtnfind an effect for actual
usability. This leaves only the buttons that somes did not operate and the
unavailable shortcut as his usability manipulatiBecause the system gives proper
feedback, the users will quickly notice whetherirtheitton click worked. They will
still feel that the system is reacting instantasfpuThey may treat it as an
unavoidable constraint, nothing that could be “gesd away”

Response time Effects on user

(approximates)
< 0.1 second{ The user feels that system is reacting instantasigou

The user will notice the delay but his flow of tiybt will stay

0.1 — 1 second| uninterrupted. The wuser will lose the feeling ofredt

manipulation.

The users’ attention will stay on the dialogue. TUser shoulg

receive feedback about the system being busy

Users will want to perform other tasks while waitifor the

computer to finish.

1 - 10 second

> 10 seconds

Table 1 System response times and its effects oretsBased on [NIELSEN_1993]



Our fourth critique is the questions in the questare. Because so many judgements
were required of the participant, Tractinsky onged single questions to measure the
usability and aesthetics. We want to improve tHabgity by using multiple item
measures. Snijders [SNIJDERS_2003] gives two reasdry multiple item measures
are superior over single item measures: improveadbikty and validity. The impact

of a participant not understanding a question ixhmsmaller when using multiple
item measures. The second reason is that multgphe measures are more likely to
give consistent answers over time. This will givenare consistent view to the pre-
and post-experimental results of the measure. Aranges found between the pre-
and post-experiment measures will therefore be rikely caused by real changes in
the participant’s opinion than by chance. In additio the improved reliability, using
multiple item measures also enables us to imprbeevalidity of the responses by
being able to cover a broader range of the measures

Research questions

The first goal of this study is to test whether thest-experimental measures still
indicate strong correlations between perceivedhatiss and perceived usability if the
participants see only one screen design. By shoahyg one screen we hope not to
guide the participants in their assessment of asability factors in the pre-
experiment evaluation. Odirst hypothesis is that post-experimental measures will
not indicate strong correlations between perceaesthetics and perceived usability
if the participants see only one screen design.

The second goal of this study is to see whethegtgebusability manipulation does
have an effect on perceived usability. Gacondhypothesis is that a better actual
usability will correspond to a better perceivedhikiy.

The third goal of this study is to use a somewhatenelaborate measure of aesthetics
and perceived usability to improve both the religband validity of our research.

The concepts of the two hypotheses are visualizé&tigure 1.

perceived
usability

perceived
aesthetics

Q concepts / variables
l?al’::{]ea:])t e causal relation (significant)

usability

aesthetics
factor

"""""""""" no (significant) relation expected

significant relation (undirectional)

usability
factor

Figure 1 Visualization of the concepts and variabke of the two hypothesis



Method

The method of this experiment is largely based lum éxperiment performed by
Tractinsky in [TRACTINSKY_2000]. The method and thdifferences with
Tractinsky’s experiment will be outlined here.

5.1 Participants

Participants were 83 undergraduate and graduathp®gy students, some of whom
participated in the experiment voluntarily, somedourse credit.

5.2 Design

The experiment used a 2 x 2 between groups deBmh. the aesthetic and usability
factors had two levels: low and high.

Aesthetics: The interfaces used for the aesthetic conditionthis experiment have
been used in similar experiments before. The iate$ were introduced by Kurosu et
al. [KUROSU 1995] and later adapted by TractinskyTractinsky
[TRACTINSKY_2000] selected nine of the 26 interfacesed by Kurosu et al. based
on ratings of his earlier experiment [TRACTINSKY 914Q. He selected three
interfaces for each aesthetic condition (high, &owd average ratings), so he used nine
interfaces in total. The two interfaces used fas #xperiment are the interfaces which
received the highest and lowest aesthetic scoreBTRACTINSKY 2000]. The
interfaces where copied as closely as possible. drttg adaptation made was the
deletion of the 100 and 1000 buttons, becausedheyot used on ATM machines in
the United Kingdom. Both the high and low aesthigtierfaces consisted of the same
interface objects. They differed only in the way thbjects were arranged on the
screen.

Participants where asked to rate the interfacesumsatbility on several scales. The
scales are explained in further detail in the scakction below. The two interfaces
used can be seen in Figure 2 and Figure 3.



Automatic Teller Machine

Please select service required

{1) Withdraw cash
(2) Statement services
(3) Change PIN

(4) Balance enquiry

4 b 6 Cancel

7 8 9 Enter

0

Guestion 1 aof 14 :
The ATM haz a creative design

St_n:nngl_u Strongly
Dizagres Aoree Mext Question
{ { + { { { ("

Figure 2 High aesthetics interface and window containg the pre- and post-experiment questions




Automatic Teller Machine

Please select service required

{1) Withdraw cash
(2) Statement services
(3) Change PIN
(4) Balance enquiry

Cancel

Tazk 2 of 11:
wWithdraw 435 pounds from the AT

Figure 3 Low aesthetics interface and window withhe tasks.

Usability: The usability factor was manipulated by adding bpgms in the
interaction. The high usability device operatedas expects from an ATM, whereas
the low usability device did not. We created the lesability condition by adding
problems to the interaction in the high usabilitpndition. The usability
manipulations in the low usability condition const$ of buttons that did not always
operate (randomly one out of five times a buttodh @bt function) and delays for a
button to function after being clicked. A randomagebetween 0 and 0.5 seconds was
added before the system reacted to a button click.lag in feedback after a button
click in combination with the not functioning ofdlbuttons results in the users having
to wait before knowing whether their button clickonked. As in Tractinsky’'s
experiment the participants where sensitized toAflil’s usability by asking them to
complete the tasks as quickly as possible.

5.3 Procedure

Before the experiment the participants were assligne chance to one of the four
conditions. The experiment consisted of four stagesch stage of the experiment
started with a screen containing instructions far tipcoming part. The first screen
explained the procedure to the participants. Infits¢ stage the users saw the ATM
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design but were unable to use it. The 14 questidnosit the aesthetics and usability
were displayed in a separate window below the ATk questions were displayed
one at a time in a randomized order. The parti¢ciganld not proceed to the next
questions without first answering the current gioest

After answering the questions the participant wagerg four practice tasks to
familiarise themselves with the ATM. Any questiotie participants asked were
answered either during or after the second stage.

The third stage consisted of performing the adfass. The tasks are described in the
tasks section below. The participants were instdidb perform the 11 tasks as
quickly as possible.

In the last stage the post-experiment question® vasked. These were the same
questions as in the first stage. Again the questiware randomized, but extended
with two questions about age and gender at the Emel.experiment was concluded
with a screen thanking the participant.

5.4 Tasks

The participants had to perform 11 tasks. The tasksbased on tasks used by
Tractinsky but they are adapted slightly to thealosituation. The tasks copied
directly from Tractinsky arecheck account balancéepeated 3 times)yithdraw
cash (repeated 4 times)checking the account balance and withdraw cash
simultaneously (repeated 2 times); Tractinsky'st l@sks wasdepositing money
(repeated 2 times). Since this is not a task faamtbcal ATM machines we replaced
the tasks withChange PIN numbeand Print a mini statement paid aufAs in
Tractinsky's experiment all tasks were performedidally without exchange of
physical materials. The tasks were presented oadimie in a separate window below
the main ATM display. After successful completiohame task the next task was
displayed automatically, the participant could opipceed to the next task after
completion of the current task. The ATM display @lagave instructions on how to
operate the ATM. It also indicated when the systeas busy processing their
requests.

5.5 Scales

To get a more refined measure of the aestheticausabllity, both dimensions were
measured using multiple questions. Lavie and Tmak$i [LAVIE_2004] developed a
measurement instrument of perceived web site aesgth&hey found two factors of
aesthetics, “classical” and “expressive”. In cleabkiaesthetics the emphasis is on
orderly and clear design, this dimension is closalated to design rules from
usability experts. Creativity and originality arenghasised in the expressive
aesthetics dimension. Altough the measurement waslaped for websites only one
element in the measure (use of special effects) madsapplicable for the ATM
simulation. This element was omitted in the questare. The element dClear
design was present both in the classic aesthetic dimenaind in the usability
dimension. Therefore this element was omitted Tow usability dimension is based
on the usability factor used in Lavie’s et al. expent and on additional usability
factors based on Nielsen’s book Usability EngimegefNIELSEN_1993].
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The scales used comprised of:

Classic aesthetics
The ATM has an aesthetic design
The ATM has a pleasant design
The ATM has a clean design
The ATM has a symmetric design

Expressive aesthetics
The ATM has a creative design
The ATM has a fascinating design
The ATM has an original design
The ATM has a sophisticated design

Usability
The ATM is convenient to use
The ATM is easy to operdte
The ATM is easy to navigate
The ATM gives good feedbatk
The ATM is efficient to use
The ATM is easy to leafn
Usability factors based dihavie et al. ofNielsen.

5.6 Variables

As in Tractinsky’s experiment the variables of netd are the subjective valuations of
interface properties. There are three pre-expetiah@ariables, Aesthetics, which can

be divided in classic aesthetics and expressivéhetess, and Usability. There are

several post-experimental variables where thredheresame as the pre-experimental
variables. The additional variables are the taskes$i, number of buttons clicked,

number of button clicks which failed and addedkcliielays were recorded for each
task.

Results

6.1 Outliers

Based on the average task completion times we @edlone outlier from the data.
The average task completion time for low aestheticd low usability condition was
16.5 seconds with a standard deviation of 4.4 s#sdhe outliers’ average task
completion time was 33.5 seconds.

6.2 Data

The mean ratings and standard deviations for thBI’Apre- and post-experimental
variables are shown in Table 2. Each rating wasescon a scale from zero to six,
except the average task times which were measuresbgonds. Some additional
performance indicators which were recorded by yfstesn are shown in Table 3.
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Aesthetic factor High Low High Low
Usability factor High High Low Low
n=21 N =20 n=21 n=20
Mean | St.dev.| Mean | St.dev.| Mean | St.dev.| Mean | St.dev.
Pre-classic 3.29 78 2.53 .95 3.30 61 2.99 71
aesthetics
Pre-expressive | ; oo 79 2.14 96 1.81 .89 2.31 .90
aesthetics
Pre-perceived |, 49 ' 100 | 3.03 67 4.48 76 4.03 78
usability
Post-classic 3.54 .80 251  1.02 | 3.21 79 2.83 94
aesthetics
Postexpressive| ) g¢ .99 240 100 | 199 119 | 224 111
aesthetics
Post-perceived | , o, 94 443 | 1.05 | 4.46 91 4.06 94
usability
'I_'ask Times 14.73 2.28 15.66 2.06 23.01 2.98 25.05 2.94
(in seconds)
Table 2 Means and averages of pre and post varialsle
Aesthetic factor High Low High Low
Usability factor High High Low Low
n=21 N =20 n=21 n=20
Mean | St.dev.| Mean | St.dev.| Mean | St.dev.| Mean | St.dev.
Added click
delays n/a n/a n/a n/a 1.66 A7 1.73 21
(in seconds)
Number of
failed button n/a n/a n/a n/a 1.40 43 1.44 42
clicks
Number of 6.57 41 6.36 25 8.03 .83 827  1.00
buttons clicked
Menuwaittime | ;7o 35 | 187 44 | 319 .74 | 308 @ .67
(in seconds)

Table 3 Additional performance indicators per task

6.3 Manipulation check

A one-way analysis of variance (ANOVA) for the taesthetic conditions (high and

low aesthetic interface) revealed an effect on laftthe pre aesthetics judgements.
For pre-classic aesthetics the results found weargy= 5.873; p = 0.003) and for pre-

expressive aesthetics;(kp=5.220; p = 0.011).

6.3.1 Actual usability variable

The system recorded all the actions performed byptrticipants and the system (see
Table 3). Since every participant managed to perfal the tasks successfully, we
had to find a suitable indicator of actual usapilitWe looked at the following
variables: task completion times, waiting timehas tnenu, number of buttons clicked
per task, number of wrong menu choices, and thebeurof times the cancel and
clear buttons were clicked. One-way analysis ofavere (ANOVA) for the usability
condition showed a significant result on the tasipletion times (FE go=220.776; p
<.001), menu waiting time (Fso= 106.907; p < .001) and number of buttons clicked
per task (k go= 121.397; p < .001). The three variables werdligorrelated with
each other, see Table 4.
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Waiting time at menu Number buttons clicked per task
Task completion time .85 .82

Waiting time at menu .64

Table 4 Correlation table of actual usability variebles. The correlations are significant at the .01
level (2-tailed)

Because the correlation between task completioa &nmd the other two variables was
the strongest (>= .82) we decided to use the aeetagpletion times of the tasks as
our variable for actual usability.

The usability manipulation was evaluated by compathe average completion time
of the 11 tasks for both usability conditions. Aotway ANOVA was used to find the
effects of the usability and aesthetics factore@mpletion times. The usability factor
(F1, 78= 236.975; p < 0.001) had a significant effectloa completion times. Contrary
to Tractinsky we also found a significant effecttbé& aesthetics interface factor on
completion times (F 7= 6.725; p = .011). We found no interaction effeetween
usability and aesthetics.

The average completion time in the high usabilitp delay) conditions was 15.2
seconds, whereas the average for the low usabditglitions was 24 seconds. Of the
8.8 seconds difference, 1.7 seconds was causetheébydded click delays in the
buttons. Of the remaining 7.1 seconds the useltseimow usability conditions waited
1.3 seconds longer at the menu of the ATM beforgigoing with the next task. The
additional delays for each condition are shownabl& 3. The other 5.8 seconds must
be attributed to the other usability differencedetito the system. This indicates that
the usability manipulation succeeded.

The average completion time with the high aestheititerface was 18.9 seconds
whereas the average completion time in the lowhatiss condition was 20.4
seconds. There is a 1.5 seconds difference betthedwo aesthetic conditions.

6.4 Aesthetics vs. Usability

6.4.1 Correlation analysis

For comparison with Tractinsky, the correlationsoag the perceived measures are
reported in Table 5.
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Pre- Pre- Post- Post- Post- Task
expressive | perceived classic expressive | perceived times
aesthetics | usability | aesthetics | aesthetics | usability

Pre-classic * ok * -

aesthetics .186 .346(*) 718(*) .269(*) A31(*) .034
FliE-Epieeaie -.022 339(%) | .796(*) | .159 132
aesthetics

Pre-perceived " - )
usability .250(*) .048 AT73(*) .009
Post-classic . s )
aesthetics 460(*) .621(*%) .018
Post-expressive s

aesthetics 311(7) S
Post-perceived ) s
usability 287(7)
** Correlation is significant at the .01 level 2.

* Correlation is significant at the .05 level 2}¢al.

Table 5 Correlation matrix of pre, and post-experinental measures (n = 82)

The perception of pre-classic aesthetics and preeped usability were correlated (r
= .346). There was not a significant correlationwsen expressive aesthetics and
perceived usability before the use of the ATM. Tuoerelation of classic aesthetics
resembles the results found by both Kurosu and iKkasta [KUROSU_1995] and by
Tractinsky [TRACTINSKY_1997, TRACTINSKY_2000], alblugh the correlation
found is lower. The correlations between the twoeats of aesthetics and perceived
usability increase after the system is used. Theelation between post-classic
aesthetics and post-perceived usability (r = .68&)eases and after the experiment
there is a correlation between post-expressivenagss and perceived usability (r =
.311). The task times correlated only with the mea®f post-perceived usability (r =
-.287). While there is not a correlation betweee fre-classic aesthetics and pre-
expressive aesthetics, there is a correlation letvpest-classic aesthetics and post-
expressive aesthetics (r = .460). The correlation the pre and post ratings of
aesthetics is very high: classic aesthetics (r 8).7and expressive aesthetics (r =
.796). The much lower correlation between pre- podt-perceived usability (r =
473) indicates that while giving their opiniongeafthe experiment, the participants
did not replicate the answers they gave beforeraxpeat.

6.4.2 Regression analysis

A regression analysis was performed to determinethér the perceived post-
usability was influenced by the interface after #iect of the actual usability was
removed by taking out the average task times. Tépewndent variable used in the
regression analysis was the average of post-expatimerceived usability. The
independent variables used were perceived preditgapre-classic aesthetics, pre-
expressive aesthetics, post-classic aesthetict;eppeessive aesthetics, task times
and both the usability and interface factors a®mpahdent variables. The regression
described 51.8% of the varianceza((ﬁ\: 49.9%) and the overall relationship was
significant (R 7g = 27.923; p < .001). The judgements of post-ctasssthetics
(t76=6.471; beta = .529; p < .001), perceived pre-lisalfi;s = 3.522; beta = .288; p
= .001) and task times/§t= -3.271; beta = -.257; p = .002) were significant
predictors. The other independent variables weckudrd by the stepwise regression.
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6.4.3 The interface and actual usability

To see whether the added delay influenced the teffex interface had on actual
usability, we analyzed the simple main effects,netreough the interaction effect of
aesthetics and usability delays was not significdhte aesthetic interface condition
influenced the average task times in the addedydmadition (. 75 = 6.334; p =
.014), but not in the no delay condition; (s = 1.324; p = .253). In other words the
additional actual usability effect of the interfafactor only occurred in the cases
where there already was a usability delay.

6.4.4 Layout and perceived usability

An analysis of variance was performed for perceiypedt-usability. A two-way
ANOVA was used to find the effects of usability amelsthetics factors on perceived
post-usability. Both the usability factori(Fs = 4.017; p = .049) and the aesthetic
factor (R, 7s= 4.542; p = .036) were significant. There wasigmificant interaction.

6.5 Visualization

In Figure 1 we gave a visual representation ofyy@othesis. In Figure 4 a summary
of the concepts and variables found in the resultsvisualized in a similar manner.
To keep the visualization readable only the mogtartant relations between the pre
and post aesthetic concepts are visualized.

pre-
classic
aesthetics

post-
classic
aesthetics

pre-
perceived
usabilty

pre-
expressive
aesthetics

post-
expressive
aesthetics

aesthetics
factor

post-
perceived
usability

actual
usability

usability
factor

Q concepts / variables

—_—) causal relation (significant)
"""""""""" no (significant) relation found

significant relation (undirectional)

Figure 4 Visualization of the results of the concep and variables
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Discussion

The main part of the discussion will focus on conmgathe results of this experiment
to the results of Tractinsky's [TRACTINSKY_2000]meriment.

In Tractinsky’s experiment the participants wheskea to rate several different

screen designs in the pre-experiment phase. Weevieelthat this guided the

participants in their assessment of the usabibigtdrs. We therefore showed each
participant only one screen design during the emkperiment. The first goal of this

study was to determine whether the post-expericheméasures still indicate strong

correlations between perceived aesthetics and igecce@sability when we use only

one design per participant.

We did find strong correlations between the pogteeixnental measures of aesthetics
and perceived usability. Therefore we had to repatfirst hypothesis. However,
contrary to Tractinsky’s study, we found an effetthe interface on actual usability
of the system. This effect of the interface coukbaexplain the correlation we found
between classic aesthetics and perceived usability.

The second goal of this study was to see whethaifferent manipulation of the
usability factor had an effect on the perceivedbilgg as well as on the actual
usability. We did find a significant beta (-.25®tlveen actual usability on perceived
usability. We can therefore accept geconchypothesis. Tractinsky did not find such
an effect even though the delays we added (on geet& seconds per task) where
much shorter than his (on average 9 seconds pex. fHse place where the delays
were added might explain this. Tractinsky’s marggioh of the usability consisted of
added system delays, buttons that did not alwagsabg the first time they were
pressed and a shortcut which could not be usedaMéehad buttons which did not
always operate. The delays in our experiment weteadded as additional system
delays, but as a delay after a button was clicketie user clicked on a button in the
low usability version, a random delay (on averadgdb Geconds per click) was added
before the button click was processed. Tractinskgability manipulation might have
been less salient to the users. This could have beeause the system gave the
proper feedback by displaying a busy hourglass ath bconditions. The only
difference between his two groups was the sligbteiase in the time the participants
had to wait. The added delay was in a place whereisers expected the system to be
busy anyway. Our usability manipulation was in @acpl where the participants did not
expect it in a properly functioning system. At daldonger than 0.1 seconds users
stop feeling that the system is reacting instardasly [NIELSEN_1993]. We feel
that because the users noticed the usability meatipn they also reported it in their
judgements of usability. Furthermore, accordingio analysis, the participants were
implicitly guided in the first phase of Tractinskyéxperiment to treat “usability” as a
property inherent in the layout of the device.

The simple effects analysis showed that the etieaesthetics on actual usability was
only true in the delay condition and not in thededay condition. The second simple
effect analysis showed that the effect of aesthatit perceived usability was only
true in the no-delay condition and not in the daetapdition. The regression analysis
showed an effect for post-classic aesthetics buitfaropre-classic aesthetics. This
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raises the idea that aesthetics only has an efieqierceived usability through its
effect on completion times.

The third goal of this study was to use more elateomeasures of aesthetics and
perceived usability. Using this measure we were ablmake a distinction between

classic and expressive aesthetics. This made diljesto give a more detailed view

of the aesthetics factor. We found a differencevben the two types of aesthetics.
The pre-experiment classic and expressive aesshegce not correlated. The post-
experiment classic and expressive aesthetics omttier hand did correlate. Thus,

using the system made a difference to the way #nécppants rated the aesthetics of
the device. There was no correlation found betwpegrexperiment expressive

aesthetics and perceived usability, however thet-gxqwmessive aesthetic and

perceived usability did show a correlation.

8 Conclusions

This study showed that the actual usability doeslen effect on perceived usability
if the usability is manipulated in a way that iflirences the user. Additionally, and in
keeping with Tractinsky’s findings, judged aestbgtalso had an effect on perceived
usability. This makes way for the notion that thestaetics effect on perceived
usability may have been due to the effect on actsability.

9 Experiment I

In the first experiment the idea was formed thadtlastics only has an effect on
perceived usability through its effect on completiomes. In the second experiment
we want to further test for an effect of aesthetingperceived usability in a situation
where we do not expect an effect on actual usgbilit

10 Research questions

The first goal of this experiment is to test whethesthetics influences perceived
usability if there is no effect of aesthetics ouat usability. Our first hypothesis is
that aesthetics does not influence the perceivetility if aesthetics do not influence
actual usability. The hypothesis is visualized iguiFe 5.

perceived

usability

Q concepts / variables

e causal relation (significant)

"""""""""" no (significant) relation expected

inherent significant relation (undirectional)

(actual)
usability

Figure 5 Visualization of the concepts and variabke of the hypothesis

The second goal of this experiment is to test wdretie can make designs which
differ on the classic and expressive aesthetic dgio@s and see if the two
dimensions have a different influence on perceiveability.
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12 Method

The method of the second experiment is similahénhethod of the first experiment.
Only the differences between the two experimerddisied here.

12.1 Participants

Participants were 57 undergraduate and graduatehpkgy students who

participated in the experiment either voluntariy,for course credit. There were an
additional 26 participants, mainly students whotipgrated in the experiment by
completing a downloadable version of the experim@nttheir own computer. The

results of the 83 participants were pooled fordht analysis.

12.2 Design

The experiment used a 2 x 2 between groups deBimh. the classic aesthetic factor
and expressive aesthetic factor had two levels:dod/high.

Classic aesthetics: The results from the first experiment showed tloatr
manipulation of aesthetics was only significant foe classic aesthetic conditions.
We therefore use the aesthetic factor from thé éixperiment as the classic aesthetics
factor in the second experiment.

Expressive aestheticsThe expressive aesthetics factor of the ATM wasated by
improving the looks of the interface for the higtpeessive aesthetic condition and by
deteriorating the looks for the low expressive lagetst condition.

The four ATM designs are depicted in Figure 6.
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High classic aesthetics Low classic aesthetics

High expressive aesthetics

Low expressive aesthetics

Figure 6 The four classic and expressive aesthe#TM designs

12.3 Procedure, tasks and scales

The procedure, tasks and scales where almost edéndi the first experiment. The

only change made was the addition of two questionsiprove the exact comparison

to Tractinsky’'s experiment. The question “The AT#/easy to use” was added to the
pre- and post-questionnaire and a question to measaiisfaction was added to the
post-questionnaire. The second experiment had &sexperiment and 18 post-

experiment questions.

12.4 ATM screen size

For the second experiment the same computer waksassm the first experiment. In
the second experiment the ATM machine and the punestvere displayed larger than
in the first experiment. This was because the cdarpwas not able to display the
required number of colours for the high expresdaetor. The resolution of the
monitor was increased, this resulted in the ATMrtglup a bigger percentage of the
screen than in the first experiment. Therefore @ékpectation is an increase in the
usability effect of the classic aesthetic condition
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12.5 Variables

The variables of interest are the same as in thedkperiment with specific attention
to both aesthetic factors.

Results

13.1 Data

The mean ratings and standard deviations for thBI’&Tpre- and post-experimental
variables are shown in Table 6.

Expressive . i
aesthetics factor High High How o
Classic : i
aesthetics factor Al Low High How
(n=19) (n=20) (n=23) (n=21)
Mean | St.dev.| Mean | St.dev.| Mean | St.dev.| Mean | St.dev.
Preclassic | 336 ' 103 | 204 @ 115 | 297 95 | 243 82
aesthetics
Pre-expressive | 504 110 | 243 133 | 1.84 110 | 1.83 .89
aesthetics
Preperceived | 417 g9 | 387 106 | 438 .96 | 424 .97
usability
Postclassic | 5 35 93 | 300 118 | 3.07 90 | 242 79
aesthetics
Postexpressive| ,,, |\ 119 | 256 | 121 | 205 | 144 | 211 | 1.01
aesthetics
e .60 96 | 421 106 | 4.93 73 | 471 74
usability
VEEHITES 16.03 332 | 1493 225 | 1456 295 | 1540 2.46
(in seconds)
Menuwaittime | 5o, | g5 | 196 64 | 1.82 51 | 166 .36
(in seconds)
NGl SSE 1 6.64 53 | 6.40 38 | 6.44 45 | 6.59 45
buttons clicked

Table 6 Means and averages of pre and post variald@f the second experiment

13.2 Manipulation check

The usability manipulation was evaluated by compathe average completion time
of the 11 tasks for both the classic and expresaesthetic interface conditions. A
two-way ANOVA was used to find the effects of theottypes of aesthetics. Neither
factor nor the interaction had a significant effect

We evaluated our manipulation of the two aesthigtators by comparing the pre-
experimental judgements for classic and expresapsgthetics for both aesthetic
conditions using a two-way ANOVA. The results shdwe significant effect on
judged classic aesthetics of both the classic/(~4.833; p = .031) and expressive
aesthetics (Frg 4.248; p = .043) factors. There was no effecjunlyed expressive
aesthetics. No interaction effect was found inezitiest. These results indicate that we
succeeded in our manipulation of classic aesthdiigsfailed to manipulate the
expressive aesthetics.



13.2.1 Correlation analysis

Correlations between the perceived measures bdtreband after the participants
used the system are presented in Table 7. Thelatiores of which the significance

changed compared to the first experiment are timtdtalics.

Pre- Pre Post- Post- Post- Task
expressive | perceived classic expressive | perceived times
aesthetics | usability | aesthetics| aesthetics | usability

Pre-classic Hok K HK K HK g3
aesthetics 406(**) .360(**) .809(**) .358(**) A56(**) .299(**)
Pl pesse .034 397(%%) | .755(*) | .047 .006
aesthetics

Pre-perceived " s

usability .246(%) .031 .540(**) 124
Post-classic . s -
aesthetics AT5(%%) .543(**) .281(**)
Post-expressive 215 026
aesthetics ' '
Post-perceived 028
usability )

** Correlation is significant at the .01 level 2.

* Correlation is significant at the .05 level 2}¢al.

Table 7 Correlation matrix of pre, and post-experimental measures (n = 83)

We now find a fairly strong correlation between -plassic aesthetics and pre-
expressive aesthetics. While there was a correlabetween post-expressive
aesthetics and post-perceived usability in thet fassperiment, using the second
version of the ATM does not cause the correlatmmagpear. Furthermore now both
pre- and post-classic aesthetics correlate witk tases and we did not find a
correlation between post-perceived usability asé tames.

13.2.2 Perceived usability

The effects of the classic and expressive aestfatiors on perceived post-usability
were tested using a two-way ANOVA. We found a digant result only for
expressive aesthetics;(fn= 4.433; p = .038). However, the average scotberiow
expressive aesthetics design (4.8) was higher thanaverage score in the high
expressive aesthetic design (4.4).

We compared the average time the participants daitehe ATM menu for both the
classic and expressive aesthetic interface comgitid two-way ANOVA was used to
find the effects of the two types of aestheticse Eipressive aesthetic condition was
significant (F, 79= 4.698; p = .033) whereas the classic aesthetiditon was not.

13.2.3 Regression analysis

A regression analyses was performed to determirevériables which influence
perceived post-usability. The dependent variabkdua the regression analyse was
the average of post-experiment perceived usabilihe independent variables used
were perceived pre-usability, pre-classic aestbefire-expressive aesthetics, post-
classic aesthetics, post-expressive aesthetids,timags and both the usability and
interface factors as independent variables. Theessgpn described 61.3% of the
variance (F%ad,- = 58.8%) and the overall relationship was sigaifiic(F, 77 = 24.407; p
<.001). The results of the significant independemtables are shown in Table 8.



t77 beta p
Pre-perceived Usability 5.710 437 .000
Post-classic aesthetics 5.402 .480 .000
Pre-expressive aesthetics -4.000 -.439 .000
Expressive aesthetics factor -3.012 -.225 .004
Post-expressive aesthetics 2.316 .270 .023

Table 8 Results of significant independent variabke

13.3 Visualization

As in the first experiment Figure 7 shows the vigaéion of the results. To keep the
visualization readable only the most important trefes between the pre and post
aesthetic concepts are visualized.

Q concepts / variables

pre-
perceived
usabilty

e causal relation (significant)

,,,,,,,,,,,,,,,,,,, no (significant) relation found
inherent
(actual)
usability

significant relation (undirectional)

classic
aesthetics
factor

pre-
classic
aesthetics

post-
perceived
usability

pre-
expressive
aesthetics

expressive
aesthetics
factor

post-
classic
aesthetics

post-
expressive
aesthetics

Figure 7 Visualization of the results of the concep and variables

13.4 Discussion

Our hypothesis was that aesthetics will not infeeethe perceived usability if they do
not influence actual usability. We have to rejdus thypothesis since we found an
effect of expressive aesthetics on perceived usgbithile there was no effect of
expressive aesthetics on actual usability. We fdsad a correlation between both
pre- and post-classic aesthetics and task timetewde did not find a correlation

between post-perceived usability and actual uggbilive did find an effect of

expressive aesthetics on the time the participaatised in the menu. A possible
explanation for this might be that the changes vaglento the colours and font of the
display decreased the readability.

The second goal of this experiment was to test dretve can make designs that
differ on the classic and expressive aesthetic déw@s and see if the two
dimensions have a different influence on perceiusdbility. We failed to create
interfaces which differ in the expressive aestlseti€ the interface. There are two
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possible explanations for this. The first is tlibspite our intention, the alterations we
made were changes to the classic aesthetics insfetie expressive aesthetics. A
second explanation is that the participants doasebciate expressive aesthetics with
an ATM machine or that the difference between ataged expressive aesthetics is
too small to notice when evaluating our ATM machine

General discussion

The results of our first experiment contradicted thsults of Tractinsky, while our

second experiment did not provide the results weeeted and were more similar to
Tractinsky’s findings. It could be argued thathEte is no actual usability difference
and that people base their perception of usalmlitpesthetics. However, if there is an
actual usability difference people base their patioa of usability on both the actual

usability and on aesthetics.

We think the differences in the two experiments hhige caused by the usability
manipulation. In our first experiment we maniputatbe usability in such a way that
it had an effect on actual usability. This caudes actual usability to be the largest
influence on perceived usability. Due to the ladktlee usability manipulation,
perceived usability in the second experiment waeth@n pre-perceived usability and
the classic and expressive aesthetics of the ATM.

Tractinsky argued “What is beautiful is usable” dsson his finding that his
manipulation of aesthetics showed an effect ongdeed usability and not on actual
usability. In the first experiment however we fouthat aesthetics did have an effect
on actual usability. Furthermore we found that aktusability had an effect on
perceived usability. Unsurprisingly we thereforescalfound an effect from the
aesthetic judgements on perceived usability. Tloeeat is possible to argue “What is
usable is usable”.

Our findings are based on the results of a limagderiment. We were only able to
use a relatively small number of participants. Madt our participants were

psychology undergraduates, it could be that theesarperiment performed by for
example older people or people with another prodessvould have provided

different results. Park, Choi and Kim [PARK 2004ivegy a short overview of

literature on differences for various demographactdrs in aesthetic perceptions.
They mention the demographics of age, gender, &idacievels, levels of expertise,
prior experiences, religious background and lifiesty

We looked at the influence of classic and expresassthetics while participants used
a simulated ATM machine. In general, aestheticsnatéhighly associated with ATM
machines. The question remains as to whether @uitsecould be generalised to
apply to other applications or products.

In the first experiment we set out to manipulate siesthetics of the ATM interface.
We had no preset intention to specifically manipléhe classic or expressive
aesthetic dimension. According to the aesthetiggumients of the participants we
only manipulated the classic aesthetics of therfite. The changes of the second
experiment were intended to be changes to the ssippeaesthetics of the interface.
Despite our intentions the participants’ judgemeatdy differed for the classic
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aesthetics and not for the expressive aesthetins. fhises a question about what
specific elements and features of screen designsiloote to the judgements of
classic and expressive aesthetics.

We mainly looked at the functional part of the ATMg interface with the feedback
screens and the input buttons. It could be arghatldesthetics of a product can be
divided into two parts. The aesthetics of the padd in operating the product and the
aesthetics of the remainder; the box. An exampleifterentiate between the two is
an iMac computer. The physical computer is a higityyised object, which would be
the box, while its operating system, Mac OS, amdp@ripheral equipment such as its
keyboard would be the functioning part. It woul@dhetically be possible to create a
PC running e.g. Windows XP in the box of the iMBased on our findings we would
expect that the aesthetics of the box would havmfheence on usability whereas the
aesthetics of the operating system could throwginftuence on actual usability. We
found only an influence of aesthetics on usabilityhere was no actual usability
effect. Due to the actual usability problems causgdhe complexity of an operating
system we expect only no influence of “the box”.

The dictum “form follows function” has had severperiods of followers in
architecture. In architecture it has lost its apphee to a limited interpretation of
function [BANHAM_1972]. We think the dictum coulgply to the functional part of
designs. Based on Tractinsky’s title we summartsedfindings of our research with
the title “What is usable is usable”, indicatingathaesthetics influences perceived
usability due to its influence on actual usabil¥ye could also say that the form is
therefore dependent on the function.

General conclusions

Our experiment showed that aesthetics could inflaeboth actual and perceived
usability. This implicates that designers of indeds should not only pay attention to
the usability of their designs but also to the laetsts of their designs.
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