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ABSTRACT

The presented research deals with the effects bfpage design influencing the
usability measured both objectively as well as sciibyely. The examined factors
included the background color, the number of lowaligation hyperlinks, and the
proportion of graphics in relation to the text tve thtml page. The obtained typical
task execution times were first analyzed by mednbe analysis of variance and
later compared with the users’ preferences obtaimgdmeans of the Analytic
Hierarchy Process technique (Saaty, 1977).
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1 INTRODUCTION

The comprehensive understanding how people seafahmation in web sites
and provision of appropriate recommendations is teégard has a huge significance
not only for broadening our knowledge about the &nmnbehavior, but also is
practically useful. The studies in this field gimeportant indications for developing
the guidelines in the area of human-computer ictama (HCI).

Apart from the efficiency and effectiveness of theen interactive systems, the
understanding individuals’ likings is recently alan important issue in this field.
The users’ preferences are connected with the satésfaction which constitutes
one of the main dimensions of the usability consegefined both by HCI
researchers and practitioners (e.g. I1ISO 9241, 1888; 9126, 1998; Dix et al.,
2004; Folmer and Bosch, 2004).

Although, there was a number of research regarttiegsearch and click tasks
(e.g. Schaik and Ling, 2001; Kalbach and Bosen&)3; Pearson and Schalik,
2003; Grobelny et al., 2005; Michalski et al., 2p0&nd preferences (e.g.
Tractinsky et al., 2000; Hassenzahl, 2004; Lavid &mactinsky, 2004; Grobelny
and Michalski, 2011) separately, there were fewth®m that concerned both
objective and subjective measures that dealt with various web site templates
commonly used in practice.

Therefore, the main goal of this study is to expltite influence of the selected
factors of designing the web pages on the useexatipn efficiency and preference
structure. For this purpose, an investigation waisdacted that consisted of two
stages. The first one dealt with performing the pdénsearch and point tasks
whereas the second one concerned the preferendeatea by means of the
pairwise comparisons. In next passages of this wtrk aforementioned
experiments are presented in details, analyzedlecdssed.

2 METHOD

Participants

Thirty eight subjects participated in the efficignexamination. All of them
were students of the Wroclaw University of Techigylat the age between 19 and
25 years. They were not paid for taking part in themination. Among the
participants there were 22 males and 16 femaleg gieat majority of the
examined persons possessed own computer for mare ttiree years and used
Internet on a daily basis. Almost 70 percent ofjects used the Mozilla Firefox
web browser, 16% Opera, 11% MS Internet Exploned, @anly 5% Google Chrome.
As many as 87% users used Microsoft Windows opegasiystems including
Windows XP (54%) and Windows Vista (34%).

In the second part of the study concerned withptedferences assessment 65
students were investigated. Among them there w@ne@nen and 32 men. The age
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ranged from 19 to 28 with the average of 21 yebflsst of the subjects (95%)
declared using Microsoft operating systems. The iMoFirefox was the most
popular web browser (49%), the second was Googlerah (20%), next Opera
(16%), and only 6% used MS Internet Explorer.

Apparatus

The examinations were conducted in an open-acedfdgarning room in one of
the Wroclaw University of Technology buildings. dnder to prevent the attention
disturbance a special box was used.

The performance tasks were carried out on one pagtmmputer with the
external laser mouse. The resolution was set tédX84 pixels at its 17" screen.
The default parameters of the screen and mouse emapioyed. The Windows XP
Professional operating system was installed aloitly the Microsoft Power Point
2003 used for displaying stimuli. Free light versiof the ulLog (Noldus
Information Technology, 2012) software was employedecord the user activity
such as mouse clicks and keystrokes performed githia tests. For the preference
study a different device was used. The 17” screemputer laptop with the
1440x900 pixels resolution. Microsoft Windows Vidaisiness operating system
was installed together with the IrffanView softwamea 4.28 version (Skiljan, 2012)
used for making the comparisons.

Independent variables

Four independent variables differentiating the yred web site structures were
manipulated: background color, the number of liitkkghe local navigation, the
proportion of the web page filled by graphics, dhd way the local menu items
were arranged.

The number of links in the local navigatiorhe number of hyperlinks were set
on two levels seven (LO7) and 14 (L14). Accordingthhe Miller studies (1956)
a human being is capable of manage about severesohpnks of information in
the working memory, hence this number should bér@btalso in specifying the
quantity of links in a menu. The second level wetstwice as high.

The proportion of the web page filled by graphidhis factor was also
examined on two levels: 15% (G15) and 30% (G30psEhvalues results from the
heuristic recommendation that the optimal numbeHwstrations is three, and they
should not occupy more or less from 5% to 15% efwhole web page available
space (Nielsen and Tahir, 2001). In other wordsptieg more than 15% of the
web page layout to the images may indicate thehjrapoverloading. The second
level was doubled.

The local menu orientatiorfwo types of arranging the local menu items were
used. The first, horizontal (H) one, was situatedhie top section of the web page,
directly under the global menu, whereas in the sécarrangement they were
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located vertically (V) in the left hand side of thereen.

The web site templates used in this study weretedegenerally according to
the recommendations provided by Ani Phyo (2003 &tnsiders that the typical
web site contains the following modules: globalcdlp and administrative
navigations, web page specific content (e.g. headisubheadings, text, images,
video clips, music clips, animations, captions arker objects), web page title,
search tools, and page footer.

In this study there were, however, some modificetimtroduced. Because there
are many web sites which do not separate the asirative navigation module, it
was not included in our design. Additionally, theme some doubts whether those
objects really help users in navigation (Nielse®99). The items from the
administrative navigation were located either ia thcal menu or the page footer.
The title was also not incorporated into the resledemplates as this element does
not matter in this investigation. Every studied wsie mock-up consisted of the
following six areas which were also indicated ie txemplary web sites presented
in Figure 1:

(1) The global menu that contains four buttons. thermock-up with the vertical
local menu they included: registration, e-mailufor, and chat links, while for
the one with a horizontal local menu: forum, gadler novelties, and
registration. For each of the experimental conditive order of those buttons
was arranged differently. This solution should ergwusers from learning the
buttons locations, which was not examined in thislg.

(2) The local menu which included either sevend4elements. The smaller local
menu contained: history, services, price list, yietgallery, location map,
news, files to download buttons. In the case of tigger solution the
following targets were employed: science, blog, ahkmauction, offers,
games, chat, TV, help, tips, music, sport, filmd dousiness. All of the
hyperlinks were also situated at a random orderefegry version of the
investigated web page.

(3) The content specific for the given web pagehe graphics used here is
different for every web page mock-up. The placeotied to the text was filled
with the Lorem Ipsumwords (Lorem ipsum, 2012). This Latin text allotke
user to concentrate on its visual aspects instédgeaneaning.

(4) The logo — there were two versions developedHis study: one for the web
site versions with horizontal local menu and onetfe vertical ones. The
image was located in the same place for all vagiant

(5) The search mechanism — it is the same sizeshage in all the studied web
page and is situated in approximately the samditota

(6) The web page footer — contains the same nuwoitisgms for all experimental
conditions and their order is also identical. Theotér consists of the
following hyperlinks: terms of use, contact, priyapolicy, copyright
information, security on the internet.
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Figure 1 The investigated web sites prepared according to the first and second template

Dependent measures

The dependent variables being measured were twof@ldire. The task
efficiency was measured by registering the acdarsittimes. The time was
computed from when the users clicked on the tasiction order to when the
target item was selected. The users’ preferencpsessed towards the web site
mock-ups were obtained by means of the applicaifaie procedure proposed by
Saaty in the AHP method (1977). The temporal patantesults were gatherer by
means of the uLog program (Noldus Information Tetbgy, 2012) that records
some of the user activities in the operating system

Experimental design and procedure

In the efficiency as well as the preferences evalnaall three independent
variables were used and the combination of thesrfg each one on two levels,
resulted in 8 different web site designs: (2 nolaxfal links) x (2 graphics-text
proportions) x (2 local menu orientations).

All of the examined persons have never seen thearels web pages before the
investigation. Prior to the proper examination, sbjects were informed about the
goal and the scope of the study. Then they weredask fill in the anonymous
questionnaire that included questions about the; ggnder, education, computer
possessing, time spent daily for surfing on therimtt, operating system, and web
browser type used. Next, the proper computer basagbtigation took place. The
within subject experimental design was applied sreparticipant tested all of the
experimental conditions. The two parts of the stweye conducted separately. The
efficiency part began by displaying on the whiteckgaound the task execution
order. After the mouse clicking, the given web paggeared on the screen. The
user had to find and click the earlier specifiedjéh

The proper study of determining the preferencectitre by means of the AHP
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technique started by filing out the questionnairghich consisted of 28
comparisons, each row contained one comparisombfest answered the question
“Which of the two web sites do you like more?”, andicated his/her opinion on
the Likert-type scale: decidedly prettier, prettimomewhat prettier, the same
preference. Simultaneously the given pair of welessiwas displayed on the
computer screen. After pressing the space, next qgfaiveb pages to compare
appeared. The whole comparisons’ procedure lagteaaimately seven minutes.

3 RESULTS AND DISCUSSION

In the sections that follow the obtained objectiv subjective results’ analyses
are provided. The gathered data are first investtgdy means of the descriptive
statistical parameters and then the analysis ofavee was conducted for the
described in previous sections independent facktest, the preference related data
were depicted and analyzed by means of the sistiégistical tools.

Objective results

Descriptive statistics

The average value of the task completion time fibroh the experimental
conditions amounted to 4.4s, with the standard adewi of 3.3s, and the mean
standard error — 0.19s. The shortest time regidtéoethe mock-ups equalled 1s
whereas the longest amounted to as much as 34sddswiptive characteristics
including average acquisition times, standard dmrna, mean standard errors, and
extreme values for acquisition times obtained far examined web sites are put
together in Table 1. From these data, it can belyeasted that the second
experimental web page mock-up was operated thestasy the users with the mean
value of 2.6s. The worst results were obtainedttier eighth condition where the
average acquisition time was equal 8s. The bigdestersion of the results was
observed also for the eighth layout where the stahdeviation and mean standard
error amounted to 5.4s and 0.88s respectively. Jtmallest values of these
parameters were computed tor the second web pagpatie.
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Table 1 Descriptive statistics of the target acquisition times

‘ No ‘ Experimental condition Mean time (s) | SD ‘ MSE | Min | Max ‘
1. LO7_G15 H 3.3 25 040 1 12
2. 107 GI15V 26 13 020 1 9
3. L07_G30 H 4.7 15 024 2
4. LO7_G30_V 3.0 21 034 1 13
5. L14 G15 H 4.2 2.3 037 1 9
6. L14 G15 V 5.6 34 054 2 23
7. L14 G30_H 3.7 2.6 043 1 12
8. L14 G30_V 8.0 54 0.88 2 34

Analysis of Variance

In order to verify the significance of differenciesthe task completion times,
a standard three way analysis of variance was gm@ldThe calculate# statistics
and respective values for the main effects are put together iblg2.

According to the obtained results all of the effegtre statistically meaningful.
Additionally, two interactions happened to be digaint: the interaction between
the number of local menu links with the local memientation, and the interaction
among all of the three examined factors.

Table 2 Descriptive statistics of the target acquisition times

Factor | df | F p
Number of links in the local navigation (NLN) 1 35 < 0.00001*
Proportion of the web page filled by graphics (PGR) 1 8.4 0.0040*
Local menu orientation (LMO) 1 6.1 0.014*
NLN x PGR 1 0.019 0.89
NLN x LMO 1 36 < 0.00001*
PGR x LMO 1 1.9 0.17
NLN x PGR x LMO 1 9.1 0.0028*

The mean task execution times along with 0.95 demifte intervals denoted by
whiskers for all the statistically significant facs and interactions are presented in
Figures 2—6.
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Figure 2 Mean task execution times depending  Figure 3 Mean task execution times depending
on the number of links, F(1,296)=35 on the proportion of graphics on the page,

p <0.00001. F(1,296) = 8.4, p < 0.005.
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Figure 6 Mean task execution times for the interaction between all of the examined factors
F(1,296) = 9.1, p < 0.005.
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These obtained outcomes for the number of linkhénlocal menu support the
theoretical expectations stemming from the Hick-Hyntaw (Hick, 1952; Hyman,
1953), which links the search performance time$ whte number of stimuli to be
processed. In this study the smaller number ofstemthe local menu decreased the
number of possible objects to be searched. This pvabably the cause of the
registered considerably shorter task performancedi for the seven-item web
mock-ups. However, it was somewhat surprising thattimes performed on web
pages with the 15% of graphics share were executsthingfully faster than in the
case of the layouts with the proportion of 30%. sTiwhenomenon could be
connected with the more demanding visual processirige graphics than the text.
The decidedly better completion times for the hamial in comparison with the
vertical one orientation of the local menu wereeatly reported in some
investigations (Pearson and Schaik, 2003; Michattkal., 2006; Michalski and
Grobelny, 2008) and were rather anticipated. Ondter hand, the interaction
between the number of links and the local menuntaiéon was unexpected. This
result shows the superiority of the horizontal agement over the vertical one only
for the 14 objects included in the local menu, velasrfor the menu with seven-
items the vertical orientation was better operated.

Preferences’ results and analysis

The results pertaining to the users’ preferencesutds examined web pages are
presented in this section. As it was mention eattie preferences were examined
by means of the Analytic Hierarchy approach. Tkishhique allows for assessing
the comparisons’ consistency level, which can leelue verify the reliability of the
obtained results. The consistency ratio threshe&ldor this purpose was set at the
level of 0.2 in this study. The application of tluisterion, resulted in exclusion of
28 persons, and thus the results of 37 participaete subject to research in next
sections. The relative likings are expressed asageevalues of the obtained AHP
weights.

Descriptive statistics

The basic descriptive statistics of the obtaineldtiree preferences for all
examined web page templates are summarized in Bable
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Table 3 Descriptive statistics of the web page weights

‘ No | Web page | Weight | Rank ‘ SD MSE | Min ‘ Max ‘
1. LO7_G15 H 0.135 2 0.0855 0.0141 0.0271 0.419
2. LO7_G15_V 0.126 4 0.0923 0.0152 0.0241 0.344
3. LO7_G30_H 0.149 1 0.11 0.0181 0.0218 0.390
4. LO7_G30_V 0.127 3 0.09 0.0148 0.0197 0.408
5. L14 G15 H 0.102 8 0.0858 0.0141 0.0206 0.325
6. L14 G15 V 0.120 6 0.0864 0.0142 0.0222 0.300
7. L14 G30_H 0.125 5 0.0958 0.0157 0.0269 0.362
8. L14 G30_V 0.116 7 0.0760 0.0125 0.0211 0.344

The presented results show that the markedly bersejved web page was the
one with horizontal local menu consisting of setigperlinks and the 30% share of
graphics. The worst evaluated experimental corditias the one with the vertical
menu including 14 objects and the 30% of space medu by graphical
elements. It can also be observed from the dategthreerally better rated were web
pages with lower number of local navigation links.

Analysis of Variance

To test the significance of differences in the ager weights computed for
individual web sites, a standard three way analgdivariance was used. The
obtained results revealed that only the numberirdéslin the local navigation
(NLN) was statistically significant merely at thevkl of 0.1. The rest of the
analyzed factors along with all of the interactiomere irrelevant. The detailed
results of this analysis are demonstrated in Téble

Table 4 Descriptive statistics of the target acquisition times

Factor | df | F p
Number of links in the local navigation (NLN) 1 3,05 0,082*
Proportion of the web page filled by graphics (PGR) 1 0,63 0,43
Local menu orientation (LMO) 1 0,30 0,58
NLN * PGR 1 0,0075 0,93
NLN * LMO 1 0,93 0,34
PGR * LMO 1 0,97 0,32

The mean weights for the effect of the number okdiin the local menu are
illustrated in Figure 7 and show slightly higheeferences towards web pages with
smaller number of menu items.
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Figure 7 Average AHP weights depending on number of links in the local menu, F(1, 288) = 3.05,
p < 0.1; whiskers denote 0.95 confidence intervals.

Regression analysis

The further exploration was meant to verify whettiee objective results
obtained in the first part of this research coroesfed to the preference
investigation conducted in the second phase. Herpilrpose the linear regression
was applied and the outcome is visualized in Figure
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Figure 8 Mean times on slide depending on the web site, F(3, 92)=8.4, p<0.0001;
Mean weight = 0.134 - 0.00197 x Mean time, R? = 6.3%, F(1, 6) = 0.404, p = 0.55.

The analysis revealed no correspondence betweeroltfextive efficiency
results and later subjective ratings as fhequared amounted to barely 6.3%. The
lack of correlation might be possibly attributedthe fact that the subjects making
the preference comparisons were not performingtasks on the examined web
pages. Therefore, their opinions expressed only pieeived attractiveness of
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presented layouts. In reality those preferenceddctwe affected by the users
experience in operating the given web site solut&imilar effect was observed in
the study presented by Michalski (2011). It cam de noticed that in the Figure 8
there are two extreme values that probably stroimjlyence the regression results.
If these outliers are excluded from the analysentthe linear regression happens to
be significant,F(1, 4) = 7.4,p = 0.05, R> = 65%, and takes the following form:
Mean weight 0.136 - 0.00254 Mean time

4 CONCLUSIONS

The present research was designed in a way thatdsheflect to a considerable
degree the natural processes of searching andngithe objects located in the web
page. Therefore, the typical web site layouts wagplied and three main factors:
the number of items in the local menu, proportibm@phics to text, and the local
navigation orientation were analyzed both objetyivand subjectively. The
objective analysis included the efficiency analysissearching and selecting the
target, while the subjective approach involved tmeferences’ examination.
Whereas the search and click investigation shovggdficant influence of all of the
examined effects along with some interactions,gheferences were meaningfully
affected (just at the level of 0.1) only with resp® number of items in the local
navigation area. Such outcomes showing differergaith on the studied factors
depending on the objective or subjective analysisewfurther confirmed by the
linear regression results. This may indicate thatusers’ ratings of the viewed web
sites may have little in common with the efficiengith which the web sites could
be operated and emphasizes the significance culbiective perception.
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