THE EFFECTS OF ICON DESIGN AND BACKGROUND COLOR ON VISUAL
SEARCH PERFORMANCE AND USER PREFERENCES

A THESIS SUBMITTED TO
THE GRADUATE SCHOOL OF NATURAL AND APPLIED SCIENCES
OF
MIDDLE EAST TECHNICAL UNIVERSITY

BY

BARIBKMKN

IN PARTIAL FULFILLMENT OF THE REQUIREMENTS
FOR
THE DEGREE ORMASTER OF SCIENCE
IN
INDUSTRIAL DESIGN

SEPTEMBER 2020






Approval of the thesis:

THE EFFECTS OF ICON DESIGN AND BACKGROUND COLOR ON
VISUAL SEARCH PERFORMANCE AND USER PREFERENCES

submitted byB A R I BkU MKIiN partial fulfillment of the requirements for the
degree ofMaster of Sciencein Industrial Design, Middle East Technical
University by,

Prof. Dr. HaliKal ép-¢el ar
Dean, Graduate School Nftural and Applied Sciences

Prof. Dr.G¢ | ay Hasdoj an
Head of the Departmerindustrial Design

Prof . Dr . -PdBlgidlyar kener
Supervisor)ndustrial Design, METU

Examining Committee Members:

Assist. Prof. Dr. Senem Turhan
Industrial DesignMETU

Prof. Dr.B a h a r -P&dgleye r
Industrial Design, METU

Assist. Prof. Dr. Ali Emre Berkman
l ndustri al Desi gn, TOBB ET

Date:22.09.2020



| hereby declare that all information in this document has been obtained and
presented in accordance with academic rules and ethical conduct. | also
declare that, as required by these rules and conduct, | havfully cited and
referenced all material and results that are not original to this work.

Name,Lastname:B a r Bumin

Signature :



ABSTRACT

THE EFFECTS OF ICON DESIGN AND BACKGROUND COLOR ON
VISUAL SEARCH PERFORMANCE AND USER PREFERENCES

BuminnBar é K
Master of Sciencdndustrial Design
Supervisor : Prof. DB a h a r -P&dgleye r

September 202024 pages

One of he most crucial poistfor the graphical user interfaces is that visual
information on the screen must be perceived accurately, fast and effortlessly as
much as possible. However, perceiving visual information accurately andgfind

ther location on the screen requires somguai search even in familiar operating
environments. Thus, visual search performance is an effective way in order to
measure the effects of different visual
the presentstudy, the effects of two variablethat may affect visual search
performance which are background color of interface and figure/background
contrast ratio as a feature of an icon design are investigated through two
background color and four icon design aitgives with83 participants. As a result

of that, both task completion time and u
to assess the effects of visual presentation thanks to the software developed in order
to store logs of task completiontime arsleéer s pr ef erences.

The results of the exgiment revealed that;



- The background color chn interface and icamhas crucial effects on visual

search performance.

-There is a significant i nteraction betwee
color. Iconsets without backgrounds are evaluatechwitgher ratings on dark

themes.

-There is not a direct correlation between
preferences in terms of icon design. The alternatives which were evaluated with
higher subjectiveatings are not necessarily distinguishathwhe task completion

time.

Keywords: Visual Search Performance, User Preferences, Icon Design,

Background Color, Contrast Ratio

Vi



¥Z

KKON TASARIMI VE ARKAPLAN RENGKNKN G¥R
PERFORMANSI VE KULLANICITE RCKHLERK ! ZEKRKNDEK
ETKKLERK

BuminnBar é k
Y ¢ ks ek,Enidsgasnt sr i L réenloer i Tasar éme
Tez Y°neti Biaviar -PRdgleyler Dr .

Ey | 20, 122sayfa

Grafi k kul | ain-eicre ekragzgrpydzd esunul an g°rsel
taraf gmduan hdeozl € ve m¢gmkegn ol kudpliyanca az
ol mase son dre Arcakek u? hamErceéel ar én akKina (
araye¢zI|l esunbenbbil gel er i n dojru al gel anmaseé
konuml arénén bulunabl | mesaima belieclii geir ek
kull anécélaréen g°rseél ammensai peekKoamapseén
g°rsel sunuml ar énarkaurhd asgcel arén ¢gersal
°l - ¢l ebil mesi i -Tenz ear akth s bn@a & gababwd 8 U n u |
-al exmada, kul |l anécé gmfika kond mgre nanlas@lra@nr
ol ar ak fige¢rén arkapl an I far lagpt @jed | Kloa
kull anécél ar én ar ama perf or man sil 8r é vV e
katéelemcé ile birlikte 2 farkleée arkapl a
czerinden test edi |l makbeet |l i Bg?®° aehaletva K @ |
tamamlama s¢rel eri vV e i kon tasarémlareém

k atylear é bir test yazél éeéme yardéméyl a ka

yapel @ékut-drar g°stermiktir KkKi;
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-Kul l anéecé aray¢zenigsaabehaphabajéebpgobl aeakkol
kontrast oranénén kull an&Zrcel gazéni mde setl kialria

gor ¢l megktegr .

-Kull anecél arén koyu arkaplan ¢zerindeki ik
daha -ok bejendi klaerair kiapd @lne mrreinkgtiinri.n Bwl d a
czerindeki etkisini ortaya koymaktadeéer.

-Eniyiar ama performansénda sahip i kon setleri
araséenda farkleleklar g°zl enmi kdihlen . Bu da Kk

arag¢nda dojrudan bir korelasyon ol madéjéené g°

Anahtar KelimelerG° r s e | Af amma P& é , Kull anéecé Tercihl

Tasareme, Arkaplan Rengi, Kontrast Orané
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CHAPTER 1

INTRODUCTION

User interface is a tool that enables users to control the physical devices or
softwae that they are interacting with. User interface of software consist of
graphical controls like windows, toolbars, buttoitgns, etc. in order to enable

users to interact with them, so such interfaces are defined as graphical user
interfaces (GUIs). Usanterface of physical devices may include a set of physical

buttons for interacting with them such as remote controlleosh Bhysical and

GUIs are crucial in order to enable software or hardware to perform their functions
properly. In terms of providogp communication between users and product, if the

interface elementsred e si gned successful | yformanage woul d
and usersod6 experience positively. For ex
the user interface of a door to open lose it, so the form, weight and position of a

handl e would affect userso6 i nteopmicsti on.
standards like ease of use, safety, comfort, performance, etc. in order to provide the

best interaction for users sincette@r s6 experience with tho:
the crucial factors for market success. However, usability principles for GUIs
software are different from a physical
digital screen rather than an entire physicaldpict. In fact, with the invention of

personal computers, the new area with new challenges occurred for user interfaces
becaise computers have opened doors to the new digital world which would be
unfamiliar for users. In that, the complex and multifunio structure of

computers would make it harder for user interfaces to communicate with users in

order to informand enablsver s t o contr ol computerso6 fu

users who know the structure and operating system of computers well |dt beu



clearerto interact with computers, but this new digital world was completely

unfamiliar with most of potential user§ @omputers.

Therefore, in order to provide a familiar environment for users and to make user
interaction natural, GUIs frequentlymitate the real world by using the
representations of graphical objects on the screen. For example, the firgtaGUI
wasused in Xerox Alto was developed by imitating office desk in order to benefit
from metaphors thanks to using graphical symbols #ikeotepad, recycle bin,
calendar, etc. as Smith (1982) stated. Thins,users would see the imitation of
their real desktopn the computer screen and, for example, select the notepad on
the screen to take notes. As a result, benefiting from metaphdes delsigning

GUIs was the effective way of providing familiar environments for users in order
to improve usability of systesn Otherwise, making users to face with complex
background process of computers in order to interact with computers would affect

uerso6 interactions negatively in terms of p

Therefore, it seems that creating familiar environnfientisers through resembling

real world as much as possible was popular approach, so the GUIs evolved from

this aspect for a longnbe. Icons were the most crucial graphical elements of visual
communication between users and computers, so the evolutiGisf directly

influenced icon designsWith the widespread use of GUIs over time, users'

familiarity with the digital world also icreased and the digital world gradually

started to be separated from the real world. Thus, using simple andoeasy

understad icon designs came into prominence instead of icons which look

realistic. As a result of that, similar to ergonomics standargéydical interfaces,

the factors that would affect usersd perfor
because uisneer vghith depenm® on their interaction with the user

interface would affect the success of the system, service or product Bggecia

commer ci al websites because usersod experier
affect the commercial success of a lokaApart from that, the GUI of critical

systems that users should not make any mistake during the operation would be

more crucialm t er ms of userso6 performance | ike n



systems. Thus, this study conducted with an electronic aoynwaich produces
electronic warfare systems in order to identify the icon sets they would use in their
systems t o eenfdrmance decause ¢he &£dns ge essential part of
GUIs.

Nowadays, icon use in GUI becomes more and more popular on drevédepce

of mobile devices and applications. There are three main advantages of icons which
make them indispensable for all kind GUIs. First, the use of icons in user
interfaces requires less space than written descriptions. Second, Gittens (1986)
stakd that it eliminates language barriers in user interfaces thanks to universal
language of images. Thus, the use of icon mightbeitable for crowded screens

and an interface would be used by people from different countries.

One of the most importantl@antages of icon use is that it provides fast transfer of
information to the user as it is easier to distinguish and select ectaron than

written descriptions (Huang, 2008). Also, as Lindberg (2003) states, it is crucial

that visual information inhe GUIs perceived as fast and accurately as possible
without causing any mental fatigue. However, users are usually exposed tf a lo

visual information from GUIs especially in complex interfaces like the ones used in
military systems, so their visual aaeh performance is important because the
perception and selection of visual information even in a familiar use environment
requirs Vvi sual search. Thus, i nvestigating
effective way of me amstime,isotigs siudyevasplannegda s k ¢
in order to investigate the effects of icon design on oseisual search

performance.

There arealso some studies in the literature which investigate the effects of color

and background s hap e serfaonfance and prederences thats e r s 6
were conducted by LUO & ZHOU (2014), Lindberg & Nasanen (2003), Huang

(2007). However, since thetatnatives which are tested in these studies are usually
extreme examples such as comparison of icons with big triangulegrbaads or

icons with very low contrast, so can only reveal the presence of an effect, but they



cannot help enough in a choice reafllom realistic alternatives. Therefore, this
study focus on comparison of reasonable icon designs which are designed
consicering previous studies in order to provide useful alternatives for any GUIs
that have similar criteria or limitations. In other sy thanks to comparison of
reasonable alternatives which are designed through the results of previous studies,
studies abouthis subject would be taken one step further in terms of revealing
application of previous stlsodvaresasefolut put s or
design alternatives would be derived in the light of the results in the future.
Moreover, different fronother studies, icons will be tested on both dark and light
themes, so the results would be beneficial for GUIs which same icoarsaised

on both night and light mode. Then, the best alternative that would enable users to
find any function which they arsearching on the screen fast as much as possible
will be explored because search performance of users is crucial for some systems
that users should control fast without any mistakes like medical, military, aviation

etc.

1.1  Aim of the Study

Therearevarms f actors that affect usersé search
contrast and icon types can be considered as the most intpadzording to

Huangoés (2008) stwudy. The aim of this study
together with backgroundocl or o f GUI on userso visual s e

preferences.

This information will be useful to understand whether it is gassio increase
userso6 performance by <changing the icon de
because using easily distinguishable icons in any GUI is an important factor in

terms of ease of use

As a result of the study, beneficial information would be pled for design of

similar GUIs through comparing realistic combinations with icon design and



background colors in terms of providing better visual search performance for users.
Also,investgat i on of <correlation bet wmamee users
would be evolved into a study that woul d
on their learning speed with further research that would be beneficial for various

sectors.

1.2  Scope ofthe Study

The starting point of this thesis was to investigatetwér it is possible to increase

the visual search performance of the users by icon design in the GUIs of a company
producing electronic warfare systems. However, this study was carriec aut a

isolated test of icon designs because there are many fawabraould affect the
performance of the user in real GUI and prevent us from finding out only the effect

of the icons. Therefore, the scope of this study covers not only military systéms bu

also systems with similar criteria such as aviation systendicalesystems where
userso6 per f or mla oteeewoids the resplts of tthés rstudy would

cover graphical user i nterfaces of el ec

important

Also, user performance is considered as only visual sear¢brrpance in this
isolated this study, because there are many variables that are difficult to control if
the icons would be tested through a real GWdreover, testing of alternative icon

set on both dark and light themes in this study would reveal ¢riesalts for

GUIs that same icon set is used for both day and night mode.

1.3 Research Questions

A What are the effects of color use in icon design in GUI?

A What is the effect of background colardafigure/background contrast ratio

on visual search performance?



A Is it possible to design an icon set that would provide similar visual search

performance on both light and dark themes?

A What is the =effect o f icon design and

preferences?

Als there any correl at i e@formdnees anceteem user s o

preferences?

14 Structure of the Thesis

The present thesis consists of five chapters to include the following work and

information.

Chapter 1)ntroduction introduces theesearch area of GUI and icon use in GUI.

It also introduces thaim, scope and the research questions.

Chapter 2Review of Icon Use in GUI and Evolution of Icpimeludes explanation

of terms of GUI and graphical elements of GUI. Also, explanationsability in

GUI and its measurability is observed in this chapg#oreover, evolution of icons

and previous studies about ef fect of i con

explored.

Chapter 3Methodology,ncludes the explanation of the chosen methods to carry

out the research as well as the proposed data gatherimg@nanalysis methods.

Chapter 4St udy of the Effects of |l con Design an
Visual Search Performance and Prefeces,presents set up and the procedure of

the empirical study that was conducted in order to reveal effectsroflesign and
background <col or on usersod6 performance and

analysis and the results of the study.

Chapter 5Conclusions & Discussiorgffers direct answers to research questions,

as well as discussion about results of stawdgur in order to interpret some



controversial points to shed light on further research about similar topics.

Limitations of resarch are also discussed in this Chapter.
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CHAPTER 2

METHOD OLGY

2.1 Introduction

The icons are the most common language of new digital world because almost all
information can be represented by icons without facing any language barriers in
accordance with the statement of Bocker (1998refore, thause of icons ha

been accepted aslanguage of digital world. However, the real world was the first
reference of this new structure in the beginning. Creation of icons resembling real
life aimed at providing users with familiar environment to benefit from their
previousexperiences astaed byRigou, Spiliotopoulos, Sirmakessis (2018) , but
over time, the real world metaphors started becoming insufficient to meet the
requirements of the digital world and new criteria for visual designs became
necessary. Following thissue r s & p ecaniedantorp@mireece for graphical
user interface (GUI) design. As the first step, understanti@geaning of icons
intuitively by users became focal point for designers. However, new research on
this subject led to occurrence of newsigm trends whiclaim to convey message
with minimum visual details as much as possible without making effort to imitate

real world with realistic visuals as Johnson (2013) explained.

The aim of this minimalism in visual desigves to prevent the distraoh caused

by crowded visuals and to enable users to find the visuals that they are looking for
with less effort It is crucial that visual information iGUI in terms of providing
better communication between user and sysfem better user experience
Therefore,the grapical user interface should be perceived accurate and fast as
much as possible. Thus, visual search is crucial even in familiar digital

environmerd r to understandhe presentedisual information ando find their



specificlocations ontie screen. Nielseand Levy (1994) stated that measurement

and user so objective perfor mance and Subj
parameters of measurable wusability. Thus,
performance is an effective way of understagdeffects of diffeent visual

presentation.

Therefore, the current research is conducted in order to understand the effect of

icon design and background <col or on user s
preferences. The aim was to prepare a guideline fogmEs about iconesign for

GUI that users should interact with fast like military systems, medical systems,

aviation systems etc. Also, the study would show whether there is a correlation

bet ween usersdé6 performance araddamrfoef erences,
companies to agree with its customers on a specific design in their projects.

gather such information, this research consists of two main steps: (1) literature

review, and (2experimental studywhich arenow going to be introduced in more

detail

2.2 ResearchMethodology Overview

In this section content of theliterature review andeasons for conducting an

experimental studwill be explained. The research questions are;
Q1: What are the effects of color use in icon design in GUI?

Q2: Whatis the effect of background color and figure/background contrast ratio on

visual search performance?

Q3: Is it possible to design an icon set that would provide similar visual search
performance on both light and dark themes?

Q4: Whatisthe effectaf con desi gn and background col or

Q5:1's there any correlation between userso \

preferences?

10



Methods and results of the relevanidies in literature related ©.1 andQ.2 will

be examined in omf to reveal answers of similar questions in literature, and
collect useful information for the construction of this test study because the results
of similar study might be guiding for thistudy. Moreover, a literature review will

be carried out to reackimilar studies related tQ.3, Q.4 andQ.5, but the exact
results will be statisticallyevealed with thexperimental studio be performed on

the icon sets and background colors degigfwe this test study. Also, if similar
studies can be found in ti&erature, the results of these studies will be utilized in

the design processes of the alternative icon sets will be tested on this study.

2.3 Literature Review

In order to provide a basfsr this study, first, a literature review was carried out
into what is graphical user interfax€éGUIs) and what are the visual elements of
GUIL. The review also includedhat usabilityprinciplesshould be taken as a guide
while designing GUIsandfor icons as a visual elemetd be most effective. In
addition, the eviition of icons, the main design trends that emerged during this
process and the focal points of the trends were investigated since the first examples
of GUIs in order to provide basisr icon designs that would be tested in this study.
Finally, in the reiew, similar studies carried out so far have been analyzed in depth
in order to benefit from the conclusionsand to identify further opportunities to
researchAs a result, requirethformation for the planning and design of the test

was gathered fronitérature.

2.4  Experimental Study

Nielsen (2001) states that what users do is more crucial than what users say
becausa goodlooking design can be misleading about users' ideas, ssaitslity
and users' performance will only be revealed during utilinatidlso, Nielsen

(2001) defines rules of usability as observing what users actually do, not believing

11



what users say they do, and not believing what people predict they do in tiee futur
Therefore,quantitative research methods would be more suitabléhi®rstudy in

terms of evalwuation of userso6é6 performance d
completion time, so gathering numerical data about their performance would be

purposeful ® understand effects of variables on their performance. Besides that, in

order to reveal effects of same variables o
there is a correlation between their performance and preferences, using the same

method would be @ful to achieve more consistent results.

To measure the effect of defile var i abl es on usersdéd perfor mi
conducting experimental studis decided asthe most suitable choice. In

experimental studyone of the variables is kept constant drelother is changed in

order to reveal performance differences depemdin changes by testing on users.

As stated byRohrer (2014) usability of alternatives can be benchmarked by

performing sucha test with usersthat uses predeterminedmeasurement for

performance. Moreover, Nielsen (2005) defioae of the benefits of ik method

asit can reveal even the smallest performance differences statistically.

Moreover, Bevan2(020) explainedheresearch method of experimental study as a
manpulation of independent variables on to measure their effects on dependent
variables However, relationship between variables should be understood well to
make reasonable prediction before experiment design for good experimental study.
Thus, manipulation foindependent variables would be more reasonable for
consistent results. According tesearch questions of this study, icon design and
background color will be independent variables while evaluation ratings and task
completion time will be dependent varias Also, the correlation between
evaluation ratings and task completion time willrbeealed with this experiment.

In order to explore that, method of repeated measure design will be used while
assigning tasks to participants during experiment. Reppeagasure design means

that each participant attemdo experimentconsecutively Then,par t i ci pant s 6
responses are measured to understand the effect of manipulated variables. For this

method, according to Bevan0@(0, counterbalancing which is randontioa of

12



treatment order is crucial to get reliable resulibus, the experiment can be
designed to explore subject of this thesis by consideéhagequirements of this

method.

Therefore, for this study, different icon sets will be designed in orderesure

theref fects on wuser so peThéicon oesignendl band pr e
manipulatedduring the test sessionof each participantTo achievethat, the test
software wil be programmedtest or e userso task compl eti
evaluation ratings about different icons sets wthikparticipantsare trying to find

and séect target icons between distracters. In this way, effects of icon design and
background cars will be explored thanks to changing icon design and background

color for each demonstratioRor design othis experiment, there are some crucial

points whichshould be considered. For example;

- The demonstration that participants will try to firsddet icon between distracters
should be repeated for different icon sets on different background in order to

compareheeffects of different icomlesignsand bakground color

- Target icon must be same each denonstrationto be ableto focus on onlythe
effects of icon design and background color. Otherwise, the results of study would
not bereliablebecause using different target icons will be another varthatewill

affect participantsdé reaction time due t

- Numbers and types of distracter icons must be same for each demonstration in

order to provide equal level of diglilty.

- Size ofatarget icon and distracter icons mustthesameto not to affect reaction
time of the participants. Also, icon sizde be selectedhouldbe compatible with
15 to 24 inch monitorsas the results of the studgo not cover the mobile

applications.

- Color scheme®f atheme and icon desigmeeal to be selected to be compatible
with GUI of systems t haduchasedica, aviagoe r f or ma
and military systems.Therefore, color optionshould be limited according to
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structure of such GUIs. For example, red, green and yellowmargly used to
indicate system status, warnings, errors, etc., so these colors shouiskede

carefully.

- The distance between cursor and icons must be same for each demonstration, so
using circular array and positioning the cursor at the center ofathay at the
beginning of each demonstration wouldadegical approach

- The shape ofa target icon shdd not look very similar to other distracters

because thimaycause confusionaralf f ect partici pantsdo react.i

- This test should be condec in a controlled roomto usethe sameset of

equipment for each participant and to avoid any distractronsthe environment.

2.5 Data Collection Methods

In order to investigate the effects of different icon designs and background colors
on users' perfformnce and preferences, a test wildl
performance according to their task completitimes while searchindor a
predetermined target icon betwenir different icon setshatare shown on both
dark and light background. Meanwdilthe test softwarevill record the task
completion time othe participantdor each ste@nd keep isimultaneously asm
Excel spreadsheefit the end of the test, the participantdl be asked to evaluate
eighticon setalternatives according to thesubjective preferencdxy indicating on

a 5-point Likert scale(1l beingthe worstand 5beingthe best (seeAppendix B)
Theratings will also be recorded bthetest softwareln accordance with theature

of experimental studythe effects of variab$e(icon design and background cqlor

can be examined by keeping the target iconstant while changing the icon set

and background color at each step.
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2.6  Data Analysis

The results of tbstudy will be analyzed wittechniqueof ANOVA (Analysis of
Variance)thatis used in order to investigate whether there are significant effects of
independent variables on dependent variabler example, task completion time
will be defined as a dependent variable while icon designs and backgroursl color

will be independent variables for this study.

To carry out theanalysis, theecords ofthepar t i ci pant sd compl et
ratings of subjective evaluations will be added to elxeel chartseparately for

eight steps of test which consist of repneisgion of four different icon sets on

different background colors for each pegant. Then, theANOVA will reveal

whether there are statistically significant differences depending on varalyies

Therefore, the statistical results obtained fronms thnalysis will reveal the
par t i cperfpranantesdata and their evaluations according to their personal
preferences about different icon sétkeresults will also enable to understand the

relationship betweenthea r t | @eérfprmandes aind preéances.
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CHAPTER 3

REVIEW OF GUI DESIGN AND EFFECTS OF ICONS

3.1 Introduction

In this chapter, what the GUI is and the importance of the GUI in terms of
interaction between the product and the user will leatraned in general. Then,
principlesthat would affect usability in GUI will be discussed. After that, the icons,
which have a direct effect on the principles of usability in GUI and as the main
subject of this study, will be examined in more detail. Mueg, the characteristic
features otthe icons and their evolution with technological developments will be
examined. After that, the studies which are investigating the effects of icons on
users' search performance in the literature will be evaluatedhandser will be
warmed up for the enmical study.

3.2  Graphical User Interfaces

The widespread use of the internet and becoming part of our daily lives lead to
increase in number of software companies all around the world. As Andreessen
(2011) sayssoftware companies have become an importarit gfaour lives and

they dominate in different sectors like Amazon, Linkedin, Netflix, etc. Most
companies started providing websites and applications to reach billions of people.
Thus, people can now acces®rof information or they can shop from anywée

via internet from their computer or smartphones. Therefore, online platforms
became a significant competitive environment for all companies. In this sense,
graphical user interface (GUI) is a crucial eleméor companies to rise to

prominence in theiwebsites or apps because it enables users to interact and
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communicate with a system or computer, an:
directly. Jansen (1998) states that GUI should provide practical andriesely

medium for userso make them feel comitable and positive towards the system,

website or application, and to ensure marketing success. GUIs consist of windows,

icons, menus, buttons, etc. which determine the characteristic of interface and

performance of users. Carefully designed Gidk the ptential to increase brand

|l oyalty by i mproving userso perception via
Winograd (1995) states that when the first GUI designs emerged in personal

computers in 1980s, Maciitoh user sdé6 | oyalty toowRAppl e was
userso6é Il oyalty to | BM, because Macintosh u
system was higher than windows usérgis is a good example that GUI design

would affect the success of product or brandatlye but it is also hard to define

ideal GUI cesign in terms of usability, efficiency, etc. Although there are a lot of

studies focusing on different aspects of GUI design such as from its appearance to

scenarios that it needs to be used, they may atiyl &ccording to types of software

platforms tley are applied (Jansen, 1998).

However, GUI can be described in different ways although there is no certain
definition for what makes good GUI design. In simple terms, GUI is a visual
interface that enablesepple and computer to communicate with eacterotind

that enables people to command to software via its visual elements such as icons,
windows, controls,and tabs. According to of Marcus (1997)visual elements
include icons, menus, windows, tabs and adstexplanationf which are given

in the following.

Iconsare small pictures which are used in GUI in order to represent some objects
or functions of GUI. For example, clicking on the icon of recycle bin on desktop
enables users to reach folder of dedettems. In other words, icons are used to
provide communicatiorbetween users and system to enable users to control the

system.
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Menusconsist of list of choices about manageable functions of GUI. In this way,

users can make a selection with cursor og fnr on menus. A Menu
ACont ext thdéewmo coonmantypes of menus. Menu bar is usually located

top of the screen horizontally, and users can select options from here. Also, pull
down menus are preferred on menu bars. Context menus only appeadithg on

specific action like pressing rightutton of a mouse.

Windowsare the essential structural elements of GUI which is used for displaying
information on the screen. For example, after clicking on icon recycle bin, the
window of recycle bin wilbe opened to display information of deletednise Also,

multiple windows can be opened at the same time in order to control different

t asks. Mor eover, windowsd size and | ocat |

Tabsmostly have rectangular shape which inles text or icon. Tabs are usually
located athe top of screen in groups in order to enable users to switch between
different widgets.It is mostly used in web browsesuch as Chrome, Firefox,
Opera, etc. so users can switch between multiple pages ttoataqs at the top of

browser.

Controls are he visual elements that provide interaction between user and
computer in order to interact with the information on the screen by editing or
reading. Also, in order to provide consistency on GUI in terms efaction for

users, same control elements asedito control similar type of information. For
example, radio buttons, check boxes, scrollbars, sliders, tabs, etc. are commonly

used control elements.

GUIs should be designed consideriegrtain limitations thapeoplemay have
Wickens (1984) statesdhone of these limitations fer examplethe visual limits

of the human eye. Human eyean focuson a small prtion of a screenEspecially

on wide screenswhich are used taontrol mabines eye can onlycatchcertain
details at onceTherefore usaliity considerations should be taken into an account
andvisual elements on GUI like buttons and icons should be designed carefully in

terms of their size, position, color, etc. to not taisg any eye strain. Another
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limitation is the amount of informatopeople can process at once (Jansen, 1998),

for this reasonthe number of options on menu and icons are important criteria for

successful GUI design. However, it is not easy to evaluateilitg features of a

interface ora product without conductingser test such asmeasuring thet s er s 0

task completion timesTherefore,designersmay face with difficulties while

convincing other stakeholders during the project process about thegndesi

decisionsIn order to improve product or software in termaugébility, user tess

crucial. Accor di n@99%),@ngikeermg saatess oL & pogect e n

can be evaluated with time and costtloé development process, so in order to

evaluate usability of the project, measurable aspects of usability cexplmed

like task completion time, reaction time, searchetiratc. Therefore, users would

be taken into the focus of the design process of a GUI to understand user needs and

possible tasks that users would perform via GUI, so these tasks might be énalyze

in terms of completion rate, time, etc. in order to makability of GUI

measurable. In other words, during the design process, important design decisions

should be tested with users in order to prevent developers from returning previous

steps in the mrcess, and produce a successful product at the end. However,

measurable usability goals must be determined before testing them with users. For

exampl e, user performance, flexibility, | e a
described as most popular exales of a measurable usability for GUI design as

Ehn anden (199W gtated. For the measurable test of user performance,
specific task can be defined for users on G
rates can be measured to understand whetherh@t)idesigned compatible with

user$capability, and it satigf u s e r Jlterefore peapke for test group can be

chosen from different segments of population in order to test flexibility of interface

design, but if the graphical user interface will imed by specific group of user

testing of flexibility mightbe useless. Apart from that, performance test can be

repeated with same user group in order to understand learnability of GUI design.

Di fferent from these e x ampiteemportanst®r s 6 Subj e

i mprove userso6 per f orindidferenefrom dthers becauise meas ur e
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its test depends on interviews instead of tangible tests like completion time because
aesthetic aspect of user interfaces depends on individual thoughtspenie:rees.
Userso previous expe rfiaddressiagstheinusehalutsinci al
design of GUI because people are surrounded with a lot app, websites, software,

etc. that include similar navigation system, menu structures, and button types, so
they have their own use habits according to that, so thaydwexpect to see

similar structure in any kind of graphical user interface. Thus, pursuing the usual
structures for GUI design and wusability

expectatios.

3.3 Usability Principles

Nielsen (2012) defines usability as effort to develop user interfaces that would
be used easily by users. In other words, it can be defined as method of providing
easeof-use. Also, according to him, usability can be evaluatszbraing to 5

criteria which are learnability, efficiency, merability, errors and satisfaction.

Learnability means that how easy users can be adapted to the design when they
encounter it first time, so providing users familiar environment would be beiefi

to improve learnability of a GUI
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NOT THINKING

OK. This looks
like the product
categorfes...
= ..and these
= are today’s
= special deals.
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Memory,
Modems... r\ :
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There it is: i e ;—,:_,,:-
Monitors. < .
Click =) R
e,

AL

fi

Figure3.1 Example of how users interpret the layout of a @flg, 2013)

In this way, users would interact with GUI easily and fast thanks to their previous
experiences about similar interfaces. Different front,thacommon page layout
would make users think mqrso it would increase their mental fatigue and lower

their performances.
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THINKING

Hmm. Pratty Is that the
busy. Where navigation? or
should I start? is that 1t over
there?
Hmm. Why did Why did they
they call it put that there?
that?
Those two links
Can I click on seam like they're
that? the same thing.
Are they really?

Figure3.2 Example of a conflict unfamiliar layout of a GUI might ca(lSeug,
2013)

Similar to uncommon page layout, other \akuelements like buttons and
descriptions would ha t he si mil ar ef fect on usersbo
confusions would cause serious problem for commercial websites and applications
because the first impression would be crucial to attract usetiatteso their use

habits and expectations wouldfexrt their experience with GUI. However, this

effect can be overcome by the learning process on system interfaces witartang

use, the effect of screen design on user experience.

Efficiencyrefersuses & t ask compl etion time after th
a good GUI design would have significant effect on the performance of user and
system. Moreoverthere are a lot of studies that show that screen design would
affect usaacedFonpteafoem Tullisds (1981) st
of the interface of a system that enabl e
performance, and lead to save 40% of time by increasing the intelligibilityeof

display. Another studyhy Tullis (1984) again, carried out over 500 screens which

show information about airline and accommodation showed that there is a

difference of 128% between the best and the worst of different screen designs used
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for same system in terms of user perfonce& Moreoer, Keister and Gallaway

(1983) found that a new screen design for a system made 25% reduction in

compl etion time and error rates. Al s o, Don
(1991) study about redesign of space shuttle screens revealed &t design

caused %28 reduction in userso6 search ti me

screen.

Memorability means that how easy users can perform again after not interacting

with the same design for a long time.
Errorsr ef er user s @pesformimgatask.at es durin

Satisfactioor ef er s usersé personal opinions and fe

design.

According to these criteria, any usability problems would cause trading loss for
commercial websites. In other words, if usesnot interacwith the website
properly, they would not like this experience and they would not have dealings. For
example, if users cannot easily find what they are looking for on a website and get
lost, they will leave this website and turn to alternative onesdBgshat, sability
problems in user interface of a system or a product would affect productivity of the
system and users negatively. Moreover, especially for user interface of a system
that operator should not make any mistake during the operation ilikarynor
medical devices, usability problems would cause dangerous situations. As a result,
usability is a crucial factor for all types of user interfaces in order to improve
productivity of a system or a product, so developers, designers or produndds sh
attachimportance to usability for their own success.

Il n order to provide better wusability for wus
needs should be observed and analyzed properly. After that, almost each design

decisions should be testedtiwiusers though prototypes. Although this process

would be specific for each design, some genkeealristic are also introduced by

Nielsen.
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Visibility of the status

The system should give feedback to users about what is goingtlun a
sensible pedd of time by using colors, timer, etc. For example, while
uploading a file to @nail, the status of uploading is shown with a time bar,

so user can be aware of what is going on while they are waiting for
uploading.

Match between sysin and the real world

In order to provide familiar environment to users, systems should include
suitable expressions for usebased | ang!
language. For example, using terms of EFT (Electronic Funds Transfer) as a
command of sending meg in online banking applications would be
confusing for userdecause this statement includes a technical language
used in banking systems and it is not suitable for daily language.

User Control and Freedom

Users can often make some mistakes while interg with a system, so the
system should offer a chance of undoing such accidental actions freely. For
example, users can delete a document on the desktop, so the system should
enable them toecover it fronrecycle bin

Consistency and Standards

Systemshould offer same visualization or interaction methods for same
actions even on different pages. For example, color and shape of the button
of confirm should be same on each pageto make users think twice

Error Prevention

The system should be amrged to direct the user instead of giving an error
message because systems that give too many error messages might make a
negative impression on the user. For example, while typing something to
search on Googl the system igsto correct spelling by showgnsimilar

search history.
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6- Recognition rather than Recall
The system should suggest or show options or actions to users in order to
decrease their memory load. For example, while typing something to search
or some commands, system should suggest somébj@sssults without
waiting for the user to write the entire sentence.

7- Flexibility and Efficiency of Use
The system should be flexible about providing different options and
interaction according to differentser types like experts or normal users.
Offeri n g Adefaul t o or Acust omo i nstall ati c
software can be an example of this subject.

8- Aesthetic and Minimalist Design
The system should not show any irrelevant information or visuebraing
to user interaction not to distract useFor example, Google shows only a
search bar on home screen.

9- Help Users Recognize, Diagnose and Recover from Errors
Messages about errors on the system should clearly explain the problem and
direct usersdr possible solutions instead of showing somées that users
probably would not understand.

10- Help and Documentation
Although, it is expected that the system can be used easily without need of
help or documentation, but some tooltips can be benefic@diar to cover

all users.

As a resulteventhough these usability principles cover the user interface more
broadly, icons would make crucial contributions to satisfaction, memorability,
learnability and efficiency of GUI as graphical elements. Inghidy, efficiency of
icons by measuring reactiotime of users during visual search and their

satisfaction about design will be evaluated.
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3.4  Use of Metaphors in GUI

In order to provide better user experience, it is crucial to benefit from metaphors
not to make users think about usage of GUI as much ssibp®. Carroll and
Thomas (1982)xlaimed that designers base graphical user interface design on
framework that usealready know in order to enable ease of use. Thus, it can be
called as a GUI metaphor, and it is an effective tool in order to provider bett
interaction for users, so creating metaphors for user interface is a crucial challenge
for human computer interacn design. There are several descriptions about
metaphors. For example, Johnson and Lakoff (1980) describetumhdearstanding

and expeencing one kind of thing in terms of another". Holyoak and Thagard
(1995) descr-d bmai mn t ma sendbleguidess scstransfer their
prior knowledge about a familiar domain to unfamiliar domain that they would
interact with. As a resulthis would help them to improve their perception about

an unfamiliar domain.

Collins (1995) explained this prosess supporting of knowledge about target
domain by source domain. As a result of these descriptions, GUI can be thought as
a target domairfor users, so benefiting from metaphors while designing GUI
would be effective in order to provide people familiad goredictable interface
environment . The most famous interface
because the first graphical user integfawhich was benefit from metaphors
imitated physical desk of secretaries in terms of tasks, layout and objedgliricor
benefit from their prior knowledge and use habits. Smith, Irby, Kimball, Verplank,
and Harslem (1992) claimed that literal digitipatiof their physical environment
which includes folders, waste bin, documents, etc. would accelerate their learning
process. With the extensive use of user interface, this concept has evolved to
become more intuitive in order to improve usability more tleamability by using
metaphors in a more abstract way. Thus, use of visuals on graphical user interfaces
is crucid in order to provide users familiar environment to improve usability by

benefiting from metaphors. Due to that, icons have become imporisuml
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elements of graphical user interfaces because it affects user experience with

interface and their performagcso there are a lot of research about effects of icons

on userso performance form different aspec
importance to this issue in order to create their own icon and graphical user

interface styles which help them to attrpebple attention and increase the loyalty

of their customers.

3.5 Icons

Icons consist of two parts which refer visual and cognitive aspect®mfdesign.

These features of icons woul d af fect user
graphical user interfaces in terms of usability and preferability. Color, size, shape

and propoiibn of icons are evaluated as visual aspects of icons design, and

semant distance, concreteness, familiarity and complexity are evaluated as

cognitive aspects of icon design. Effectiveness of icons can be measured with

userso6 per f or mamh erfoimancetaedr reastiondifne os their

preferences in terms of tha&kperiences. At this point, visual and cognitive aspects

of il cons have an i mportant role 1 n terms o

effectiveness of icons.

There are many rese@igs about cognitive features of icons that try to explore

effect of eacf eat ur e on usersdé perfor mathec e. Accor
term of familiarity refes that how often users have been seen similar icon type

during their previous experiencespdt from that, concreteness refers that the

similarity between icons anreal objects, so it refers more perceptible icon designs

different from abstract ones. Another term which is complexity refers that

excessive detail of icon design different from gienones which have a few details.

The last one which is semanticdistae r ef er s t o similarity betyv

and their functions in terms of metaphors.
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3.5.1 Familiarity

Familiarity for icon design can be interpreted as a familiarity with the object
imaged i n t he i con design or user o6s pr e
Isherwood (2007) states that according to recent research, although the
experiencing the same icons via series ¢
performance, familiarity in # icons is crucial in terms of identification process.

Moreover, LamborRa |l p h, Gr aham, El'lis and Hodges
picturenaming has revealed that familiarity enables users to reach their lorg term
memory easily, so it has a lofagting effet in terms of icon identification. Hence,

it woul d af fmancepositiwelg.r sd perf or

m

Home Page Settings Save
Figure3.5. Examples of icons which reflects the characteristidamiliarity by

the author

For instance, these are popular icon tyibed all users must encounter their daily

lives, so they would hee several experience with them to become familiar enough.

Thus, they would interact with them easily in any kind opgreal user interfaces,

so using these icons on GUI design would impritnver performance. The icon of
Aisaveod is an i mportant example in order
perception because although most users of graphical user interfaceaevave

seen or used floppy disk in their daily lives, they would knowat ih refers a

function of saving in any king of graphical user interfaces thanks to their previous

and familiar experience with this icon design.
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3.5.2 Concreteness

Moyes and Jordan think4993) that it has a crucial effect on users performance
and experiencbecause imaging the real object on concrete icon design help user to
benefit from their experience and knowledge about this object in their daily lives,
so according to Stotts (1998search, they would interact with GUI easily and
fast. However, McDoudall (2000) stated that advantage
performance would reduce after they would gain experience with icons, so it does
not have longdasting effect like familiarity Unlike concrete icons, Hourizi and
Johnson (2004) state that therenis connection between real life and abstract
icons, so it is more difficult for users to understand the function of abstract icons,
So it seems that using concrete icons is a bestaviamprove usability of graphical

user interface by benefiting from useknowledge about everyday objects while

interpreting icons.

However, Stammers and Hoffman (1991) state that adding pictorial details to icons
in order to make them resemble everydajects would increase the complexity of
icons. Thus, it is not easy tevaluate whether using concrete icons have

performance advantages or it would increase visual search time because of its

compl exity. Byrneds (1993) intafascewhichh showed

includes simple icons enable users to better visuatisgeerformance compared to
complex ones. Thus, it is important to use concrete icons in graphical user
interfaces in terms of making easy to interpretation of icons for beginneossgtith

it is not such crucial for users who have experience with sams.icon
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Figure3.5. Examples of icons representation from concrete to abstract

(McDougall, Curry, Bruijn, 1999

Stammers and Hoffmandés (1991) research
pictorial icons suitable for abstract GUI concept, so accordingidorizi and
Johnson (2004), benefitting from semantic distance rather than visual metaphors

would be the alterrieve way of creating new icons.

353 Semantic Distance

Relationship between icon and its function can be defined as a semantic distance,

so it mightbe crucial in initial learning process because it would help user to
interpret meaning of icons easily. AlsoatBs (2003) claims that it helfpo reduce

time of identification. However, after learning the connection between icon and its
function, the eféct of semantic distance would be reduced, and familiarity would

be more i mportant i ne.Piexce (1832)dividedisereante 6 per
distance into three categories which are direct, inferential and arbitrary. Similarly,
McDougall, de Bruijn, @rry (1999) defined connection between icon and its

function from very close to distant like these three categor
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Heliport Entrance Biohazard

(1) Direct (i1) Inferential (111) Arbitrary

Figure3.6 Examples from three categories of semantic dist@bapta,
2018)

Goonetilleke, Shih, and Fritsch (2001) claimed that séimalistance has a more

i mportant effect on userso performance in t
to cancreteness. Similar to that, Isherwood (2002) revealed that compared to
concreteness, semantic distance is more effectivaositeu s e r s fmanpee r f o

because while they are learning relationship between icon and its function,

closeness between icon and function is more crucial than its pictorial look.

Moreover, application of semantic distance is easier than concreteness because

creding icons f@ abstract concepts would be really difficult by considering

pictorial icon types, but icons do not have to be designed pictorial in order to apply

semantic distance.

Butler (1996) stated that performance of a graphical user interface is tdrm

usability can be measured with time and accuracy of a specific task while users are
performing because providing fast and efficient interaction is the most important
mission for any user interfaces. However, Hassenzahl and Tractinsky (2006) said

thataesthetic apgarance of a graphical user interface might be such crucial that it

mi ght contribute interfacesodo usability. Als
correlation between usability and aesthetic
(2003)research.MD e o v e r Tractinsky, Kat z, and |l kar 6

interacting with an aesthetic user interfaces might lead users to make more effort to
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learn and use it, so it would help to increase their performance. Moreover
Tractinsky (2004)stated thathe aesthetic appearance of a user interface would

make people think positive about usability of it, too. Thus, icons are crucial to
affect usersod6 perception and performanc
aesthetic appearance of an ifdee, and als, they help to increase users visual

search performance thanks to their distinguishability in an array as Byrne (1993)

said.

There are two main design trends about styles of icons which are skeuomorphism
and flat design. Spiliotopoulos, Rig and Sirmakssis (2018) stated that
skeuomorphism is the first design style of the icons which highly depend on
metaphors and imitating everyday objects graphically. Different from that, trend of
flat design focus on discovering the potential of digiid Instead 6 imitating
everyday objects graphically, and it becomes more and more popular in graphical
user interfaces nowadays. Also, Johnson (2013) said that flat design is a trend
which depends on simple 2D illustrations that includes simple linesaacs, and
Basalla (1988) definedkeuomorphism as a trendiafitating physical world with

3d pictorial and graphically detailed icons in order to benefit from metaphors to
improve usability by increasing familiarity. Thus, there is a conflict betvileese

two opposite trends, but flat design is more commonly used irentirgraphical

user interfaces.

Vintage Camera Texture

Highlights and Shadows

Realistic Glass, Reflection

Rich Shadows
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Figure3. 7 Exampl e of skeuomorphic details of
(Smith, 2016)

Trend of skeuomorphic desigonsists of use déxtures, shadows, refleans, etc.

in order to imitate real physical objecta other wordsskeuomorphism aims to
benefit from previous experience of users about physical life in order to enable
them to interpret new graphical interfaces easily, arptone their performance.

Figure3. 8 Exampl e of fl at (Smiths2046h of | nst agr a

Although, the examples of skeuomorphic icons look more satisfactory compared to

flatonesRy bar czyk, Coel ho, (2004 rescarchoeyeal@g Ol i vei r a
flat design obtains bitr results compared to skeuomorphic design in terms of

usability, so metaphors of physical world would not support digital world that

much, and skeuomorphism cannot benefit from familiarity of users as it as

expected. AlsoSpiliotopoulos, Rigo and Sirmaksis(2018) stated thaage of

users might be an important factor in terms of usability test because older users

who do not have adequate experience with digital world might not give effective

performance with flat design, soelomorphism would help therto interpret
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graphical interface better by benefitting from their previous knowledge about
physical life. However, trend of flat design would be much more popular in the
future thanks to potential user group of digital med However, some
unsuccessfubeamples of flat design which is too abstract to be understood easily
might cause that user cannot be distinguish them and interpret its function easily,
so still there are many people who advocate skeuomorphism against thisrsitua
Thus, flat design shad not be considered as designing minimal icons as much as
possible instead of designing icon for improving usability by enabling users to

intuitive interaction.

3.6 Evolution of Icons

The concept of icon use has emerged quite later than invention compiiteth&V
commercialization of the computer, user interaction came into prominence. As a
result of that instead of written descriptions, the icon use has emerged as an
important visuaklement of graphical user interfaces. The early stage of icon use,
display and visualization technologies may have affected design trends of icons.
Thus, first examples of icon designs were not colorful and they looked quite flat,
but t hey ¢ metapghorswhichh avedused i@ all graphical user interface.
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e —— Docum

Calc ent

Figure3.9 The first examples of icons from 198@sstoryoficons, 2015)
These icoewered esi gned f or t he wor lachduse bésedr st

GUI produced by Xerox. TheSteve Jobs hied the designers of Xerox and

devel oped the worldardsolfiigasd. per sonal
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Figure3. 10. A screenshot f r o rfhistoriyoficars,2018)e skt op GU

Perkins, Keller and Ludolpl{1997) stated that Lisa was designed for office

workers, so its graphical user interface imitated their office desks in ordeatiteen

easy use by benefitting from their experience with physical environment. Thus, its

desktop included folders, basketlcaul at or , et c. similar to o
desks, so it might be the first example of skeuomorphic approach of Apple. After

that Apple focus on design of icons more and they created new icons with better

pixel rates, and Macintosh has announced i41®&h the first example of look

and feel in graphical user interface which refers visual elements and their usability.
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Figure3.11 The desktop of Macintoghistoryoficons, 2015)

Perkins, Keller and Ludolph (1997) stated that Lisa was designed fae offi
workers, so its graphical user interface imitated their office desks in order to enable
easy use by benefitting from their exgece with physical environment. Thus, its
desktop included folders, basket, cal cul
desks, so it might be the first example of skeuomorphic approach of Apple. After

that, Apple focus on design of icons more and ttreated new icons with better

pixel rates, and Macintosh has announced in 1984 with the first example of look

and feel in gaphical user interface which refers visual elements and their usability.

In 1985, Atari has announced their new computer whichd§,Tand also, a new

icon trend was announced at the same time because they designed volumetric icons

by using lines. Thust would be the first example of 3D icon design.
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Figure3.12 The desktop and new icon style of Atari T@Btoryoficons, 2015)

Within the same year, Amiga, US based computer company, announced the first
colorful icon designs, but they consisted of mayxim of f our col ors. Ami
GUI enabled users to change icons color and sizes for customization.

Sy

Aniga Workbench, Version 1,8, 47928 free nemor

—_ @ -

Denos Clock Preferences

Figure3.13 The desktop anaew icon style of Amigéhistoryoficons, 2015)

After that, Apple also announced a new GUI that ersalders to choose colors of
icons from 15 determined colors. However, new icon style of Nextstep, software
company founded by Steve Jobs, can be consldesea milestone for icon design
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because these new icons looked more detailed and realistic thare®rer bo it

showed the new challenge for icon designs and leaded to rise of skeuomorphism.

calo¥andov. b

talc.o Calculstor.o MyApp. o -lappkit_s -1dpsclient s
-los -lsoundkit -1sound

-rv-rv-rv- 1 root 379 Moy 21 21:17 places

Figure3.14 The desktop and new icon style of Nextgtegioryoficons, 2015)

In the 90s, realism came into prominence for icon design. Also, use of colors and
shadows became more popular to improve sense of 3D thanks to improvements in
di splay and visualization technol3pgi es.
announced in 1990, used color and shadow together for the first time even it was
restricted with 1&olors. In this new style, shadow was used to give 3D feeling to

icons by providing an isometric view.
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Figure3.15. Microsoft Windows 3 use of new #ésp icon styleghistoryoficons,
2015)

Similar to Windows 3, Macintosh 7 operation system tried ¢ater a sense of 3D
for its icon design, but instead of using shadow and side view of icons, it had inner

shadows and grascale gradients.
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Figure3.16 The desktop and new icon style of Macintogigtoryoficons, 2015)
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In 1997, BEOS, operating systeraveéloped by Be Inc, succeeded in providing a
quite successful sense of 3D compared to technology at that time by changing the

viewing angle of the iconand it carried the trends of 3D icon design one step

further by changing viewing angle with colors afchdows.
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Figure3.17 The desktop and new icon style of BE@IStoryoficons, 2015)

Besi des

t hat ,

Il RI X6s,

deskt opphicssmew r onmer

icon style brought two important improvements although they do not look as good

asBEOSO6 s

i cons.

First

of them i s t hat t

Second, they raised the icons from ground a little bit besides isometric view, so it

hdped to improve sense of 3D with a shadow effect.
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Figure3.18 The desktop and new icon stgfelRIX (historyoficons, 2015)

In 1999, RHAPSODY used transparency mask in order to improve sense of 3D by

simulating light reflections with inner shadows acfing to viewing angle, so icon
designs came closer to realistic skeuomorphic types.
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Figure3.19 The desktop and new iconlstpf RHAPSODY/(historyoficons, 2015)
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Technological improvements and new visualization technics led icons to look

realistic as ma ¢ h as

physical objects and adopt their real knowledge to vimwgald via graphical user

interfaces.

possible in

I n 200006 s, new

order

Vi

t o

sual

benef

effect

one step further bgiving the sense of material via multi layers and masks. Mac

OS X might be defined as the first representative of this nevd.trEhey looked

successful at giving sense of material via reflective surface and looked realistic

without strict borderlines.
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Figure3.20 The desktop and new icon style of MAC Oghktoryoficons, 2015)

After that Windows XP was announced, but itens included multi layers less

than MAC OS X although it was the representative of same 3D icon trend.

However, these icons werevised with Windows Vista by adding new layers to

improve effects of materials via reflective surfaces.
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Figure3.22 The screenshot of a part of desktop andinewstyle of Windows
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Icon use and their production has gained importance with the spread of
smartphones, but the first examples of IOS and Android which are the most famous
operating systems included skeuomorphic iconshsoetwere a lot of effort to
reproduce the real worldn or der to i mprove userso pe

from their experience with physical objects.

" Phonc ol “satan. 1Pod J

Figure3.23 The GUI and new icon style of Iphone OS (2Q@&toryoficons,
2015)
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Figure3.24TheGUI and new icon style of Android (2008)istoryoficons, 2015)

The early examples of icon design shthat there was a race of creating realistic
icons by reproducing real world in order to show users familiar environment to
provide better performancé&ompanies tried different methods from trying to
provide a sensef 3D with different angles, shades and shadows, to using multi
layers and to transparency masks in order to obtain more rekdsiog icons.
However, digital environment providalifferert interactions from real life, so it

should have its own languatfeat does not reflect real world directly.

In this point, trying to reproduce real life by imitating physical objects might not

al ways help to i mprove us previus expegientepr mance b
SO it is not necessary to use excessiveildeten icons design to create realistic

| ook. Af t er t dlléhe dsuat edfécis than werer used tb dnake icons

more realistic has become out of fashion in the 2010s, andrewmsed their own

simple forms in order to make their meaningsai point. Microsoft has showed

the first examples of this trend in GUI of Windows Phone with its new flat design.

In fact, Microsoft has announced new icons which have simple shape watinput

visual effects, and they were colorless, so they do not3Boanymore.
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Figure3.25The GUI and new icon style of Widows Phonéhigtoryoficons, 2015)

After a long race to reach realistic icons, Microsoft has announced new icons
which have simm@ shape without any visual effects, and they welerless, so

they do not look 3D anymore. With new design trend, most of applications and
software started to use flat icons. Also, colorful versions of flat icons appear, but
the effects of shadows and lmulayers are quite low compared to previous

exanples.

Il

Figure3.26 Theexamples of colorful flat iconéhistoryoficons, 2015)
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3.7  Comparison of DesignTrends

The skeuomorphism was the first wkilown design trend which represent real
world in GUI. In fact the evolution of icons reveals the effort of idesrs to
emulate visual elements to real world objects by using shadows, gradients, layer,
etc. The main aim of this trend was providing users similar environment in order to
benefits from their previousxperience with real life to provide easy use via
predictable interactions. However, it became clear that the digital world is different
from real world with thancreased interaction of people with digital devicesr
exampl e, t he 0 Nopplelsoked ke gpreéal notabbak which evén A
includes lines on page that completely useless for digital interfaces. & mesy

trend which is flat design emerged to serve the needs of the digital world to avoid

conflict which visual metaphors cause.

i

Figure 3.27 The examples of skeuomorphic visual elemébesignwonderfyl
n.d)

Flat design focused on functionality of visual elements in terms of conveying their
meanings without using visual metaphors in orderriake icons look super

realistic. Thus,jt is a more minimalist trend which includes only simple shapes,
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colors and typography compared to skeuomorphism. As a result of that, flat design
provides much more cleanterface by getting rid of excessi use of graphical
details in order to mim real life objects. Also, increased use of icons in flat design
needs less space that written descriptions, so it provides more functional interface
in terms of directing users without crowded visuals. With éfienination of
unnecessary visual detailspns and buttons become more dominant in flat design

in terms of visual hierarchy, so they do not include shadows, gradients and extra
layers mostly, and using simple geometric shapes and colors for buttortoasd i

are usually sufficient. However, usé aplors is crucial for flat design in terms of
creating correct visual hierarchy in order to make users understand meaning of
colors on interface easily. Thus, colors should be bright enough in order to provide
better contrast with other different elem&ntnd background color. Also,
consistency in color selections is crucial to direct users for better interaction. For
example, all buttons on interface should have same colors, and there should be a
specific colorcode for warning on the interface in ordermake users understand

the function of these colors on interface easily. As a result of this minimal
structure, lack of excessive use of visual elements would help users to find what
they need on the screen fastd easily without fewer distractions. Biwsers

would not be overburdened with excessive visual information and options, and
al so, colored buttons and icons <catch u
supports such visual hierarchy. Apart from tthadaptation of flat design in
different £reen sizes is much easier than skeuomorphic design because it consists
of geometric shapes and thaye not affected by distortions that much during
resizing. Also, design of flat icons is easier for designers peoed to
skeuomorphism because they do have to make effort in order to imitate real

world objects.
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Figure3.28 The examples of flat visual elemer(@@designs2016)

However, users who are not familiar with flat design may have difficulties while
understanding the meaning of visual elemémtsause of lack of metaphors. Thus,
icons should be used for only familiar iconic expressions, and if there is a need of a
new ican design, it should be tested with a lot of users in order to be sure that it
will be understood easily. Google, US basedhtetogy company, has announced
its own design guideline which is trend of
to satisfy needf similar presentation of GUI for different screen sizes for different
Android devices. Although it looks similar to trend ftat design, it has small
differences that would make important impacts. The main differences between flat
and material design that shadows and motions are used to mimic physical world
in order to increase to predictability by benefit from user erpegs with real
world in order to eliminate the main disadvantage of flat design that it might be
difficult to be used and undersih by users who are not familiar with digital world

and its interactions. Thus, although material design is a minimal themigrsto
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flat design, it aims to use effect of depth by using shadow in order to provide more
predictable hierarchy and interactg) so it would be defined as a combination of
digital and real world. Moreover, adding such real world effects to inteviébe
material design helps users to distinguish buttons and interactions easily compared
to flat design because it would be difficto understand different layers, buttons,

etc. in flat design for crowded screen, but using effect of depth with shadiwes so
this problem in material design. In fact, material design aims to make users more
familiar with digital world experience by befiting from their real world
experience, but different from skeuomorphism, it does not aim to make all

elements look supeealistic.

BUTTON BUTTON

Figure3.29 The difference between flat and material deg@fidesigns, 2016

Although visual elements of material design do not look like super realistic with
different visual effects like reflections, outer glow, inner shadow, etc. unlike
skeuomorphism, it includes small realistic touches like shadow and color system in
order to dfferentiate some elements like buttons to guide users better and provide
more familiar interactions. For example, Figure 28 shows that using different color
and shadows for button design creates feeling of real jpuston for users, so it

would makeinterface more intuitive and user friendly.
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Figure3.30 The example of material desi¢@9designs, 2016

In conclusion, the first weknown design trend whicls iskeuomorphism can be
defined as an imitation of real world in order to offer interfaces ubats would

feel more familiar thanks to their previous experiences in real life. After that, flat
design occurred as a reaction to skeuomorphism by eliminatingcessary visual
details which are used to make interface more realistic in order to fodusaion

and performance with minimal interfaces. Also, it would be used in different screen
sizes thanks to its easier adaptation compared to skeuomorphismeveto

el iminating visual met aphors in flat design
previous experience with similar digital interactions, so it would be difficult to be
used by users who are not familiar with digital world. Thus, Google createtl tren
of material design in order to provide more intuitive interface by combining
skeuomorphism rad flat design. Thus, adapting some visual details that would
remind users to interactions from real world would make interface more predictable

and familiar in €rms of interaction.
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3.8 The effects of color use on GUI

The use of color in GUI design is crucial terms of guiding users by creating
consistent visual hierarchy for better experience. In fact, usingatghing colors

for specific elements like buttons wld make them more distinguishable for users

at first glance, so such dominant elements inalikiierarchy would be so effective

in terms of directing users. Ahnson (2013) said that contrast is a crucial point
for such dominant elements, so contrastween background color and visual
elements like buttons, icons, etc. would determine thewmalidominance in the
screen. Moreover, there are sever al stud
preferences for different foreground background color déoatibns for visual
elements in order to provide beneficial guidelines for that. AMloite (1990) and
Fowler and Stanwick (1995) stated that amount of contrast between foreground and
background is the key point for legibility, so color combinations shdué
determinant according to that for better user experience. White (1990) and Fowler
and Stanwick (1995) investigate the contrast differences by converting alternative
colors to grayscale in Photoshop, and then, they controlled values of gray between
foreground and background. Moreover, gray values range from O for black to 255
for white, so they defined difference in gray values up to 85 as worst, and over 170

as a best in terms of legibility.
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Figure3.31 The amount of contrast between foreground lzacckground color
(Tullis, 1997)
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Besides legibility, use of color in GUI design is aleffective in terms of
organi zation of screen design and usersodo se
interfaces would include a lot of information, so priorii@aa of information

would be crucial in terms of guiding users. Thus, color can be insedder to
improve users visual search performance by differentiating particular information
or elements on the screen. For example, using specific color for indicsdite of

the system in GUI would this information distinguishable for users on tieersc

so it would also affect their reaction time and performance positively by making
them realize critical changes about status of system instantly. However, such colo
coding for grouping in user interface must be used carefully in order to create
consstent and logical structure not to confuse users. Ingaote colors should be

used for the elements of the same group, and the dominance of the colors on the
screen Bould be determined according to the importance of the information they

represent.

3.9  StudiesAbout Effects oflcon Design in GUI

Design trends in graphical user interfaces have started to change with technological
developments. Graphical user interface camb@ existence as an imitation of the

real world and it has evolved in order to look more realistic with graphical
developmentsafter that, it has turned in@® performance and function oriented
approach. For this reason, studies which investigate effedifferent designs of
userso6 performance have occurred. For examg
AEffects of computer icen and figure/background area ratios and color
combinations on visual search performance on an LCD manitorai med t o
investigatesuch effects. In fact, his study based on examining how the user's
selection time varies for different variables by selectirggtarget icon type among

19 distracters. Also, this study includes three variables which are
foreground/background colors st of black/blue, black/red, black/yellow,

white/blue, white/yellow, icon types consist of post, print, email, save, and

54



figure/background area ratio consists of 50%, 70%, 90%. Thus, as a combination of

these variables, there are 60 stimuli in total.
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Figure3.32 The 60 stimuli used in this stugduang, 200)

In this study, the software was designed which demonstrateti@@lisin
circular array randomly for search performance test. Before each demonstration
target icon which includes specific ito type, color combination and
figure/background ratio is showed for 3 second, and then user is asked to find this
target icon fom 19 distractors which have same figure/background area ratio as
fast as possible and click on it with the cursor of mousen,Ale software keeps
the time in order to compare how fast participant can find the target icon, and these
demonstrations arepeated with different target icons 60 times for each participant

in order to compare effect of different variables accordirggtoch time.

55



\
S -m
[ ]

Figure3.33 The example of demonstratigHuang, 2007)

This study was conducted with 40 participants consist of 20 male and 20 female

and aged between 20 and 41 years. Also, results were analyzed with ANOVA, and

the results have showedtltma c h vari abl e has an i mportant
performance.

According to results, foreground/background color combination has a significant

ef fect on usersb6 search performance becaus
searching black/blue and bldyellow compared to white/blue and white/yellow,

so this result revédahe importance of contrast between target and background in

search performance. However, although the importance of contrast in order to

make target more ey@atching and improve useerformance positively is known,

colors must be chosen by consideripgssible eye strain and logical visual

hierarchy in graphical user interface design. Thus, it is necessary to examine

whether the color combinations determined in this study accordimamly their

contrast values are suitable for use in a real GUI design.
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Also, the study showed that icon types have a significant effect on search time

because according to results, participant

Similarly, contast of this icon which its complex shape compared to others causes
might make it more distinguishable between other distracters. However, these icon
types actually have different meanings, so it is not necessary to compare them
visually with each other, luf the different designs of the icons with the same
meaning would haa been compered, it would be more valuable to make a choice

between them.

Moreover, results of study showed that participants performed better while finding
targets which have 70% fige/background area ratio compared to 90%, and there
were no significah difference with 50%, so if the figure is too close to the

boundaries of the background shape, it may decrease its distinguishability.

In conclusion it is a valuable study in orderghow the effects of icon design on

user performance, but it would leore beneficial if the tested variations were
designed with more reasonable combinations, and a shorter test could be designed
for participants for that they can perform more stabléaeuit fatigue during the test

without visual comparison of different isdypes.

Anot her | mp or tEffetts of &£dnlCdngretaness and @mpgilexity on
Semanti c Transparency: whiohuis gonducted by. Ol de
Schr°der anflindrdeetd investigata the2effedt on concreteness and
complexityofi cons whi ch are used in mobile pho

different age groups. Thus, the study was conducted with 10 young participants
aged between 19 and 29 years, and l1Opaldicipants aged between 50 and 65
years. For this experiment, 12 diféent functions on mobile phones were
determined and 4 different icons thate each abstract simple, abstract complex,
concrete simple and concrete complesre used to represent thisction. Also,

one of these icons was nteafédce becadise ibmghtr e a |
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help to investigate effect of familiarity and age depended performance differences

in real interfaces, and other icons were designed to investigate effects of

concreteness and complexity. Besides that, a software was develogadmehid

show 4 target and 4 distracter icons subsequently in a trial, and participants ask to
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screen in
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its functi on
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confirmative responses. Also, each demonstration which includes 8 icons was

repeater 4 times in order to investigate effect of familiarity, so for 12 functions,

participantsasses 384 icons in total during the test.
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Simple | Complex | Simple | Complex
Battery charging level Im [ - | o» )
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Figure3.34 Theexample of icon designs used instdgc hr °der &Zi ef | e,
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As a result of this study, although older participants reacted slower than younger

ones, the study has showed that complexity amtreteness of icon design is a

crucial for performance of gflarticipants. Also, according to results, complexity of

icons increases reaction time of all participants, and concrete icons were confirmed

more than 70% while abstract ones were confirmed 40&b6eover, responses of

concrete iconswere not affected by ngeated trials, so it is obvious that
concreteness is a crucial factor for icon design in order to provide better user
experience. Also, young and old groups perform same performance at 10Laf the
functions, and 8 of these functions were concrete andleimopns. Apart from

t hat , icons from real phonebs interface

participant groups.

Icon with Highest Fraction of ) Icon with Highest Fraction of
Reference Confirmative Responses R|ete1‘e_11ce Confirmative Responses
Function - Function N
Young Adults | Old Adults Young Adults | Old Adults
Battery . .
_3 cu Call diversion ~
charging level 100.0% 90.0% 95.0% 82.5%
Net i ﬁ?.
o b Alarm clock e
availability 100.0% 82.5% 90.0% 75.0%
Dial tone
, R Headset 0
silent 95.0% 77.5% 57.5% 10.0%
Mailbox h Appointment M
67,5% 52.5% 97.5% 87.5%
SMS A Vibration ; ui ;ﬂs
97.5% 95.,0% 90.0% 82.5%
3
Kevlock Camera =
80.0% 60.0% 77.5% 77.5%

Figure 3.35 Theicons with the highest Fraction of confirmative respsnseeach
task (Gray shaded i coface)( facler ¥aeoem&4ieafl| @,h
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1085
1100 1100 &7 1100
P Ry Ry _ 871 927 s .
£ 000 £ 900 - £ 00 111
= T00 f~ g = g
£ B 700 £ 700 ’—‘
500 T 500 T 500
Abstract  Concrete Simple Complex Young Old
(b) Concreteness (d) Complexity (f) Age
100% T30 1006 . 100% o1 0%
S E;:: 1 405% e ;;E« § REE 5404 q :}:: 4 0L 5004
= 0% o = % 1 Z 50% o
8 259 8 254 § 254
0% T 0% T 0%
Abstract  Concrete Simple Complex Young Old

Figure3.36 The reaction time and confirmative responses for each variable
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time negatively, but familiarity can eliminate thdgference. Besides that, age as

arother variable for this study do not affect general performance although older

group has always higher reaction times because it seems that there is no problem

about undrstanding the meaning of icons in interface.

(a) Young Adults (c) Young Adults
L . Looo
® 80% u g Abstract £ soo | @ b Simple
=z 60w 4 - E —— P
o 40% 4 ._,_...-4—.——". M Concrete £ 600 4 - B— Complex
20% 400
1 2 3 4 1 2 3 4
Repeated Measurements Repeated M easurements
(h) Old Aults (dy Old Adults
100% S 1400 —
® 80% A —— Abstract £ 1200 | —e—simple
=~ 60% | E——— © = = :
g 409 J ._.____‘___. B Concrete [.:E 1000 4 ““"‘-!_! B Complex
209 . . . 800 . :
1 2 3 4 1 2 3 4
Repeated Measurements Repeated Measurements

Figure3.37 Changes in reaction time and confirmative responses after repeated

tials( Schr°der &Zi ef | e,
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In conclusion, this study which investigated effect icon concreteness, complexity
and age of usarn user experience has shown important resttsording to result

of study, it is obvious that using simple and concrete icon design in GUI design
which will be used by users from wide age range would provide better user
experience in terms of understiamy meaning of buttons intuitively. Also, it $ia
shown that effect of familiarity would eliminate some performance problems about
icon complexity, and this is also important result that revealed that complex icons
would be use in a graphical user integaghich has longerm use scenarios, but
using d such icons in interfaces which would have siterin interaction like
websites would cause negative effect on first impression of users. The drawbacks
about this study would be that the abstract versiomsoof designs are too abstract
and the number gfarticipants would not be enough to tolerate performance drops

in such a long test.

Anot her study which was conduHf¢ecsadf by
smartphone icon background shapes and fifhaekground area ratios on visual
search performance ands e r p r e lh faat, ¢his stedg was conducted with

40 participants by using 7 background shapes, 5 figure/background area ratio and 3
screen sizes in order to investigate effect of these Vesiakhis test was shown at
smartphones, so icons were listed on the screen with 4x5 matrix similar to
smartphone interfaces. Also, 10%, 30%, 50%, 70% and 90% as a
figure/background ratio, and several geometrical shapes were used as an

experimental materis.
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Figure3.38 Theicon designs used in experim¢htio&Zhou, 2014)

During the experiment, among the 20 icons on the screen, it is requested to find the
"clock™ icon as soon as possible as a target icon, and this process is repeated 4
times, with the loations of all icons changing randomly. In the meantime, how fast
the wser finds the target icon is measured in order to investigate effects on their
search performance. After testing search performance, participants were asked to
evaluate icon designs byving point from 1 to 7 according to their individual
preferences. Theesult of experiment showed figure/background area ration affects
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userso6 performance, and participants per

ratio, and also, 10% is the worst one.

Means and standard error of task completion time (s) and icon
design preference (n = 40)

Task completion Icon design
Variables time preference
Mean Std. Error Mean Std. Error

Screen

size

35inch Background shape

B 230 0.08 243 0.02
C 2.39 0.08 344 0.02
D 2.60 0.08 385 0.02
E 1.99 008 5.89 0.02
F 2.02 0.08 5.05 0.02
G 223 0.08 474 0.02
Figure/background

area ratio

90% 230 0.06 3.72 0.02
70% 212 0.06 4.06 0.02
50% 2.14 0.06 433 0.02
30% 238 0.06 428 0.02
10% 283 0.06 294 0.02

40inch Background shape

B 2.17 0.06 346 0.02
C 223 0.06 389 0.02
D 243 0.06 402 0.02
E 1.48 0.06 5.91 0.02
F 189 0.06 .15 0.02
G 2.07 0.06 4388 0.02
Figure/background
area rafio
90% 2.16 008 3.77 003
70% 2.07 0.08 538 003
50% 220 0.08 6.18 0.03
30% 224 0.08 5.66 0.03
10% 2353 008 539 0.03
4.7inch Background shape
B 221 0.08 3.02 0.02
C 233 0.08 347 002
D 249 0.08 375 0.02
E 164 0.08 596 0.02
F 197 0.08 5.83 0.02
G 2.16 008 478 0.02
Figure/background
area ratio
90% 234 0.06 245 0.02
70% 213 0.06 342 0.02
S0% 226 0.06 487 0.02
30% 248 0.06 5.03 0.02
10% 2.66 0.06 331 0.02

Figure 2.3 Theresults of experimer{tuo&Zhou, 2014)
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Moreover, te r esul ts showed that background shap
and preferences, but the correlation between user performance and preferences

about background shapes is not clear. Adicg to results, participants performed

better at background shapefk aircle, rectangular and rounded rectangular, and

they liked most these shapes.

In conclusion, it is an important study in terms of showing how background shapes

and figure/background at i o woul d affect usersdé perfor ma
However these results would occurred due to the fact that three background shapes

that participants performed better are currently used in digital world, so people

interact with them in their digilife, and also, alternative shapes were insufficient

and unrealist. Similarly, 10% or 30% figure/background ratio were not realistic

values.

3.10 Conclusions

Technological developments leaded to occurrence of new interactions with
everyday products. In fgcwith the developments in electronic components of the
products, and new functions that it brought cause the occurrence of digital control
screens apart fro mechanical buttons. Besides that, with the invention of
computers, graphical user interfaceséawntered our lives. Nowadaysople are
surrounded by many things that they interact with via GUI such as computers,
smart phones, web pages, online sesviaad applications. Moreover, the digital
world has almost replaced real interaction in some areasvever, the first
examples of GUI appeared as imitations of the real world. The aim of GUI is
enabling users to communicate with device in order to befmefit its function.
Thus, similar to physical interfaces, graphical ones have layout, buttorngsgro
etc. in order to communicate with users. However, the most important and
innovative graphical elements in such interfaces are icons because this Ipictoria

interaction is the best characteristic feature of graphical user interface. Thus,
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changes in dégn of icons can be investigate in order to understand design trends

from past to present.

In the first examples of graphical user interface design of ie@ssdeveloped in

order to mimic real world to provide familiar interface for users. Next, icoms ha
evolved super realistic appearance with the technological developments and use of
new visual effects like shadows, reflections, transparency, etc. However,
widespread use of graphical user interfaces in different devices and areas caused
competition inthe market, so the concept of performance for graphical user
interfaces became the main topic. Thus, interface designs started becoming simpler
by focusingoruser s6 performance. As a resul:¢t
can be adaptable differentreen sizes and represent its meaning without causing

too much eye strain in order to provide better user experience.

In the first examples of GUI designs ambn designs, the most important and

0 |

determinative criteria were how they look realisticinomtdes benef it fr om

previous experience to provide them with more intuitive interaction. However,
after focusing on how users interact with such graphied, vihe effects of
characteristics of icons like concreteness, complexity, color, shapes, @méee
focal point for designers and researchers. Thus, many studies have been conducted
in order to investigate both effects of characteristic features ofdesign like

col or, shape, si ze, proportion, et c.
how they understand icons function, and find them easily despite of distracters on
the screen and their individual preferences. However, these studies do not go
beyond proving the possible effects of characteristic features of icons. In other
words, they tryto prove effect of variables by comparing them with extreme
examples. Thus, comparison between reel alternatives in order to decided which
one would be betteat real graphical user interface design needs to be made

specifically in the light of all thesgtudies in terms of methods and conclusions.
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CHAPTER 4

A STUDY OF THE EFFECTS OF ICON DESIGN AND BACKGROUND
COLOR ON VISUAL SEARCH PERFORMANCE AND USER
PREFERENCES

41 Introduction

The researcherds current mtions,ldevelopreentt and
and testing software interfaces of military system like air surveillance radar
systems, sets one of the main motivations for ngalgraphical user interfaces

(GUIs) of military systemsnore user friendly in terms of improving iconsign

and color usagéd-or this reason, this study was designed to investigate the effects

of icon designs and background colors on users' performafceopleting a

certain task). The study also aimed to achieve more realistic and feasible results by

adrering to some limitations in military interfaces.

However, the results of this study are believed to be beneficial for other sectors
with similar inteface design limitations as wellhe biggest problem of GUIs of
military systems is that they have a Hiit critical functions, such as detection,
diagnosis of a thread and applying countermeasures. Therefore, these systems
usually have very crowded androplicated interface screens to show all the
necessary information but at the same time, performande aperators is crucial

as they must not make any mistakes according to Bhattacharyya, Chowdhury, Pal
and Majumdar (2014). Such systems should avaddistracting GUIs in order to

not to cause any eye strain and mental fatigue on operators who haxienm fper

long hours a day. Another important criterion is that the information visualization
must be clear to improve (or at least not to decrease)rus 0 perf or man

According to study of Shen, Zhang, Xiao, Li and Liang (2020) This can be
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achieved by pgng attention to familiarity and distinguishability of the icons as

these would help users (i.e. operators) to easily locate them on the screen

With these in mind, alternative icon designs which will be tested in this study must
be simple and minimal likerend of flat design or material design (see in Chapter

I). Also, as much as possible concrete icon design need to be chosen to test in this
study because this study focuses on distinguishability, so using abstract icons in
this study would lead particgmts to make effort to understand meaning of target
icons or distracters. Therefore, concrete icons are preferred to provide them

familiar environ me nt . Al s o, Schro°oder and Ziefl

eods

(

effects of concretceness on userso perfor man

Figure 4.1 illustrates an example GUI of a military system. In the example, there
are a lot of menus, graphs, settings that operators control during the operation, so
visual balance and hierarchy is important in order to guide operator according to
order d process. Thus, use of color is also crucial issue for such interfaces in terms
of indicating status, situations or messages about the system. As a result of that,
color choice for icons that will be tested in this study is also important issue, so
caors of icons in such GUIs should not be too distracting. Moreover, red, green
and yellow should not be used as an icon color because these colors are commonly
used as an indicator of system status. For example, red is used in order to indicate
error or thead yellow is used in order to indicate warning and green is used in
order to indicate success or working without problem. Thus, using these colors for

icons would cause confusion for the operators.

Additionally, according tdrockmann(1991), using bght colors for other visual
elements in GUI would decrease the dominancy of these colors which shows status
of system, so it would affect the response time of operators negatively and would

cause crucial mistakes for such important military systems dtir@mperation.
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Figure4.1 Theexampleof a crowded screebased interface used in a military

systemby the author

Figure 4.2 shows that red, green and yellow are often used to indicate the system
and missions which the operator responsible for. Thezelusing these colors for
different visuals would decrease the noticeability of the crucial information on the
screen The figure 3.2 also shows an example of a -dathr-theme used in GUI
different from Figure 3.1, and this difference refers to anathportant criterion

for military interfaces.
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Figure4.2 Theexample of a crowded status indicators on the sdrgéime author

Some of the military systems are used in outdoor during operation, while some are
used in dark environment in the sheltess,the use of dark and light themes are
necessity for different context to provide good visibility and legibility foe t
operator during operation,; to prevent the operators from making mistakes; and to
not to cause eye fatigue in different environmenith wlifferent light settings.
However, software developers and designers might tend to use the same icon sets
on both @rk and light theme instead of designing two sets of icon for complex

military GUI 6s, so the i conainste preavidet hat
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enough contrast with both dark and light themes in order to explore whether it is

possible to use sameoin sets on different background colors.

4.2  Experiment Setup

I n order to compare icon sets in terms
preference depending on participantso6é ta
the test software was developed. The test softweame designed with Java,
programming languayg, which runs on Windows 10 to
completionubj emedi aemdevial uati on ratingso
that include four different icon sets on two different background colors (see section

1.5).

4.3  Selection of the Partici@ants

It was aimed to get wide range of feedback and obtain statistically myéalniata.

Therefore, this study was conducted with 83 participants from different age groups.

Figure 4.3 showsthe distribution of the participants by age groups. Although the

ef fect of userso6 age on their perfor ma
demographic information was collected for further research.
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8 3 Participants

Number of people

18-25 26-40 41-60
Age (Years)

Figure4.3 Thedistribution of participants by age groumpgthe author

It was believed that the reaction time of oldeeople can be longer than the
younger participants, it would not have anyeef on determining the best icon
design because they would react equally slowly for all options, so the total time
difference between them will not change in comparison of jdoumsnevertheless

the age groups of the participants were gathered in avdbat they might be used

in new version of study in the future. Accordingly, 37 of participants were

betweenl®5, 43 were between 28, and were between 4D years old.

As the most important criterion, the participants were selected among the
experierced users who are using at least two professional CAD programs in order
to eliminate negative effect of being unfamiliar with digital world and icon types
because slow and incastent reaction time ofexperiencedusers would have
manipulated the statistl results. Thus, the study was conducted with participants
who are familiar with such GUIdoreover, the participants were selected among
the engineers working in the defense industry with the aim of workirgpebple

similar to the operators in tegrof their knowledge about the domain. Also, these
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participants who are colleagues of researcher were invited to this study via a

general anail mentioned briefly about the subject of the study.

4.4  Venue and Equipment

All test sessions were carried out acrase computer desk, using a-hch
monitor with 1080x1920 pixels resolution and mouse from a minimum viewing
distance of 70 cm. This was because the GUIs were aimed to be used with same
size monitor and mouse inaldife, therefore the results were expett to simulate
realistic situationThe sessions were carried out in an office room illuminated with
natural light. There were no background reflections on the screen caused by
lighting or any distracting objectsndhe desk. The participants were lefbrad to

not to distract them, and each participant was allowed in the room once the

previous one completed.

4.5 Icon Design Sets Used as Test Materials

There are two independent variables which are background colac@andesign

in this study. The limitatios of themany GUIsthat this studytries coverwere
important factos while determining these variables. For example, only black and
white background colors were tested by considering day/night modes of GUIs
becaus, almost allGUIs thatwe interact in dily life include day and night modes,

so they consist of similar themes.

There are several criteria for icon desighat will be tested in this studkirst of

all, familiar icon typeswere choseiby researcher to manipulate their design during
the test.Therefore participantswill be preventedrom interpreting the meaning of
icons differently within different reaction time$o obtain more realistic reaction
times, using more complex or simpleon types than participants would encounter

in GUIs whichthey interact in their daily life was avoided.
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Figure4.4 The icon types that are used in the st(idgn8com)

Figure 4.4 illustrates all ofthe icons that will be tested in the studyhese are

familiar icon types thaall participants encounter irhéir daily life because all

participants have experience with professional CAD programs which includes such

icon types Thereforethe visual search test with these icons is expected to give a

realistic result. Also, due to comnum use of flat and materialesign trends in

current operator systems like I0S, Android, Windows, etc., these design trends

were followed by researcher while designing icon sets which will be tested in this

study because the positive effects of these srendca r e

on

u s ehave 6

perform

been revealed in previous studies, so most of current GUIs carry the traces of these

trends.

Another crucial criterion for this study is explore whether it is possible to usee

same icon set for both dark and lighettes in GUI. Therefore, eaclton set that

will be tested must provide a certain amount of contrast with black and white

background becaus&hite (1990) and Fowler and Stanwick (1995) revealed in
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their studythatamount of contrast between foreground &adkground is crucial

in terms of legibility. In their study, alternative colors were converted to grayscale
in Photoshop, and they measured the value of gray between foreground and
background. As a result, gray values range from O for bla@d&%dor white, so

they defined differece in gray values up to 85 as worst, and over 170 as a best in
terms of legibility. Thus, while designing alternative icon sets that will be tested in
this study, these values were considered for the best visibility of aodark and

white themes. Howeer, there are other limitations regarding the general use of
color in military systems in color selection. For example, some colors like red,
orange, yellow, and green are used in status notifications related to the system or
task status in GUIs, so thesaiof such colors in icon design can cause serious
confusion. In addition, the use of feminine colors such as pink and purple will not

be very suitable because of the product semantics.

+ 72 0B OKR /@ | MW SR a

Figure4.5 Thefirst icon set 1 that will be tested in the study

The first icon set was designed simple in order to match the flat design trend, and
also,while choosing gray color, it was paid attention to find color between black
and white which would provide sufficient visibility dooth themes.
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Figure4.6 Thecontrast ratio of Icon set (WebAIM, 2020)

According to standards of WCAG (Web Content Accessibility Guidelines)
graphical components should provide at least 3:1 contrast ratio, so it seems

insufficient a bit on white backgund.

%%?@@@f@ﬁ ()
+ ¢+ 220 W OB /7@ @I a

Figure4.7 Theicon set 2 that will be tested in the stutty the author

@ﬁ

Similar to the first sethe second set was designed simple according to flat design
trend. Also, white color and black strokes were used as color choices, so this set
will look like an icon design congiag of only black frames on a white
background, while it will look completely white on a black background. Thus, it is
expected to achieve arimum harmony with both themes because it has 21.0:1

contrast ratio for bottheme

+ + 20 O ROB/s/ @ i mE N

Figure4.8 Theicon set 3 that will be tested in the studhy the author
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The third icon set was designed as a blue version of the first icomhsetblue

color comes into prominence with its high contrast with both themes and the fact
that it dbes not cause any confusion with tt@ors which are used in order to
indicate system status.

Foreground Color Background Color
#0093F5 #FFFFF .
. 1 Contrast Ratio
Lightness Lightness 3.23: 1
[ [
Foreground Color Background Color
#000000 :
_ Contrast Ratio
Lightness Lightness 6.49: 1
[ [

Figure4.9 Thecontrast ratio of Ilcon s& (WebAIM, 2020)

According to standards of WCAG, this color provides enough contrast for both
white and black althagh it looks better on black.

LR HZE DB EORDEE AN
TP 0RO Z7Z70 im0 Sa& G

Figure 4.10 Theicon set 4 that will be tested in the stutty the author

The fourth icon set was designedth a background to create a layer in order to
increase feeling of buttons on the screen in accordance with the material design
trend. The blue colaof background was chosen for the same reasons with the third

icon set. Different fronthethird one, a fded shade of blue was chosen in order to
reduce its eyeatchnessthatits wide surface area with background causes. Also,

its backgrounghapeand figure/background ratioveredesigned according to Zhou

and Luoos (2014) study rmediangular ande70% al e d
figure/background ratio provide the best search time for users.
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Figure4.11 Thecontrast ratio of Icon set (WebAIM, 2020)

According to standards of WCAG, icon gkprovides the most balanced contrast

ratio on both black anethite background compared to other alternatives.

4.6 Data Collection Tools

The task completion time were gathered in order to assess visual search
performance bparticipants. Apart from that, subjective evaluation of participants
wasgathered through thefaoint Likert scale in order to be able to rank icon sets
on two backgrourslac cor ding to participantsd subject]
numerical informdon would be analyzed with twaay analysis of variance

(ANOVA) to obtain statistical results.

4.7 Procedure

Before starting the test session, participants signed a consent form (Appendix A)
which mentioned the purpose of the study and stated that onlyptréarmance

logs would be evaluated statistically without using their personal information.

Then, the test softwaretarted with an information page which explains the
procedure that participants will follow during the test in order to make whole

proces<lear for them to obtain their best performance for realistic results.
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Evaluation of Icons in terms of
visual search performance and
users’ preferences

- This test aims to help us to determine the icon design that will be used in GUIs
developed within our company.

- Participants are supposed to find and click the target “lock” icon ( @ ) among
15 distracters on each page as quickly as possible during the visual search test.
- Visual search test consists of 8 steps which include presentation of 4 different
icon sets on two background colors that dark and light.

- At the end of the visual search test, participants are supposed to evaluate icon
sets with 5 point Likert scale according to their subjective preferences.

Figure4.12 Theinformation page of the test softwdrmgthe author

This information page inform participants about that the visual search test will be
shown eight times for fourifflerent icon sets on two different background color,
and participants will try to choose icoffilock for each showing as fast as possible.
Also, at the end of the test, users will rate each showing according to their
subjective evaluation. As a resulttbfat, the test results will be used to determine
the icon design which can be used in the &tiveloped in the company that the
study is conducted with. After reading all information, participants can start the by

clicking fAstarto button on the screen.

Participants search for the find target icon in a circle stimulus array which has a
diameter & 16 cm and includes one target and fifteen distracters, and this
procedure is repeated eight times for each alternative during the visual search test.
The purpos of the circular array is that the cursor is always positioned in the
middle in order to bermpvided equal distance to all icons, so it would provide more
realistic results while selecting icons in terms of task completion time. While

creating this circdr array, Lindberg and Nasanen (2003) study about effect of

79



spacing on us e rhyevealpdahatficons shauld (@ positioned near

to each other without any spacing, and
for each icon according to sere size was utilized. Also, icons size was chosen as
32x32 pixels similar to their actual simsed in GUIs of the company. Moreover,
Lindberg and Nasanen (2003) study revealed that minimum size of icons should be

at least 0.9cm according to 70cm viewingtance.

After clicking the button of start on information page, participants will face avith

new screen which indicates that the number of next showing for visual search test.

Step 1/8

Figure4.13 Thescreen which shows the number of next shoventhe autho

Participants can start visual search test by clicking this button of star at the middle
of the screen before each showing. However, the main purpose of this page is that
cursor would be located at the middle of screen in order to have equal distance to
each icon on circular array after clicking the buttons of start on this page apart from
inform participants about order of the visual search test. Moreover, the time logs

for task completion start to be taken
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Figure4.14 Theexample of a visual search page for an icorbbgehe author

As the figure4.14 shows, the mouse cursor should be located at the middle of
circular array after clicking the button of start on previous page, so cursor has equal
distance to edcicon in order to provide better comparison in terms of task
completion ime of each icon set. Participants search for finding and click on the
icon of lock between distractors in order to see next showing with new icon set and
background color, and thigrocess is repeated eight times for each alternative

which includes fourdon sets on two background colors.

Target icon is always the icon of lock for each showing because overall design of
icon sets is one of variable of this study, not the icon tyip#se target icon would
change for each showing, comparison of icon typéde a crucial factor in terms

of visual distinctiveness while assessing task completion time, so a reasonable
analysis would not be possible with three independent variabtbsasuicon type,

icon design and background color. However, if the whaewsuld be repeated 16
times for making each icons targegasonable results would be obtained, but
comparison of icon types was not the subject of this study. The reason ahghoos
icon of lock as a target icon is that its form includes both straightarved lines,

and also, its form is complex a bit compared to others, so it would be more
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distinctive which help participants not to make mistake while selecting it among

distraders.
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Evaluation of Icons in terms of
visual search performance and
users' preferences

- This test aims to help us to determine the icon design that will be used in GUIs
developed within our company.

- Participants are supposed to find and click the target “lock” icon ( @ ) among
15 distracters on each page as quickly as possible during the visual search test.

- Visual search test consists of 8 steps which include presentation of 4 different

icon sets on two background colors that dark and light.

- At the end of the visual search test, participants are supposed to evaluate icon
sets with 5 point Likert scale according to their subjective preferences.

Step 1/8

Step 2/8

Plaase evaluate lcon sets with § point Likert scale (1:worst, 5:5est) according to your parsonal preferences

Operating system of your personal computer

Which browser you prafer

Figure4.15 The presentation efich steps of the tdsy the autbr
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During the test, eight alternatives which are four icon sets on two backgrounds
were presented in a random order as show as seen in Figure 3.15. Moreover, the
location of the taget icon and distracters were also randomized in circular stimulus
array inorder to prevent target icon from being located on certain position for
certain icon sets not to manipulate the results because the distracters which were
located next to the targevould manipulate the result by making visual search

process harder or easaccording to their similarity with the target.

In fact, target icon would look like more distinctive between the distracters which
have completely different forms in terms béir silhouettes while the target would

look invisible between the distractors which have similar forms with the target, so
if the location of distracters and target icon would not be randomized, task

completion times would be misleading for certaion %ts due to these reasons.
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Figure4.16 The presentation of an icon sethtack and white backgrouray the
author
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Il n order to assess participantsdé6 visual S ec¢

black and white background, background of theutar array was colorized as

seen in figure 49 for the presentation of dark theme.

After completing eight sips for visual search test by selecting icon of lock as fast
as possible amonigur different icon sets that have different design styleswan
different background, participants were asked to evaluate eight alternatives through
5-point Likert scales (Appndix B) in order to understand whether there is a
correlation between their performance and subjective evaluation, so they can rate

the options whih they like the most by giving 5 points and the worst by 1 point.

Please evaluate icon sets with 5 point Likert scale (1:worst, 5:best) according to your personal preferences

Operating system of your personal computer :

Which brewser you prefer :

Figure4.17 The subjective evaluatigrage of the tediy the author

As seen in figured. 1 7 , participantsd commonly wused
browser and their demographic informatiaere also collected. This information
was not the subjective of this study, but these were collectedén twr be used for

further research. For exampl e, i ssues such

86



performance or correlation between their intt browser preferences and the

effect of GUI design on that can be investigated in the future.

The summey of procedure;

- The test start with an information page explaining the procedure and asking
participants to cl i ck gedstastasgposghbeet Al oc|
- For visual search test, eight alternatives include four icon sets on two
backgroundare represented in a random order. Therefore, participants
search for the target icon in a circle stimulus array which had a diameter of
16cm andncludes one target and 15 distracters. Also, the location of the
target icon and distracters is randomizedhe circle stimulus array. This
procedure is repeated eight times during visual search test for each
participant. During this test, time logs afsk completion starts to be taken
the selection of the fAstart baétono p
each step to prevent the divergence of cursor travel distance.
- At the end of the visual search test, participants are asked to evaluate eight
aternatives through “point Likert scale according to their subjective
preferences. Also, their operationssgm, web browser and demographic

information are collected for further research.

This procedure was repeated for each participant. Also, testsgrpee participant

took around 4 minutes averagely, and all tastge completed within 2 weeks.

4.8 Results and Analysis of Visual Search Performance

The logs of task completion time and subjective evaluation ratings were collected

via test software. Aftethat, these results were analyzed statistically with SPSS
(Statistical Package for the Social Swes) in order to reveal the effects of
variables in the study in terms of wusers

variables which include in thiswsty;
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- Dependent variable :Task completion time
- Independent variables :lcon design ( 4 different icon set) and background
theme (Black and White)

Thus, the effects of variable icon designs with variable background colors on task
completion time statistidig, and comparison of icon designs with each other were

investigated.

TCT Descriptive Statistics
lcon Background Mean Std. Deviation N
Icon Set 1 Light 2,82459 1,408143 83
a Dark 2,59617 1,012343 83

Total 2,71038 1,227950 166
lcon Set2  Light 3,07758 1,396658 83
@ Dark 271917 1,475196 83

Total 2,89837 1,443341 166
lcon Set 3 Light 3,07600 2,109795 83
a Dark 2,96735 1,432597 83
&

Total 3,02167 1,798623 166
lcon Set4  Light 3,37411 1,985505 83
B Dark 3,11940 1,574261 83

Total 3,24675 1,790845 166
Total Light 3,08807 1,758352 332

Dark 2,85052 1,399106 332

Total 2,96930 1,592159 664

Figure4.18 The table of task completion time according to icon sets

As seen in Figuret.18, participants performed best with icon set 1 (2,59617
second), and worst witison set 4(3,11940 second) on dark theme. Also, although

there were quite similar results on light theme, icon set 3 turned out better than icon
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set 2 compared to dark theme. As a result, it is clear that icon desigrs Hftect

participants task completn time.

TET Tests of Between-Subjects Effects

Type llI Partial
Sum of Mean Eta

Source Squares df Square 7 Sig. Squared

Corrected

Model 35,8763 7 5,125 2,044 043 021

Intercept 5854 298 1 5854 298 2334 871 000 781

Ilcon 25,198 3 8,399 3,350 019 015

Background 9,367 1 9,367 3,736 054 ,006

Icon *

Background 1,311 3 437 174 914 ,001

Error 1644310 | 656 2,507

Total 7534984 664

Corrected

Total 1680686 663

a. R Squared = ,021 (Adjusted R Squared = ,011)

Figure4.19 The interaction between variables

Moreover, figure4.19 shows that icon design has statistically significant effect on
task completion time, F(7,83) = 3.3350, p < 05,

- lconset1l (M=2.71) < Icon set 4 (M=3.24)
- lcon set 2 (M=2.90) 4con set 4M=3.24)

However, there is no significant interaction between icon and background theme,
F(7,83) =,174, p > 05, . Also, background theme has not a statistically significant
effect on task completion time, F(7,83) = 3.736, p > 05, .
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TCT Pairwise Comparisons

95% Confidence
Interval for
- b
r— Difference
0] ) Difference | Std. Lower | Upper
kon lcon (1) Error | Sig." | Bound | Bound
Icon Icon
Set Set -188 174 280 -.529 ,153
1 2
Icon
Set -311 174 074 -B653 .030
3
Icon
fet -536 | 174 | o002 | -878 | -195
Icon Icon
Set Set 188 74 280 -,153 529
2 1
lcon
Set -123 174 478 -.465 218
3
Icon
Set -348 | 174 | 045 -.690 -007
4
Icon Icon
Set Set 311 174 074 -.030 653
3 1
Icon
Set 123 | 174 | 478 -,218 465
2
Icon
Set -, 225 174 196 -.566 116
4
Icon Icon
Set Set 536 174 ,002 195 878
4 1
Ilcon
Set 348 174 045 007 6390
2
Icon
Set 225 174 196 -116 566
3

Based on estimated marginal means
*. The mean difference is significant at the ,05 level.
b. Adjustment for multiple comparisons: Least Significant Difference

Figure4.20 The corparison of icon sets in terms of significant differences
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The comparison of icon sets in terms of significant differences revealed that icon
set 4 is significantly different from icon set 1 and icon set 2 in terms of task
completion time. Alsoalthough ion designs affect task completion time, there are

no significant differences between others.

TCT Pairwise Comparisons

95% Confidence

Interval for

2 3

Mean Difference

) W) Difference Std. Lower Upper
Background Background (I-J) Erl'Ol’ S'ga Bound BoUnd
Light Dark 238 123 054 -.004 479
Dark Light -238 | ,123 | ,054 -,479 004

Based on estimated marginal means

a. Adjustment for multiple comparisons: Least Significant Difference

Figure4.21 The comparison of background in terms of significant differences

Moreover, the comparison of background in terms of task completion time revealed
that there is no significant difference between light and dark theme although results
showed that the participants performed better with dark theme than light theme.

Accordingto results in figuret.22

- Dark background ( M=2.85) < Light background ( M3$)
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Estimated Marginal Means of TCT

3400 8
g
5 3200
: &
b~ TN
£ 3000 GG o
~
= o N
B 2800 a
£ 2600 )
7
2400
Light Dark
Background
[ Icon Set 1 Icon Set 3

[ Icon Set 2 I Icon Set 4

Figure4.22 The performance of icon sets on two backgrounds

In conclusion, results of the visual search test revealed that icon design could affect

task completion time significantly, and also, there were significant differences

between some icosets. Moreover, visual search test of icon sets on different
background showed t hat t her e wer e no sig
performance on different bagiound although they performed slightly better on

dark background than light one. Also, resuishowed that participants performed

better with icon set 1 and 2 in total.

49 Results and Analysis of Usersod6 Preferenc
The |1 ogs of par t i donpaings wete amalyzbd saitistically e ev al u e

with SPSS (Statistical Package for the Social Sc®neenilar to logs of task

completion time in order to understand the effects icon design and background
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col or on usersb6 preferenmcepar tAil csiop a ntthsed
performance and their preferences was investigated. Similar to anafiyssual

search performance, there are 3 variables for analysis of their preferences;

- Dependent variable :Task completion time
- Independent variables :lcon design ( 4 different icon set) and background
theme (Black and White)

Freference Descriptive Statistics
lcon Background Mean Std. Deviation N
lconSet1  Light 2,20 1,203 33
a Dark 2.33 1,201 33

Tota! 2,31 1,244 166
lcon Set2  Light 3,08 1,209 33
Dark 3.54 1,328 83

Tota! 3.31 1.330 168
lcon Set3  Light 2,40 1,272 33
@) Dark 360 1.104 83
2 .

Total 3,00 1.32 166
lcon Set4  Light 2,87 1.421 33
@ Dark 2,77 1.400 a3

Total 2,82 1,407 168
Total Light 2,68 1,353 332

Dark 308 1.37 332

Total 2,88 1.378 864

Figure4.23 The subjectie evaluation ratings according to icon sets

As seen in figurel.23, the most preferred alternative is icon set 2 ( 3,31 points in
total ) and the least preferred oneiden set 1 ( 2,31 points in total ). Also, the
highest rated option is icon set 3 dark theme while the lowest one is icon set 1

on light background
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Freferencs Tests of Between-Subjects Effects

Tyee Il Fartial
Sum of Nean Eta
Sourcs Squarss af Square F Sig. | Squared
comected | ier7see | 7| 28108 | 13817 [ .000 128
Intercept £517,163 | 1 | 5517.163 | 3208.970 | .000 324
lcon 93572 | 3 | 31191 | 18,650 | 000 079
Background 26,241 1 28,241 15,691 | 00D 023
| - o S an
Background | 41940 | 3| 12980 8350 | .000 037
Error 1007.084 | 656 1672
Total 8776,000 | 664
Sonected | 1258897 | 003

3. R Squared = 128 (Adjusted R Squared = ,118)

Figure4.24 The interaction between variables

As seen in figuret. 2 4, i n terms of participantso pref
significant interaction between icon design and gamknd theme, F(7,83) = 8.36,

p < 05, according to h2, 4% of tkiariance in evaluation ratings is explained by the

interaction of icon design and background theme. For example, there is an obvious
interaction between backgsatiucondset@mcate parti ci j
which participants preferred icon set 3aark background ( M=3.69 ) much more

than light background ( M=2.49 ) . On the other hand, icon set 4 has a negative

effect at icon set 4 case whiightthemed parti cip
M=2.87 ) slightly more than on dark them ( M=2.77 )

Freferencs Pairwise Comparisons
95% Confidence

Interval for

e Difference®

n ) Differencs _S:d. | Lower | Upper
Background  Background (I-J) Error | Sig.® | Bound | Bound
Light Dark .308" | .100 | 000 | -585 | -.201
Dark Light ,308° | ,100 | .000 201 585

Based on estimated marginal means
*. The maan difference is significant at the .05 lzvel.
b. Adjustment for multiple comparisons: Least Significant Difference

Figure4.25 The comparison of background in terms of significant differences
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Al

s o, background
preferences, F(7,83) = 15.69¢®5;

Light background (M=2.68) < Dark background (M=3.08)

t heme

has

Freference Pairwise Comparisons

25% Confidence

Interval for

o Difference®

n (J) Difference | Sid. Lower | Upper

lcon  lcon (1-J) Eror | Sig® | Bound | Bound
Icon |lcon

?et §et -1,008 142 | 000 | -1.285 - 127
-
Icon

?et -783° | ,142 | 000 | -1.082 -504
Ilcon

fet -512° | 142 | 000 | -.701 -233
Icon |lcon

§et ?et 1.008 142 | 000 Jg27 1,285
Icon

get 223 142 | 17 -.058 502
Icon

Set 494 142 | 001 215 J73
4
Icon |lcon

get Set 783 142 | 000 504 1,082
1
Icon

§et -223 142 | 17 -.502 056
-
Icon

Set 271 142 | 057 -,008 550
4
lcon |lcon

Set  Set 512 142 | 000 233 791
3 1
Icon

§et -.494- 142 001 -773 -215
lcon

get -271 142 | 057 -.550 008

Based on estimated marginal means

*. The maan difference is significant at the .03 lzvel.

b. Adjustment for multiple comparisons: Least Significant Difference

stat

st

Figure4.26 The comparison of icon sets in terms of significant differences
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As seen in figuret.27, comparison of icon sets in terms of their total ratings on
both themes, there is a signifitan ef f ect on userso6 preferences

05, , andhalso there is a significant difference some icon sets;

- lcon set 1 (M=2.30) < Icon set 2 (M=3.31)
- lcon set 1 (M=2.30) < Icon set 3 (M=3.09)
- lcon set 1 (M=2.30) < Icon set 4 (M=2.82)
- lcon set {M=2.82) < Icon set 2 (M=3.31)

Estimated Marginal Means of Preference

m

3.6¢
w
c
©
[}
= 3,3
©
£
oy
s 3,07
=
°
Q
® 2,7
E
1]
w

2,47

m
o
Light Dark
Background
B Icon Set 1 Icon Set 3

I Icon Set2 M Icon Set 4

Figure4d.27 Thepar t i ci pantsdé6 preferences on two
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In conclusion, results of the subjective evaluation ratings revealed that icon design

and background color could af fesdigurepartic
4.27 shows that dark theme is m@meferable than light theme except for icon set

4. Also, dark theme affected results dramatically for icon set 2 and icon set 3.A.
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CHAPTER 5

CONCLUSION

51 l ntroduct @on

This Chapter will introduce conclusion of this study and also, discuss the possible
reasons of statistical results. addition, some limitations in the study and points

that should be considered in future studies will be mentioned.

5.2  Conclusion of the Study

This empirical study was conducted in order to understand effect of icon design

and background <col or on wusersoOwhperfor ma
designing the alternative icon sets, in order to follow commonly used design trend

to benefitfromusr s6 familiarity with that visual
were limited by only color change, so study was limited to explore the effects of
figure/background contrast ratio of flat icon designs and background colors of
theme. On the other hanifl the visual search test was conducted with completely

different icon designs in terms of shapes, characteristic of different icon types such

as familiarity, concreteness, semantics, etc. would be included in the test, so there

would be several varialdevhich could not be statistically compared as a result.
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Estimated Marginal Means

Results of visual search test
Estimated Marginal Means of TCT
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Background
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of participants?©o

Results of subjective ratings
Estimated Marginal Means of Preference

perforr

The results of visual search test showed that on the dark background, there is a

similarity between the rank of icons frothe kest to the worst in terms of

participants?®o

lowest.

perfor mance

and

ranki

ngs of c

- Visual search performance on dark theme; 1 > 2 > 3 > 4 ( there were no

significant difference between icon set 1 and icon set@rasult of visual

search test)

- Foreground/background contras ratio; 2>1>3>4

Therefor e, it

can

b

e seen t hat

t he

userso

direct proportion with the contrast ratio of the icons with background. However, in

the visual search test results of the icons on the light background, there is an

inverse proportion according to the contrast ratio. In other words, the icon with the

lowest contrast ratio is chosen best, while the icon with the highest contrast ratio

seemsd hawe the worst performance.
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- Visual search performance on dark theme; 1 > 3 > 2 > 4 ( there were no
significant difference between icon set 2 and icon set 3 as a result of visual
search test)

- Foreground/background contras ratio on light backgrournd 3% 2 > 4

According to WCAG (Web Content Accessibility Guidelinds contrast ratio of
graphical objects should be at least 3:1 for better legibility. However, results on
light background revealed that while icon set 4 has the worst performance fwith 5.
cortrast ratio, icon set 1 has the best performance with 2.87 contrast ratio.
Performance results of icons on light theme showed that the rankings may change
after a certain threshold is exceeded, rather than increased search performance with
contrast diectly. However, despite the lower contrast ratio than the standards of

WCAG, icon set 1 got an unexpected result.

There would be 3 factors that caused this inconsistency about acceptable contrast
ratio of graphical elements. First;, WCAG may have detezthitie threshold of
acceptable contrast ration high a bit by considering the users with visual
impairments. Also, WCAG defines the intention of their criteria about contrast
ratio as that text must be legible even for users with low vision by providing
enaigh ontrast. Second, the focal point of WCAG is the legibility of text on the
screen, so icons with solid forms would have different results compared to text.
The last one, contrast ratio is defined as brightness difference between foreground
and backgrond, © contrast values which were defined with software and the
contrast that users see on the screen in real may differ depending on the brightness

and color accuracy of the screen.

Another important result is that participants performed slightly bettedak

theme than light theme although there is no significant difference between them as
expected due to higher contrast. Also, the black circular background used as a dark
theme may affect reaction time positively because such anatgking and high
contrag form which was positioned in the middle of the white page can make it

easier and fast for participants to focus on this area, but further investigation is

101



needed. Also, the mean difference accepted significant at the ,05 level, but effects

of backgound color could be accepted significant with ,054 level because the
results showed that figure/ background contr
performance, and background color is one of the most important elements of this

contrast ratio, but theostimportant reason of not having a significant difference

in background color in this study is that the chosen icon sets have similar contrast

ratios on both backgrounds. Thus, the distinctiveness of the background color was

limited.

Moreover, results fopat i ci pant s o preferences showed t
significant effect on user preferences, so participants always preferred dark theme

except for icon set 4. Also, the dramatic change in contrast ratios ®faset seB

with the backgrounds seemsratchthe dramatic change in users' preference for

dar k theme. Besides that, t-h whiclpiathée i ci pant s ¢
option with the most balanced contrast ration with both backgrounds, also seems
balanced.However, although there is a ®ers difference in the contrast ratios

which are provided by the sg&tfor both backgrounds, there is no significant

difference in user preferences, lpgrhaps gray color may not be preferred by users

since it creates a feeling of passivity due to its mmm wse. Also these results

revealed that there may be no significant ¢
and preferences, especially the results of icofi 4etould be the indicator of that.

In conclusion, icon sét 2 would be the best choice fdret canpany in order to use

it on their graphical user interfaces according to its balanced results from both

userso6 performance and preferences in total

5.3  Answers to the Main Research Questions

This study explored the effects of icon design and backgrounda@aior us er s 6
visual search performance and preferences via conduitgrajure review and
experimental studin order to reveal effects of each variable with statistical data.

The idea of gploring design elements that may affect the performance and
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prefeences of users in military GUIs as the starting point of the study has turned

into a study that its results would covel
performance is important duringe operation. As a result of the literature review

and the test stly conducted in this direction, the research questions determined at

the beginning of the study also had the opportunity to find answers.

1 What are the effects of color use in icon desigGul?
As one of the most important subjedf this study, both thditerature
review and the test revealed that the use of color in the GUI has important
effects on usersThe contrast provided by the use of colors on the
foreground and background would make sowisual elements more eye
catching in GUI. Therefore, usecan be directed with use of color on
warnings, buttons, icons, eia GUI in order to improve their reaction and
visual search performance. Al so, t he
visual search performance revealed that background color hgsifecant
ef fect on usersod performance and pref
figure/background contrast ratio affects users visual search performance, so
the background color has an immpd a n t effect on userso
means that; the desigf icon set where users can perform well on a light
and dark theme is possible with color preferences that can provide sufficient
and balanced contrast on both backgrounds. Therefore, theretioe,
preferences can be an important factor for user pedonce and

preferences in addition to providing visual hierarchy in GUI designs.

A What is the effect of background color and figure/background contrast ratio

on visual search performance?

Resultsof empirical study showed that increase in the figure/backgt

contrast ratio leads to increase in visibility of the related visual elements, so
usually they can be found faster on the screen. Besides affecting visual
search per f or ma we preferences ewere Oaffecded by e c t |

background color and contrastio according to results of study. Moreover,
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t he statistics anal ysi s of participant s
showed that the relation between contrasts and performance are mostly

propational for same icon set on both themes. Therefore while designing

the interface, user performance will be positively affected if the color

preferences of the icon or other visual elements are selected taking into

account the contrast values with the lgaokind color.

Is it possible to design an icon set that would provide similar visual search
performance on both light and dark themes?

According to the results, when the performance of the same icon sets on a
dark and light theme were examined, it waseobad that the icon sets with
balanced contrast ratio with both background colors gave more consistent
results in terms of user performance and preferences. Therefore, it would be
possible to design such an icon with reasonable color choices for both

backgound and foreground in GUI.

Wh a 't i s t he ef fect of i con design and

preferences?

According to the statistical results of ANOVA, background theme has a
significant ef fect on userso preference:
icon sets on dark background may lead to users to like the icons on dark

theme more. Therefore, it can be paid attention to provide high contrasts

while determining the colors of visual elements and theme in GUI design.

Is there any correlation between usgrs vi s ual search perform
their preferences?

According to the statistical results, there is no significant correlation

bet ween userso perfor mance and prefere

preferences, the personal tastes of the users are more domaranieir
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performance probably, so it may be more accurate to focus on what the
users do rather than what they say in such performance tests. Thus, users
should be involved in the design processes by taking into account the

results of their performance tesather than their opinions.

In summary, this study provid®eneficial results in terms of effects of icon
design and background <col or on user s
most GUI designs from different sectors which pay attention to user
performarce. Although some inconsisteace about wusersd perf
preferences could be tolerated thanks to high number of participants, more
accurate results about effect of different variables for visual search
performance could be obtained if test were @aned more than once by

defining different target icondn addition, icon designs for this study were

limited only by color changes, but in future studies, similar performance

tests can be performed by keeping the colors constant and changing design

styles by benefit from results of i study. Also, using the black circular
background for test of dark theme may affect the reaction time of
participants positively, so changing the color of the entire screen for

different theme tests in future studies mayeginore consistent results.
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APPENDICES

A. Consent Form

ARASTIRMAYA GONULLU KATILIM FORMU

Bu arastirma, ODTU Endistri Uriinleri Tasarimi Béliimi Yiiksek Lisans ®grencisi Baris Bumin
tarafindan yiksek lisans tezi kapsaminda yuritilmektedir. Bu form sizi arastirma kosullari hakkinda
bilgilendirmek igin hazirlanmistir.

Calismanin Amaci Nedir?

Calismanin amaci grafiksel kullanici araytizlerinde farkli ikon tasarimlarinin ve arka plan renklerinin
kullanicilarin arama performanslarina ve kullanicilarin kisisel begenilerine etkilerini arastirmak ve
bunlar arasindaki iliskiyi incelemektir.

Bize Nasil Yardimci Olmanizi isteyecegiz?

Calisma kapsaminda kullanicilarin arama performanslarini 6lgmek adina bilgisayar ekraninda
gorintilenecek ve fare ile kullanilan bir yazilim tasarlanmistir.Veri toplamak igin tasarlanan yazilim 4
farkli ikon setinin, 2 farkli arkaplan renginde toplamda 8 kere gdsteriminden olugsmaktadir ve her
gosterimde kullanicinin dnceden belirlenen ikonu o gosterimdeki ikon seti igerisindeki 16 farkli ikon
arasindan segmesinin istenecektir. Bu sirada her gosterim icin kullanicinin gérevi kag saniye igerisinde
tamamlayabildiginin  kaydi bu vyazilim tarafindan tutulacaktir. Kayitlarda katiimcinin adi
kullanilmayacak, kullanicilar sira numaralari ile kodlanacaktir. Performans testi sonucunda ise
kullanicinin her bir ikon setinin 2 farkli arkaplan rengi tGzerindeki gorintilerini kisisel begenilerine
gore likert dlgegiyle notlamalari istenecektir. Herbir kullanici igin excelde tutulan sayisal veriler, test
sonunda ANOVA yontemi ile analiz edilerek degiskenlere bagli anlamli farkhliklar incelenecektir.

Arastirmayla ilgili daha fazla bilgi almak isterseniz:
Bu calismaya katildiginiz igin simdiden tesekkiir ederiz. Arastirma hakkinda daha fazla bilgi almak igin

arastirmayi yiriiten ODTU Endiistri Uriinleri Tasarimi Bolimii yiiksek lisans égrencisi Baris Bumin (E-
posta: bumin.baris.bb@gmail.com) ile iletisim kurabilirsiniz.

Yukaridaki bilgileri okudum ve bu ¢alismaya tamamen gondillii olarak katiliyorum.

Katilimcinin isim Soyad Tarih imza

Goriismecinin isim Soyad Tarih imza
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B. The order of the tesicreens shownto the participants during the

experiment.

Ikon Degerlendirme Calismasi

Bu test ile sirketimiz biinyesinde gelistirilen kullanici arayiizlerinde kullanilacak ikon
tiriiniin belirlenmesi hedeflenmektedir.
Test siiresince kullanicimin 16 farkls ikon igerisinden kilit ikonunu ( @ ) en kisa siirede
bularak, se¢mesi beklenmektedir.
Tkon se¢im ekram, 4 farkl: ikon tipi ve 2 farkl: tema (ag1k.koyu) testi icin toplam 8 defa
gosterilecektir.
Test sonunda kullanicinin 8 ikon goriintiisiinii de oylamasi1 beklenmektedir.

Evaluation of Icons in terms of
visual search performance and
users' preferences

- This test aims to help us to determine the icon design that will be used in GUIs
developed within our company.

- Participants are supposed to find and click the target “lock” icon ( @ ) among
15 distracters on each page as quickly as possible during the visual search test.
- Visual search test consists of 8 steps which include presentation of 4 different
icon sets on two background colors that dark and light.

- At the end of the visual search test, participants are supposed to evaluate icon
sets with 5 point Likert scale according to their subjective preferences.

115



Deneme 1/8
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Deneme 2/8
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Deneme 3/8
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Deneme 4/8
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Deneme 5/8
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Deneme 6/8
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Deneme 7/8
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Deneme 8/8
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Please evaluate icon sets with 5 point Likert scale (1:worst, 5:best) according to your personal preferences

Operating system of your personal computer :

Which browser you prefer :
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