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ABSTRACT

The @mmplexityof web page$ias been wiely investigatedMany experimental studies
used several metrics to measure certain aspétite users, tasks or GUIs. In this research, we
focusing on the visual structure of web pages and how different users look aetaeding
complexity. Severalnportant measures and design elements teredy beeraddressed
together to studthe complexatureof thevisualstructure. Therefore, we promoted a metric
model to clarify this issue by conductisgverakexperimens on groups ofparticipants and using
severalwebsitedrom different genreslhe goal is to form a metric model that Gsist
developerdo measure more precisely the complexity of web interfaces under development.
From the firstexperimentwe coulddraw the guidelines of the major erdggiin the metric
model, and the focus was on twmst importantispect®f the web interfaces, which are the
structural factors and elements. Thus, four main factors and threele@entsvere more
representativeto the concepiof complexity. The fourdctors are size, density, grouping and
alignment, and the thredementsare text graphics and linkBased on them we develega
structural metric model that relates these factors and elements together, and the results of the
metric modelre comparetbt he web i nt er f ac estatistcad analydioor at i ngs
predict the overall complexity afebinterfacesThe results of thagtudyarevery promising
where they show our metric model is capable of predi¢ciiagomplexhatureof webinterfaces

with high confidence.
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CHAPTER 1. INTRODUCTION

Background

Today, withawide spread of the technologgnd the usef computerized systems
everywtere we can think ofye canquicky noticethe invasion of screens everywhere. Many
paperbased systems habeen convertetb computer based systenksirthermore, to increase
the accessibility of these systerttseytend more t@xist in different formshat carbe accessed
via the internet suchsphone applications and websites. Alswjtal featurethat distinctthis
era, isthehigh competitios and the high demasaf technological adaptationghereforethe
properusability of Graphical User Inteate (GUI) is not only a user satisfaction attribute, but it
is a quality factor. A user may prefer to purchase aymillom a web store over other types of
storesdue to the clear amstraightforwardorocess, and theaveniencef finding almost
anythirg out of reachConsequently, webserve the grow and emergecomputer
specializatios thathandleand takes care of many aspetist are relatetb GUIs and user
interactiors.

Numerous studielsave beemlone to mitigate theegative impacts thaan hgpen due to
failuresin designing proper and quality GUbnd it is not onlyessentiato the success of the
softwareproductbut alsohas a veryigh value of benefits that software project stakeholders can
gain out of it. For example, the ability to dret the success of specific tasks, determining the
time completion of specific taskmeasuring the satisfactory level of users at early stagds
computing the performande achieve the targeted gefl]. Theseare verysignificantbenefits
that can cause either the failunethe success of software projed#oreover, neglecting

usability testing in some crial systems can lead to disastéos example, using only visual



emergency light indicators on systems that blind users potential group of users for it, is a
tragic mistake that may lead to deaths in some situations.

Nevertheless, ubdity testing has a dark sidét requires varioughings to be set up to
gainrealoutput suchasfacilities, equipment and staff timélso, the sample size is usually not
enough most of the timand it is hard to maintain the commitment of the participahts,
analyzing the data that they generatatisme-consumingandcompicatedtask to do. Therefore,
many solutiondhavebeenintroducedo moderate the flaws that may occur by software testing,
andsoftware netrics areone of them, which ammeasursof someproperty of a piece of
software or its specification$he objectiveof software metricss finding reproducible and
guantifiable measurements, which may hseeeralvaluedapplications irthescheduleand
budget planning, cost estimation, quality assceaesting, software debugging, software
performance optimization, and optimal personnel task assignfi2g¢nts

Problem Definition

It is knownthat testing codeareone of most rushed phases in software development due
to many reasons, and that puts the usability testing in a worse situation because development
teamsusually tendo rank functionalities over the look and feel of the eyt thatarein
preparationEspecially, if the deadlines are very tight, so delivery becomes dhe pfoject
priorities Some people are ignoranttbieimportance of GUI particularly in liferitical systems
in which flawsof GUIs can be disastrousor instanceThe Therae25 was a radiation therapy
machineformedby Atomic Energy of Canada Limited (AECL) in 1982t least six accidents
between 1985 and 19®ccurred in which patientsvere givermassie overdoses of radiation.
Resuting in death oserious injury, and according to many software expegrtssomplexityof
the GUI wasa major contributing factoin that catastrophi]. The cost is not onlguman lives,

but also sometimes it can affect their lives venpleasantlyrom a different perspectiven|
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astudyprovided by Adaptive Path, Bank of America direcdnvestigationinto why they
weredropping behind their competito’spproximately 486 of their customers were giving up
the online registration due to the hard user experigreehad during that procegY. Another
devastatingtudy, which is doneby the Institute of Electrical and Electronics Engine@EEE),
almostall projectsthat are under developmeBtto 15% will be abandoned before or soon after
delivery due to poor usability, and causing a los81&0 billion[5].
Subsequentlythe need for robust GUIs that cbe testedefore they become available
to theirendusers is a demanding need, especiallywéle interfaces due to tlvastspread of
thewebapplications and systems. Consequently, studying and analyzing the structure of web
interfaces will allow us to approachality web pages, which result in successful software
products and avoiding costly failuré¥eb pages have a variety of content thatlentifiedas
hypermedia such as videos, images, text, flashes, links and others. The perception of all these
visual elenents and their categorization varies from one person to another due to many factors.
For example, a website oriented to kidsod educ
differ from theaudienceof an online banking systermherefore not anly the reflections to those
systems diverge based on human factors, but also, the visual design elements have variable and
standardeatures that influence the browsing experience such as the defrdijgcts ora
screen. Another problem faces us inegseng the complexity, is the diversity of methods in the
literature to measure various parts of GUIs that causes the sense of complexity, we know each
website is designed differently and has a distinctive interaction experience.
Severalproposalsisemanyquantitative measures to evaluate the complexity.
Additionally, there isa healthysign that thgercevedquality of a GU$ has a positive influence

on the ideathatuse s h av e a b o effectivenesmndsisalsility{&] nMardy metris



models attempt to address the problem of structural complexity; however, the ¢texkiofl
feature, which i€ohesivenessnake them nientirelyapplicable and acceptable in tiveb
development world.
Objective

This research is about constructing, building and developing a coherent structural
complexity metric model to understand complexity based on critical measures along with
importantdesign elements exist in the literatufée objective of this disgéation is to introduce
this metric model by which automated tooés be built in the future foredict and present
levels of web interface complexity. The nature of software development phases most of the time,
especially, in the testing phase does iotxaappropriate resources such as money, time, staff
and participant to conduct usability testing sessions. Tsirsg metrics tauantify the
complexity during the development process of software products enhances the overall outcomes
of thesoftware pojects.

The starting point of our approach is investigating the web usefiitdhe foundations
of the metric model along with the mgsipularand reported entities and factors in the
literature which havea correlationwith GUI complexity.Therefoe, addressmg to what extent
the structural measures and the elements of complexity existed confirms the views of actual users
of different characteristic#\lso, this studywe take into consideration the variety of website
genres, which is a factor thagbeen ignoredh many studies in regards to structural
complexity factors and objects within the scopéhefvisual evaluation Usually, similar systems
are compared together to measure the complexitgre in fact some of the structural factors
and eéments that may cause complexity are either absent or have less eniphieser,
presenting structural design elements to the users from the perspective of structural complexity

measure gives the study a unique dimension. For instance, thevesees the complexature
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of hyperlinksregardingspecified factors such ag&e, densitygrouping and alignment instead
of evaluating with no guidelines.

Research Approach

We assume that developers will build a tool in which our metric modebwvill
implemented The metric model will be able to predict the complexityweb pagesased on
certain factors and entitiéisatexist on their layout. Therimarygoalof this tool is to decrease
the chances of conducting usability testing session at early stage& ahd feel desigrHence,
the researchds the foubroadphases: amplexity metricsdentification complexity metric
model formation, test caskesign and comparison effectiveness

Complexity metric identification

In this phase, we survey the readmplexity metriditerature and westudy web users to
establish the complexity metric modBlsed on the statistical analysis of the data collected in
this phasga complexity metric model is formed.

Complexity metric modelformation

This phasencludesconsideringheliteratureto find metrics that have been used to
addresghe complexity ofGUIs from a structural point of view, arige useof these metrickave
become frequent arabntinuel over the yearsThen,we selecthe most efficient and relisd
metricsbased on the results they produoeaddition a surveyof web users is conducted to
investigate their understandingwébinterface complexity. By combining the results from both
surveysa list of factors aneélementss driven to form the gneral frame obur metric model.

The hypothesesf this researchlso will be determinelly this processand then, the design for
test cases will take place to exam#8ssumptiosdd correctness. An il |

assumptioawill be like this:

ustr



1. A set of factors and entities arebpagesare better predictors of web
interface complexity than other ones.
2. Asetofelementé characteristics whigah are dri
better prediction fowebinterface complexity.
3. Based on thetatisticalanalysiso f user sé views on web ir
the combination o$tructuralmetricscan work as a predictor efebinterface
complexity.
Test case dsign
In this phase, we select a setnab sitesthatconsist of five from different genres lve
usedin alaboratoryexperiment. Tasks, setup, participegttruitmentand equipment are
establishe@nd implementeth this phase

Evaluation, calculation and data analysis

In the last phase, our calculations and measurements for the complexély ofterfaces
of the selected websiteseassessed gai nst t he Wlseevalsadioneiliacludeat i on s .
advancd statistical tests tdetermine the level of correspondence between the data prduyced
the two methodsf the assessmefudr the webinterfaces such the-test,Analysis of Variance
(ANOVA), Linear Regressioand Principal Componentrnalysis(PCA).

Results and Significance

The result of this dissertation reseaittiudes
1. Designing and implementing structural complexity metrics fdv wméerface by
extracting web usersd vi ewsodifichtiorsbr uct ur
Model Screens (MS) techniqughichis Identified Visual ObjectgIVO). The

amendments that we did on the MSheinnovation of our approach.



2. The set oktrudural complexitymetricsis basedon the distinction between the
structural factors and the structural elemuarttichin theory theu s er s 6
evaluations matchs general frameFour structural factors and three structural
elements were selected to build thetric model as shown in FigureBach
structural factor of the four measatbe complexity of each structural element of
the three Consequently, by mixing and matching the féastorswith three
elementsthe result is twelvstructuralmetrics.

3. Forty-one textual, graphical, and links attributes, as shown in Figinad?been
put to the test to select only twelve in e&attor categorywhich were ranked by
experi ment saéshgwa in Figue,opcalaulatesthe overall
complexity of a wehnterface.

4. Each attribute of structural elements baen calculatel or t en websi t es
homagegerfour structural factor8Based on the statistical analysis, we selected
twelve metrics, and they astrongly related and carried considerable weight to
represent the overall structural complexity.

5. The conjunction otherealscreenscreemrmodels and our addition of identifying
the structural elements the screemodelresulted in a more compact and
comprehensive complexity metric that tak&® considerabn the most
compellinginfluences of web interfaces. Our research is thedirgs kind that
measursethe complexity of element attributes accordiaghe complexity
structuralfactors as one unit instead of focusing on either one of them separately.
Therefore, we believe the outcomes of this approach is much more effn@ant

theothermethod, in some of which the concentration is only on one side, either



factors orelementsBy applying our metric on two empiricsiudiesthe results

were very pomising in predicting the complexity of web interfaces.

Structural Complexity Model of Web “
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Graphics
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Figure 1. Preliminary structural complexity metric model for web interfaces
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[ Number of Font Sizes (NFS) ]
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Number of Graﬁhic Sizes (NGS)

Number of Link Font Sizes (NFLS)
Number of Links with Standard Text Length (NLSTL)
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Number of Usage of

Total Number of Words (TNW)
Sum of Text Font Sizes® (STFS)
Usage of Complex Font Styles' (UCFS)

| Total Number of Graphics (TNG) ]
Sum of Graphic Sizes. (SGS)

Total Number of Links (TNL)
Total Number of Graphic-Links (TNGL)
Total Number of Non-Underlined Text Links (TNUTL)

Texts

Graphics

Number of Colors used for Text - (NCT)
Number of group text areas, highlighted with bordered regions: (NGTABR)
Number of group text areas, highlighted with colored regions: (NGTACR)
-Number of group text areas, highlighted with lists. (NGTALR)

Number of group graphics, highlighted with bordered regions. (NGGABR)
umber of group graphic areas. highlighted with colored regions. (NGGACR)

Graphics

Model Screens

lumber of group graphic areas, highlighted with ists: (NGGALR)
T ————————————————————————"
Number of colors used for links: (NCL)
Number of group link arsas, highlighted with bordered regions: (NGLABR)
Number of group link areas, highlighted with colored regions: (NGLACR)
Number of group link areas, highlighted with lists: (NGLALR)

Identified Visual Objects

Structural Measures
Structural Elements

Numbers of vertical and horizontal alignment points for TEs areas: (NVHAT)
[ Number of lext area aligned to left. (NTAL)
Number of text area aligned 1o nght. (NTAR)
[ Numberoftext area aligned to center (NTAC)
Number of text area justified: (NTAJ)

Numbers of vertical and horizontal alignment points for GEs areas. (NVHAG)
Number of graphics area aligned to left: (NGAL)
Number of graphics area aligned to right: (NGAR)

Number of graphics area aligned to center (NGAC)
Number of graphics area justified. (NGAJ)

Graphics

Alignment

Numbers of vertical andhorizontal alignment points for LEs areas. (NVHAL)
Number of Links area aligned to left (NLAL)
Number of Links area aligned to right (NLALR)
Number of Links area aligned to center - (NLAC)
Number of Links area justified. (NLAJ)

Figure 2. Detailed preliminary structural metric model with forty -one attributes of
elements
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| Number of link areas that are highlighted with colored regions

| Number of vertical and horizontal alignment points of text areas

| Number of graphics aligned to right

‘ MNumber of links aligned to right

Figure 3. Structural metric model with the twelve highly ranked elements
Structure of the Dissertation

The rest of thelissertationis organizeds follows.

Chapter 2 presents the related work. Chapter 3 displagettstopment of structat
complexity metric modedndthe test plan design. Chapter 4 describe the empirical study and
data analysisChapter 5 explains the calculations, the analysis of the results and the
interpretation of thstudyd o u t Chaptee & summarizes the conttiba of the dissertation

research and the discussion of the future work.
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CHAPTER 2. LITERATURE REVIEW

Many subjects are related to tleemplexitymetrics However the focus in this chapter
is only on complexity metrics that are arelationshipwith GUIs and other complexity metrics
are not covereth thischapter

Software Complexity Metrics

To startoff, we need grecisedefinition of measuremesthat can enlighten the path to
construct oneAccording to[2], A fimeasur ement i s the process by
are assignetb attributes of entities in the real world in such a way as to describe them according
to clearlydefined unambiguous rul@sThus, a measurement capture samikcal information
about attributes exist on entities that we @reut For examplelet'simagine that a person
wants to choose a room in a house for sleepingaaedsentiatequiremenbr characteristic of
thisroomthat he/she casabout is the room temperatuvehich mustbe 25 CelsiusSo,from
this descriptionwe can infer the terms used in the definition of the measurement. Consequently,
if we apply the definitionn many casem our lives, the significancef measurements will
immediatelyrise. We do measurements for many reasons, for exdjple

1 Predictions: many aspects of softwarefatal for the success of the products
such as perfornmee, effectivenessind reliability.

1 Evaluation: how do we know if we are doing a magnificent job or a disaster? The
ability to evaluate the work and its outconeestinuousy, assess very much
thedestinatiorof the entire software projects.

9 Prioritization: doing the right job, is not always acceptable because it might be it
was not the mosiutstandingob on a task list. Also, it makes the questiohat
is next?Easierto answer.

11



GUI Structural Metrics

Lines of @de (LOC)(SLOC)is a veryfamouscomplexity metrics that is used to
measure the size of a computer program by countmguamber ofinesin the scripts ogource
codes of programs. However, sources codes have very distinct nature and characteristics by
which measuring the complexity ofus is not feasibleThere are twdey categorieof SLOC
measures: physic8lLOC andogical (LLOC).Precisedescription®f these two measureéifer,
nonethelesghe mosimutualmeaningof physical SLOC is aumof lines in thescriptof the

program'ssource cod&vithout comment line$8]. An example of iis shownin Figure 4

for (i = 0; i « 100; i++) printf("hellao"); * How many lines of code is this? *

In this example we have:

« 1 Physical Line of Code (LOC)
« 2 Logical Lines of Code (LLOC) (for statement and prinf statement)
+ 1 comment line

Depending on the programmer and coding standards, the above "line of code"” could be written on many separate lines:

printf("hella™);

In this example we have:

« 5 Physical Lines of Code (LOCY: is placing braces work to be estimated?
« 2 Logical Lines of Code (LLOC): what about all the work writing non-statement lines?
« 1 comment line: tools must account for all code and comments regardless of comment placement.

Figure 4. SLOC (LOC) and logical SLOC (LLOC) examples

Mainly, GUIs have been studiddsed orthe usability concept becausecibvers several
aspects of GUIs characteristiddhere are several different ways of evaluating a it include
formal, heuristic, and manual testif@thertaxonomiesf user evaluatiomethodscomprise
predictive and experimentalontrastinglistincive software, some of thosssessment

proceduresnayhang orexclusivelyon users and may neuae computerizear considered

12



mathematicallyj9]. For exampl e, in a heuristic evaluat:

interface andssociatét with knownusabilityvalues The analysis resdts in a list ofpossible
usabilityproblems As anyassessmenéchniqus, it has advantages and disadvantage as shown

in Tablel, and it does not mean to abandon the usability testing.

Tablel Heur i sti c eval uanddisadwadtsge advant ages

Advantages Disadvantages

1 It can deliver some rapid amtieap 1 It needsnformationandknowledgeto
advice to engineers. apply the heuristicsuccessfully

1 It can find reaction early in the design § Skilled usability experts are sometime
development. hard to find ad can be expensive.

1 Assigning the precise heuristic can ai 1 Multiple expertanust be usedndtotal
propose the finegiractica measures tg their results.

designers. 1 Theassessmemhayclassifymore
1 It can beused together with other trivial problemsandrarermain
usability testing methods. problems

1 Usability testingcan be conductei
additionalexaminepossibleproblems

Calculation methodare mainly dividednto two categories. In both types, methods
include a mental whithrough and heuristic evaluations that depend on skilled engineers and
experts to distinguish problems based on guidelines and human performance criteria. Other
methods are more experimental and datiéection oriented, and they are achieved either in

workshopsor the work fieldg10].

13
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Typography and Information Theory

Bonseippe[11] pointed to the Information Theory and the Concept of Qerity that
Shannon and Weaver developed a formula for to me#sei@mplexity otypographically
designed pageandFigure 5 shows an exampéanexperimentonducted by Twymafi2] to
check for content effects and to simplify reading of the data analysis. Many stfidiesrd
adopted this method to measure the visual screen compleXifindbwsapplications. Recently,
it has beertiakento measure the visual complexity of web interfaddss technique includes
calculating the number of components on the screen and the number of horizontal and vertical
alignment lines connectintesecomponentsin relation tothe informatiortheoryformula, as

these numbers rise, so does the level of visual complédty

00000 00000 00 0 00000 00O

200CC000C X000000K X 300 X000 XXX XK X000 X

20000 00000000000 00 0 000 00000

XXOOOOCOK XAOOOOK. XX00CK XX X000 X000 XX
2000000X 3000 XX X0000K XX X3 0000 X000 XX
2000CK XOCOOCOOO0ON XI0OOCOONK X000 X000 00000 00000000000 00 0 000 00000

OO XXAX XX ICOCXXK XK XX XXX KT XX 00O, IOARX XOCXXH XX XK XK XX
OO0 XEOOCOGCHOL XX X00( OO0 XX FOOCHOOKK XK KX XXAXAX XK KX X000 XXX 200

J00O0K X0OOOEOCONON X0N0000ONK XOOO0K X000 200COC OCOOAXXAX KOOCOCOA XXXXAX O
200K XXX XK XCOOOOKAXK X000 XXXXX

0000000 000000000 J0000OOO! XXX J0C XAAXXX XX XX X0 XXX XX
0OCOOOOOOO! XXX XX XXX XDCOONOK XX
30000 XAXXAX OO X000 00 FOOKK XXX XXX 00K

XX XCOCOOCOE XOO00K X0 X0CO00000C XXX
peteseciocedeirraciiodoredrrececs el 30000OC0000C XCONOOOX X0¢ XXX 00000 XX
300G XXCOOOON OO0 XX X00OC0000C XXX 2000 00NN XXX XX 00000000 XXX
OO XI00K HOO0OE XOCOBK XK O000O0C XXXX X0COO0OC XXX 200K

5] HHHHH [HHHHHH| HHHHH | HHHHH  |HHHHHH

Figure 5. Measuring the complexity of typographical designed pages
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Evaluation of Screen FormatsUsing Structural Factors

Tulis [14] built on top the information theory formylkm become more applicable in

measuring the Dialogue Boxes (DB) complexity, in which he presented the model of complexit

that consist of the total complexity scpamd his approadbased on four measurements of

complexity (size, density, alignment and groupifid)ese four measures haween widely used

in several differentvays of measuing the complexity oscreen comgent, for example, it was

utilized in conjunction with thgrobabilitiesof the information theory as Miyoshi ailurata

[10,13,15]studied Figure 6shows an example ofhe equations used talculate the complexity

and density complexity, and FiguresBows acag ofthe hypothetical DBsmployedin an

experiment to measure the same four factors

One of two measures ahout size based on the
information theory using on probability[§] was
defined as the sum of the complexity of each el-
ement type such as a button, a radio-button, or
an edit box, as follows:

dCs;

—N;Y " pis logy pis
8

cSs

CS;

where C'S; is the measure of complexity with re-
spect to the size of the ith type element on the
screen, V; is the number of the ith type elements
and the p;, is the probability of selecting ele-
ments with the sth size in the i th type elements.
The subscript s indicates the size order.

This measure of density complexity depends
on the grouping factor because the measure is
calculated using density within the group. We
defined the independent measure of density along
with other factors and calculated it using the
proximity of each element on the screen as fol-
lows:

Eij = 1- f,;j
> e
= i<j
b N(N=1)/2

where e;; and [;; are the proximity and the dis-
tance between the «th and jth elements on the
screen and the ID (Index of Density) is the aver-
age of the proximity of the other elements.

Figure 6. Complexity of size of each element type and complexity of densityth other
factors
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FIGURE 1 Hypothetical DB examples: (a) shows size-variation factor,
(b) shows grouping and local-density factors, (c) showsalignment factor.

Figure 7. Hypothetical DBs used in an experiment to measure the same four factors

Source of Figure 710] A.Parush R. Nadi

User l nterface Screens:
Interact.

r, and thalLayoSthftGmaphjcal A Ev a | |
Val i dalntiJoHum:Gdmpuh Nu mer
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Also, Sear$16] industrialized a layout metric named Layout Appropriateness (LA), in
which each task requires a series ofiaties and the metric tries to compute the costs of each
seriesof activities Xing [17] establisheanetricswhich apply three features related to
complexity: numeric sizeg varietyof elements, antherelationamong componentdloreover,
Parushdeveloped aumercal model[10] consists of four screen factosementsize, grouping,
alignment, and local density to assess the GUIs.

Automation of Screen Evalwations

The before mentioned studies of the metric models did not have automated tools to do the
calculation; thus, the following studies took chances to develop automated tools to do so. Sears
[18] presented a gtric-based tool, AIDE, which to some extent it computerizes the assessment

process of user interface layousdFigure8 displays theoolé maininterface

= CMALSWORKIAIDEVAIDEVAIDE v |-
AIDE Control Panel

Optimize? Metric Interpretation Value

Vv 4 Efficiency Very Good 100

\/ 1l Alignment Very Good 100
Balance

X Bottom-Top  Slightly Top Heavy 113

X1 Left-Right  Moderately Left Heavy 56
Constraints 0 of 2 violated 100

Load Optiral Lagout Update Values
Inifialize Files Quit

Figure 8. The AIDE Control Panel. Efficiency and Alignment have weights of 4 and 1
respectively
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Source of Figure 8: [18). SearsAIDE: A tool to assist in the design and evaloatof user
interfaces 2001.

Fu et al[19] developed a mathematical tool to assess the screen complexigp of
pages utilizing four measuremes: size complexity, local density, grouping, alignment.n
addition they applied the screen molding mechanize in their experiments in which only the
structure outlines of weppages are drawn on teereerto measure the different aspects of the
compaents without any contents inside thdfigure D displaysan example of model screens
and real screens used in Fu e{E3] researchAlemerienand Mage[20] developed a metric
based tool, GUIEvaluator, which evaluate the complexity of the user interface based on five
modified structural measures of complexity: alignmgruping, size, density, and balance.
Apparenly, all these measurementgre takerfor visualelementsThus thereare many studies
conducted to discover the unique features and attributbesdlargeelements, such as text,

videos, flashes, picturegenus, listshuttons and data entry boxes.
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L e ey
The Analysis of GUI Grouping s completed successfully 100%

A —— y

wmuuanmmzax
‘ Density ]

Balsace

Alignment

Figure 9. The extraction and analysis window of the GUIEvaluator

Source of Figure 920] K. Alemerienand K. Magel , fAGUdoBaral uat or :
Evaluating the Complexity of Gr apii8 cal User |
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Building Blocks of Web Interfaces

Nonetheless, Ivorf21] suggested that the building blocks of web interfaces are texts,
links, and graphicsFurthermoreother studies aronstrate the significanad these three
elements such as Nielsgt?2] mentioned in his book tha&xtrecommendeteingkept short; by
applying 50% less text in print publications. Spool ef24] statethat a huge number of links
obstructs navigation. Schallg®1] says graphics complexity impact beginners much more than

specidists, as they requisite to deliberately preserve a sense of signs in working memory.

Performance
Page
Formatting

Text Link Graphlic
Formatting Formatting Formatting

Text Link Graphic
Elements Elements Elements

Figure 11. Aspects associated with Web interface structure

Source of Figure 11211M. Y. l vory, AAn Empirical Foundat.
Evaluation, 0 University of California, Berkel

In our apprach to this research, we are attempting to develop a metric model based on
the structural measures and elements to extend the work mentioned in the previous wWark. As
first step to our approach, we decided to understand more how users of websitésHeok a
regardingcomplexity. Even though this may result in subjective output, it is very significant to
havea solid base fothe metric model that we are developing. In the previous work, the

emphasis on the structural complexity issue was either framesthetic point of view or with
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attention to major structural complexity factors of web pages. Secondly, based on the result of
the previous workwhich shows a strong relationship between complestitycturalmeasure and

the visual objects on theebpages, simplifying and identifying key visual objectessentiato

be addressed in a metric modehe distinction ofactors, characteristicandentities weassume

it will give a better reading to the overall complexity of the GUIs. In the researetaneo
examine to what extent users of websites; realize the connection between the concept of
structural complexity and the actual attributes that affecting the conceptlrtsadtlition we
perceive the previous work somehow did not cover most agpect that we put together as one

unit. Subsequently, this will contribute design decisions in the software development world.
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CHAPTER 3. CONSTRUCTION OF STRUCTURAL COMPLEXITY

METRIC MODEL

To simplify the big picture othe software metts world, we need to explain and clarify
some important concepts and phenonmi@b@Linda Westfall is the President of the Westfall
Team, which provides Software Metrics and Softw@uelity Engineering training and
consulting servicesand she has put togethesefulguidelines for software engineersho want
to build theirown software metrics. Thimstructiors consistof twelve stepswhich are covered
briefly along with some terminologigandwe are going to apply them our caseo build our
complexity metric.

Software Metrics

According to Goodmafk6],s o f t war e nme domtinuousmpplcatien ofi T
measuremenbased techniques to the softwdselopment process and its productsupply
meaningful and timely management infation, together with the use thifose techniques to

improve that process and its produgtkhis definition carbe illustratedn Figurel2.

*Measures

\{/

Metrics

. * Metrics
BN Computation

Metrics .
eIndicators

Evaluation

Figure 12. An illustration of the major components of software metrics and how they
interact
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To measure, wehoub primaryuncoverthe entities, dr example, we mighthoosea car
as our entity. Whewe chosean entity we must select the characteristic of tatity that we
need to describ8hec ar 6 s speed or the pressurecarin i ts ti
Finally, we muspossess distinctandknown planningschemelt is pointlessto say that the
car 0s s p esdird prassure BABxceptve recognizehat we arespeakingabout miles
per hour and pounds per square inch, respecti8elfgwareentities are products of the software
process. These embrace all the artifacts, deliverablesicadnents thadre produced
Examples of software outpantitiescontain requirements documentatidesign specifications,
code (source, object & executapltest documentation (plans, scriigecifications, cases,
reports), project plans, status reports, budgets, problem reports, and sofetraes.Each of
these software entities has many properties or features tltauebvant toquantify. Weought
to inspecta computer's price, performance, or usability.

Software metric construction

The twelve steps thainda[25] has introduced to build a software metric atiézed
andsummarizednto five steps that we think they help in drawing the big picture of software
metrics ingeneraland appliedhemon our approach

Step me: metrics aistomers

Description:The customer of the metric is the person (or people) who will be making
decisions otakingactionbasedupon themetric
Application:
1 Software Engineers/Programmers: The people that essentially do the software
developmat. Interested in making informed decisions about their work and work
products. These people arecountable for gatherirte substantiahmount of the

facts vitalto the metrics program.
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1 TestManagers/Testers: The people responsiblexecutinghe veification and
validationactivities. Interested idiscoveringas many new flaws as possible in the
time allocated to testingnd in gaining assurance that the software works as
guantified. These people are ategsponsible for gatherinte substantiahmount of
the vital data.

1 Specialists: Individualsxecutingfocused functions (e.g., Marketing, Software
Quality Assurance, Process Engineering, Customer Technical Assistance). Interested
in measurabléenformation upon which they can ba$eir conclusionsputcomesand
approvals.

Step twotarget goals

Description:There are two types of goals, thigh-level goals such astrategic goals like
being thdow-costproviderandkeeping a high level dflient satisfactionand there are tHew-
level goals sub reducing the number of error messages on login process. Most importantly,
finding measurable and questionable goals.

Application:

1 Usability Testers: Want quantifiable indications about the level of complekity
the web interfaces at early stages ofwsafe development.

1 Utility Developers: Wantobust mathematical model that can predict the
complexity level ofwebinterfacego build tools with which other developers can
use.

Step threedefine the questions

Description:Questions needed e answeretb guarantee that each goabising found
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Application: The following question are only examples; a complete Igte$tionsan

befound n t he

di ssertat.

onods

surveys

appendi x.

1 Whatreasons or factors that makebpagescomplex (cofusing or less

understandable)?

1 What dojects or elements that makebpagescomplex ¢onfusingor less

understandab)@

1 Rate the factors based on the negative impactveebgpage

(0]

(0]

(0]

(0]

(0]

0]

Balance of objects
Alignment of objects
Fonts of objects
Symmetry of objects
Spacing 6éobjects
Unity of objects
Colors of objects
Sequence of objects
Size of objects
Regularity of objects
Density of objects

Grouping of objects

Step four: metric selection

Description:metrics that deliver the information desitedanswer these quems. Each

nominatedmetric hasan explicit purposeof solving one or more of thquestionghat need to be
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answered to determine if the goale metMetrics objective template can be used to exemplify

the goals and the selectionroétricsbasedn them, as shown in Figurés.

understand

evaluate attribute in order

To the of the goal(s)
control entit to
predict y

Figure 13. Metrics Objective Template

Source of Figure 13: 2 5 ] L. Westfall, fAl1l2 Steps to Useful

The level of complexity of web interfaces (high, medium, low) in terms of: - Complexity level is predicted

Predict ¢ Size Complexity of (Text, Graphics, Links) in order - Percentages of all
To the * Density Complexity of (Text, Graphics, Links) t complexity factors and
*  Grouping Complexity of (Text. Graphics, Links) o elements are calculated

* Alignment Complexity of (Text. Graphics, Links)

Figure 14. Application of Metrics Objective Template
Stepfive: standardize definitions

Description:To standard manings for the entities and their measured characteristics.
When peoplaise terms like defect problem report, size, and even project, other people will
interpret these words iheir own background with meanings that can vary from our proposed
descripion.

Application: Unfortunately, there is little standardization in the business of the
definitions for most software attributdsowever,definitions from the IEEE Glossary of
Software Engineeringlerminology [IEEE610] or those found in software engineg and
metrics literature.

Stepsix: measurement function selection
Description: Some metrics, called metric primitives, are measured djraatlytheir

measurement function contains only one variabi@mples of primitives measurdgsmtembrace
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the rumber of lines of codarereviewed during an inspection or the hours spent making an
inspection meetinglhere are two approaches for choosing a model to use as measurement
function: use an existing modet make a new one. In many cases, there is notoeeeinvent
the wheel."Thus, we are have selected several measurement functions and mawe our
amendments and modifications meet our model goals.

Application: In ourapproachwe have twelve functionsvhich arethe result of
multiplying the four fators and the thredementsand because each elementVve®us
attributes, only onattribute is measured by four factofdl factors, elements, attributes and
their functions will we explained extensivetythe upcoming sections of the dissertatizmd
hereis anexample.

Textuatsize complgity (TZC)= R Tip

Where:

i: counter of types

typef: number of font types

€ "Q :the number of font sizes

0 & otlie tothnumber of text sizes.

Structural Metric Model Components and Mechanisms
Web interface structure

A web interface is a combination diverseelements (text, links, and graphics),
arranging of theselementsand other features that disturb the general interface value. Web
interface design involves a complex set of events for asidgethese variouaspects. For
example, Ivory21] surveyed 157 measureswébinterfaces by which manyspects of web

interfaces quality can be addressed such as consistency. Nevertheless, the research settled on the
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three elements mentioned above because they match the results of interviews with professional
designers, as well as, its compliamaéh Venn dagram whichregulats theinformation
constructionwith classifyingand grouping contembjectsand developinglasslabels to
replicatetheinformationstructure It is toughto inspect all visual elements of web interfaces
without having somevebinterface quality factors in mind because the factors andisual
elementsare abundanfor example, most ahewebsitegoday have rich controls and
components that moateragaisers camuickly name such as search boxes, videos, animations,
pictures,pop-ups ads etc.In addition the factors that haaninfluenceon the visual

appearance of the web interfaces bareasily identifieduch the balance, the unity, the

grouping, the regularity, the densigndthealignmenjetc. Therefore, we decidey specify

the scope ofhe visual elements and factors into categotcesimplify the process of evaluation
and measurement.

Web interface complexity

Our investigation ofvebinterface structure was taken a step further by focusing on one
aspect of itwhich isthe complexity o¥isual elements and their factokdoreover the
investigation took into consideratitime variety of classes of thsers Thus manycategoresof
web users were surveyedget a better understanding of tebinterface comiexity. In this
researchwe only inspecthe complexity ofvebinterfacesrom a visual point of view.
Consequently, navigation, information structure, and task performance are not involved,
however, we only study how etpdiceptianbVprieus stedied as e d
have been done to examine the navigation complexity, for exaagteup of researchef25]
presengdin their surveytwelve metrics that concentrdten navigabilityfactorsin most of

which the focus was on the optimization of navigability.
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Structural complexity metric model

The structural metric model ceists ofthreeprimaryparts, and the reason for
partitioningthe modelinto these sections thatwe want to perform am-depth studying for
each section. Therefore, we are not only selecting attributes of elements since they exist on them
such as theumber of words in a text, but we are categorizing the attributes according to the
structuralfactors. For example, the font styletbétext elements classifiedas a density
attribute

The structural measures

It has the four coreneasuresnentianed in the previous work: size, densayignment
and grouping. Thesmeasuresre used to calculate aspects of web interface object as visual
elementsEach measure has a different interpretation depending on the type of the element
which isbeing measted Thus, for instance, the size of text has a different reading in the context
of the graphics because the attributes under measurement are diverse.

Measure of size complexity

According to Fu et a[19] Size complexityn relation towebinterfaces employs the
classification of elements into clusters according to real physical size and deviation in those
sizes.The size measure can haareenomousimpact onuser$views ofvisual objects as shown

in Figurels.

e
I

Figure 15. An example of size measure on screen visual obje
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Measure of densitgomplexity

According to Fu et a[19], Density conplexity is the degree to which the scréen
occupiedwith objects, and its accomplishedby limiting screen density levels to the ideal
percentage of 50% for graphscreensThe density measure cguaickly change the desire of

exploringas shown in Fige 16.

=

[ -

Figure 16. An example of density measure on screen visual objects

Measure of Bgnmentcomplexity

According to Fu et a[19], Alignment complexity is computing the level aignmentof
a graphic screethat includes counting the number of different rows and columns on the screen

thatis employedas starting locations of objecihe alignment measure cgive abadtime for

readers ofvebpage$

Figure 17. An example of alignment measure on screen visual objects

c o g shown is Figuré?.

User experience (UX) focuses
on having a deep
understanding of users, what
they need, what they value,
their abilities, and also their
limitations.

It also takes into account the
business goals and objectives
of the group managing the
project. UX best practices
promote improving the quality
of the user’s interaction with
and perceptions of your
product and any related
services,

User experience (UX) focuses
on having a deep
understanding of users, what
they need, what they value,
their abilities, and also their
limitations.

It also takes into account the
business goals and objectives
of the group managing the
project. UX best practices
promote improving the quality
of the user’s interaction with
and perceptions of your
product and any related
services.
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Measure of ppuping complexity

According to Fu et a[19] Grouping complexity reflects consistency: the amount of all
elements matching together and look vispal one section and quantity. Elements with
identicalfunctions or information are fenced and enclosed by a frame or border by line,
background color or spacéhe grouping measure canhance the understandability of the

visual contentas shown in Figerl8.

Shapes

ERAN G VAN
Oy T v

Figure 18. An example of grouping measure orscreen visual objects

The structural elements

The essential elements mentioned in the previous worklitekg, and graphics. These
elementsarea sourceof most of the otheelementghat may exist on the screenvaéb pages.
There are many things correlatediwiheseelementé n aamdlonpreperties that can be
measured, and thgjay asignificantrole inthescene of complexity and usabilibf web
interfaces

The text element

The majority of thaveb contentis reading material since the invention of ihiernet.
Today, many companies tend to provide services to digitize old books such as Google and
Amazon. The meaning d¢iietextin this context is that any types of text or script which do not
have the characteristics and features of links such ashlitkanavigability and color

changing. lvory [21] states some of the aspects that can be measured quiased about texts
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like Word Count, Body Text Percentage, Emphasized Body Text Percentage, Text Positioning
Count, Text Cluster Count.

The link element

Even though links share some characteristics with the text elements, they have unique
features that mke thendifferent Links are one of the main pillars of browseable content on the
web. The meaning dinks in this context is all visual objexthathavethe following
characteristics and featuidickability, navigability and color changing. Alstvory [21] states
some of the aspects that can be measured or manipulated about links as well as Page Link
Number, InternaLink Count and Redundant count.

The graphic element

They are allvisual images or designs @areb pages that may or may not deliver a factual
information, in someasestheyare utilizedfor aesthetic purpos&s organizational purposes.
Additionally, Ivory [12] identified someiniqueattributes about graphics and aspects thabean
manipulatedike Number Animated Images, Graphic Ad Number Count, and Graphics Size.

Model screens

As reported by Ngo et gR8i 30] very high correlationsverediscoverecamong

perceived and calculated aesthetics ofinkerface The use of model screen allowed them to
controlpropertiesof contens, and tosimplify the explanatiorof thedata analysedloreover, in
agreement with Grabingg1] findings thefeatures recognized bgodel screenareassessd

when viewers judgthe readability othoices of real screens from actual prograri®wever,

part of the findings was thatno evidence s peci fy whet her peopl ebs
aesthécs would vary iftherealscreensvere used rather than teereemrmodels Modelscreens
areastructuralrepresentation of theealscreens, in other wosdthey are a structure with no

content as shown in Figuié®.
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Considering the previous studies approached the model screen with some
amendmentdMainly, we decided to make a hybrid modeteenn which ascreerhas the
contentof the real screesybut covered and highlighted wiithentified and labeled rectangles.
The identification of theskoxes depends on the structural element under the test and the
observation of users. Consequentty,instanceif a useris making a judgment on text elements
on awebpage then only text elements are highlighted by labeled rectangles. R@displays
anexample of our modified model screen. Additionally, we apply the same procedural on the
other structural elementSubsequentlythe goal isto increasetaec c ur acy of t he use

judgments by emphasizing on certain aspects, features, factors and elements
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Measurement attribute selections

The massiveumberof attributes of the structural elements have been excessively
studied in thditerature For example, In Ivorj21] researcii57 quantifiableneasures
functionedto evaluate 63tructuralfeaturesof web interfaces. Examples of the measures are:
Word CountBody Text Percentage, Emphasizentd3 Text Percentage, Text Positioning Count,
Text ClusterCount, Link Count, Page Size, Graphic Percentage, Graphics Count, Color Count,
Font Countand Reading Complexity

Our approach in selecting the most appropriate the attributes of the three chosen
elements, which are Texts, Graphics, and Links, was based on their fithess under the four
structural factors, which are Size, Denslignment, and GroupingSubsequently, a set of
measures categorized and selecteshasvnin Table2. There were many reans to disqualify
groups of measures, sometimes because péitire such as the Number of Animated Graphics,

which cannot be represented on model screens to be judged by viewers.

Table 2. A list table of all measuresglements and attributes used in the first experiment
# | Factors Elements| Attribute Measures

1| Size Text 1. Font Sizes

2. Usage of complex font style predominately sans serif,
serif, or undetermined

Link Text Length: Use 21 words in text links

Wrapped Links: Inks traversing multiple lines

Font Size

Usage of font style predominately sans serif, serif, or
undetermined

Number of graphic sizes

Word Count

Font Sizes

Usage of font style predominately sans serif, serif, or
undetermined

Links

Pwn R

Graphics
2 | Density Text

WP
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Table 2. A list table of all measures, elements, and attributes used in the first experimer
(continued)

#

Factors

Elements

Attribute Measures

Links

Total number of Links
Number of graphic links
Non-Underlined Text Links count

Graphics

Graphis Total Number
Total Graphic Sizes

Grouping

Text

N EINEWwN e

w

Number of colors used for text

Number of text areas that are highlighted with borderec
regions

Number of text areas that are highlighted with colored
regions

Number of text areas that are highlighted witkslis

Links

N A

w

Number of colors used for links

Number of link areas that are highlighted with borderec
regions

Number of link areas that are highlighted with colored
regions

Number of link areas that are highlighted with lists

Graphics

=

no

Number of graphicsraas that are highlighted with
bordered regions

Number of graphics areas that are highlighted with colg
regions

Number of graphics areas that are highlighted with listg

Alignment

Text

Number of vertical and horizontal alignment points
Number of textligned to left

Number of text aligned to right

Number of text aligned to center

Number of text justified

Links

Number of vertical and horizontal alignment points
Number of links aligned to left

Number of links aligned to right

Number of links alignedotcenter

Number of text justified

Graphics

agrwONPRPORONMNEORMONDRP®

Number of vertical and horizontal alignment points
Number of graphics aligned to left

Number of graphics aligned to right

Number of graphics aligned to center

Number of graphics justified (stretched)
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Measurement attribute reduction

One of the goals of this research is to construct a metric model as simple and illustrative
as it could be for the web interface complexity. Therefore, after the profound and detailed
analysis of the data that produced the firstttmal el and t he viedecdeds 6 | ud
to take it a step further by concentrating on only therémixed measurement in each category.
The outcome of thgirogressiorhastwelve measureto compute the overall complexity of web

interfaces. Tabk 3 shows the most qualified measures over the other 41 measures.

Table 3. A list table of the nominated twelve elements' attributes

# | Factors Elements Attribute Measures
1 | Size Textualsize Number of font sizes
Link-size Number of wrapped links
Graphicalsize Number of graphic sizes
2 | Density Textuatdensity Number of words
Link-density Number of links
Graphicaldensity Number of graphics
3 | Grouping Textuatgrouping Number of text areas that are highlight
with cdored regions
Link-grouping Number of link areas that are highlight
with colored regions
Graphicaigrouping Number of graphics areas that are
highlighted with lists
4 | Alignment | Textualalignment Number of vertical and horizontal
alignment points fotext areas
Link-alignment Number of links aligned to right
Graphicatalignment Number of graphics aligned to right

Measurement attribute functions

There isareasonablamount offormulasto measure different structural factors in the
literature. For example, Ngo et dB0] applied thestructuralfactorson the visual olgcts of the
web interfacessashown in Figure 21Since wemeasurdoth the three structural elements
enclosed withimectangular framesve are borrowing idesdor measuring the frames and the

highlighted areas on the screen models.
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Uframe

DM =1-20.5— e [0,1]

where a; and agame are the areas of object 7 and the frame; and » 1s the number
of objects on the frame.

Figure 21. Measuring the density of visual objects on screens

Source of Figure 21: [3@. C. L. Ngo,L . S. Teo, and J. G. Byrne,
a e st hlaft Scigvel., 182, pp. 2646, Jun. 2003.

Likewiseg in Ivory[21] research the attribute measures were used and called formatting
measurg, and since we are employing some of these measures, the primitive metrics which
consist of one number will be borrowed as well such as the number of womdsvéipthese
measures will be calculated in the formulas based on their existetioetoghlightedareas.
Accordingly, each complexity factor is measutgdcomputing the attributes of tiieree
structuralelement, whib means each complexity factsriepresentedumerically The
formulas of thewelve measures are described as follows:

Size complexity (sc)

Textualsize complexityzc)

i mip
Where i: counter of typesypef. number of font typeg, "Q : the number of font sizes
ando ¢ othe total number of text sizes.

Graphicalsize complexity §zd

i mip
Where i: counter of typesypeg number of graphic types, "Q : the number of graphic

sizes ana & "Qie total number of graphic sizes.
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Wrappedlink-size complexityWlzc)

i Tip

Wherei: counter of typesyhl: number of types of wrapped links 6  : the number
of wrappedlink sizesando & dthe total number of links.
Density complexitydc)

Textualdensity complexitytfic)

17 2x p-=———sf 7ip
Where: i: counter of text areganw. numbe of words in each text argareat total
number of text areaaw: total number of wordshg: total number of graphics amdhl: total
number of links

Graphicaldensity complexity@do

17 2x}-=————sf T
Where: i: counter of graphic aregsn number of graphics in each graphic asraag
total number of graphic areaswv: total number of wordshg: total number of graphics amdhl:
total number of links

Link-density complexityl¢éic)

1i 2xp-2———sf mip
Where: i: counter of hyperlink aredgan number of links in each link areareahi the

total number of link areasw: thetotal number of wordsng: thetotal number of graphicshl:

thetotal number of links
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Grouping complexity gc)

Textualgrouping complexitytfic)

i Tip

Where: i: counter of text aredsac is the text area highlighted with colors, 1 if
highlighted, and 0 if notareat thetotal numbe of text areas

Graphicalgrouping complexitydacd

B

—— 1 ip
Where:i: counter of text areagal: is the graphic area highlighted as lists, 1 if
highlighted, and 0 if notareag thetotal number of graphic areas

Link-grouping complexityl¢c)

B

— 1 Tip
Where: i counter of graphic areaslac is thelink area that its items highlighted with
colors, 1 if highlighted, and 0 if nadreahi thetotal number of link areas

Alignment complexity &c)

Textualalignment complexitytbd

f Tip

Where:0 w & number of text areas of vertical alignment pqiotso £: number of text

areas of horizontal alignment poirssdo ¢ ©iumber of text areas

Graphicalalignment complexity (gac

—— 1 Tip

42



Where: i: counter of graphic ared@c.inumber of graphic areas aligned to the rayid
"Qa:&otalthe numbe of graphic areas

Link-alignment complexitylac)

B

———f ip
Where:"Qcounter of hyperlink areallar: number oflink areas aligned to the rightd
@i Whiotal number ofink areas

UnweightedWeb Interface Complexityl{WIC)

Size Complexity (SC)= TSC+GSC+LSC
Density Complexity (DC)= TDC+GDC+LDC
Grouping Complexity (GC)= TGC+GGC+LGC
Alignment Complexity (AC)=TAC+GAC+LAC

UWIC= SC+DC+GC+AC
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CHAPTER 4. EMPIRICAL STUDY

In the interest of our approach, we have conductedweseg of experiments by which
we can judge thsolidity of ourapproach. Since web interfaca®the maincomponent on in the
research, we are putting several homepages of websites under the test of our metric model.
Additionally, web users play a very partant role irourinvestigation, which is confirming the
rigidity of ourapproach
In this chapter, we:
1 Present the overall lab environment, recruitmeantsl participants
1 Shortly describe the setup, the software taatsl the equipment of the
experimeat
1 Present the tasks of the experimeatsl the design of the surveys
1 Discuss the calculation process of the metric variables
1 Present the data collection formed by the metric ma@dald t hjadgrmoeste r s 6
1 Evaluate our metric modely comparingitta he user sodé Vviews on ¢

L aboratory Environment

Our lab was equipped withree desks and
1 Three personal computer with Microsoft Windogrsfessionainstalled on them
1 Each computer ha2i3.6inch screerwith 1920 x 1080 Full HD Resolution
1 Each cormputer had Chromerbwserand Microsoft Internet Explorer 8 browser
1 Microsoft Windows Photo Viewer, Microsdfaint andAdobe Photoshop CC

1 FireShot a Chrome browser extension to capture screen shots of wgB2jtes
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1 Instant Wireframea Chrome browser extensionview any web pagwith a
wireframe overlay33]

1 Each conputer had adéyboard and mouse

1 Google Forms

Study Preparation

An Institutional Review Board (IRBfprm was submitted to the representatives of
the Research and Creativecivity centerto obtainapprovalto conduct our experiment that
involves human subject. The complete form and approval letter are included in the appendixes of
this documentA public recruitment lettewas sehout to North Dakota State UniversiBfudent
Research Participant Listsarvwhich a detailed explanation of the research, participation
requirements, compensations, and a tmtheresearchés Doodleaccount. The accourgan
online £heduling tool that can be usedsily tolocatea date ad time to meet with multiple
participantsThe complete recruitment letter is included in the appendixes of this document.
A formal scriptis verbally communicated to the participants demonstrating the tasks as
well as, a formal consent form presentetheparticipantto be signed which are included in the
appendixes of this documeire-evaluation questionnairegere filled up by participant®
make sure participants match the requpeafile, and to check whether any effects obsdrare
dependentio demographiattributesThe completgre-evaluationquestionnairg are included
in the appendixes of this documeastwell
Two main experiment were conducted:
1 Thefirst experiment was conducted to understand and confisfundamental
unitsof our metic mode| which havebeen thecenter pillars of various studies in

theliterature
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1 The second expenent was conducted to discovtbe probabilityof finding a
compliance betweenh e met ri ¢ model numbers and th
units, factors, @mentsand attributes of web interface complexity.
Each experiment was directed twice, for each time we maintained the same sample of
participants and the same sets of websites. The reason behind that is to examine the correctness
and the robustness ofalexperiment design and the metric model outcomes.

Websites
Websites selection criteria

As mentioned the two experiment weenductedwice during the study periad'hus

we adjusted the criteria slightly different for eas of experiments:

Table 4. Experiments' websitedifferences and criteria

Website§Criteriaof theDE Website§Criteriaof theEE

1 Unrankedungradedandun-awarded | Rankedgradedandawardedoy The
websites International Academy of Digital Arts and

1 Variety and multiplicityof visual ScienceglADAS), which itsjudging figure
objects consistedf over one thousand industry

1 Shrinkage and shortagé visual experts and technology innovat¢ag].
objects 1 Variety and multiplicityof visual objects

1 Random genres 91 Shrinkage and shortagé visual objects

I Random genres

Websites genres

Diversification of web genres adds some strength points to the experiarahts
research in generbkecausgwith this variety, the metric model can be tested relativetieun
different circumstances and conditions which hati@geimpact on metric variable$Ve
selected multiple genres for each version of theemmerimentsConsequently, there were five

websites for each and there are as follows:
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Table 5. Experiments' websitesgenres

Websitesof theDevelopment Experimeni Web sitesof theEvaluation Experiment

Genres URL Title Genres URL Title

Educationall www.psu.edu Educationall www.hampshire.edu

Celebrity | www.graceland.com Personal | www.thoughteconomics.cor

Blogs

Shopping | www.dujour.com Art www.guggenheim.org

News www.forbes.com Companies| www.oracle.com
WWW.msn.com News www.theguardian.com

Websites figures

The home pages of all selected websites were screenshotted ustirg 8te{32] tool,
which allowed us to acquirlé screenshots with no compromises in the actual resolafion.
figures of real and model screens are included in the appendixes of the document.

Modeling the screens of web interfaces

In order to model the screens of the web interfaces as we descalmpier 3, we
needed to utilize severalolsto identify, wireframe and label the targeted structural element,
Texts,Graphicsand Links. First, we made three identical copies of each screenshot of the real
screen, and then we positioned them on ongénfitame for each screenshot as well, using
Microsoft Paint andhdobe Photoshop CGecond, we wireframed them to identify each
structural object on the real screen in order to obtain the actual dimensions and locations, using
Instant Wireframg33]. Third, we titled each screenshot with an elerm@me Thus we had
threemodel screenplus the real screen, and then we highlighted all elesribat correspond to

the title of the screenshots, using Microsoft Paint/atobe Photoshop CC
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Participants

The total number of participants for both experiments at both courses of execution is
eighty-sevenpeople,andTable6 gives a demonstration dhe different demographic attributes
of the participants. As mentioned before shiedy was executad an academic enlistmera,
North Dakota State University, therefore, gagticipants were all students ariddemographics

information is basedonuses 6 entri es.

Table 6. Participants demographics of the experiments

Demographics Participants oDevelopment | Participants oEvaluation
Experiments Experiments

Genders 24 males, 16 females 35 males,12 females

Ages 1825 were 3 18-25 were 27
26-39 were 14 26-39 were20
40-59 were 3 40-59 were O

Education Levels 28 graduates, 12 29 graduates, 18 undergradua
undergraduates

Computer Related Fields| 33 computer related fields, 7 | 34 computer related fields,13
unrelated fields unrelated fields

Web Surfing Hours 1-3 were 15 1-3 were 17
4-6 were 16 4-6 were 19
7 and more were 9 7 and more werél

Web Surfing Levels Experts 16 Experts20
very good 23 very good 18
moderate 1 moderate 8

Surveys and Questionnaires

Onequestionaireand three surveys were designed to satisfy the need of the experiments,
and the complete copy of tiggestionnair@and the surveys are attached in the appendixes of this

documents.
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Questionnaire design

A mutualpre-evaluation questionnairevhich wasused in the first and the second
experiments, was presented to the participants to collect alfedgdemographics information,
and te first page of it, had the consent form.

First experiment survey design

The first experiment had only one major survey

The first survey

It had two types of questions: 1) opended and 2) closended questions. On the first
type, we wanted the participanitsexpress their generic views on complexity fyedlherefore,
we allowed them to type five statements to have thput about the structural factorgasons
elementsand object®f complexity.Thus we collected overa00statements about the
structural complexity fronthe point view of the participants. In the second type, we presented
our fundamental structar measures and elements withesttin the form of lists, and hey had
to evaluate them based ofpéint Likert scale.

Second experiment survey designs

The second experiment had two one major surveys:

The first survey

The main goal of this survey&quringpar t i ci pant sdé6 judgments or
factors because they are the bafseur metric model. Thus, they were asked to compare the
regular model screens of all web interfaces against the real screens brpiomt Likert scale
to expresgheir views of complexity.

The second survey

In this surveythe goawast o gat her participantsdé views a

interfaces using our modified version of the model screen. Consequently, this form had to be
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filled up for each website. Howeven this evaluation, they had to use Microsoft Windows

Photo Viewer to |l ook, observe and ansther what
5-point Likert scale was utilized texpresgheir views of complexity. Moreover, before the

second time ofhe execution of this survey, we improved it slightly by adding some visual aids

that explain some technical terminologies in the context of GUIs such as Balance and Unity of
objects.We also changed the moderating techniques, subsequently, insteadddygting the

Concurrent Probing (CRhatneeds interactiorfsom the moderators at every time participants

have questions, we switchedRetrospective Probing (RE)atdoesthe opposite byvaiting

until the session is complete and tlieay do the intexctions.

Tasksof Experiments

As described in the previous sectiptvgo techniques were employed in the evaluation
sessions, which are CP and RP. The two experiments were conducted at one session for all
surveys, and we had two sessions as we explaefeddbhat andthe second session had
differentsample of participants. In additiabhadslight changes in the websites selections,
surveydesignsand moderation techniquekhe study took approximately 38 minutes. Two
browsers were open on thersen for each participarthe one on the left of the screen was
Microsoft Internet Explorer &ndthe secondthadChrome and it wasoccupied withthe
guestionnairand the three surveys on three ottadas.A sample example of the task scenario is
like the following:

1 The moderator presents and verbally deliver the participants rights and th study
references and representatives.
1 The moderator presents the actual setup of the experiment such as the purpose of

the two browsers, the numbersfrveys, and their esence
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1 The moderator explains the rules of evaluation process such as
0 Each user had to switch between the tabs of the websites
o No navigation activities allowed except for scrolling, and reflect his/her
opinions to associated questions on thewokrowser.
0 Mouseusage wato zoom in and out of websites screenshots
1 The moderator interacts with participants to give overall input on the experiment
1 Participants were rewarded with $10 cash as a compensation for their time.

Calculating the Structural Complexity

To calcul ate the structur al compl exity bas
task because we only needed to export the data from Google forms as spreadsheets. In contrast,
calculating it based on the metrics model waardand lenghy task. We had to count and
distinguishevery differentvariablethatexists in the functions of the metric modehich was
discussed in chapter tr all web interfaces. Next, we had to apply and the functions to output

the results.
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CHAPTER 5. RESULTS,ANALYSIS, AND EVALUATIONS

In this chapter, we present, analyze, evaluate and predict the data that was produced by
t he cal cul ati on oToinferegndlusiongstatisticadamalysiswloce d at a .
encompasses assembling and studyugyyedata samplemust be implemented\ sample, in
statistics, is @emonstrativéangedrawn from a totabf population The mechanism that can be
followed to execute the statistical analysis barsummarizeth five phases:
1 Specifying type®f the data to bexamined
1 Discoveringthe relation of the data to tihheot population.
1 Generatinga modelto reviewunderstanding of how the data relates todtginal
population.
1 Proving or disprovinghelegitimacyof the model.
1 Usingindicativeanalyticsto operatestateghat will supportandguide future
activities
Theaim of statistical analysis is tecognizerendsand patternsThe metric model, for
examplemightemploystatistical analysito discoverpatterns irsets of structural measures and
elements over some other s@&8§].
As stated i1§36] therearetwo mainbranchesn statistics which must be used to permit
us to depict the big picture of the data under examinalio&two branchearedescriptive
statisticswhich provide a concise summary of data and give information that describes the data
For example, the percentage of the direct and
participants entered, points to our fundamental components of the metric model. The second

branch ignferentialstatistics which enable us tmake inferences aboubpulations using data
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drawn from the populatiorfsubsequently, we can ulgpothesis testing, correlatioasting and
regression analyste generalize a concept, and that what we demand to test the correctness of
the research hypothesés.addition it is important to note that we use both branches on the data
formed by the metric c¢ aMoecavéraéependimyontherdata user s o
samples and their types, certain statistical tests can be used. Accol@ing3&), nonparametric
statistics refer to a statistida@ichniquewherethe data is not required &nbraceanormal

distribution Nonparametric statistiesnploydata that igrequentlyordinal, meaning it does not
depend omumbers, but rather a rankirgder of sortsor anumberof occurrencedn ourdatg

such style of datexists, which is the count of statements, referenogsntionsand naming of
factors and elements in the opemd questions that asked in the surveys. Also, there are the
parametricstatistics which undertakeéhat sample data originates from a population bleédngs

to a probability distribution based @nstatic set of parametefidhe following table displaysets

of statistical tests, metricand data types:

Table 7. Selecting the correct statistics fodiversedata types and usability metrics

Data Type | Popular Metrics Statistcal Test

Nominal Task success (0 or 1) Frequencies, crosstabs, Gguare

(classes)

Ordinal Severity ratings, rankings (designs) | Frequencies, crosstabs, dguare,

(ranks) Wilcoxon rank sum tests

Interval Likert scale data, SUS scores All descriptivestatistics, {tests,
ANOVAs, correlation, regression
analysis

Ratio Completion time, average task succ¢ All descriptive statistics;tests,
ANOVAs, correlation, regression
analysis

First Experiment

As already stated, the gsalf conducting the firsexperiment were:

1 To understand the meaning of complexiym web interfacas s er s per spec
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1 To perceivehowthe users oiveb interfacegsonnecthe dots between
complexity and visual factors and objects
1 Todetectto whatexten the users of web iatfaces can express the concept of
web interface complexity
1 To confirm the legitimacy andalidity of the frequently reported claims of the
four factors of complexity
1 To verify the effectiveness of exposing the three structural elements to the users
of web interfaces as the building blocks of the web content.
Therefore, the two branches ¢étisticsme nt i oned above peryf or med
and lased on which the metric model was developdsb, we briefly outline the research
guestions and the hgfheses that have driven the first experiment of the study.

Hypotheses

The generic frame of the metric model vl ctedbased on questions and hypotheses in
this section Consequentlythe survey questions were designed and phrased as well baked on
hypothesesMoreoverguestions and hypotheses were examined by analyzimataehich
produced in the firstxperimentwe summarize the research questions and the hypotheses
related to it as follows:
1 Q1. Whichcan structural factorse a better predit or f or web i nterf
complexity to users?
1 Q2. Whichcan structural objectse a better predictor for
complexity to users?
1 Q3. Whichhave structural factotsgh level of importance to the users of web
interfaces?
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1 Q4. Whichhave struatral objectshigh level of importance to the users of web
interfaces?
Considering these question, we formulated two main hypotheses for the first experiment.
Thefirst hypothesis addresses the first two questiandthe seconchypothesis addresses the
last two questions.
1 H21. The sum of the structural factors: Size, Den§iyguping and Alignment is
a better predictor than the sum of Spacing, Balance, Regularity, Sequence, Unity
and Color for measuring the web interface complexity.
1 H2. The sum of struaral object, which areeixt, graphics, andyperlinks is a
better predictor than the sum of Buttons, Menus, Audios, Videos and Search
Boxes for measuring the web interface complexity.
These main hypotheses will be broken down into several hypothesgkirto test the
validity of each one. The central idea of approaching the hypotheses this way is to simplify the
work and makemuch more quantifiable

Data collection and analysis

The following list describgthetypesof dataandthe questions of théirst experiment:

1 Openended questions and frequency cowgareable to collechaming,

referencesand mentionsas displayed on the first survey. Aftbe statement
analysis procedure, we countie direct and indirect mentions of the foamd
three structural complexity measuraad elementsf our model.

1 Closeended guestions amdting®sum thethird type of the data collection is

the second type, bute sumthe ratings of the four measures and the three

elementsn all cases.
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o with other spedic measures and elements,

with no other measures and elements,

(@)

(@)

theratingsof the four factors against each other.

(@)

theratingsof the three elements against each other.

Factorsof complexity

There are two main types of data collected from the suriéngsfirst typeof data
collection andesultsis the result ofanalyzingthe statementsvhichwas a total 0603 naming,
references and mentions of different factarsl the datavasnominal dataWe counted the
referenceso structural factorsand weusedthe Wilcoxon signeerank testwhich is a
nonparametric tesb perform the analysi§ hedetaileddescriptionand analysisireas follows:

1 Each individual participant entered five factors, he/she feakh factor can
cause complexity to web intedes

1 For each data entry of each factor, we countedréugiencies

1 Then we calculated the expected frequencies W&fihgpxon signed rank tesb
obtain the pvalue

1 The null hypothesis i®©: the frequencies ahentions for the four structural
factas: size, density, grouping and alignment compared to the other factors are
equal in both data sets.

As shownin Table 8the pvaluesare0. 011which isdramatically less than 0.0&hich
means the null hypothesis cannot be accepted, and tleehagedifference between the two
sets of dataaferences for the gructuralfactorsandother factors'eferencesin both

experiments
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Table 8. Examining the significance level of the selected four factors of the metric against
the ather factors by using Wilcoxon test on frequencies of users' inputs

Frequencies of factors in userso inpu
Total of References for thel Other Factors' References| Total of All Factors' Types
4 Structural Factors of References

DE EE DE EE DE EE

62 39 10 15 72 54

51 41 18 15 69 56

43 38 27 15 70 53

33 34 27 16 60 50

42 37 22 18 64 55

The p-valueof Wilcoxon signed rank test (Development 0.01193
Experiment)

The p-valueof Wilcoxon signed rank test (Evaluation 0.01116
Experiment)

The data indicatethat users tend to mention the selected four factors of our model as
factors of complexity more than the other six factors. That grants us a good suggestion to depend
more on these factors to be used for the analysis and calculation of complexity nferiices.
To strengthen this approach, we need to deé¢tendype of data collection.

The cescriptive gatistical analysisis nee@&dhere to calculate thediars and meansnl
fact, this type of statistics allows us to describe simdmarize data in ays that are meaningful
and usefufor other calculations and statistical testguing themeasures of central tendency
and measures of variability, or dispersguch as thenean median, rangeand variancé38].
Depending on the data type collected, some suitable statistical proceduresmgldmaented.

Thesecondlata type of théirst experiment is analyzed as shown in Teble
The resit of the data collection in this type, which has cleseled questionss rating onascale
of five, Likert Scale, foreachfactorof the four with other factorend therthe four factors

alone, thaletailed description ias follows:
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1 Each individual paicipant ratehefive factors, he/she thinks each factor can
cause complexity to web interface
1 For each factor, we aallate the descriptive measures
1 Then we calculate thetést to obtain the-palues
Theratingdata are included in the appendixegisecof this document.
There are several cases or hypotheses that we need to develop to explain the different rating of
factors:
A. The ratings of the four factors along with the other six factors, which its null hypothesis
is 'O the meanof ratings @ the four structural factors and the mgahthe six
structural factors are equal in bakperiments
B. The ratings of the four factors agaiesich other itbothexperimentswhich its null
hypothesis i80 : the measof ratings of the four structal factorsin the development
experimentre equal to thevaluation experiment
C. The ratings of the four factors in eagkperimenshows one or more factors have higher

importance levels than the others
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Table 9. Examining the equivalence relationship of the users' rating data between the
selected four factors and the other six factors by conducting thetest

Statistical DE EE

Measures Structural StructuralSix | StructuralFour | StructuralSix
FourFactors | Factors Factors Factors

Mean 3.5666 3.066 3.6032 3.2608

Variance 1.6859 1.483 1.278 1.298

Observations 240 360 184 276

t Stat 4.736 3.1712

P(T<=t) onetail 0.00000142 0.000818

t Critical onetail 1.64797 1.648730

P(T<=t) twotail 0.0000028 0.0016366

t Critical two-tail 1.96482 1.96600

The pvalues in Tabl® addresses the first null hypothesis whiétjuas to 0.00000142

and 0.000818 for the development and the evaluation experiment respectively. Hence, the values

areexceptionallyless than the Alphaalue, 0.05. Consequenthye repct the null hypothesis

because there enough evidence to conclude tkiz difference between the two sets of data in
bothexperimentss massive That means the users tend to rate the four factors of our model

more tharthe other six as factors of complexity for web interfaces. The following figines

theconvergencef ratings for all factors and the levaratings.
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Figure 22. Means of users' ratings of complexity factors on a scale ové

This previous figure showthe means of ratings for alactors and it illustrates that the
four factors of our complexity model have the highest means among the other factors, but as we
can notice some of the other factors have high numbers of waaitsalso indicate
significance.

Moving to the second case of our analysis,
four factors against each other in both experiméde hypot hesi ze t hat the |
ratings inthedevelopmenand the evalation experiment going to be equal. Therefore, we
implemented the #est, and the resultas0.216for the pvalue as shown in Table 4. That means
it is enormously greater than the level of significance 0.05 which means that we do have enough
evidence taeject the null hypothesis. Thus, we have enough evidence to conclude thatahere is

hugedifference between the two sets of data in both experiments.
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Table 10. Examining the equivalence relationship of the users' rating data beteen the
selected four factors by conducting the-test

t-Test: TweSample Assuming Unequal Variances

Statistical Measures | Four Factors oDE Four Factors oEE
Mean 3.5125 3.429

Variance 1.1881 1.153
Observations 240 184

t Stat 0.7850

P(T<=t) onetalil 0.21644

t Critical onetail 1.64870

P(T<=t) twotail 0.43289

t Critical two-tail 1.96595

Consequentlyeven thoughihere ardew changes between the two experiments, the users
tend to confirm that these factors hatigh level of importane to affect the complexity of web

interfaces.

To add more clarification t o ,waneededtoder st an
look atthefactors and point to the factors that haregherlevel of significance over the other
among the four, sindbey havea higherlevel of importance over the other six. Subsequently,
we applied thé®CA on the ratings of the fodactors and the resulte/ereas shown in Table 5
and 6. Whereas, two components repre€brib 69percent of web interface complexityboth

experiments based on themulative proportion

Table 1L PCA-Il mportance of components of the four f

DE EE
Importance of | Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp.
components 1 2 3 4 1 2 3 4
Standard 1.217 | 1.074 | 0.940 |0.690 |1.297 |1.043 |0.838 |0.723

deviation
Proportion of | 0.370 | 0.288 | 0.221 | 0.119 |0.42 0.27 0.17 0.13
Variance
Cumulative 0.370 | 0.659 | 0.880 |1.00 |0.42 0.69 0.86 1.00
Proportion
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Moreover, the data of the developmerperiment shows size and density factors have

lower loadings on the first component, but a higher loading on the second component. In

addition, the grouping and alignment factors behaverselyon the two componentkoadings

of factors data on the cgranents of the evaluation experimangslightly different, whereas, all

factors have high lodgings on the first components except the density factor, but it has a high

loading on the second. Also, the size and grouping factors have low loadings aotiee se

component and high loadings on the fisbmt h e

behavior

of

tffabters | oadi

we can recognize a pattern that helps us to underatahdxplairsuch behavior, which sl

factors have high loadings on either significemtnponerd, and none of them do not have high

loadings on at least one of the significant components. Thus, we conclude that all factors have

relatively the same level of importance.

Table 12. PCA - Loadings of the four factors based on uset ratings

DE EE
Loadings Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp.
1 2 3 4 1 2 3 4
Size -0.39 |-0.55 |0.63 0.38 050 0.42 0.73 0.22
Density -0.30 |-0.67 |-054 [-0.39 |0.33 0.70 -0.63
Grouping -0.61 ]0.30 -0.45 |0.57 0.60 -0.30 -0.74
Alignment |-0.61 |0.37 0.31 0.61 0.52 -0.50 |-0.25 |0.63
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Development Experiment Loadings

e CoOmponent 1 es===Component 2
Size

0.4

0.2

0

-0.2
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Alignment Density
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Figure 23. Radar chart shows the loadings of the users' ratings of the four factors in the
development experiment

63



Evaluation Experiment Loadings

e Component 1 Component 2

Size
1
0.8
0.6
0.

Alignment Density

Grouping

Figure 24. Radar chart shows the loadings of the users' ratings of the four factors in the
evaluation experiment

Elementsof complexity

Respectively, the elementdf complexity are analyzed and evaluated following the same
methodsoccurred to the factors. Therefotiee first typeof data collection and results consists of
The result of analyzing the statementhichwas a total of 575 naming, references and ropsat
of different elements and their detailed description is as follows:

1 Each individual participant entered five factors, he/she thinks each element can
cause complexity to web interface

1 For each data entry of each element, we counted the frequenshesiasin
Table13

1 Then we calculated the expected frequencies W&fihgpxon signed rank tesb

obtain the pvalue
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1 The null hypothesis i®© : the frequencies of mentions for ttgeestructural
elementstexts graphicsand linkscompared to the berelementsare equal in
both data sets.

As shown the gvalues are 0011 which is dramatically less than 0.05 which means the
null hypothesis cannot be accepted, and theadigyedifference between the two sets of data,

references for the gructuralfactorsandother factors'eferencesin both experiments.

Table 13. Examining the significance level of the selected three elements of the metric
against the other elements by using Wilcoxon test on frequencies of users' inputs

Total of References for the 3 Other Elements’ Total of Al
Structural Elements References Types of References
DE EE DE EE DE EE

60 63 12 6 72 69

57 38 12 17 69 55

58 47 19 14 77 61

39 24 18 17 57 41

41 27 19 12 60 39
The p-valueof Wilcoxon signed rank test (Development 0.01167
Experiment)

The p-valueof Wilcoxon signed rank test (Evaluation 0.01193
Experiment)

The data indicates that users tend to mention the selected three elements of our model as
elements of complexity more thahe other five elements. That grants us a good suggestion to
depend more on these elements to be used for the analysis and calculation of complexity of web
interfaces. Taupportthis approach, we need to do #exondype of data collection.

Repeatedlydescriptiveand inferentiaktatistical analysisis needed here to calculate the
mediars, meansand ttest The following tablgresent these statistical measures implemented

on the data of the complexigfements. Theesult of the data collection this type, which has
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closeended questions, is rating ascaleof five, Likert Scale, for eacblementbf thethreewith
otherelementsand then théhreeelementslone, the detailed description is as follows:

1 Each individual participant rateefive elements he/she thinks eadlementcan

cause complexity to web interface

1 For eaclelementwe calculate the descriptive measures

1 Then we calculate thetést to obtain the-palues
Theratingdata are included in the appendixes section of this document
There are several cases or hypotheses that we need to develop to explain the different rating of
factors:

A. The ratings of théhreeelementsalong with the othefive elementswhich its null
hypothesis iSO : the means of ratings of thiereestrudural elementsand the measof
thefive structuralelementsare equal in both experiments.

B. The ratings of théhreeelementsgainst each other in both experiments, which its null
hypothesis i8O : the means of ratings of thiereestructuralelemensin the development
experiment are equal to the evaluation experiment.

C. The ratings of théhreeelementsn each experiment shows one or melementhave

higher importance levels than the others
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Table 14. Examining the equivalence relationship of the users' rating data between the

selected three elements and the other six factors by conducting theest

Statistical DE EE

Measures Structural Threg Structural Five| Structural Three | Structural Fve
Elements Elements Elements Elements

Mean 3.4944 2.95 3.2391 2.8913

Variance 1.2904 1.5326 1.6723 1.721

Observations 180 300 138 230

t Stat 4.91348 2.48420

P(T<=t) onetail | 6.51783E07 0.0067724

t Critical onetail | 1.64864 1.65008

P(T<=t) twotail | 1.30357E06 0.013%14709

t Critical two-tail | 1.96586 1.96812

The pvalues in Table 8 addresses the first null hypothesis vegahsto 6.51783E07

and0.006772 for the development and the evaluation experiment respectively. Hence, the

values arexceptionallylessthan the Alpha value, 0.05, especially for the development

experiment. Accordingly, we reject the null hypothesis because there is enough evidence to

conclude that the difference between the two sets of data in both experinesdsni®us That

means theisers tend to rate thiereeelementf our model more than the othare aselements

of complexity for web interfaces. The following figurgsowthe convergencef ratings for all

elementsand the levebdf ratings.
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Figure 25. Means of users' ratings of complexity elements on a scale of five

This previous figure shows meamf ratings for alelementsand itdemonstratethat the
three elementsof our complexity model have the highest means among the other factors,
nonethelesas we can notice some of the otklEamentdhave high numbers of means which also
indicates significance.

Moving to the second case of our analysi s,
threeelementsagainst each other in botixperimers. We hypot hesi ze t hat th
ratings inthedevelopmenand the evaluation experiment gotogoeequivalent Therefore, we
implementedhe ttest, and the resultas0.393for the pvalue as shown in Table 4. That means
it is enormously greater than the level of significance 0.05 which means that we do have enough
evidence to reject the null hgthesis. Thus, we have enough evidence to conclude that tlaere is

hugedifference between the two sets of data in both experiments.
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Table 15. Examining the equivalence relationship of the users' rating data between the
selected hree elements by conducting the-test
t-Test: TweSample Assuming Unequal Variances

Statistical Three Element ahe DE Three Elements dheEE
Measures

Mean 3.3111 3.2753

Variance 1.5451 1.1936

Observations 180 138

t Stat 0.272

P(T<=t) onetail | 0.39278
t Critical onetail | 1.64978
P(T<=t) twotail | 0.7855

t Critical two-tail | 1.96764

Consequentlyeven thoughthere ardew changes between the two experiments, the users
tend to confirm that these elements hawggh level of importance taffect the complexity of
web interfaces.
To add more explanation to our understandi
consider the elements and specify the elements thatttagkerlevel of significance over the
other among the three, sinceythavea higherlevel of importance over the other five.
Afterward, we applied thECA on the ratings of the theelementsand the resultaiereas
shown in Tabld0and11. Whereagwo components represerfi percent of web interface
complexity inthe cevelopment experiment, and one compomepteserg59 percent of web

interface complexity in the evaluation experimbeased on theumulative proportion
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Table 16. PCA - Importance of components of the three elementsbasedn user s 6
DE EE

Importance | Comp.1 |Comp.2 |[Comp.3 |[Comp.1 |Comp.2 |Comp.3
of

components

Standard 1.110 1.019 0.852 1.333 0.881 0.667
deviation

Proportion | 0.411 0.346 0.242 0.592 0.259 0.148
of Variance

Cumulative | 0.411 0.757 1.000 0.592 0.851 1.000
Proportion

Moreover, the data of the development experiment sigoaghicselementhave lower

loadings on théirst component, but the highdstading on the second component. In addition,

thetextsandlinks elementdehavanverselyon thetwo components. Loadings efementdata

on the components of the evaluation experinageslightly different, whereas, aflementdave

high lodgings on the first components exceptlithies elementWe can recognizthe links have

low loading on thesecond component of the development experiment and slightly betow

averagevalue of loadings on the significant component of the evaluation experigvemt.

thoughlinks havealow value of loadings in the evaluation experiment, links have the highest

loading value on the first component of the development experilventonclude that all three

rat.

elementdhave relativelyhigh level of importance based on the collective indicators driven from

the ttest that show the three elements strongly related.
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Table 17. PCA - Loadings of the three elements based on users' ratings

DE EE
Loadings | Comp. 1 | Comp. 2 Comp. 3 Comp. 1 Comp. 2 Comp. 3
Texts 0.655 -0.423 -0.627 0.612 -0.410 0.676
Graphics | 0.206 0.898 -0.390 0.632 -0.260 -0.730
Links 0.727 0.126 0.675 0.475 0.874

Development Experiment

e COMpPoNent 1 e====Component 2

Links Graphics

Figure 26. Radar chart shows the loadings of the users' ratings of the three elements in the
development experiment
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Figure 27. Radar chart shows the loading of the users' ratings of the three elements in the
evaluation experiment

Complexity factors of elements

In this section, we analyze the data of ratings that users produced in answering close
ending questionthatreflects their understanding of eactustural factor of the four applied on
each structural element of the three. By carrying ouirtlysiry, the result allows us to build a
hypothesis by which we can draw a picture of which the elements and factors have implication
over the otherThe comjete tables of PCA for this approach are included in the appendixes.
This inquiry contains he userso6 ratings and evalwuations of
element, accordingly, we have four factors multiplied by three elements adueitwelve.In
both experiments, the development and the evaluationcémoponenthiave a stander
deviationsequal or greater than one. The four components, which were dytee data of the

PCA of the developments and the evaluation experiments, represenigs/@aicent of the data
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based orrumulative proportionFurthermore, in the loadings data of the PCA of the
development experiment, all items have loadings values below the averagameBi¢hexcept

the density of graphics has a loading value abovawbeage on the fourth component, 0.614.

The may indicate that all items have the same level of loadings and importance and the density
of graphics is the highestlmost the same happens with the loadings data of the PCA of the
evaluation experiment, wheadl items have loadings values below the average wdre0.5

except the size of texts himmding valueslightly above the average on the third and fourth
components, which are 0.538 and 0.51 respectively. Similarlyinthisates that all items have

the same level of loadings and importance and the size of text is the highest. The following two
radar charts shows the loadings on the components data on the different items of complexity.
In consequengave need to conduct a second experiment to anmswer questions as described

in the second experiment section.
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Loadings of Development Experiment
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Figure 28. Radar chart shows the loadings of the users' ratings of the twelve
complexity itemsin the development experiment
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Loadings of #aluation Experiment
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Figure 29.Radar chart shows the loadings of the users' ratings of the twelve
complexity itemsin the evaluation experiment

75



Second Experiment

As already stated, the goals of conducting the first experiment were:
1 To test thaneasurability of theveb interfaces complexity
1 To investigate the types of attributes that cause complexity from web interface
usersperspectives
1 Totest the benefits and accuracy of using Md&lekees
1 To validate the metric model under development
1 Todetectto what extend our model can be geneedi
1 To quantify the complexity of web interfaces using certain equations
Therefore, the two branches ¢atsticsme nt i oned above are perfor
and results of the complexity equatioAsso, as we did with the first experiment, we briefly
outline the research questions and the hypotheses that have driven the second experiment of the
study.

Hypotheses

The basic border of the metric model viesusedbased on questions and hypotheses in
section Consequentlythe survey questions and metquations were designed and phrased as
well based on them. Moreover, questions and hypotheses were inspected by evaluating the data
which shaped in the secorgperimerntwe review the research questions and the hypotheses
related to it as follows:
1 QI1.What characteristics of Size factor can be used to measure the level of
compl exity, which is determined by the

Texts,Graphicsand Hyperlinks on web interfaces?
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1 Q2. What characteristics of Density factor can be ts@deasure the level of
compl exity, which is determined by the
Texts,Graphicsand Hyperlinks on web interfaces?

1 Q3. What characteristics of Grouping factor can be used to measure the level of
complexity, whichisdet er mi ned by the usersodéo opinic
Texts,Graphicsand Hyperlinks on web interfaces?

1 Q4. What characteristics of Alignment factor can be used to measure the level of
compl exity, which is deter nrststeddgofby t he
Texts,Graphicsand Hyperlinks on web interfaces?

The questionsbviouslyaddress the structural factors and elements of our metric model
which were selected based on the results of the first experiment. Since we have we have four
factors andhreeelementsand each factor will be implemented on three elements, there will be
three hypotheses for each question. Li kewi se,
attributes that represent each factor as follows:

1 H1. The Number of Dierent Font Sizes is the best indicator for measuring the
complexity of thetextuas i ze on web interfaces based

1 H2. The Number of Different Graphic Sizes is the best indicator for measuring the
complexity of thegraphicalsizeonwebi nt er f aces based on wuse

1 H3. The Number of Wrapped Hyperlinks is the best indicator for measuring the
complexity of hyperlinks i ze of web i nterfaces based

1 H4. The Number of Words is the best indicator for measuring thelegitypof

thetextualdensiyon web i nterfaces based on user s
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H5. The Number Graphics is the best indicator for measuring the complexity of
thegraphicadensi ty on web interfaces based on
H6. The Number of Hyperlinks the bestindicator for measuring the complexity

of the hyperlinkd ensi ty on web interfaces based ¢
H7. The Number of Text Areas Grouped by Colors is the best indicator for

measuring the complexity of the textygabuping on web interfaces baseul

userso6é opinions.

H8. The Number of Graphics Grouped as Lists is the best indicator for the

measuring the complexity of the graphigabuping on web interfaces based on
userso6é opinions.

H9. The Number of Links Grouped by Colors is the best indicatané&asuring

the complexity of thetextu@) r oupi ng on web interfaces |
opinions.

H10. The Number of Text Areas Vertically and Horizontally Aligned is the best

indicator for measuring the complexity of the textabnment on web interfaces

based on usersdé opinions.

H11. The Number of Graphics Aligned to Right is the best indicator for the

measuring the complexity of tlggaphicalalignmenton web interfaces based on
userso6 opinions.

H12. The Number of Links Aligned to Right is the best ¢atlor for measuring

the complexity of thetextu@ r oupi ng on web interfaces |

opinions.
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Thesemainhypotheses will be broken down irkomehypothese# order toexamthe
strengthof each oneThe essentiaimpressiorof approaching the Ippthesedy this methodis

to simplify the work and make much moreasurableThe results of this experimeallow us to

ask the following question:

1 Do the twelve measures of four structural factors: size, degsityping and
alignment work in conjunain as a better predictor than each individually for web
interface complexity?
To answer this question, we formulated the following hypothesis:
T H1. The wusersd perceptions of the relat
screen modelare explainedby conjunction of the twelve measures of the four
main structural factors for major three objects categories
Accordingly, wecancalculate thaveightedoverall complexity of the web interfaces usedhe

experimentsdy utilizing the following formulas:

Size Complexity of Web Interface (SCWI) = SiZ¥Q ¥ Weight+ Size [0i €t Weight +
Size ( "Q¢) DiVeight

Density Complexity of Web Interface (DCWI) = Density'Q §o*dNeight + Density 10i €} i
* Weight + Density § "Q¢) Qiveight

Grouping Complexity of Web Interéa (GCWI) = Grouping“{'Q §o*dNeight + Grouping
('Oi Pt Weight + Grouping ) "Q¢) Qveight

Alignment Complexity of Web Interface (ACWI) = Alignmeri(Q yo*dNeight + Alignment
(Oi RGPt Weight + Alignment § "Q¢) Qiveight

Weighted Web Interface Complexity (WIC)= SCWI+ DCWI+ GCWI+ ACWI
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Data collection and analysis

As explained before, the second experimentiess conductetivice. The first time was
for the development purposes and the second time for the evalpatposes. The goals of
conductinghe experimenfor the first time were:
T Collecting and analyzing t hpresesnbyt s of el
complexity factorsFor instancgthe sizeof texts, most users believe thaterms
of size comfexity, textscan be represented hyotal numbef font sizes exist
on a page rather than the total numbecarhplexfont families or styles.
1 Reducing the number of elements attributes for each complexity factor to one or
two at maximum.
1 Using the reglar model screen for further analysis and comparative study
1 Formulating the equations of the complexity factors
On the second execution of the second experimdrith is the evaluatioexperiment
the metric model was refined, reduced and the compl&adtgrs ofthe elemers attributesvere
calculated Consequently, the data collection and analysis of the development expavenent
exclusively performed n t he user s6 dat a wmihatlyenometricdatat o t he
existedas explained alve. There are two phases in analyzing the data of the evaluation
experiment, the first one is collecting the data produced by the calculation of the metrics and the
second one i s ,thesearehedatadttzatwdl beollentedanth analyize in the
second experiment:
T Usersd views data of development exper.
T Usersdé views data of the evalwuation exp
1 Met r i c Otkecalcaldtians o f
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Two essentiaburveys were presented to users, the firs one is about evaluating the model
screen ofhe five selected websites against the real screens using the four factors of complexity
on five Likertscale. The second one is about evaluating our modified model screen in which
there are three screenshots each one titled with a structural elemeatlamhéas
correspondent elemerttsatare highlighted and identified. Additionally, each structural element
is measured according to an attribute reflects that factor of the four, and users rates them using
thefive Likert-scale.

Model screens versureal screen

First, we collect and analyze the data of the development experiment. The data that we
collected represents ratings aacaleof five for each factor. The null hypothesis that should be
tested is that the variances of the means of ratorghése four factors are equéD . Also, it
includes that there is no correlation between these factors. We implemented the ANOVA test to
obtain the pvale which gives us a reading to judge the hypothesis. In the following table, the p
value equal®.17E09 which is a very small value compared to the alpha value, 0.05.
Consequently, there is enough evidence to show a huge difference between the means of factors,
thus, the null hypothesis is rejected. Moreover, the correlation Table, display a moderat
correlation between the size and density factors, which its value is 0.5. However, the grouping
and alignment factors have a low correlation values with the size factor, which are 0.34 and 0.36.
As well as, the density factor and the alignment factdn witly 0.35 correlation value. In
contrast, a strong correlation between the grouping and the alignment factors, which equals to
0.64. Overall, these numbers collectively show the association between these factors, therefore,
we can infer that the factoese reasonably correlated. The ratings data are included in the

appendixes section of this document.
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Moving to the data collection and analysis of the evaluation experithendifferences
between the two experiments was explained in the empirical shaglyss. We apply the same
tests and data collection to develop the same null hypothesis which in its summary, the means of
the factorso6 ratings are equal and there is
However, the results of ANOVA teare opposite in this experiment, whereas, thalpe equals

0.069 and it is slightly greater that the alpha value, 0.05.

Table 18. ANOVA test results of users' ratings of the four factors using the regular model
screens

DE EE

Source of Variation| Between Groups | Source of Variation| Between Groups
F Statistical 14.0809 F Statistical 2.365261
p-value 5.17E09 p-value 0.069764

F Critical 2.612877 F Critical 2.616437

In addition, the results of the correlation in this experinaeealso vared with
developmenexperiment Furthermorethe correlation results in this oaeemuch higher and
greater than the previous one. Whereas, the degsityping and alignment factors haabdove
average correlation valu@sth the size faior, whichis 0.53-0.59. Also, the density and the and
grouping factors have correlation value located in the sange, which is 0.59. Moreover, the
alignment factor and the grouping factepeatedijhave the highest correlation value among the
othersthe same as the development experiment, which is 0.69. Nonetheless, the density and the

alignment factors have a below average value for their correlation, which is 0.46.
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Table 19. Correlations results of users' ratings of the dur factors using the regular model

screens
DE EE
Size | Density| Grouping| Alignment | Size | Density| Grouping| Alignment
Size 1.00 1.00
Density 0.50| 1.00 0.59| 1.00
Grouping | 0.35| 0.36 1.00 0.58| 0.59 1.00
Alignment | 0.36| 0.34 0.64 1.00 0.53] 0.46 0.69 1.00

Our overall justification of thesdiverseresults is that:

1 The changes made on the components of the experiments such as:

1 The results of the development experiment indicate that all factors have the same

o The terminology explanations with visual aids

o The techniqu®f moderating the sessiorR®etrospective Probing (RP)

o Using highly ranked websites by independent source

level of significance, on the other hand, the evaluation experiment indicate that
some factors have higher level of significartisan the others, and the difference in
both readings lead us to estimate that the regular model screens are not adequate to

judge the complexity of web interfaces. Therefore, we were not sure since the

beginning about the adequacy of the model screelns tsed as they are.

The results of the first surveys in the first experiment adds more support to our

argument because they show that during the development and the evaluation

experiments

levels ofimportanceand their pvalues back that 0.6 ad7 arerespectively higher

than the alpha value.

t he
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Complexity ofe | e m attribused

In thedevelopment experiment, we wanted to explore what attributes or characteristics of
structural elemds within the frame of each factor that can affect the complexity of the web
interfaces. Hence, we presented sets of attributes to the users, and then we allowed them to rate
them on a scale of five. Moreover, the rating procedure had our modified mageisas we
demonstrated in the previous chapters. Only the highly rated attributes of complexity metrics
were calculatedAfterward two sets of/aluesfor the complexity were computed, the first one
came from the total ratings and the second one cametfre calculations of the complexity
metrics. By implementing a statistical comparison usitiest wecouldobserve the strength of
the relationship between the sets of values which were given by the complexity metric and the
val ues of gshSebsaqueestly, sedulddrizet aihypothesis which is the means of the
complexity of elemental attributeasf user sé ratings are equal to
metric model for the same attributé§) . The evaluation experiment was conducted in the same
manner to confirm the numbers of the metric m
hypothesisA | | actual data produced by the userso r:
avdlable in the appendixes of this document.

As shown in the tables, in the development experiment after implementintgien
t he means of the usersbdé ratings and-vallee means
equals td.44which is greatethan the alpha value, 0.05. That indicatesdiliergencebetween
the means of the two methods of evaluating the complexity of the elements attributes complexity
are venylimited. Consequentlythere is no reasonable significance to reject the nullthgges,
and itmustbe accepted. Similarly, the two sets of data that came from the evaluation experiment

leadto a comparable conclusion, in which theglue equals t0.07 which is greater than the
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alpha value, 0.05. Hence, the outcomes of the two empets suggest that metric model is very
closeto predicting the complexity of the web interfaces, we proposed to take it a step further and

calculate the overall complexity of the web interfaces.

Table 20. T-test: the meansofte user s6 ratings and the metric

Statistical Measure| DE EE
Metric Means |[Rat i ngs 6| MetricMeans|Rat i ngs @

Mean 0.36 0.35 0.3392 0.2431
Variance 0.033 0.35 0.0366 0.0092

t Stat 0.142089 1.5569

P(T<=t) onetalil 0.4442 0.0695

t Critical onetail 1.72472 1.7459

P(T<=t) twotall 0.88843 0.1390

t Critical two-tail 2.08596 2.1199

Tounderstand the user so \PiineipalscComponerg Analygis I mp |
(PCA) ontheir ratings, especially, the highly rated attribufiéee result of the PCh the
development experimerg that four attributes have a stander deviation greater and equal to one
and they representcamulative poportionof 59 percent, which means they have a better
representationf the complexity over t other. In other wosjfour major components
exemplifythe attributes of complexity. However, the attributes that haasrer loadings on the
first three components, somewhat haa®iesless than the average, which means the weight of
these attributesn the first three componentssemehowequally distributed on them. The size
of links has the highest loading among the other factors on the fourth component with 0.53.
Likewise, in the evaluatioaxperimentthe weight of these attributes on the fitsiee
components is somehayguitablyassigned on them. The density of texts has the highest loading

among the other factors on the fourth component with 054 following figures demonstrate
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the PCA |l oadings of the ufcanplexdy on thetfiistiogrs
components.

Loadings of Development Experiment

e COMP.]1 e COMP.2 @ CoOMP.3 Comp.4

Textual-Size

Link-Alignment Textual-Density

Link-Grouping Textual-Grouping

Link-Density Textual- Vertical-Alignment

Link-Size Textual-Horizontal-Alignment

Graphical-Alignment Graphical-Size

Graphical-Grouping Graphical-Density

Figure 30.PCA - Loadings of users' ratings for the twelve factors using the modified mod
screens of tke development experiment
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Loadings of Evaluation Experiment

e COMP.1 e COmp.2 es=Comp.3 Comp.4

Textual-Size
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ink-Alignment 0.44
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Link-Grouping Textual-Grouping
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Graphical-Alignment Graphical-Size

Graphical-Grouping Graphical-Density

Figure 31.PCA - Loadings of users' ratings for the twelve factors using the modified mod
screens of the evaluation experiment
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Calculating the overall weighted complexity of web interfaces

In this section, we calculated the overall weighted complexity of web interfaces for the
ten homepages of the websites usetthéndevelopment and evaluation experiment. The reason
for performing this calculation is to answer and validate the last question and hypothesis
mentioned in the hypotheses section of the second experimaxidition we use the equations
and the resultef the calculations of the attributes that done previously in this chapter, which can
be found in the appendixes of this document. The following tables show the results of
calculation. hterpreing the results of the calculation lead us to carry out @& &n each factor
for both sets of results mutualklthoughit appears that the size and density factors have the
highest averages respectively, and the grouping and alignment factors interchange their ranks in
the different sets of results, the PCA gidistinctiveand more understandable readings. By
combining the two sets of results and applying the PCA wdhédiiera stander deviation of 1.6
for one component and the rest were less than one with 0.71 cumutafpeetion Where
density and size hav0.57 and 0.55 loadings on the first and the most significant component.
These values are somewhat above the 0.5 logical average of loadings, and the alignment and
grouping have 0.44 and 0.41 loadings on the same component. The description of these number
is that the density and size are most influential factors on the complexity of the web interfaces,
and the alignment and grouping factors have the easier influence than the other two on the

complexity of the web interfaces.
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Table 21. Calculation the overall weighted complexity of the development experiment

Homepages | WeightedSize | WeightedDensity | WeightedGrouping| WeightedAlignment | Overall Weighted
Complexity Complexity Complexity Complexity Complexity

forbes.com 2.24 1.31 0.32 0.47 4.34

msn.com 3.86 1.97 0.75 0.84 7.43
graceLand.com| 2.37 1.93 1.20 0.51 6.01

dujour.com 1.99 0.89 0.16 0.51 3.55

psu.edu 1.52 1.04 0.49 0.70 3.75

Average 2.40 1.43 0.58 0.61 25.07

Table 22. Calculation the overall weidhted complexity of the evaluation experiment

Homepages WeightedSize | WeightedDensity | WeightedGrouping| WeightedAlignment | Overall Weighted
Complexity Complexity Complexity Complexity Complexity
thoughteconomics.com| 1.44 1.00 0.23 0.18 2.85
theguardian@m 2.31 1.68 0.95 0.26 5.19
www.guggenheim.org | 1.71 1.08 0.79 0.23 3.81
www.hampshire.edu 1.05 0.61 0.50 0.12 2.28
www.oracle.com 0.35 0.45 0.27 0.17 1.25
Average 1.37 0.96 0.55 0.19 15.39




Table 23. PCA - Importance of comporents for the means of the collective data for each

factor

Collective PCA for the data of development and evaluation experiments

Importance of components Comp.1 Comp.2 Comp.3 Comp.4
Standard deviation 1.69 0.94 0.48 0.21
Proportion of Variance 0.71 0.22 0.06 0.01
Cumulative Proportion 0.71 0.93 0.99 1.00

Table 24. PCA - Loadings for the means of the collective data of each factor

Collective PCA loadings for the data of development and evaluation experiments

Loadings Comp.1 Comp2 Comp.3 Comp.4
Size Complexity -0.554 0.209 -0.57 0.57
Density Complexity -0.573 -0.167 -0.262 -0.759
Grouping Complexity -0.412 -0.727 0.45 0.316
Alignment Complexity -0.442 0.633 0.635

Loadings of Complexity Factors

Alignment Complexity

Comp.1

Size Complexity
0

-0.2
-0.4

0@
N\

Density Complexity

Grouping Complexity

Figure 32. Radar chart of the loadings for the means of the collective dataf each factor
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CHAPTER 6. CONCLUSION AND FUTURE WORK

While calculating,usability can cost four times as much as direcgjuglitativestudies
metricsare occasionallyaluable Between other things, metrics can aid managers design
progress and support decisions about when to release a pMdtrats are the indicationsdh
show whethedesigningapproacksarevalid. Using metrics is important to chasioganges
over timeagainst repetitionand settingyoals.

This thesis addresses some of these issues by examining methods to reduce the
probability of designing inefficierweb interfaces, and consequently, the software design cost
reduces as well. In this chapter, we first present a summary of our contribution that is archived
by this dissertation research.

Contribution

In thisdissertationwe developed a metric modeldompute the complexity of web
interfaces which results in elevating the design quality of software. This model consists of
developing measures of software usability complexity that can be utilized to target fundament
components of GUI.

The starting poinbf our work is to construdurveys to discover the boundaries of the
web interface complexity. Thesearveyswere utilizedto build two major experiments, and the
first one led to the development of tiveploratorystructural metric model of complexityhich
includes:

9 Four structural factors of complexity: size, densiyguping and alignment
1 Three structural elements of complexity: texgaphicsand links

I Model screens and restreemnf web interfaces
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1 Attributes and characters of structural eleise

Two key experiments were conducted, and eachaomgluctedwice. The first set of
experiments were investigative to specify and outline the metric model. The setohd
experiments were confirmative to validate the metric model regudts, a qustioner by which
we couldcollect demographic information of tiset u gaytigigants. Thaurvey of the first
experiment aims exploretheconget of web i nterface complexity
Thus, we utilized two different types of questiowbjch are operended and closended
guestions. In theperendedguestionswe allowed the participants to type in five factors and
five elements of complexity from their perspectives. While in the seyedwe presented lists
of factors and elementghich were reported in previous studies causiregcomplexity ofGUI.

The use of two styles of questions in our surveys allowed us to ohaaiyaccurate
results of the complexity concept from usersbod
conformity between the results of the two styles. That drove dsaw a clear line around the
factors and elements of complexity. Moreover, the form of model screens that exist in the
literatureseem to be not veiyositivein illustrating thescreené s t roiwmeh interfaces.
Therefore, we invented our modified model screens, in which we draw boundaries around the
targeted visual objects that occupy areas on the screen, and then we title them with a category
name of elementJ.his version of model screens leddecentresults that came out froms e r s 6
ratings and the metrics calculations.

The adoption of several different types of statistical testgdnouskinds of data
enabled us to drive conclusions that can be generalizdige first experiment, usewe able to
browse and observe factors and elements that may causedesstamndable GUI, and then type

in their views. The type of data that was produced by this kind of evalusbodinal data,

92



which were ranked and categorized to implemenWiheoxon signed rank tesfs explained
before the experiment was conducted twice, and each occurrence the results were almost similar.
The interpretation of the results led as to conclude that users perceive our metrics factors and
elements hava higherinfluence on the usability of web interfacésaddition in thesurveys of
the first experiment, which hadlosedended questions by which users rated our metric factors
and elements collectiveBgainsither factors and elements and individually amoruip edher.
The statistical test that we used to analyzerttexval data of the ratingsas the #est by which
we couldconcludethat our metrics factors and elements possess higher impact on the usability
of web interfaces as welh addition, perforrmg the PCA enabled us to recognize thatfdioe-
factorand the threelementdaveapproximateljthe same level of importance.

In the secon@xperimentwe appliedhe regular modedcreenandour modified model
screen on the websites and then thesusealuatedhe four factors and thevelve measureof
el ement s06 we performbdistatestscal tesasriochnalyze the interval data of the ratings.
First, we collected the data of the wuslersodo ra
screen, and then we implemented the ANO#t andwe calculated the correlation ship
between the four factors. The results slightly from the development and evaluation experiments
and in ouranalysiswe found that the variables and the changes thalidv@ the evaluation
experimented tothedifferent outcomeshowever, the results of the correlations showed most of
the factors areonnectedand some of them like grouping and alignment factors k@wag
correlations

Additionally, we could calulate the overall unweighted and weighted complexity of the
websites based on the four factors and the three elements. Fexpethmentswe compared

the data of wuserso6 ratings of websites compl e
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equdionsof our metric model usingt-testto observe the difference between the two methods
of evaluation. The resulghowed our method esvery stongin predicting the level of

complexity for each web interface where the means of the both methodsemnentoge in the
development and the evaluation experiments. Furthermore, we conducted PCA on the data to
detect the factors of higher influence on the web interface complexity, and the results of this
analysis show that size and density factors havehigisrank ofinfluence

Limitations and Future Work

Two major factors were mentioned explicitly and implicitly in the first experiment at
both phases, thdevelopmentand the evaluation phases, and they are the colors and the
navigation system of webterfaces. The reason for excluding them from our model was that
compactness and concentratmfrthe model which is sery importanfeature of the model, and
we wanted to keep for easier representation of web interface complexity. In addition, we wanted
to investigate the repetitive claims in the literature about the four structural factors of GUI
complexity.Furthermorewe wanted to examine our model without the existence of these two
factorsand with them to study the difference in futstadies Also, each factor of these can
have a standalone and independent study due to the variety of variables and parameters that must
take into consideration.

Therefore, we have a future to include the navigation and color as factors of complexity
to our model, hoever, since our model specialized in the structural aspects faictioes Thus,
structural factors of the menus of websites will be studied like the typemds depth versus
breadth, vertical versus side navigation bars, tavgyation, beadcruminavigation, and footer
navigation.Similarly, the strategy of selectiragstructuralaspect of the color factor will be

applied such as categorizing the coliots groups based on the hudrome and value. Plus, the
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number of colors used on web interfaeesl their effects on the other factors. These two factors
will be added individually and collectively to the model, and then a cooperative study will be
conducted to investigate the level of representation of web interface complexity.

The secondgignfic antlimitation to this study is the disability to buifshinlesgool
because there @bviousdifficulty in developinga software tool capabte recognizinghe
structural elementsyhich are thegraphics, text, and links based on our critdtisequires
images processing studies and technologies which are out of the scope of ol B@hEBEO
tools allowed us to perform some calculations such as the word counts and the links counts, but
the graphicsieedmore advanced tools to detect them bec#usguires more than scanning the
web pagesd6 scripts to identify objects.

Nevertheless, theiis some abstract model implemented in open source image
recognition tools that can lexploitedto develop a software tool to fits the criteria of this
researchSuchapproachs also a plan to this research to expand the capabilities and the
automation of the calculations of our metric model.

Moreover, we noticed from users comments that websites genrahbgdinfluenceon
their ratings, which is somethirigis study could not address since the intention from the
beginning was the factors and the elements regardless of the website genres. Also, many
previous studies did not focus on thatter Consequentlyour focus was oriented towards
incorporating diférent types ofvebsitesnstead of oneHence, another plan is held for

performing the same experimeimghis research on several genres independently.
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Table A1. The sgnificance level of the selected four factors of the metric against the other factors by using Wilcoxon test on
frequencies of users' inputgFirst Experiment)

Size Density Grouping | Alignment | Total of References foi Other Factors' Total of All Factors' Types
the 4 Structural Factor{ References of References

DE |EE |DE |EE |DE |EE |DE |EE |DE EE DE EE DE EE

8 13 (24 |13 |20 |8 10 |5 62 39 10 15 12 54

9 6 20 |12 |14 |15 |8 8 51 41 18 15 69 56

10 6 15 (12 |10 |12 |8 8 43 38 27 15 70 53

4 5 15 |13 |8 12 |6 4 33 34 27 16 60 50

6 4 12 (11 |12 |11 |12 |11 |42 37 22 18 64 55

37 34 |86 |61 |64 |58 |44 |36 |231 189 104 79 335 268

Thep-valueof Wilcoxon signed rank test | 0.01193

(Development Experiment)

The p-valueof Wilcoxon signed rank test | 0.01116

(Evaluation Experiment)
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Table A2. Descriptive data analysis of the actual fequenciesof complexity factors (First Experiment)

Descriptive Total of References for the 4 Structural Factors | Other Factors' References
Statistical

Measures DE EE DE EE

Mean 46.2 378 20.8 15.8
Standard Error 4.872371086 1.15758369 3.184336666 0.583095
Median 43 38 22 15
Standard Deviation] 10.89495296 2.588435821 7.120393248 1.30384
Sample Variance | 118.7 6.7 50.7 1.7
Range 29 7 17 3
Minimum 33 34 10 15
Maximum 62 41 27 18

Sum 231 189 104 79
Confidence Level | 13.52787085 3.213967571 8.841135949 1.618932

(95.0%)
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Table A3. Descriptive data analysis for the ratings of all factors against eachtteer (First Experiment)

Descriptive StructuralFour Factors StructuralSix Factors

Statistical

Measures DE EE DE EE

Mean 3.566666667 3.60326087 3.066666667 3.260869565
Standard Error 0.083813124 0.083369803 0.064183079 0.068603364
Median 4 4 3 3

Standard Deviation 1.298427329 1.130883023 1.217788305 1.13924674

Sample Variance

1.685913529

1.278896412

1.483008357

1.298972332

Range 5 4 5 5
Minimum 0 1 0 0
Maximum 5 5 5 5
Sum 856 663 1104 900

Confidence Level
(95.0%)

0.165106775

0.164489614

0.126222054

0.135054494
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Table A4. Descriptive data analysis for the users' rating data of the foufactors of complexity against each othe(First

Experiment)

(95.0%)

Descriptive DE EE

Statistical

Measures Size Density Grouping | Alignment | Size Density Grouping | Alignment
Mean 3.43 3.66 3.51 3.43 3.56 3.41 3.30 3.43
Standard Error | 0.13 0.13 0.13 0.16 0.13 0.15 0.17 0.16
Median 3 4 4 3.5 4 3 3 4
Standard 1.01 1.05 1.03 1.25 0.93 1.06 1.20 1.08
Deviation

Sample Variance| 1.02 1.10 1.06 1.57 0.87 1.13 1.46 1.18
Range 4 4 4 4 3 4 4 4
Minimum 1 1 1 1 2 1 1 1
Maximum 5 5 5 5 5 5 5 5
Sum 206 220 211 206 164 157 152 158
Confidence Level 0.26 0.27 0.26 0.32 0.27 0.31 0.35 0.32
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Table A5. The significance level of the selected three elements of the metric agathge other elementsby using Wilcoxon test
on frequencies of users' inputgFirst Experiment)

Text Graphics Links Total of Other Elements' Total of AIE | e me
References for the] References Types of References
3 Structural
Elements

DE EE DE EE DE EE DE EE DE EE DE EE

16 2 33 37 11 24 60 63 12 6 72 69

11 4 32 20 14 14 57 38 12 17 69 55

19 7 25 23 14 17 58 a7 19 14 77 61

11 11 19 5 9 8 39 24 18 17 57 41

3 5 22 12 16 10 41 27 19 12 60 39

60 29 131 97 64 73 255 199 80 66 335 265

Thep-valueof Wilcoxon signed rank tegDevelopment Experiment) 0.01167

The p-valueof Wilcoxon signed rank tegEvaluation Experiment) 0.01193
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Table A6. Descriptive data analysis of the actual frequencies of complexigtements(First Experiment)

Descriptive Total of References for ti&StructuralElements OtherE | e meRefe¢rences
Statistical

Measures DE EE DE EE
Mean 51 16 39.8 13.2
Standard Error 4.5276 1.6431 7.0950 2.0346
Median 57 18 38 14
Standard Deviatiornl 10.1242 3.674 15.865 4.5497
Sample Variance | 102.5 13.5 251.7 20.7
Range 21 7 39 11
Minimum 39 12 24 6
Maximum 60 19 63 17
Sum 255 80 199 66
Confidence Level | 12.57088987 4.562165 19.69906879 5.64923

(95.0%)
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Table A7. Descriptive data analysis for the ratings of alelementsagainst each othel(First Experiment)

(95.0%)

Descriptive Structual Three Elements StructuralFive Elements
Statistical

Measures DE EE DE EE
Mean 3.494 3.239 2.95 2.891
Standard Error 0.0846 0.1100 0.0714 0.086
Median 3 4 3 3
Standard Deviatior] 1.1359 1.293 1.237 1.312
Sample Variance | 1.290 1.672 1.532 1.721
Range 4 4 4 4
Minimum 1 1 1 1
Maximum 5 5 5 5
Sum 629 447 885 665
Confidence Level | 0.167 0.217 0.140 0.170
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Table A8. Descriptive data analysis for the users' rahg data of thethree elementsof complexity against each othe(First

Experiment)

(95.0%)

Descriptive DE EE

Statistical

Measures Texts Graphics Links Texts Graphics Links
Mean 3.68 3.366 2.88 2.97 3.45 3.39
Standard Error | 0.162 0.161 0.142 0.156 0.183 0.133
Median 4 3 3 3 3 3
Standard 1.255 1.248 1.106 1.064 1.241 0.906
Deviation

Sample Variance| 1.57 1.55 1.22 1.13285 1.542512 0.821256
Range 4 4 4 4 4 3
Minimum 1 1 1 1 1 2
Maximum 5 5 5 5 5 5
Sum 221 202 173 137 159 156
Confidence Level 0.32 0.32 0.28 0.31 0.36 0.26
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t wel ve

Table AQ. PCA-import ance of components for us gFirstBxpariment) ngs of
Importance | DE

of

components Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp.

1 2 3 4 5 6 7 8 9 10 11 12

Standard 2.05 1.40 1.16 1.13 0.90 0.70 0.66 0.61 0.54 0.52 0.49 0.42
deviation

Proportion | 0.35 0.16 0.11 0.10 0.06 0.04 0.03 0.03 0.02 0.02 0.02 0.01
of Variance

Cumulative | 0.35 0.51 0.62 0.73 0.80 0.84 0.88 0.91 0.94 0.96 0.98 1.00
Proportion




AN

Table A10.PCAiloadi ngs for userso6 rat i n dFastExperimente t wel ve compl exity
DE

Loadings Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp.
1 2 3 4 5 6 7 8 9 10 11 12

Size of Texts |-0.273 |-0.232 | -0.203 | 0.404 | 0.397 |0.427 |0.120 |-0.185 | 0.263 |-0.196 | 0.396 |0.121

Size of Link -0.145 | 0.490 | 0.201 0.578 | 0.107 0.333 -0.400 | 0.260

Size of -0.310 | -0.209 | 0.361 |-0.283 | -0.117 -0.247 | 0.534 | 0.255 |-0.407 | 0.239

Graphics

Density of -0.277 | -0.183 | -0.558 0.160 -0.237 | 0.391 0.381 |-0.101 | -0.426

Texts

Density of -0.169 | 0.396 | -0.308 | -0.492 0.219 -0.120 | 0.176 | 0.506 | 0.340

Links

Density of -0.218 | -0.259 -0.614 | 0.115 | 0.209 |0.222 |-0.376 -0.215 | -0.445

Graphics

Grouping of -0.335 | -0.062 | -0.368 | 0.208 | -0.051 |-0.657 | 0.056 |-0.044 |-0.004 | -0.289 | -0.201 | 0.376
Texts

Grouping of -0.235 | 0.548 | -0.015 | 0.009 |0.087 |-0.114 |-0.231 |-0.292 | -0.066 | -0.393 | 0.131 | -0.556
Links

Grouping of -0.320 | -0.195 [ 0.372 |-0.097 | 0.284 |-0.241 |-0.407 |-0.378 | -0.178 | 0.429 |0.162 |0.149
Graphics
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Table A10. PCAil oadings for usersodé6 ratings of the twelve complexity
DE
Loadings Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp.
1 2 3 4 5 6 7 8 9 10 11 12
Alignment of | -0.387 | -0.037 | 0.056 |0.192 |-0.279 | 0.399 |-0.029 | 0.097 |-0.718 |-0.114 | -0.158 | 0.093
Texts
Alignment of | -0.328 | 0.245 | 0.022 |0.152 |-0.522 | 0.219 |-0.193 |-0.172 | 0.533 |0.280 |-0.213 |0.114
Links
Alignment of | -0.359 | -0.040 | 0.317 | 0.127 |-0.067 |-0.220 | 0.712 | 0.077 |0.039 |0.238 |0.085 |-0.348
Graphics
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TableAl1L PCA-import ance of components for us ¢gFirstBxpariment) ngs of
Importance of EE

components Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp.

1 2 3 4 5 6 7 8 9 10 11 12

Standard 231 |125 |108 |[101 (085 |0.82 |0.63 |059 |048 |046 |041 |0.34
deviation

Proportion of 0.444 |0.130 | 0.097 |0.084 |0.060 |0.056 |0.033 |0.029 |0.019 |0.017 |0.014 |0.009
Variance

Cumulative 0.444 | 0.575 | 0.673 | 0.758 |0.818 | 0.875 |0.908 | 0.938 | 0.957 |0.975 | 0.990 |1.00
Proportion

t wel ve
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Table A12. PCA-1 oadings for usersod6 ratings ofimenhe twelve complexity

Loadings Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp.
1 2 3 4 5 6 7 8 9 10 11 12

Size of Texts -0.324 | 0.538 |0.507 |[-0.353 |-0.030 |0.298 |0.108 |-0.150 |-0.285 |-0.041 | 0.036
Size of Links -0.257 | 0.045 |0.415 |-0.332 |-0.193 |0.604 |[0.095 |-0.147 |[0.051 |0.442 |0.096 | 0.100
Size of -0.331 | 0.067 |0.069 |0.175 |0.307 |0.407 |-0.579 |-0.044 |-0.280 |-0.363 |-0.206 |-0.016
Graphics
Density of -0.286 |-0.481 |-0.190 | 0.042 |-0.131 |-0.173 |-0.212 |-0.238 |-0.311 | 0.319 |0.282 |-0.471
Texts
Density of -0.286 | -0.345 |-0.345 | -0.346 | -0.243 | -0.054 | 0.027 |0.112 |-0.221 |-0.168 |-0.087 | 0.633
Links
Densityof -0.297 | -0.385 |-0.227 |0.130 |0.233 |0.249 |0.152 |0.052 |0.709 |-0.167 |0.123 |-0.081
Graphics
Grouping of -0.285 | 0.019 |0.440 |-0.021 |0.321 |-0.527 |-0.275 |-0.068 | 0.204 |0.137 |0.273 | 0.358
Texts
Grouping of -0.328 | 0.154 |0.127 |-0.370 |-0.152 |-0.156 |-0.059 |0.692 |0.053 |-0.119 |-0.043 |-0.408
Links
Grouping of -0.343 | 0.019 |0.034 |-0.124 | 0.455 |-0.163 |0.541 |-0.214 |-0.210 | 0.066 |-0.475 |-0.139
Graphics
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Table A12. PCA-|

oadi ngs

f o rof the swelvex@mplexdytitems @-isst Experiment) (continued)

Loadings Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp.
1 2 3 4 5 6 7 8 9 10 11 12

Alignment of -0.307 | 0.258 |-0.164 |0.293 |-0.449 |-0.166 |-0.206 |-0.161 |0.320 |0.2% |-0.508 | 0.035

Texts

Alignment of -0.294 | 0.445 |-0.098 |-0.099 |-0.238 |-0.062 |0.192 |-0.435 |0.000 |-0.474 |0.419 |-0.094

Links

Alignment of -0.265 | 0.318 |-0.282 | 0.462 |0.146 |0.119 |0.216 |0.385 |-0.238 |0.323 |0.329 |0.189

Graphics
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Table A13. Users' ratings of Development Experimentusing the modifiedmodel screengSecond Experiment)

Homepages Size Complexity Density Complexity Grouping Complexity Alignment Complexity
(TSC) | (GSC) | (LSC) | (TDC) | (GDC) | (LDC) | (TGC) | (GGC) | (LGC) | (TAC) | (GAC) | (LAC)
forbes.com 059 |045 |059 |0.55 0.28 0.48 0.15 0.32 0.17 0.22 0.25 0.31
msn.com 0.57 |059 |0.58 |0.69 0.64 0.64 0.36 0.37 0.31 0.16 0.3 0.15
graceLand.com| 0.38 | 0.63 0.61 |0.35 0.75 0.61 0.29 0.31 0.25 0.24 0.33 0.28
dujour.com 048 |0.24 047 ]0.32 0.2 0.37 0.12 0.13 0.16 0.2 0.25 0.25
psu.edu 0.37 |0.3 0.45 |0.32 0.27 0.38 0.2 0.15 0.16 0.18 0.16 0.28
Average 047 (044 054 |0.44 0.42 0.49 0.22 0.25 0.21 0.2 0.25 0.25

Table A14. Users' ratings ofevaluation experiment using the nodified model screengSecond Experiment)

Rating Values of Evaluation Experiment

Homepages Size Complexity Density Complexity Grouping Complexity Alignment Complexity
(TSC) [ (GSC) | (LSC) | (TDC) | (GDC) | (LDC) | (TGC) | (GGC) | (LGC) | (TAC) | (GAC) | (LAC)

thoughteconmic | 0.81 0.74 0.14 0.93 0.02 0.03 0.09 0.21 0.19 0.01 0.11 0.16

s.com

theqguardian.com | 0.72 |0.80 |042 |0.06 |0.09 |083 |025 |0.81 |042 |0.06 |0.06 |0.13

www.guggenhei | 0.63 |0.24 |057 |061 |0.19 |0.27 |05 024 |0.75 |0.03 |0.08 |0.16

m.org

www.hampshire.¢ 0.56 | 0.22 | 0.62 044 020 |034 (065 |0.21 |0.69 |0.08 |0.07 |0.09

du

www.oracle.com | 0.6 0.24 0 0.25 0.13 0.47 0.54 0.33 0.63 0.07 0.18 0.13

Average 0.6 045 |035 |046 (023 |039 |040 |036 |053 |0.05 |0.10 |0.13
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Table A15. Metric values of developmert experiment (Second Experiment)

Homepages Size Complexity Density Complexity Grouping Complexity Alignment Complexity
(TSC) | (GSC) | (LSC) | (TDC) | (GDC) | (LDC) | (TGC) | (GGC) | (LGC) | (TAC) | (GAC) | (LAC)
forbes.com 0.75 0.50 0.13 0.47 0.11 0.42 0.03 0.24 0.23 0.28 0.16 0.16
msn.com 1.00 0.89 0.33 0.01 0.49 0.49 0.33 0.13 0.27 0.33 0.51 0.54
graceLand.com | 0.50 0.72 0.24 | 0.68 0.17 0.28 0.29 0.68 0.45 0.16 0.18 0.26
dujour.com 0.77 0.80 0.11 0.66 0.11 0.23 0.04 0.14 0.20 0.24 0.16 0.33
psu.edu 0.57 0.71 0.07 0.43 0.33 0.31 0.42 0.29 0.26 0.73 0.25 0.16
Average 0.72 0.72 0.18 0.45 0.24 0.35 0.22 0.29 0.28 0.35 0.25 0.29
Table A16. Metric values of evaluation experiment (Second Experiment)
Homepages Size Complexity Density Complexity GroupingComplexity Alignment Complexity
(TSC) | (GSC) | (LSC) | (TDC) | (GDC) | (LDC) | (TGC) | (GGC) | (LGC) | (TAC) | (GAC) | (LAC)
ghn‘zughteconom'cs' 025 |025 |033 |051 |030 |018 |01 |015 |020 |0.05 |028 |0.28
theguardian.com 0.32 0.36 0.5 0.39 0.72 0.55 0.18 0.27 0.18 0.13 0.37 0.42
‘(’)"r‘g’w'gugge”he'm' 041 |029 |047 |038 |028 |034 [018 |012 [021 |012 |026 |0.44
‘l’J"WW'hampSh're'ed 023 |016 |034 |021 |026 |013 |002 |016 |013 |005 |021 |0.18
www.oracle.com 0.13 0.07 0.21 0.15 0.15 0.20 0.07 0.05 0.05 0.05 0.15 0.22
Average 0.27 0.23 0.37 0.33 0.34 0.28 0.11 0.15 0.15 0.08 0.25 0.31
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TableA17.PCA-import ance of components f or us eusirgthe moditied mogld screénsof we | v e
the development experimen{Second Experiment
Importance of | Comp | Comp | Comp | Comp | Comp | Comp | Comp | Comp | Comp | Comp | Comp | Comp | Comp

components A 2 3 A4 5 .6 g .8 9 .10 A1 A2 13
Standard 201 |1.15 |1.13 (100 |092 |08 (083 |0.79 |0.77 |0.75 |0.70 |0.67 |0.60
deviation

Proportion of 0.31 |[0.10 |0.10 |0.08 |0.07 |006 |0.05 |0.05 [0.05 |0.04 |0.04 |0.03 |0.08
Variance

Cumulative 031 (041 |051 |059 (065 |0.71 |0.76 |0.81 |0.86 |0.90 |0.94 |0.97 |1.00
Proportion
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Table A18 PCA-import ance of components for usersod6 ratings ofoft wel ve
the evaluation experiment (Second Experiment)

Importance of | Comp | Comp | Comp | Comp | Comp | Comp | Comp | Comp | Comp | Comp | Comp | Comp | Comp

components A 2 3 A4 5 .6 g .8 9 .10 A1 A2 A3

Standard 214 124 112 |1.04 |092 |08 |0.79 |0.73 |0.70 |0.66 |0.58 |0.56 |0.50

deviation

Proportionof |0.35 |0.12 |0.10 |[0.08 |0.07 |0.06 |0.05 |0.04 [0.04 |0.03 |0.03 |0.02 |0.02

Variance

Cumulative 035 |047 |057 |065 |0.71 |0.77 082 |08 |090 [0.93 |0.96 |0.98 |1.00

Proportion
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Table A19. PCA-l oadi ngs of userso ratings of t welve complexity

experiment (Second Experiment)

Loadings Comp. | Comp. | Comp.| Comp.| Comp.| Comp.| Comp. | Comp.| Comp | Comp. | Comp. | Comp.| Comp.
1 2 3 4 5 6 7 8 9 10 11 12 13

TextualtSize | -0.26 | 0.28 -0.35 | 0.31 0.39 0.13 0.22 -0.02 |-0.04 |-0.29 |0.25 0.51 -0.12

Textuat -0.30 |0.17 -0.36 | 0.22 0.15 -0.04 |-0.20 |0.08 0.61 0.15 -0.02 |-0.49 |0.02

Density

Textuat -0.28 |0.34 0.03 -0.02 | 0.25 -0.63 | 0.02 0.01 -0.49 |0.20 -0.12 |-0.18 | 0.12

Grouping

Textuat -0.24 | 0.45 0.28 -0.03 |-0.34 |0.28 -0.10 | 0.36 -0.18 | -0.09 |0.42 -0.23 | -0.25

Verticak

Alignment

Textuat -0.26 | 0.44 0.28 0.09 -0.26 | 0.21 0.06 -0.30 |0.18 0.02 -0.55 [0.22 0.25

Horizontal

Alignment

Graphical -0.31 |-0.10 |-0.27 |-0.45 |0.11 0.24 -0.22 | 0.04 -0.19 | 0.02 -0.44 |0.03 -0.51

Size

Graphicai -0.31 |-0.11 |-0.36 |-0.36 |-0.18 |0.21 -0.08 |-0.05 |-0.16 |0.17 0.28 0.08 0.63

Density

Graphicai -0.29 |-0.15 |0.13 -0.30 |-0.01 |-0.11 |0.78 0.30 0.27 0.02 -0.03 |-0.03 |-0.04

Grouping

it em:
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Table A19. PCA-l oadi ngs of wuserso ratings of t we |sereensofdhadevetogmenty i t e m:
experiment (Second Experiment]continued)

Loadings Comp. | Comp. | Comp. | Comp.| Comp.| Comp.| Comp.| Comp. | Comp.| Comp.| Comp. | Comp.| Comp.
1 2 3 4 5 6 7 8 9 10 11 12 13

Graphical -0.26 |-0.18 |043 |001 |039 |0.23 |-0.01 |-044 |0.03 |046 |0.29 |-0.03 |-0.15
Alignment

Link-Size -0.23 |-0.31 |-0.12 |0.53 |-041 |-0.09 |0.00 [0.22 |-0.13 |0.46 |-0.08 |0.25 |-0.17

Link- -0.31 |-0.28 |-0.08 |0.20 |-0.27 |-0.06 |0.17 |-0.50 |-0.19 |-0.48 |0.04 |-0.37 |-0.10
Density

Link- -0.30 |-0.13 [0.22 |-0.22 |-0.13 |-0.49 |-0.41 |-0.02 |0.35 |-0.25 |0.20 |0.38 |-0.08
Grouping

Link- -0.25 |-0.34 (033 |0.24 |034 |0.20 |-0.20 [0.43 |-0.13 |-0.31 |-0.22 |-0.08 |0.34

Alignment
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Table A20.PCA-1 oadings of wusersdo ratings of twel ve conepauatan t vy

experiment (Second Experiment)

Loadings | Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp.
1 2 3 4 5 6 7 8 9 10 11 12 13

Textual -0.29 |-0.10 |-0.08 |0.42 |0.07 |-024 |058 |-019 |0.35 |-0.02 |0.25 |-0.30 |0.09

Size

Textual -0.26 |0.06 |0.14 |051 |050 |-005 |-0.24 |-0.29 |-0.22 |[0.05 |-0.43 |0.14 |-0.09

Density

Textuat -0.22 |-0.11 |-0.38 |-0.23 |0.67 |0.06 |-0.09 041 |-0.03 |-0.19 |[0.22 |-0.16 |-0.08

Grouping

Textuat -0.05 |-0.66 |0.15 |0.09 |-0.16 |-0.34 |-0.03 |0.14 |-051 |0.10 |0.17 |-0.05 |-0.24

Vertical

Alignment

Textual -0.06 |-0.67 |0.17 |-0.10 |0.02 |0.29 |-0.18 |-0.07 |0.49 |-0.12 |-0.31 |-0.07 |0.18

Horizontd

Alignment

Graphical |-0.30 |0.06 |-0.37 |0.09 |-0.38 |-0.34 |-0.02 |0.37 |0.07 |-0.32 |-0.50 |0.07 |-0.02

Size

it em:
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Table A20. PCA-1 oadi

experiment (Second Experiment) (continued)

ngs

of

usersbo

rat i n g she motlifietd moeldl screensobthepevakiationt y

Loadings | Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp. | Comp.
1 2 3 4 5 6 7 8 9 10 11 12 13

Graphical |-0.34 |-0.02 |-0.19 |0.28 |-0.21 |0.07 |-051 |-0.03 |0.12 |0.08 |051 |0.34 |0.26

Density

Graphical |-0.33 |-0.02 |-0.33 |-0.24 |-0.10 |0.10 |0.00 |-0.14 |0.09 |0.74 |-0.17 |-0.13 |-0.29

Grouping

Graphical |-0.33 |0.12 |0.34 |-0.32 |0.08 |-0.31 |-0.02 |0.20 |-0.15 |0.21 |-0.08 |-0.16 |0.67

Alignment

Link-Size |-0.31 |0.00 |0.32 |0.06 |000 |(040 |044 |042 |-0.04 |0.20 |-0.01 |0.49 |-0.08

Link- -0.32 |0.18 |0.22 |0.13 |-0.26 |044 |-0.16 |0.06 |-0.20 |-0.22 |0.04 |-0.63 |-0.14

Density

Link- -0.30 |-0.112 |-0.22 |-0.36 |-0.07 |0.15 |0.23 |-057 |-0.34 |[-0.38 |0.01 |0.22 |0.08

Grouping

Link- -0.28 |0.15 |043 |-0.31 |0.03 |-0.35 |-0.17 |-0.12 |0.35 |[-0.18 |0.16 |0.12 |-0.50

Alignment

it em:



APPENDIX B. REAL AND MODEL SCREENS OF THE HOME

WEBPAGES
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Figure B5. Homepage ofwww.msn.comwebsite
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Figure B7. Homepage of www.thoughteaoomics.com website
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Figure B9. Homepage of www.oracl.com website
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Figure B10. Homepage ofwww.theguardian.comwebsite
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Figure B14. Three model screens ofvww.forbes.comwebsite
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Figure B15. Three model screens ofvww.msn.comwebsite
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Figure B16. Three model screens ofvww.hampshire.eduwebsite
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Figure B17. Three model screens ofvww.thoughteconomics.conwebsite












































































































