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ABSTRACT

EFFECTS OF ICON, COLOR AND GENDER ON LEARNING PERFORMANCE

IN HYPERTEXT

Aksehirli, Zeynep
M.S., Department of Industrial Engineering

Supervisor: Prof. Dr. Canan Cilingir

June 1997, 132 pages

As the computer usage becomes more widespread, interface between
computers and human began to be considered more thoroughly by ergonomists.
Newly emerging tool, hypertext, is one of the information exchange media on
computers which is used for learning purposes.

This thesis analyzes the effects of icon usage and color parameters of
hypertext and gender on learning performance. Performance measures were related
to the speed, accuracy, fatigue, and retention of information. Ninety-six experiments,
each consisting of passage reading and question answering parts, were carried out.

Both objective measures and the subjective evaluations of subjects were recorded.



Analysis of these measures indicated significant effects of factor variables
(icon, color and gender) on response variables. This study discusses these effects and

possible reasons and further implications of these effects on specific applications.

Keywords: Hypertext, Screen Design, Icon and Color Usage, Gender Differences,

Learning Performance
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HYPERTEXT ORTAMINDA IKON VE RENK KULLANIMININ VE

CINSIYETIN OGRENMEYE ETKILERi

Akgehirli, Zeynep
Yiiksek Lisans, Endiistri Mithendisligi Boliimii

Tez Yoneticisi: Prof. Dr. Canan Cilingir

Haziran 1997, 132 sayfa

Bilgisayarlar kullanimu yaygnlastik¢a, insan ve bilgisayar arasindaki arayiiz
ergonomistler tarafindan daha bir dikkatle gézoniine alinmaya bagladi. Yeni gelisen
bir arag olan hypertext, 6grenme amaciyla da kullanilan bilgi degisimi ortamlarindan
biridir.

Bu tez, hypertextteki ikon ve renk parametreler ile cinsiyetin $renme
tizerindeki etkilerini incelemektedir. Performans olgiitleri hiz, dogruluk, yorgunluk ve
akilda kalmayla ilgilidir. Herbiri pasaj okuma ve soru cevaplama kisimlarindan
olugan, doksanalt1 deney yapilmistir. Hem objektif olgiitler hem de deneklerin

subjektif yargilar1 kaydedilmigtir.



Sonuglarin analizi, bagimsiz degigkenlerin (ikon, renk ve cinsiyet) performans
olgiitleri tizerinde anlamh etkileri oldugunu gostermigtir. Bu galigma, sozii gegen

etkileri, bu etkilerin olast sebeplerini ve uygulamalardaki etkilerini tartigmugtir.

Anahtar Kelimeler: Hypertext, Ekran Tasarimi, Ikon ve Renk Kullanimi, Cinsiyet

Farklari, Oggrenme Performanst
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CHAPTER I:

INTRODUCTION:

L1. Main Contéxi:

Ergonomics, if we take the common point of all definitions, is a design and
organization approach that takes "people” into account (Wilson, 1990). After the
computers began to be extensively used by the people, human computer interactions
became one of the major concerns of ergonomics. Meister (1985), defined this
concept as one of the major application areas of ergonomics, together with thermal
environment and physical and mental workload.

Thinking human and computer as components of a system, ease of use is
directly dependent on the interaction between them. One of the major parts of this
interaction is "screen interface”. In literature this interaction has been evaluated by
considering many aspects of a system ranging from cognitive to physical
specifications. Ergonomics is interested in the development of screen interfaces
between human and computer. There are several perspectives to look through: The
first one is cognitive perspective dealing mainly with information exchange

(Tendjaoui, Kolski, Gambies, Millot, 1991). The second one is sociopsychological



perspective that considers sociopsychological environment around human and
computer (Eason, 1991). The third perspective to mention is organizational
perspective. Organizational perspective deals with effects of computerizing the
environment : Psychophsiological perspective, yet another perspective, gives
importance to the effects of computer on behavior, experiences and physiological
responses ( Cristie, Gardiner, 1990).

Some of the studies in literature claim that logic of the user, sequence of
operations and the way of reasoning of the user is much more important than spatial
arrangement of the screen (Dessaigne, 1991). When this view is considered it can be
said that gender differences would effect the style of computer usage because of the
differences, suggested in literature, between cognitive styles of genders (Ford,
Miller, 1996). Some other studies deal widely with the organization and appearance
of the information on visual display unit (VDU) (Grabinger,1992),
(Yamamoto,Kuto, 1992). Many computer languages and programs, which differ
substantially within cognitive and spatial perspectives, are used for representing
information on VDUs.

In computer systems an emerging tool for information representation is
Hypertext. Hypertext is the term used to define computer texts where transition
from one page to another page (which can be choosen randomly) is possible. The
transition points, which makes this pass possible, are called the links. This tool is
commonly used in the Internet environment by different kinds of users, through
different kinds of computers, with different purposes. Web pages in the Internet

differ substantially in their subject and purpose. Some of them deal with formal



education, whereas some of them has commercial purposes, and some of them has
the aim of information transfer. One other purpose of hypertext is to give the chance
of learning any topic that a person may want. Hypertext arose as a solution to
problems related with the difficulties in transactions due to different conﬁggrations,
heterogeneity and integration, and transparency (Noll, Scacchi, 1991).

Because it supplies a large amount of information by providing ease of use,
hypertext is used for teaching and learning (Miller, Ford, 1996). Hypertext has been
defined as a “human brain” like system. Human memory learns a unit of knowledge
from the environment and links that knowledge to the things existing in the memory.
This relation may be universal ( e.g. apple is a fruit for everyone) or person
dependent (e.g. apple is linked to apple tree, apple tree is linked to falling down). In
hypertext the knowledge are “pages” and the “links” connect these pages to each
other. Hypertext has also two different kinds changing according to link maps:
linear form, non-linear form. In linear form the texts are linked to each other in the
way that normal book pages do. This usage requires the links to be linear, so that
the user will be able to go back and forth page by page. In nonlinear form links are
binding the documents in arbitrary order. Hypertext was used for providing a set of
knowledge related to certain issues (e.g. anemia, course notes etc.). Although it
seems to be a good tool for information presenting, hypertext approach has some
problems. Browsing information on hypertext may take more time and many users
experience the problem of "lost in hyperspace”. Other problems are confusion and

disorientation. Also "tunnel vision" ( means systems forces the user to a narrow way



of defining and performing tasks) is a problem of hypertext (Grill, Luk, 1992),
(Carnel, Crawford, Chen, 1992), (Eason, 1991).

There has been some studies on these problematic topics. The researchers
tried to measure the effects of these flaws and find out solutions. The methods used
were widely differing in solution approaches. A great many studies dealt with
topology (i.e. the links and the map of the links), whereas the others dealt with
issues such as link density, cognitive compatibility, map providing and link type
(Welsh, Murphy, Dufly, Goodrum, 1994) (Narula, Diaper,1991) (Girill, Luk, 1992).

Links are connection points of two different hypertexts. Internet links
provide the user a lot of nice figures, graphics and illustrations. Knowing that
"Browsers are usually interested in the topics they recognize " (Carmel,Crawford,
Chen, 1992), the following claim can be made: “Properly used icons and screen
design -that causes the user to recognize the topic- may be more effective in usage”.

All of these studies try to identify important points on communication of a
biological system and an electronical system. As the computers become widespread
machines, ergonomics -that mainly deals with man/machine relations- became more
and more interested in Human Computer Interaction. In today's world, computers
are used in education and information transfer. Both of these activities can be
evaluated as learning processes. Time and accuracy is very important in learning.
Keeping these points in mind, cognitive ergonomics began to study on results of
different physical factors on speed and accuracy of learning process (Cristie,

Gardiner, 1990).



1.2 Problem Statement:

The computer interface can be designed to encourage people to plan, to
think more deeply about relevant information, and hence to learn more successfully
(Holst, 1996). The present thesis looks at the computer interface from cognitive
perspective with the aim of identifying the effects of icons and color of the links on
learning performance. The study also investigates if gender difference influences the
learning performance on hypertext environment.

In this problem statement some issues should be clarified: The links provided
by the hypertext could use icons or text and present study searches whether one is
better than the other. Another closed statement in the problem sentence is learning
performance. This term refers to mainly the performance of the subject on learning
about the topic and this performance can be measured by speed, accuracy,

comprehension, fatigue, subjective evaluation and long term recall.

1.3. Structure of the Thesis:

This thesis is presented in six chapters. Chapter II summarizes the existing
studies in the literature about ergonomical screen design, uses of hypertext and
cognitive differences between people.

Chapter IIT explains the preliminary analysis done with the help of four
expert subjects and two naive users. This chapter also deals with the results

provided by the preliminary analysis.



Chapter IV is devoted to the experimental design used in this research.
Selection of the variables depending on the preliminary analysis, the control factors
and experimental settings will be discussed in this chapter.

Statistical gma.lysis of the results will be described at Chapter V. The
s;tatistical methods used to model and analyze the data and the hypothesis testing
methods will also be covered at this chapter.

Results obtained from this research will be interpreted in Chapter V1. Some

discussions, remarks and comments will also be presented in this final chapter.



CHAPTERII

LITERATURE REVIEW:

This chapter summarizes the studies in the literature related to three topics.
The first topic is classified as “Human Computer Interface”, which deals with
physical and cognitive components of screen designs. The second set of studies are
“Hypertext Studies” describing the design parameters to be considered in
hypermedia. The final set covers “Cognition” in general and the differences between

the cognitive styles of individuals.

/l.1. Studies Related to Human Computer Interface:

Human-Computer interaction can be broken down into two components:
physical and cognitive. Although they overlap and interact with each other physical
component is mainly related to the screen layout, luminance, flicker etc. and
cognitive component is related to perception, information retrieval, task-user
compatibility, etc..

When the cognitive part is considered, whatever the parameters tested are,

the compatibility of the user to computer is emphasized mostly. One of such studies



deals with compatibility of the language of the software to user. A study has been
carried out about using operative languages (i.e. the language that are built by the
operators with the purpose of fulfilling the task) (Falzon, 1991). Falzon’s study
claims that using opgrative language in normal operations and switching to normal
interaction language in emergency times, in order to avoid from complications, is
the best way to ensure compatibility. The main idea argued by the study is that
human machine communication may be optimized by applying the rules of human to
human communication.

In another study compatibility of human and computer was measured within
the perspective of human behavior. Henry (1991) has tried to match the computer
by human, considering four levels of human behavior: Visual, Audial, Cognitive
perceptions and Psychomotor capabilities. The main aim of this study was to decide
on the level of operator involvement versus aut_omation. A simulation model, that
imitates the human behavior at the four levels mentioned above, was used. Although
the components of visual ( actively to target, search), audial ( hear, not hear) and
psychomotor ( movement time, distance and accuracy) capabilities are well defined,
the components of cognitive perceptions can only be determined by an expert
system. This expert system takes queuing of operations, mental load and rules into
consideration.

Tanaka, Elbert and Salvendy (1991) examined only the consistency of
display. This study uses GOMS (Goals, Operations, Methods and Selection rules)
method, which identifies the cognitive model of the user. The experiments were

done at three stages. At the first stage display consistency was evaluated, at the



second stage both display and cognitive consistency were considered and at the last
stage only cognitive consistency was taken into consideration. Although they
emphasized that greater dissimilarity between targets and distracters, their study
reached a contrary result. They had signiﬁcant results for the first two stages,
supporting the idea that "consistency increases performance" initially but bores the
people in prolonged experiences.

Sanderson, Haskell, and Flash (1992) argued that mapping the basic
elements of a task in a compatible manner will improve the performance. This study
dealing with compatibility issue defined compatibility of proximity as "diagnosis will
be successfill when the properties of a task match the properties of a stimulus®. At
the end of the study they were not able to find significant differences between the
compatible screens and control screens.

Trumbly, Arnett and Martin (1993) discussed two views about user
capabilities: One view suggests that designing the human computer interface for the
needs of naive user will be appropriate, the other view concludes that the problem
involves recognition of different types of users, specifications of task profiles and
selection of an interaction style which best fits the user and the task. This study
considered the hypothesis saying that matching computer interface to user skill level
will increase performance. As a result, although compatibility of user and interface
is effective in overall level of performance significantly, it is not significantly
effective in interface learning and task performance one by one. This study
concluded that a combination of physical and cognitive components will lead to an

improvement in performance of the tasks.



While the above mentioned studies deal with compatibility, some other
studies try to measure the "synergy" formed by physical and cognitive components.
An example of these is Dillon's study (1992), that compares the reading from paper
versus computer screen. Under the topic of document manipulation he mentioned
that “single variable explanations are insufficient to capture the range of issues
involved in reading from screens”. At the review part he outlined the literature
related to screen design. Some relevant issues can be listed as importance of
balanced line spacing and appropriateness of dark characters on white background.
He tested scrolling versus paging, display size, text splitting, window format, search
facilities, input design and icon design. At the end he found no significant relations
between layout and speed, accuracy, fatigue, comprehension and preferences. But
he identified that the subjects were not preferring screen reading because of the
“scrolling” specification. Icon design was also examined and the following
conclusion was driven: “ ...icons have a role, particularly for simple or repetitive
actions such as ‘go there’ or ‘look at the details’ but are less applicable for
conveying information of abstract actions.”

A hybrid study has been carried out by Valax, Clais, Cellier (1991) that deals
with the effects of text and figure representation of project schedules on subjects
solution strategy. Three types of solution strategies were examined using both
verbal and spatial representation. The results show that whatever the cognitive
strategy is used, spatial presentation leads to better performance.

Looking at the other side of the Human Computer Interface (HCI), there has

been studies dealing with physical component of HCI. One of these was done by

10



Wang, Shahnaves (1991). This study pointed out some problems about information
layout in the beginning, such as: poor line spacing, far apart checkboxes, various
kinds of buttons, mixed icons and operation hints that add extra mental workload.
Wang and Shahnaves carried out a series of experiments to test the effects of these
problems. In these experiments they have tried to find out the usability of each
screen considering the objective and subjective measures. At the end
recommendations of the study were: improve screen layout for reducing the
problems, give clear operation hints and make button behaviors consistent. These
recommendations can be seen as a state of art or as common sense. But as
Grabinger (1992) says in his article on screen designs: " While the concepts of
organization and visual interest may seem to be common sense, common sense is
not always followed by designers."

Related to the physical component a set of experiments were done on the
effects of polarity, contrast and chromatic characteristics of the text and background
by Collins, Davis, Goode (1994). They have used steady state accommodations to
see the effects, where they have defined the accommodation as “the ability of the
human eye to change its focal length” and steady state accommodation as
“maintaining focus at single distance”. They have evaluated seven different screens
and hard copy considering the physical components listed above. The study stated
the phrase " For short-term VDT screen viewing, the accommodation response
appears to be relatively accurate and stable across a wide range of screen

conditions”.

11



Other than accommodation a method was used by Yamamoto and Kuto
(1992) in order to evaluate VDT screens: Eye movements analysis. They have
reported two kinds of searching process as sequential and rereading processes. The
movement of the eye was shown to change by the screen layout. As a result_ of this
study they stated that the user should search in a sequential way. To provide this
opportunity tabular format should be preferred instead of textual format and
minimum number of columns must be used.

Study of Akbari and Konz (1991) dealt with viewing distances. Akbari and
Konz assessed the effects of viewing distances of 50, 65, 80 and 100 ¢m both for
justified versus unjustified and uppercase versus lowercase lettered screens. And this
study provided the knowledge that as long as the distance is 50 to 100 cm, it will
not have any effect on performance of reading. Performance criteria were reading
speed, error detection, viewing distance judgment, visual comfort and character
visibility. As a conclusion of this study it can be stated that viewing distance (so the
sitting position) has no effect on performance -as long as the subject is comfortable.

A wide range of variables related to screen layout can be found in
Grabinger's article (1992). This experimental study was done with and without
content texts by using only subjective evaluation methods. The variables are line
length, directive cues, paragraph indication, status bar, line spacing, functional
areas, text columns and illustrations. The main things searched were some
adjectives: neat, clean, organized, spacious, attractive, planned, readable, easy to
study, interesting, structured, inviting, dynamic and controlled. The aim was to

assess preferences for screen designs as a function of individual differences in field

12



articulation, conceptual style and gender. Grabinger expressed that the need for this
study arose because of there were no studies to help instructional designers combine
text elements in ways that facilitate learning. Results lead to a three level design
recommendation. First level is macro organization level related to organizing the
screen into functional areas and separate the areas clearly. As a second level the
designer should organize the screen to give clues about the content (micro level
organization). They should effectively use directive cues, headings, and spaced
paragraphs to indicate the hierarchy of the content. And at the last level the screen
should be revised to provide visual interest avoiding too much complexity.

The layout characteristics mostly taken into account in screen design studies
are:

* overall density, the proportion of used areas to blank areas on a particular
screen,

* Jocal density, the density of a specific portion of a screen,

* grouping, designing the screen so that same functional items will be near
to each other,

* layout complexity, untidiness or crowd on the screen that causes to spend
more mental effort to operate,

* unclear representations, unexplatory representations that cause confusion,

* inconsistency, spatial or cognitive incompatibility between two screens,

* polarity and contrast of the text and background,

* luminance, lightness

* black and white usage,

13



* flicker, having a stable or flickering view,

* anti-aliasing, having solid edges,

* dynamics, screen's ability to move (scrolling),

* reading distance, (Destigny,Heter, Torrel, 1991),(Seppala, Vitikkala,
1991), (Tanaka, Salvendy, Elberts, 1991), (Collins, Davis, Goode, 1994), (Dillon,
1992).

Although color seems to be one of the most important characteristics of
screens, literature is mostly in a consensus that it has no effect on speed and
accuracy (Ikeda, 1991). Ikeda investigated the effects of color polarity on
performance. The combinations of black with white, green and yellow was used.
There were marginal effects of colors such as: green is faster and white is more
accurate. These effects were not statistically significant, but since hypertext
documents often use colors that are different than basic ones ( such as fluorescent
colors) color can be an effective variable on learning performance. This view was
supported by the study of Ikeda (1991) where phosphoric color affected the
performance significantly.

The problematic effects of physical component must also be considered. The
physical component especially comes into consideration with visual problems. These
problems are eyestrain, burning eyes, blurred vision, detoriation of acuity and
headaches (Karwowski, Eberts, Salvendy, Noland, 1994). These are often measured
by subjective evaluation or by using CFF. It is expected that the flicker level is
decreased by the effect of visual fatigue. Therefore in the experiments that uses CFF

measurement, the difference between CFF values before and after the task indicates
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the level of visual fatigue (Bendak, 1986). Most of the studies referred above used
these kind of measurement techniques in their methodology. Reaction Initiation
Time (RIT) can also be used to assess the mental fatigue caused by the VDT tasks.
'Coming to the measurement tools of cognitive component, mostly subjective
evaluations for ease of use and objective time values for completing the task are
used. When the researchers deal with strategy or way of thinking, then two methods
are widely utilized: verbal protocol analysis and GOMS method. GOMS is " a
description, or model of the knowledge that a user must have in order to perform
tasks in a system" (Tanaka, Elberts, Salvendy, 1991). This model should include -as
the name implies- goals of the task, steps of perceptual, motor or cognitive actions,
and selection rules if more than one way exists. If we try to define these methods a
little more clearly, Verbal Protocol Analysis (VPA) is used when the task is highly
cognitive, and simply means to recording and analyzing the data when the subject is
'thinking aloud’ (Bainbridge, 1990). VPA have been effectively used by many
researchers to gain information on thinking strategies without effecting the actual

task (Dillon, 1992).

11.2. Studies Related to Hypertext:

Hypertext is a widely accepted tool in internet communications which gives
the advantages of quick implementation, affordability compared to expert
communication systems, easy use, and usability as a training tool beside being a

browsing tool (Narula, Diaper, 1991). The studies in the literature uses hypertext
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mainly for the purpose of learning and browsing and evaluates them from the screen
design or topology design point of view.

A study that aims to measure usability of hypertext choose to deal with
browsing activitieswas reported by Wang, Shahnaves (1991). The methodology it
follows is a systematic approach evolving in three stages. In the first stage
experimental setup was evaluated by experts using five different operating scenarios.
Then software has been updated according to recommendations. At the second
stage experiments were carried out to obtain quantitative measures as number of
trials to reach the target node and operation time. As the last stage the subjects were
given a questionnaire to have qualitative measures as ratings and comments.

Dillon (1992) used hypertext as an experimental tool in his study. The flaws
of hypertext was mentioned by Dillon as ‘getting lost.in hyperspace’ effect and ° the
user not having a clear conception of the relationships between the system relative
to the display structure and finding it difficult to decide where to look next within
the system’. He separated the findings into two categories: process related results
(where the reader looks at the text and how s/he manipulates the text) and outcome
related results (amount of information retrieved, time taken to read the text and
accuracy of the recall). He has concluded that, although the speed and accuracy is
low on screen than paper, there is no significant difference in comprehension and
preference.

Girill and Luk looked at the hypertext documents from the topology point of
view. 'fopology of the hypertext is the style of linking the documents to each other.

There are mainly three styles of linking: linear ( only next and previous pages are

16



accessible), hierarchical (tree like structure where several nodes that are connected
to that branch are accessible), and network (a number of pages are accessible which
are determined randomly). In Girill and Luk's (1992) study on hypertext, the
primary problems of network type hypertext and hierarchical text were outlined:

“A hypertext approach, with a network of links among passages, offers great

flexibility but often at the cost of high cognitive overhead and a disorienting

lack of contextual clues. A tree-based approach guides users along
branching paths through a hierarchy of text nodes. The ‘natural’ sequential
implementation of such hierarchical access, however, is psychologically inept
in large databases because it is order-dependent, discriminates awkwardly
among key terms, clarifies each node’s context incompletely, and often
involves much semantic redundancy.”
To overcome these problems they have created a computer program which provides
a special button on each screen that gives the map of the links. Using this button
user can go to whichever node s/he wants without following the hierarchy. They
have called this specialty as "spatial orientation”.

Another considerable study on hypertext was carried out by McDonald and
Stevenson (1996). Although they focused on the same problems like getting lost,
disorientation and insufficient information, they had a different approach. They were
mainly focused on the effects of hypertext topologies to learning activity. They have
reported the possible effects of disorientation and navigation problems on learning
as;

“ These difficulties may severely hinder learning process in two ways....if the

learning is to occur, readers must be able to form a coherent understanding

of the information they have read. This process may be impeded when there
is inference from the sheer amount of information viewed.....Learning may
also suffer because the hypertext reader will have fewer mental resources

directed toward learning task, because they will have to focus on reorienting
themselves within the hypertextual structure...”
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Knowing that learning is a long term activity, they have measured also long
term learning. This performance measure is quite meaningful for an activity like
learning. They have identified that variables that maximize the performance during
the task can affect the long term learning performance negatively. This view was
also supported by the studies of Holst (1996), which suggested that the computer
interface can be designed to encourage people to plan, to think more deeply about
relevant information and hence to learn more successfully. Holst defines costs of
operation as “...demands on the user’s physical, cognitive, social or motivational
resources due to using one manipulation style rather than another..”. According to
her graphic user interfaces are not effective in learning because of its minimization
effect on the effort required for manipulation. Holst argues that manipulation costs
will be beneficial to learning when they induce cognitive mechanisms and strategies
required in expert-like problem solving.

There are also some hypertext studies related to physical component of
human computer interface. Related to link representations, the study Welsh, Duffy,
Murphy and Goodrum (1993) examined the effects of link type on performance.
They have developed three types of links which were No-link-type (there were no
indications about what to expect from that link), Link-type (a sign above the link
showed what to expect from that link), Sub-menu-type (a sub menu showing a list
of link types can be accessed through that link). The results showed that link
indicators in the text reduced the readability of the texts and using submenus
increased ratings on ease of use but reduced the number of links visited and the time

spent in reading that elaborations -an indication of boredom-. Findings about no-
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link-type documents suggested that “..the lack of a link indicator may actually
encourage exploration of that database”. This study made a claim on icon usage as
a discussion. They said that "Perhaps the textual as opposed to iconic cues in
elaboration type allpw the learner to more easily discern the link destination, thus
reducing cognitive effort."

Although the previous study proposed that icon usage would not be
effective at hypertext, another study by Butler (1991) suggested, among various
research topics, a topic related to user-system interaction: "methods of increasing
user system bandwidth using auditory, iconic representations, natural language and

gesture recognition.

11.3. Studies Related to Cognition:

There are a set of studies dealing with the cognitive differences between
individuals. These differences are caused by many different factors which ranges
from gender to profession. Cognitive models of people continuously changes
because it is dependent on so many variables. Cognitive model is defined as “ a set
of elemental concepts in a knowledge domain, the relations among the elements and
higher-level relations among groups of associated elements”(Gillan, Breedin,
Cooke, 1992).

The main variable -that effects the cognitive processes- dealt by scientists

dealing with computer usage is expertise. There are several studies that indicate that
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knowledge of the user on problem domain affects the cognitive process significantly
( Hale, Hurd, Kasper, 1991).

Another important variable is the profession or education of the subjects.
Gillan, Bredin and Cooke (1992) showed that the cognitive models of human
factors engineers and software engineers differ substantially. Such kind of
differences may lead to different problem solving strategies used by everyone.

A test developed to define a dimension of cognitive styles is Field
Independence Test. This test identifies the Field Independence or Dependence level
of people where field independent people are better at tasks requiring the breaking
up of an organized stimulus complex into individual elements or the rearranging of
individual eleménts to form a different organization ( Davies, 1994). Scholan and
Smith (1990) used Field Independence Test to show that females are more field
dependent than males.

Another test used to assess the cognitive style is Piaget Water-Level Task,
which is simply drawing the water level line for different positions of a bottle. This
test is effective in measuring the spatial ability dimension of cognitive style.
Hammer, Hoffer and King (1995) used this testing method in order to find the
effects of gender and academic major on the cognitive style. They have reported
that male and female architectural students were equal to each other and better than
. liberal arts students. When only liberal arts students were considered males were
significantly better than females. This showed that gender and education has an
additive effect on spatial ability, where females spatial ability is poorer than males’

when not improved by education.
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Richardson (1994) has also stated the difference between males and females
in spatial ability. According to him “...men tended to perform better than women in
tests of spatial ability....these results in at least some aspects may be abolished by
educational experience.” Richardson argues that the differences between genders
spatial ability should have sociocultural rather than biological explanations.

Gallagher and Lisi (1994) looked at the gender differences in a more familiar
subject: Mathematics. They have concluded that male students were better than
female students in problems requiring unclear solutions, whereas females were
better than males in problems that require familiar solution strategies. They
explained this situation as:

“Female students are generally better at tasks that require the rapid retrieval

of information from memory whereas male students are usually better at the

tasks that require the manipulation of information that is already presented.”

Warrick and Naglieri (1993) reported that girls typically outperform boys in
verbal ability, numeration and math computation and boys were better at math
problem solving at the early stages of school. In order to analyze this gender
differences they have developped a mental model: PASS. This model represented
three functional units responsible for all cognitive processes. These units are
Planning (programming, regulation and verification of behavior), Attention
(provides the appropriate level of arousal and focus), and Simultaneous-Successive
processing (receiving, analyzing and storing information). Warrick and Naglieri
identified that females outperform males on the planning and attention composites.
It was indicated that males were better at simultaneous and successive composite,

which in turn lead to their success in spatial tasks and mathematics.
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Another area where gender differences occurs is confidence judgments.
Lundeberg, Fox and Puncochar (1994) carried out a study to measure confidence
levels of males and females. They have given tests including questions related to
computational skills, statistics, conceptual context, and experimental design to the
subjects. They have answered the questions and gave a confidence level out of
100% for each question. The results of the study declared that males were more
confident than females -especially when they were wrong.

For the reason that teaching and learning in higher education is likely
increasingly involve Internet usage , Ford and Miller (1996) decided to analyze the
effects of gender differences on internet perceptions and use. The analysis was done
using a questionnaire. The evaluation of the questionnaires indicated the following
gender differences:

* Females find Internet too unstructured,

* Females don’t find Internet very interesting,

* Females feel as though they are not in control,

* Females use Internet for work related purposes,

* Females rarely find anything useful in Internet,

* Females tend to get lost when using Internet,

* Males like to browse around Internet without a clearly defined plan,

* Males are prepared to plough through irrelevant material,

* Males spend considerable time in the Internet.
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CHAPTERIII

PRELIMINARY ANALYSIS

In order to set the specifications of the main set of experiments and to have
an idea about the extent of the effects of gender and background knowledge
(existence of basic knowledge about computers and ergonomics principles),
preliminary experiments were done. The aim of this step was to verify the
performance measures and variables and identify the newly emerging measures and

variables.

Ill.1. Preparation of Experimental Material:

Sixty-two web pages were prepared to use in the experiments. Hypertext
editor Htmlasst 2.0 was used in the preparation and browser Netscape 2.0 was used
in viewing of these pages The main topic of the documents was “Mythology” and
the language was the subjects’ native language (Turkish). The pages showed a
hierarchical topology at the beginning stages, whereas network topology became
dominant at later stages. A map of the links and nodes can be seen at Appendix A.

Pages were modified to reflect the levels of factor variables. In order to

minimize the effects of noise factors, only color of the links and icons were changed
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when the pages were modified. No other specifications such as forms, mapped
images, animated gifS, etc. were used on the pages. Four types of pages were
formed as:

* Blue / Red (default) color combination for unvisited and visited links
respectively; no icons,

* Blue /Red color combination; with icons,

* Green /Purple color combination; no icons,

* Green / Purple color combination; with icons.

( Please refer to Appendix B for the sample pages)

Green was chosen because this color have been proved to be most easily
seen by human eye in well illuminated environment ( Sanders, McCormick, 1993).
However, it should be mentioned that, green had a phosphoric effect when viewed
through computer.

Icons (40X40 pixel) were chosen so that they would represent the content of
the links they support (e.g. a woman statue for goddess, an exclamation sign for

information).

lll.2. Selection of the Subjects:

The main aim of the preliminary analysis was to identify the factors that may
have effect on manipulating the hypertext documents. At the planning stage of the

experiments it was thought that gender, color and background knowledge can affect
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the cognitive processes, therefore, these factors were taken into consideration in
choosing the subjects. Six subjects were selected as:

* Female, who has considerable knowledge on ergonomics, and knows how
to use hypertext,

* Female, who has considerable knowledge on computers, and does not
have experience with ergonomics,

* Male, who has considerable knowledge on ergonomics, and knows how to
use hypertext,

* Male, who has considerable knowledge on computers, and does not have
experience on ergonomics,

* Female, who is naive both in ergonomics and computers,

* Male, who is naive both in ergonomics and computers.

/ll.3. Experimental Method:

For the preliminary analysis six experiments were carried out in a room
assigned for this study. Direct manipulation was used in order to have thorough
information and also to have control on some of the variables, as the overall
experimental strategy (Drury, 1990). The environmental conditions were kept
constant for each subject, and a computer having the following configuration was
used:

CPU.............. 486DX-33

Screen........... 14> SVGA.
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During these experiments, time spent for the activities were not measured.
Hence the study could be thought as a static simulation of the task, where the
subjects were able to think and present their thoughts without being under time
pressure (Bainbridge, 1990).

The experiments were conducted at two stages. At the first stage the
subjects were asked to read the passages. This stage lasted until the subjects decided
that s/he has comprehended the topic. At the second stage four questions, related to
text, were asked to the subjects. They were required to reach to the answer of each
question at a different set of document (e.g. Blue link, iconed for the first question,
green link, iconed for the second question, etc.).

While doing these operations the subjects were required to speak aloud in
order to tell all of the conscious thoughts in their mind. This “think aloud” process
was a part of the Verbal Protocol Analysis (VPA) (VPA is to verbally report mental
processes used during the performance of a task). Although there are objections to
this technique for the reasons that it might alter the task performance and it is an
incomplete record (Bainbridge, 1990), VPA is proved to be not affecting the task
(Dillon, 1992). The procedure of VPA was giving standard instructions, tape
recording the verbal protoco! with a VCR, transcribing all the material and analyzing
the protocol. Possible adverse effect of the time pressure was eliminated by
designing the experiment as a static simulation.

At the analysis part the transcribed material of VPA were divided into

meaningful statements. Each of these statements were coded as different actions in
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order to express their content as: Reading (reading a portion of the material fully),
Scanning ( reading a portion of the material partially without paying much
attention), Evaluation (expressing an awkward thought about the topic without
making a strict comment), Decision ( taking an action based on a strict comment),
Back (going to the previous page), Forward ( going to the following page). For
each of the subjects percentages of these solution steps were calculated. Other
response variables were also determined which can be listed as:

* number of total cards traveled at reading part (TC),

* ratio of number of different cards to number of total cards traveled at
reading part (RC),

* total number of cards traveled in answering the questions (QC),

* ratio of total cards traveled in questions to minimum number of cards
required (UR),

* number of two action patterns (DP),

* number of three action patterns (TP),

* .number of four action patterns (FP),

* number of five action patterns (IP).

In these variables “pattern” is used for repeated sequence of actions. An
example to four stepped pattern is DBEF which stands for Decision-Back-
Evaluation-Forward.

Since the number of observations was only six, no statistical procedure was
used for the analysis of these variables. Instead the absolute numbers and

percentages were compared.
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lll.4. Results of Preliminary Analysis:

The results of the preliminary analysis were analyzed in two parts. The first
part was the comparison of males and females (Table ITI-1). The second part was
the comparison of computer experts to human factors experts ( Table I1I-2). Table
III-1 and Table III-2 summarize the average values calculated for each group and

table Appendix C gives the individual values for each subject.

II1.4.1. Effects of Gender:

Considering the two genders, it was observed that actions of females mainly
consist of “scanning” (48.4%), whereas actions of males were evenly distributed
among all solution steps. Males tended to make strict decisions (26.4%) during their
sessions while females took action based on unclear evaluations (25.0%) of the

situations. Repetition of the cards for males (0.38) were considerably less than

females (0.52).
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Table II-1. Average values of response variables for male
and female users

Male Female

reading % 20.03 17.4
decision % 26.43 9.2

scanning % 27.5 48.4

evaluation % 26.1 25.0

total number of 122.7 131.7

statements

RC 0.62 0.48
QC 118 97
UR 1.65 1.7
total number of DP 173 181
total number of TP 131.5 141
total number of FP 93 78
total number of IP 43.5 46
number of kinds of DP 17 15
number of kinds of TP 22.5 19
number of kinds of FP 19.5 15
number of kinds of IP 8.5 10

Table ITI-2. Average values of response variables for
computer expert and ergonomics expert users

Computer | Ergonomics
reading % 18.45 15.85
decision % 18.3 23.8
scanning % 41.5 36.4
evaluation % 21.9 24.2
total number of 148 80
statements
RC 0.55 0.6
QC 100 119.5
UR 1.5 1.7
total number of DP 216.5 137.5
total number of TP 157.5 115
total number of FP 112.5 58.5
total number of IP 55.5 34
number of kinds of DP 17.5 14.5
number of kinds of TP 26 15.5
number of kinds of FP 23 11.5
number of kinds of IP 12.5 [
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Analysis of the patterns showed that females formed less number of patterns
but use them more frequently than males at double and triple patterns. Examination
of four step patterns showed that, females both formed and used less patterns than
males. When five action patterns were evaluated, it was observed that females both
form and use more patterns than males. So it can be said that males rely on the
patterns that they have developed systematically, while females develop new
patterns more frequently.

These results provided the indications of difference between two genders. So
they supported the previous aim of the study: to analyze the effects of gender

differences on hypertext manipulation.

I1L4.2 Effects of Background Knowledge:

When the results were evaluated considering the background of subjects,
following significant differences appeared: computer experts scanned the text more
often than ergonomics experts. Scanning activity was the dominant activity for
computer experts (41.5%), therefore, they didn’t do much evaluation or decision.

The numbers at pattern analysis were quite consistent. They showed that
computer experts formed and used more patterns than ergonomics experts at all

levels.
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Although there were some differences, such as the ones explained above,
between the computer and ergonomics experts in the values of variables considered,
the reasons of these effects were unclear. Therefore we decided to control the
computer knowledge of the subjects who will participgte in the main set of
experiments. This control was done with a small test before the experiment. Also,
subjects with limited knowledge about ergonomics were selected for the
experiments. The second decision didn’t restrict the sample because of the limited
number of ergonomics experts among the students that were willing to participate

in the experiments.
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CHAPTER IV

EXPERIMENTAL DESIGN and METHODOLOGY

In the light of the literature and the preliminary analysis, second set of
experiments were designed and conducted. These experiments utilized two sets of
techniques: Quantitative techniques which help to determine objective measures
about speed, accuracy and fatigue of subjects during the experiments, and
qualitative techniques (subjective evaluation questionnaires, interviews, path
analysis) which helped to support or explain quantitative measures. This chapter
summarizes the design of the experiments, selection of the subjects, the tests and
instruments used in the experiments, qualitative data collection methods, statistical

design of the experiment and procedure followed while doing the experiment.

IV.1. Definitions and Measurement of Variables:

The variables in the experiments were three types:
1) The factor variables (independent variables) that were thought to have

some effect on the task.
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ii) The response variables (dependent variables) that were determined to see
the effects of factor variables.

iif) Environmental variables that were either controlled or accepted as
ineffective on hypertext manipulation.

The factors (independent variables) and levels of these factors can be listed
as:

1) Link type: * iconic representation
* text representation,

2) Color of links: * default (blue/red) color combination,
* phosphoric (green/purple) color
combination,

3) Gender: * Female
* Male.

In order to show the effects of factors on overall performance of the task
-manipulating hypertext documents-, response variables were determined. The
important dimensions of the learning task can be listed as speed, accuracy, fatigue,
comprehension and preferences (Dillon, 1992). Therefore, the following variables
were defined to represent these dimensions:

Reéading Time (RT): The overall time spent in the system for understanding

the material, was one of the response variables that is associated with the speed.
This variable was measured by a stopwatch and the scale used was seconds.

Answering Time (AT): Time to give responses to the questions related to

text was the second measure of speed. The above measuring system was also used
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for this variable. Since the study was not dealing with the difference between
questions, the overall time for all of the questions was taken into account.

Time per Card (TPC): Ratio of reading time to the number of different cards

traveled was another indication of the speed of the subject. This measure was
considered in order to have an idea about the relation between comprehension and
time.

Total Cards (TC): Total number of cards visited during reading stage was

considered as another indication for the comprehension of the subject.

Different Cards (DC): Number of different cards, that were visited during
reading the passages, showed to what degree the subjects visited new cards.

Different Card Ratio (DCR): Ratio of the number of cards to total number

of cards was taken as an indication to what extent the text was covered by the
subject. It also provided an idea about the extent of card repetition. Both of these
variables can be used as measures of comprehension.

Total Number of Answering Cards (TAC): The cards traveled to reach the

answers of questions are summed up for five questions.

Long Term Recall (LTR): As McDonaldson and Stevenson (1996) said,
learning is a long term activity. So one of the most valid measures of comprehension
was long term recall. This variable was defined as the number of questions answered
correctly a week after the experiment.

A CFF: Critical Flicker Fusion change, which was described previously, was

used as a measure of fatigue. A portable instrument manufactured by Takei

Company (Japan). was used to measure the CFF values before and after the
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experiments and percentage of change was calculated. Each subject was asked to
look through a face mask and press a button until s/he sees the red flickering point
as a continuous point light. The flickering frequency (in Hz.) at this point is the CFF

value for that subject.

A RIT: Change in the Reaction Initiation Time is another indication of
fatigue. RIT was also measured before and after the experiment using a Reaction
Initiation Timer. The subjects were required to respond to a visual signal by pressing
a button to turn off the light. The response times were recorded (in milliseconds)
from the equipment by the experimenter.

The third set of variables are task or environmental variables that are
different than the previous two sets. Some of these variables were controlled in
order to prevent the response variables to be effected by them, whereas some of
them were not controlled because the literature review suggested that they are

ineffective. The environmental variables considered were the following:

Illumination Level: INlumination of the room was held constant. Daylight
access to room was eliminated by using black curtains and same artificial luminants
were used in all of the experiments. Screen luminance was also not changed.
Hlumination value at room was 20 fc which is a recommended value for this kind of
task ( Sanders, McCormick, 1993). These levels were measured by the help of a
photometer.

Noise Level: Location of the room and the time for the experiments were

chosen such that the noise level in the room would be 62 +2 dB, which can be

considered as a “quite” environment for most of the office tasks (Sanders,
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McCormick, 1993). The level of noise were measured by a sound level meter
(Modular Precision SLM Type 2231 and Integrating Application Module BZ7110).

Airflow and Temperature: There were no airflow in the room and

temperature was between 19 - 22 °C. These measurements were taken by an
instrument EB4003 made by EBRO Inc.. This level of temperature and air velocity
are said to have no effect on performance of subjects (Sanders, McCormick, 1993).
Measurements of temperature and noise levels for one day can be found at
Appendix D.

Age: Subjects were chosen so that their age will not be smaller than 19 and
greater than 24.

Visual Ability: Subjects were chosen so that they either have no visual

disorder or wear eyeglasses that corrects the disorders.

Intelligence: Subjects were given a culture fair intelligence test ( Institute for
Personality and Ability Testing). The subjects were accepted for experiments if their
intelligence quotient scores were higher than 100.

Computer Knowledge: The preliminary analysis revealed that the

performance of the subjects could be effected by the level of their computer
knowledge. Therefore, the subjects were required to take a computer test before the
experiments. This test consisted of ten basic questions, five of which were related to
windows and five of which were related to Netscape. The subjects who answered
less than six questions correctly were accepted for the experiment. A sample test

can be seen at Appendix E.
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Learning Style Inventory: This test was included in the experiment to explain
the individual differences between the subjects. But, although leearning style of each
subject was determined, the results were not considered in analysis. The reason for
this decision was the dominance of one type of learning style.

Mythology Knowledge: In order to prevent the effects of expertise in subject

matter, a test with ten questions about basic concepts of mythology were given to
the subjects before the experiment. The subjects who answered less than six
questions correctly were accepted for the experiments. A sample test can be seen at
Appendix F.

Besides these variables all computer related variables were held constant
during the experiments.

Distance from VDT and posture of the subjects were not held constant
depending on the studies done by Akbari and Konz (1991). Each subject adjusted

the distance and posture according to her/his comfort.

IV.2. Selection of the Subjects:

Subjects of the experiment were students of Middle East Technical
University. The reason to choose this population was the availability of enough
participants and satisfaction of the age constraint. Subjects were chosen from the
volunteers according to controlled variables explained in the previous section. To
inform the university students about the experiment, several announcements were

made around the campus. To encourage the students to participate an hourly
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payment was made and they were informed about their IQ scores and learning styles

according to Learning Style Inventory (Kolb, 1985).

IV.3. Experimental Procedure:

Subjects were accepted for the experiments on the basis of a prearranged
schedule. On their arrivals, the subjects were required to complete computer,
mythology and learning style tests. As a second step intelligence test was conducted
in the manner advised in the manuals. While the intelligence test was completed by
the subject, the results of previous three test were obtained. The results of
intelligence test were determined right after the completion of test. According to
results of these tests the subject was either admitted to the experiment or not.

At the next stage CFF and RIT instruments were introduced to the subjects.
Ten measurements were recorded with the CFF and fifteen measurements were
made with the RIT of which first five were not recorded. The arithmetic averages of
these records were used as CFFpegiming 3Nd RITveginning -

As the next step the subjects were told how to use the computer. ( If the
user was completely inexperienced about Netscape a fifteen to thirty minute
instruction and training session was done after the tests) They were given the time
to travel around the documents according to the way they chose. They were told to
inform the experimenter, when they thought that they had comprehended the
material. While the subjects travel through the passages, experimenter measured the

time by a stopwatch and recorded the cards that the subjects traveled.
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The following part of the experiment was “answering questions”. Subjects
were given five questions, one at a time, related to the text. Before each question
the documents were reset (i.e. all of the links were marked unvisited and current
page was changed to starting page of the documents). Subjects trigd to reach to the
answers of the questions both by using the things they remember about the text and
by the clues given in the question. The experimenter again measured the time and
recorded the cards that the subject visited.

Immediately after the completion of the answering part, CFF and RIT
measures were taken in the same way. As a complementary data an eight-question
“Subjective Evaluation Form™ was given to subjects after the experiment. The
experiments lasted between 1.5 hours and 3 hours, where the average time was 2
hours.

The subjects were required to come back one week after the experiment and

answer the same five questions on the paper this time.

IV.4. Statistical Design of the Experiment:

All of the response variables listed at section IV.1. were analyzed
considering the factor variables by using three factor analysis of variance for fixed
effects model. Three factors of the design were link type (2 levels), color (2 levels),
and gender (2 levels) where each cell contained equal number of cases and the

model is
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Yie = p+ a5+ G+ n+ () +(zp)u+(By) i+ 8y )i + &
Vi, j, k=12

The estimated model parameters were tested to find out whether each of the
response variables, that are grouped by factor variables, have equal means or not:
Hy= Response variable X have equal means for all the groups,

H, = Hy is not true.

Kruskal - Wallis test, which is the nonparametric analog of ANOVA, was
used where the normality and homogeneity ( equality of variances ) assumptions of
ANOVA model were not satisfied.

After joint analysis, in order to determine pure effects of each factor, the
grouping variables were tested individually. The significance of F value for rejection
was taken as oo = 0.1 in all of the analyses carried out.

Lastly, in order to determine the variables that affect answering time,
regression analysis was carried out. Linear, quadratic, third order and exponential

regression models were tried.

IV.5. Qualitative Evaluation:

Three different qualitative evaluation techniques presented below were used

for the purpose of supporting or explaining the findings of quantitative measures.



IV.5.1 Subjective Evaluation Questionnarie:

After the experiments subjects were given a questionnaire with eight
questions, in order to have an idea about the preferences of individuals. Questions
were related to visibility of colors, tactics and thoughts used during the experiment
and ideas about the topology of the documents. Subjective evaluation questionnaire

is provided at Appendix G.

IV.5.2 In-debt Interviews:

Six subjects participated in an in-debt interview either alone or as a group of
two. The purpose of these sessions were to get a clearer idea on the evaluations of
people about the document configuration. Group interviews were scheduled to
stimulate a discussion environment and compare people’s ideas. Basic set of

questions used for the interviews can be found at Appendix H.

IV.5.3 Path Analysis:

The paths that the subjects used during two computer tasks ( reading and
answering) were analyzed by the experimenter. One computer expert and two
ergonomics experts were asked to evaluate 30 of the 96 experiments as regard to

the following three topics:
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* systematicity of selection of the paths used

* repetition of cards

* number of branches that the subjects focused on . The reason for this
expert analysis was to see whether the judgments of the experimenter were

supported by these experts. Sample path schemes are provided at Appendix I.
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CHAPTER YV

RESULTS

The results of the experiments can be grouped in four parts. This chapter
will summarize the results obtained from joint analysis of response variables,
regression analysis of answering time, individual analysis of response variables, and

results of qualitative evaluation.

Before going through the experimental stages the number of observations
was determined. The OC curves for oo = 0.05 was used for this purpose
(Montgomery, 1983). Variables related to time was considered for setting the
number of observations. An iterative approach was employed and required N was
calculated after every eight observations. 8, which was the probability of Type II
error, was set as 0.20. At the 96th observation with 3 = 0.20, & value (the
difference to detect) was equal to 1.2 minutes for answering time (9% of mean AT)
and three minutes for reading time(10% of mean RT). These levels were regarded as
acceptable. The formula:

§* ()
i

<P

e () =min(i 2 niti-1,1-a/2
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where f= IY - ,u] (Absolute Error Value) (Law, Kelton, 1991) was also

used for calculating the required number of observations. y values are determined as
10 % of the mean values of each variable. At eighty-eight experiment the number of
observations appeared to be 93 for answering time and 95 for reading time. So the

experiments were continued upto ninety-sixth experiment -which is a multiple of

eight-.

After ninety-sixth experiment ys were calculated again. The resulting v’ s
were tabulated in Table V.1. Since ys and y/Mean values are at satisfactory levels,
experiments were stopped after 96 experiments. . The raw data set for these ninety-

six experiments can be seen at Appendix J.

Table V.1. Absolute error values for different o values

o value | yforRT | y/MeanRT | yfor AT | y/Mean AT

0.05 156.9 0.09 59.6 0.08

V.1 Joint analysis of response variables:
From the response variables, the ones that satisfy the conditions of normality
and homogeneity were analyzed by using three factor fixed effects anova models.

The significance of F values for significantly affected variables are summarized at
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Table V.2. (Please refer to Appendix K for table of F and Significance of F values

and Appendix L for ANOVA tables for all variables)

Table V.2. Significance values and factors that effect the variables

Variable | Significance of F Effecting Factors
AT .058 icon, color
RT 063 icon
DC .003 icon, color

PC .018 icon, color
DCR 092 icon

TC 074 icon

TC .012 icon, color
DC .066 icon, color, gender
TAC .03 color, gender
CFF 079 icon, gender
RIT .017 icon, gender

Answering time was significantly affected by the icon and color factors
together. The answering time found to be shortest when there is no icon and links
were green, whereas green linked documents demanded the longest answering time

when the icons were present (Table V.3).
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Table V.3. Mean answering times for different sets of documents

Type of Documents Mean
AT (sec.)

without icon, blue linked - 794.2

without icon, green linked 689.2

with icon, blue linked 713.2

with icon, green linked 840.5

Reading time was affected only by icon factor. The period spent for
reading the material, significantly increased when iconless documents were used

(Table V.4).

Table V.4. Mean reading times for different sets of documents

Types of Documents | Mean RT (sec.)

without icon 1954

with icon 1654
™y

Number of different cards visited was influenced by joint effects of icon and
color significantly. Most number of different cards were visited at iconless green
case and the least number of different cards were visited at iconed green case

(TableV.5.).



Table V.5 Mean number of different cards for different sets of documents

Types of Mean number of Mean number of
Documents different cards - different cards
Male Female

without icon, blue 28.0 30.2 259
linked

without icon, 36.8 384 353

green linked

with icon, blue 33.1 36.5 29.7
linked

with icon, green 241 21.4 26.8
linked

Time per card also reflected a significant influence of icon and color
combination. The time spent on one card was longest for iconless, blue linked

documents, whereas it was shortest for iconless green documents (Table V.6.).

Table V.6. Mean time per card for different sets of documents

Types of Documents | Mean time per card (sec.)
without icon, bluc 75.2
linked
without icon, green 58.9
linked
with icon, blue 59
linked
with icon, green 71.6
linked :

47



Icons had a significant effect on different card ratio. In iconless documents

repetition of cards were more than iconed documents (Table V.7).

Table V.7. Mean ratio of different cards visited for different groups
of documents

Types of Documents | Mean Ratio of Different cards

without icon 0.50

with icon 0.53

Total cards traveled was another variable, affected by the interaction of icon
and color. Iconless, green linked pages appeared to be leading more cards to be
traveled. The least number of total cards value was observed in iconed, green linked

documents (Table V.8).

Table V.8 Mean number of total cards visited for different types

of documents
Types of Documents | Mean number of Total Cards
without icon, blue 59.0
linked
without icon, green 76.4
linked
with icon, blue 64.4
linked
with icon, green 45,2
linked
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Total cards used for reaching the answers of questions changed with color
factor. In case of blue linked iconless documents answers were reached by using
fewer cards. On the other hand, iconed blue documents increased the number of

cards for reaching to the answers(Table V.9).

Table V.9. Mean number of cards required to reach to the answers for
different types of documents

Type of Documents | Mean number of cards used to reach answers
without icon, blue 48.4
linked
without icon, green 42.6
linked
with icon, blue 40.8
linked
with icon, green 47.3
linked

Both CFF and RIT measures were influenced by the joint effect of icon
usage and gender. CFF measurement indicated that fatigue of female subjects was
higher when iconless documents were used , while no significant change observed in
CFF values for males and for documents with icons (Table V.9). RIT values were
significantly affected by icon and gender, where not using icons caused the greatest
RIT change for males and smallest change of RIT was measured for females that

used iconless documents (Table V.10).
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Table V.10. Mean RIT and CFF changes for different types of documents

Type of Documents | Mean RIT change percentage | Mean CFF change percentage
male, without icon 19.4 5.5
male, with icon 12.6 7.9
female, without icon 11.6 5.7
female, with icon 18.4 54

V.2 Individual analysis of response variables:

Since gender had no effect on the variables other than CFF and RIT, the

gender factors was not considered in investigating the effects of color and icons.

The results of forty-eight experiments, conducted without icons, were
analyzed to see the effect of color alone. It was observed that answering time was
significantly affected by color combination. Green color combination resulted into
longer answering times. In the iconless group, number of different cards were higher
in blue link color than in green link color, and the same relationship held in total

number of cards too (Table V.11.).

As a second group, findings of the experiments with iconed documents
were analyzed. Two variables showed significant effects in this group. Number of
different cards was greater in green linked cases and time per card was greater in

blue linked cases (Table V.12.).
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Table V.11. Variables that were significantly effected by color in iconed documents

Variable | Significance of F | Mean value for Blue Linked Mean value for Green Linked
Documents , Documents
AT 0.099 713.2 840.5
DC 0.033 331 24.1
TC 0.033 64.4 45.2

Table V.12 Variables that were significantly effected by color in iconless documents

Variable | Significance of F | Mean value for Blue Linked Mean value for Green Linked
Documents Documents
DC 0.040 28.0 36.8
TPC_ 0.048 75.2 58.9

As the next step green linked documents were grouped to observe the
main effects of icons. This analysis showed that in iconed documents answering time
was longer. Number of different cards and number of total cards visited were larger
in iconless pages for green linked documents. Ratio of different cards to total
number of cards appeared to be affected by icon usage. In other words, iconed
documents led to less repetition. Reading time is another variable influenced by the
use of icons. Subjects spent longer time in reading documents without icons (Table

V.13).
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In blue linked documents only two variables showed that icon usage

caused significant difference: CFF and card per time. Both of these variables were

larger for documents without icons (Table V.14).

Since long term recall was not normally distributed, it has been analyzed

using Kruskal-Wallis test -non parametric analog of ANOVA- . None of the factors

seemed to be affecting long term recall (Table V.15). Please refer to Appendix M

for ANOVA tables of individual analysis of variables.

Table V.13. Variables that were significantly effected by icon usage in green linked

documents
Variable | Significance of F Mean value for Iconless Mean value for Iconed Documents
Documents
AT 0.054 689.2 840.5
DC 0.006 36.8 24.1
DCR 0.059 0.50 0.55
RT 0.094 1552.4 1929.5
TC 0.003 76.4 45.2

Table V.14. Variables that were significantly effected by icon usage in blue linked

documents
Variable | Significance of F Mean value for Iconless Mean value for Iconed Documents
Documents
CFF 0.093 6.8 5.0
TPC 0.055 75.2 59.0
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Table V.15. Significance of F values for long term recall variable for
each factor variable

Factor Variable | Significance of F

gender 0.694

icon 0.212
color 0.219

V.3 Results of Qualitative Evaluation:
V.3.1 Subjective Evaluation Questionnaire:
Since the results of subjective evaluation questionnaires were not normally

distributed, their analysis was also done by means of Kruskal-Wallis test.

Questions related with the easiness of seeing the linkage points was sensitive
to both main effects and combined effects of all three factor variables. Answers of
male users indicated that they identified the link points more comfortably than
female users (a=0.02). Iconed documents were more effective in reflecting the
linkage points than iconless documents (¢=0.04). Individual effects of icon and
gender were highly significant. Therefore any combined effect of these variables
became significant (e.g. combined effects of color and icon (¢=0.09), color and

gender(o=0.10), icon and gender (0=0.02)and color, gender and icon (a:=0.04))
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Compared to male users, female users found the document topology more
complex (0=0.06). Also combined effect of icon and color seemed to influence the
perception of complexity of document topology: iconless blue documents were
regarded as more complex although they had the same topology (0=0.09).The

combined effect of these individual factors was also significant (a=0.003).

Seventh and eight questions were related to the two parameters that used
when answers were searched: i) important points of the documents left in the
memory 7i) clues given by the text itself. Results of seventh and eight questions
showed that in documents with icons, the users depended on their memory to find
their way to the pages that contained the answers whereas in iconless documents the
users utilized the clues (a name or event) in the text (a=0.05 -for seventh-, 0=0.07 -
for eight-). Combined effect of color and gender showed that male users using blue
documents relied on their memory more than other groups (0=0.05). Icon and
gender also showed significant effect on memory usage because the effect of icon

was large enough to make the combined effect significant(a=0.09).

Joint effect of color and icon demonstrated that in iconless blue documents
subjects searched for clues from the text more than in other group of documents.
(Please refer to Appendix N for tables of statistical analysis and percentage values of

Subjective Evaluation Forms Results)
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V.2.2 Interview Themes:
In in-depth interviews, the reasons that could be used to explain the

statistical significance were searched.

Male users selected the links in a sequential manner, while female users
chose the links according to their content. Also male users utilized in-depth search

more than female users.

Users expressed that they were using texts to get idea about links because
contents of the icons were not so clear and same icons were used for more than one
topic. Also they disliked the size of the icons. They said that smaller icons would be
better. The reason for this suggestion was that the large icons causes an uneven
spacing between lines which disturbs the user while reading the documents. An
interviewee expressed that icons at the lower side of a page prevents reading the
upper part properly. The same interviewee said that she was focused on the icon and
this splitting in the mental process disturbed the reading process. Although icons
were easier to locate, the users pressed text part of the links rather than icons. One
of the subjects mentioned that unique icons -the ones used for only one link-

attracted the attention while others did not.

All of the subjects agreed that green was easier to notice but harder to read.
So they preferred blue links. One of them mentioned that he used icons rather than
text in green documents because he did not like that color. They have said that

green was causing more fatigue.
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Subjects demonstrated contradicting opinions about the comfortability in
browsing (reading part where subjects can visit any card they wish) and searching
(answering part that the subjects searched for a keyword) parts. One female said
that browsing is more free so it is better than searching. One male and two females -
said that they had the sense of “lost in pages” in the first part. Two of them wanted

a “tree like representation” of all of the cards to support them in finding their ways.

V.3.3 Path Analysis:

Two ergonomics experts, one computer expert and the experimenter rated a
sample of experiments (30 experiments) using a questionnaire ( Appendix O). This
questionnaire contained questions related to systematicness of subject, repetition of
cards and production of alternative pathways.

The ratings of experts were averaged. For the whole set (30 experiments)
the difference between the experimenter’s ratings and the average rating of experts
didn’t exceeded 1. This short analysis indicated that the ratings of experimenter for
96 cases, can be used to draw conclusions about paths of subjects.

The analysis carried out showed that 77.3 % of systematic users were male
whereas only 22.7 % of them were female. In non-systematic group 26.9 % were
male and 73.1 % were female. Icon usage and color of links seemed not to be very
important in systematicity (47.7% used iconed documents, 52.3% used iconless
documents, 47.7% used blue linked documents, 52.3% used green linked
documents).

From the users that concentrate on one or two paths, 42.2 % were using

iconless documents and 57,8 % used iconed documents. 55.6 % of the users that
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use one or two ways were male and 44.4 % were female. This shows that majority
of females use more than two ways. From the subjects that used one or two paths

46.7% were using blue documents while 53.3 % were using green ones.

V.3. Regression analysis for answering time:

As another part of the study, the variables that were affecting the answering
time were tried to be identified. In order to see the variables affecting the answering
time and direction of their effect, a regression analysis was carried out.

Reading time, number of different cards, total cards and different card ratio
were analyzed for their relationship with answering time. A linear regression model
was used. Stepwise entry option of SPSS, which utilized forward entry and
backward elimination methods iteratively, was used. Only reading time appeared to
be related to answering time.

Although F was significant for reading time variables, R* was 0.202
indicating that linear model was not fitting the data well.

Second and third order values of reading time was also included in the
regression. But R? value was only 0.206 and 0.218 respectively (Appendix P).
Considering several other analysis and plot of the data, it has been decided that:
“although the answering time was affected by reading time, this effect was a weak

23

one-.
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CHAPTER VI

DISCUSSIONS

In this study a preliminary analysis with 6 subjects and a through analysis
with 96 subjects were done. The analysis of the results were summarized at fifth
chapters. In this section these results are discussed.

Reading times of the subjects were shorter in iconed documents compared to
iconless documents. In interviews it was mentioned by the subjects that they decided
to stop reading when they got bored. Combining these two issues, it can be
concluded that in iconed documents subjects lose their attention more quickly. This
can be supported by the phrases from interviewé saying that icons are not useful in
reflecting the content and they caused uneven spacing which affected the simplicity
of the screen.

Evaluation of answering times resulted into more complex outcomes.
Analysis of individual effects of icon usage and color factors showed that iconed
documents resulted in shorter answering times. In iconed documents blue linked
documents were leading to shorter answering times. The joint effects indicated
contradiction, as the answering time for iconless blue documents was shortest. The

reason for this may be explained by the interview themes declaring that blue color

58



was more effective. Another reason may be the fast visual scanning result of the
high density of text caused by not using icons (Bednall, 1992). It can be observed
that joint effects have been changed the way that these factors effected.

Analysis of the number of total cards and number of different cards visited
showed that iconless green documents led to larger number of different cards to be
visited. These measures were not sufficient to explain the causes of variations, on
their own. When time per card variable was analyzed together with these variables,
it was seen that green iconless documents led to shortest time per card whereas,
blue iconless documents led to longest time per card. These results were supported
at the interviews. The interviewees mentioned that green iconless documents were
harder to read and blue link color was more effective in both noticability and
readability of the links. These resulted into loss of concentration on the content of
the documents in green and iconless documents. Whereas iconless blue documents
caused the reader to focus on the text.

Total cards traveled to reach the answers was less in blue linked documents
for females. This was consistent with the interviewees opinions that blue link was
easier to use. But a contradicting result was observed for males, where number of
cards to reach to the answers were more for blue documents. This may have been
caused by greater adverse effect of green links on females than on males.

Variables related to fatigue have demonstrated opposite results, where the
combination that causes the highest change in RIT value resulted into least change
in the CFF. This may have been caused by possible inconsistency of decisions of the

subjects due to boredom during measurements (i.e. saying that the point is seen as a
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non-flickering point although it was slightly flickering). This result showed that the
experimental task didn’t cause visual fatigue. The results of these measures were
also contradictory with the subjective evaluations indicating that color had a
significant effect on fatigue. Subjects mentioned that green linked documents were
causing more visual fatigue than blue linked documents. So this study also failed to
prove effects of colors on fatigue like many other studies in the literature( Ikeda,
1991).

When the effects of icon usage were analyzed individually, it was observed
that only two variables (CFF, TPC) were significantly affected by icon usage in blue
linked documents while five of the seven variables were affected in green linked
documents. This shows that when blue links were used existence of icons didn’t
affect the process too much but in green linked documents icons help to locate the
links and create an appealing scene. So icons proved to be useful in keeping the
subjects’ interest awake.

Subjective evaluation questionnaires indicated that male users were more
comfortable in identifying the linkage points. This can be explained by the strong
spatial ability of the males ( Richardson, 1994). The idea of complexity of the
topology showed another difference between female and male users: Female users
found the documents more complex than the males did. This can alsb be explained
the male’s spatial ability, sense of feeling free in internet environment and ability to
control in abstract environments (Gallagher, Lisi, 1994; Ford, Miller, 1996).

Subjects have said that iconed documents were more effective in reflecting

the position of link points in both questionnaires and interviews. But they have also
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mentioned that this effectiveness created a disturbing effect on them. They have said
that the presence of icons made the r;eader to focus on the icon and detriment
reading activity.

The results of subjective evaiuation indicated that males rely on their
memory more than females. This subjective opinion is in contradiction with the
literature, where females used their memory more effectively according to objective
measures (Gallagher, Lisi, 1994). This issue can be explained by the overconfidence
of the male users (Lundeberg, Fox, Puncochar, 1994) which led them to think that
they were using their memory when they were not really using it.

Interviews have indicated that male users gave more importance to being
sequential, while females chosen the links randomly. This was supported by the
findings of path analysis, which showed that male users were more systematic than
female users. This result can also be explained by spatial abilities of males which
helps them to visualize the map of the documents in their mind more easily.

In interviews many different opinions were reflected related to freedom of
browsing and restrictiveness of search activities. Since there were no consistent
answers to suggest a difference between genders, the results of this study doesn’t
support the conclusions of Ford and Miller’s (1996) study. But it has to be kept in
mind that interviewee number was only six. This limitation of the study can be a
reason for nonsupportive results.

Regression analysis of the relationship between reading time and answering

time led to unclear results. Reading time which was appeared to be effecting the

answering time gave very low values of R” (between 0.20 and 0.21) for the models
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that has been tried. This suggests that although reading time affects the answering
time, the relationship cannot be explained by the models tried. Therefore, as a
further step, another study that effectively measures this relationship can be
designed to assess this relationship.

It has been mentioned by Caroll (1983) that abilities to notice sequences of
stimuli, similarities, differences and relations among the stimuli; abilities to perceive
physical environment; abilities to comprehend writing; abilities to learn cognitive
tasks; and competence in use of information processing procedures are the aspects
of cognitive behavior that demonstrate large individual differences. It can be said
that the experimental process, which includes most of these cognitive processes, can
cause the individual differences to affect the results of the study. Another further
step can be a study that deals with the effects of these individual differences on
hypertext manipulation.

The significant results showed by the experiments proved that color uasage
is an important variable in hypertexf link design. But since this study used limited
number of alternative colors and these colors were only used at links, all of the
effects of color couldn’t be assessed. Another further step to take can be alternating
text, background and link colors to see the influence of different color combinations.

In this study, it has been found that icons that detriment line spacing
adversely affects the reading process. A solution to this problem may be proposed
as small icons that would not affect line spacing. But another study should be done

to verify the noticability and the effectiveness of small icons.

62



Although some measures lead to insignificant results, a series of design tips
can be driven form this study as:

* Icons can be used to support the visual appearance of the pages -for
especially naive users-. But they should not be embedded in the text if the a1m isto
convey the content of the text rather than to make user to be focused on the icon.
They can be used below or above the text or at right or left sides of the text. Icons
are appealing tools if they are used to describe unique elements or universal
elements (such as back and forward arrows). But icons should not be used in a way
that they disturb the evenness of line spacing.

* Default color combination of hypertext is quite effective in describing the
location and content of the links. Eventhough green is the most easily seen color in
the daylight, phosphoric effect of computer screen adversely affects it usability.

* If the phosporic colors cannot be avoided, they sshould be supported with
the proper types of icons.

* Gender oriented design is hard to achieve, if not impossible, in internet
environment. So a tool should be provided that will support the spatial orientation
of female users without disturbing male users. A map showing the topology and
contents of documents can be a good tool for spatially supporting the hypertext

usage.
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Appendix A:Map of Links




Appendix B-l:

General View of Neiscape 2.0 Screen and Specifications Used in the
Experiments
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Appendix B-ll:

Sariples of Diitzrent Kinds of Pages

1 Pazes without icons and blue linked:
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Figure A.3. Samples of biue iinked documents
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[Tl Pages without icons and green linked
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Appendix C:Detailed Table of Preliminary Analysis Results

male, female, male, erg. | female, male, female,

comp. exp. | erg. exp. | exp. comp.exp. | naive naive
reading % 19 15.4 16.3 17.87 24.8 18.8
decision % 35.4 15.15 32 1.2 11.9 11.1
scanning % 19.4 39.4 334 63.5 29.7 42.4
evaluation % 26.3 30 18.37 17.44 33.5 27.7
total statements | 154 118 43 142 172 135
RC 0.6 0.5 0.7 0.5 0.56 0.45
QCl1 21 33 43 9 30 24
URI1 1.4 3.2 3.2 1 24 2
QC2 24 27, 28 37 21 25
UR 2 1.1 1.3 1.3 3.3 1 1.3
QC3 18 20 23 12 33 21
UR 3 1.2 1.4 1.2 1.2 3 22
QC4 52 32 33 27 28 24
UR 4 1.7 0.8 1 1.2 1.27 Lol
Total # of DP 228 187 118 205 175 183
Total # of TP 181 148 82 134 131 138
Total # of FP 115 46 71 110 91 80
Total # of IP 42 23 45 69 43 44
# of types of DP | 20 1S 14 15 18 13
# of types of TP | 34 20 11 18 22 20
# of types of FP |28 12 11 18 19 15
#of types of IP | 11 6 6 14 8 9
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Appendix D: Measurements of Environmental Variables

Noise Levels for One Day:

Time of the Day Noise Level
9:00 60.8 dB
10:07 64.0 dB
11:32 61.7dB
12:49 60.5 dB
13:T1 62.1 dB
13:55 63.3 dB
15:00 63.9 dB
1531 62.8 dB
16:25 62.9 dB
17:12 63.4 dB

Temperature Values for One Day:

Time of the Day Temperature
9:00 fOnife
10:07 19.5°
132 20.0°
12:49 19.9°°
13171 20.3°
13755 2185
15:00 2072
1531 204°
16:25 2013 ©
17:12 20.1°

78



Appendix E: Test for Computer Knowledge
Bilgisayar ve Netscape Bilgisi Degerlendirme Formu:

Asagida biligisayar ve Netscape 2.0 yazihmi ile ilgili 10 soru bulunmaktadir.
Her sorunun altinda 5 cevap segene@i verilmistir. Her soru igin dogru oldugunu
digindugiiniz secgenegi isaretleymiz. Cevabimi bilmediginiz soruyu lutfen bog
birakiniz.

Kisisel Bilgiler:
* Kag yildir bilgisayar kullantyorsunuz? <1 -2 34 >4
* Bilgisayar bilginizi nasil degerlendirirsiniz?
Cok yetersiz ~ Yetersiz  Normal Iyi  Cok iyi
* Kag defa Netscape kullandimz? 0 1-5 5-20 20-50 =50

Sorular:

1) Windows altunda bir dosyamin ismini degistirmek i¢in kullanilan pencere
ve yazilimin isimleri nelerdir?

a) Accessories--Write

b) Main--Control Panel

¢) Main--File Manager

d) Main-- PIF

e) Acessories--File Manager

2) Windows altinda veni bir pencere varatmak i¢in hangi ment kullanilir?
a) File  b) Options c¢) Window d) About e) Help

3) Netscape’ de baslangigta ekrana gelen sayfa nedir?
a) Main b) Home c¢) Begin d) First  e) Start-up

4) Alt-Tab tug kombinasyonunun islevvi nedir?
a) Kullamimdaki yazilimi kapatmak

b) Bilgisayari yeniden baslatmak

¢) Windowstan ¢ikisi saglamak

d) Agik olan yazihmlar arasinda gegigi saglamak
€) Yardim bélimiini agmak

5) Internetle ilgili programlann gahgsabilmesi igin 6ncelikle asagidakilerden
hangisi gahgtirilmahdir?
’ a) Trmptel
b) Qvnet
¢) Trmp Winsock
d) Install
e) Cuteftp

6) Netscape’de daha &nce gittiginiz bir web sayfasim agmak igin hangi

komut kullanilir?
a)Back b) Options c)Bookmarks d)Go e) Reload
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7) Netscape’de belli bir kelime izerinden tarama yapmak igin ne
kullanilmalidir?
a) Search Engine b) Open c) Search d)Find e) Index

8) Netscape’de resimleri (iconlan) belgenin ¢ekilisi sirasinda yiklemek igin
hangi komut kullanihir?

a) Network setting

b) General setting

c) Auto load images

d) Reload images

e) Icons setting

9) Netscape ‘de hard diskten bir web sayfasi agmak i¢in hangi komut
kullaruhr?

a) Open location

b) Open *.* (filename)

c) Open file

d) Open site

e) Start file

10) Netscape'de daha onceden hard-diske kaydedilmig bir web sayfasi

adresine nasil ulagilabilir?
a) Go b)View c¢)Bookmark d) Options e) Directory
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Appendix F: Test for Mythology Knowledge

MITOLOJI TESTI:

Asagidaki sorular mitoloji bilginizin ne duzeyde olduZunu saptamak iizere

hazirlanmisur. Cevabim bilmediginiz soruyu litfen bog birakiniz.

1) Asagidakilerden hangisi Misir mitolojisinde belirtilen ogelerden deildir?
a) Osiris b) Horus c)Re d) Keret e) Tot
2) Bazi modern Avrupa halk éykiileri hangi mitolojiden kaynaklamr?
a) Anglosakson b) Yunan ¢) Misir d) Hitit e) Ibrani
3) Asa@dakilerden hangisi mitoloji vazandir?
a) Hephaistos b) Heseidos  d) Alkmene  d) Arisioteles e) Homalios

4) Tufan Mitosu asagidaki lkelerden hangisinin mitosudur?

a) Misir b) Hitit c) Yunan d) Ibrani e) Ugarit
3) Ugarit ulkesi neresidir?

a) Babilonya b) Babilonyanin doZusu

¢) Babilonya Misir aras d) Misir ve Kenan arasi e) Anadolu

6) Bir sevi digerinin yerine koyarak olusturulan sembollere ne ad verilir?
a) Evrensel semboller b) Geleneksel semboller
) Raslantisal semboller d) Olgusal semboller e) Kisisel semboller
7) Tannlann baglangic kim veya nedir?
a) Kronos b) Zeus c) Poseidon  d) Gaia ¢) Khaos
8) Olympos dagi nerededir? '
a) Yunanistan b) Anadolu  c) ltalya d) Trakya b) Hepsi
9) Zeus’un annesi kimdir?
a) Rhea b) Demeter  c) Gaia d) Hestia e) Kronos
10) Yeralu tanns: kimdir?

a) Poseidon  b) Zeus c) Artemis  d) Hades e) Heseidos
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Appendix G: Subjective Evaluation Questi ie

Subjektif Degerlendirme ve Demografik Bilgiler Formu:

b1 RREY 011111 SN Link Tipi: renkl/renk2
1Q sonucu:... ... iconlu’iconsuz .
Deney Noz..... Bolum: Simf.

Dederlendirme

1) Kullanilan baglanti rengi textien kolay avirdedilebiliyordu.

(1) @) (3) (4) ()
Kesinlikle Katilmiyorum  Notr Kauhyorum Kesinlikle
Katilmiyorum kauliyorum

2) Ziyaret edilmis baglant rengi zivaret edilmemig baglanu renginden kolay
ayirdedilebiliyordu

(1) (2) (3) (4) (3)
Kesinlikle Katilnuyorum  Notr Kauliyorum Kesinlikle
Katulmiyorum kauliyorum
3) Baglanu noktalanm gormekte zorlanmadim

(1) () (3) () (&)
Kesinlikle Katulmivorum  Notr Katubyorum Kesinlikle
kaulmiyorum kauhyorum
4) Dokumanlarm birbirlenivle baglantilan ¢ok kangikt

(1) () (3) (4) )
Kesinlikle Kaulmnorum  Noir Kauliyorum Kesinlikle
k niyorum kauliy orum
5) Birinci kisimda (okuma kismi) gok zaman kaybettim

(1) (2) (3) (4) ()
Kesinlikle Kaulmiyorum  Notr Kaulivorum Kesinlikle

kaulmiyorum kauhyorum

6) Birinci kisimda daha gok zaman gegirseydim daha basanh olurdum.

(1) () (3) 4y - )
Kesinlikle Kaulnuyorum  Natr Katuhyorum Kesinlikle
kaulmiyorum kauliyorum

7) Cevaplara ulagirken hafizamda kalanlara gore hareket ettim.

(1) 2) 3) (%) ®)
Kesinlikle Kaulmiyorum  Notr Kauhyorum Kesinlikle
kaulmiyorum kauliyorum

8) Cevaplara ulagirken metindeki ipuglanna gore hareket ettim.

(1) (2) (3) 4) )
Kesinlikle Kaulmiyorum  Notr Katihyorum Kesinlikle
katlmiyorum kauhyorum

Bunlarin diginda sorularda daha basanihh olmanizda sistemin hangi ézellikleri
yardimer olurdu?
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Appendix H: Basic Questions of Interviews:

* Which criteria did you use when choosing the links?

* Did you find the style of linkage complex?

* At which part did you proceeded more comfortably?

* How did you decided that you can stop reading at the first part?
* Did you think of and use the meanings of icons?

* How did the color used effect you?

* Which part, icon or text, did you press when choosing a link?

* Which one do you prefer: with icon or without icon?

* Which one do you prefer: blue linked or green linked?

Additional questions were asked according to the answers of interviewees.
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Appendix I: Plot of Paths of Subjects
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Figure A. 5. Map for experiment 7 reading part (top) and answering part (bottom)
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Figure A. 6. Map for experiment 44 reading part (top) and answering part (bottom)
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Figure A. 7. Map for experiment 50 reading part (top) and answering part (bottom)
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Appendix J: Data for Ninety-six Experiments

1. Time Related Variables

Experiment No. |lcon Usage |Color Gender Reading Answering |Time per
Combination Time Time Card
1 0 0 0 1555] 460 47,12
2 0 0 0 1230 910 49,2
3 1 1 1 167 1120 23,86
4 1 0 0 1460 620 45,63
5 1 0 1 1592 635 69,22
6 0 1 0 1633 1222 71
7 0 0 0 1846 1447 39,28
8 1 0 0 1680 1065 30,55
9 1 1 1 1860) 1200 29,06
10 1 1 0 960 1130 50,53
11 1 0 1 780 1220 45,88
12 0 0 i 2520 488 86,9
13 0 1 0 2100 557 30,88
14 0 0 0 760 2248 63,33
15 0 1 1 3300] 859 61,11
16 0 0 1 2315| 637 115,75
17 1 0 1 1700| 403 45,95
18 1 1 1 1220) 690 87,14
19 1 0 0 3270 588 60,56
20 1 1 0 1335 419 53,4
21 0 0 1 655 797 36,39,
22 1 1 0 1285 965 55,87
23 0 4 1 1590 754 39,75)
24 1 0 0 715 1146 34,05
25 1 1 0 620 1736 56,36
26 1 0 0 1790) 654 27,54
27 0 0 1 775 730 21,53
28 1 0 1 2940) 952 98
29 0 1 1 1877 842 52,14
30 0 1 1 627 482 15,29
31 0 1 0 1325 802 53
32 1 1 0 2320 1092 89,23
33 1 0 0 1058 665 26,45
34 1 0 1 1702 850 130,92
35 1 1 1 1897 1200 90,33
36 0 0 0 2323 855 122,26
37 0 0 1 2187 977 91,13
38 0 1 0 1860 771 33,21
39 1 1 0 1462] 682 58,48
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