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Mess_aQe from the SAICSIT President 

The South African Institute of Computer Scientists and Information Technologists 
(SAICSIT) was formed in 1982 and focuses on research and development in all fields of 
computing and information technology in South Africa. Now in the 20th year of its 
existence, SAICSIT has come of age, and through its flagship series of annual 
conferences provides a showcase of not only the best research from the 
Southern-African region, but also of international research, attracting contributions from 
far afield. SAICSIT does, however, not exist or operate in isolation. 

More than 50 years have passed since the first electronic computer appeared in our 
society. In the intervening years technological development has been exponential. Over 
the last 20 years there has been a vast growth and pervasiveness of computing and 
information technology throughout the world. This has led into the expansion and 
consolidation of research into a diversity of new technologies and applications in 
diverse cultural environments. During this period huge strides have also been made in 
the development of computing devices. The processing speed of computers has 
increased thousand-fold and memory capacity from megabytes to gigabytes in the last 
decade alone. The Southern African region did not miss out on these developments. 

It is hardly possible for such quantitative expansion not to bring a change in ql!Wity. 
Initially computers had been developed mainly for purposes such as automation for the 
improvement of processing, labour-reduction in productio,n and automation control of 
machinery, with artificial intelligence, which made great strides in the 1980s, seen as 
the ultimate field to which computers could be applied. As we moved into the 1990s it 
was recognized that such an automation route was not ' the only direction in the 
improvement of computers. The expansion of processing power has enabled image data 
to be incorporated into computer systems, mainly for the purpose of improving human 
utilisation. For most computer technologies of the 1990s, including the Internet and 
virtual reality, automation was not the ultimate purpose. Humans were increasingly 
actively involved in the information-processing loop. This involvement has gradually 
increased as we move into the 21st_ century. Development of computer technology based 
not on automation, but on interaction, is now fully established. 

The method of interaction has significantly changed as well. The expansion of computer 
ability means that the same function can be performed far more cheaply and on smaller 
computers than ever before. The advent of portable and mobile computers and pervasive 
computing devices is ample evidence of this. The need for users . to be at the same 
location as a computer in order to reap the benefits of software installed on that 
computer is becoming an obsolete notion. Time and space are no longer constraints. 
One of the most discussed impacts of computing and information technology is 
communication and the easy accessibility of information. This changes the emphasis for 
research and development - issues such as cultural, political, and economic differences 
must, for example, be accommodated in ways that researchers have not previously 
considered. Our goal should be to enable users to benefit from technological advances, 
hence matching the skills, needs, and expectations of users of available technologies to 
their immense possibilities. 
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The conference theme for the SAICSIT 2001 Conference - Hardware, Software and 
Peopleware: The Reality in the Real Millennium - aims to reflect technological 
developments in all aspects related to computerised systems or computing devices, and 
especially reflect the fact that each influences the others. 

Not only has SAICSIT come of age in the 2151 century, but so has the research and 
development community in Southern Africa. The outstanding quality of papers 
submitted to SAIC SIT 200 I, of which only a small selection is published in this 
collection, illustrates both the exciting and developing nature of the field in our region. I 
hope that you will enjoy SAICSIT 2001 and that it will provide opportunities to 
cultivate and grow the seeds of discussion on innovative and new developments in 
computing and information technology. 

Paula Kotze 
SAICSIT President 
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Messaee from the Chairs 

Running this conference has been rewarding, exciting and exhausting. The response to the call for 
papers we sent out in March was overwhelming. We received 64 paper submissions for our main 
conference and twelve for the postgraduate symposium. We had a panel of internationally 
recognized reviewers, both local and international. The response from the reviewers was impressive 
- accepting a variety of papers and mostly returning the reviews long before the due date. We were 
struck, once again, by the sheer magnanimity of academia - as busy as we all are, we still manage 
to contribute fully to a conference such as SAICSIT. 

After an exhaustive review process, where each paper was reviewed by at least three reviewers, the 
program committee accepted 26 full research papers and 14 electronic papers. Five papers were 
referred to the postgraduate symposium, since they represented work in progress - not yet ready for 
presentation to a full conference but which nevertheless represented sound and relevant research. 
The papers published in this volume therefore represent research of an internationally high standard 
and we are proud to publish it. Full electronic papers will be available on the conference web site 
(http://www.cs.unisa.ac.za/saicsit2001 /). 

Computer Science and Information Systems academics in South Africa labour under difficult 
circumstances. The popularity of IT courses stems from the fact that IT qualifications are in high 
demand in industry, which leads in turn to a shortage of IT academic staff to teach the courses, 
even when posts are available. The net result is that fewer people teach more courses to more 
stude1J,ts. IT departments thus rake in ever-increasing amounts of state subsidy for their universities. 
These profits, euphemistically labelled "contribution to overhead costs", are deployed in various 
ways: cross-subsidization of non-profitable departments; maintenance of general facilities; salaries 
for administrative personnel, etc. Sweeteners of generous physical resources for the IT departments 
may be provided We have yet to hear of a University in South Africa where significant concessions 
have been made in terms of industry-related remuneration. At best, small subventions are provided 
As a result, shortages of quality staff remain acute in most IT

1

departments - especially at senior 
teaching levels. What is even worse is that academics in these departments have to motivate the 
value of their conference contributions and other IT outputs to selection committees, often 
dominated by sceptical academic power-brokers from the more traditional departments whose 
continued survival is underwritten by /T's contribution to overhead costs. 1 

The papers published in this volume are conclusive evidence of the indefatigability and pertinacity 
of Computer Science and Information Systems academics and technologists in South Africa. We ·are 
proud to be part of such a prestigious and innovative group of people. 

In conclusion, we would like to thank the .conference chair, Prof Paula Kotze, for her support. We 
also specially thank Prof Derrick Kourie for his substantial contribution. Finally, to all of you, 
contributors, presenters, reviewers and organisers - a big thank you - without you this conference 
could not be successful. 

Enjoy the Conference! 
Karen Renaud & Andries Barnard 

1 
This taken almost verbatim from Professor Derrick Kourie' s SACLA 2001 paper titled: "The 

Benefits of Bad Teaching". 
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Web Site Readability and Navigation Techniques: An Empirical 
Study 

Paul S. Lickera 

Robb Anderson Chris Macintosh Andre van Kets 

Department of Information Systems, University of Cape Town, South Africa 
•1icker@cornmerce.uct.ac.za 

Abstract: This research looks into factors that affect the readability of web sites. For those with low literacy 
skills, low readability may prove to be an insurmountable barrier to profitable, comfortable website use. Two 
factors that aid or inhibit the readability of web sites are the hierarchical structure of content within a site and the 
navigation technique employed to access the content. We tested whether the use of different navigation techniques 
affects web site readability. An experiment was conducted on two samples of scholars and the results of the 
experiment were then analysed to determine whether web site readability is dependent on the navigation 
technique used. The analysis revealed that the readability performance of web site users is not necessarily 
dependent on the navigation technique used. However, users' perceptions of the readability of a web site is 
affected by the navigation technique. 
Keywords: Website. Readability, Internet, Literacy 
Computing Review Categories: H.5.0, H.5.2, H.5.4 

1. Introduction 

Web sites are becoming important information 
sources for business, education and 
recreational readers. The importance of 
presenting text and multimedia content in a 
manner that ensures high readability is thus 
growing, as more and more information moves 
onto the Internet. A limited amount of research 
has been done into this area of web site 
readability and the purpose of this paper is to 
extend this research. This paper endeavours to 
identify the effect of different website 
navigation techniques on the efficiency of a 
reader and on that reader's perceived 
efficiency. An experiment was conducted to 
test the research objective. 

This paper commences with a review of 
literature on navigation techniques and 
readability. The hypothesis is outlined and the 
research methodology defined. This is 
followed by an in-depth analysis of the 
captured data. The paper includes 
recommendations on possible areas for future 
research. 

2. Previous Work in Readability 

2.1 Background 

While most of the glamour of the world wide 
web relates to the artistic content and the 
interactive nature of today's websites, reading 
still forms the overwhelming bulk of what web 
site users have to do. That said, how well the 
site's lexical content can be read should be 
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considered an important design criterion. In a 
country such as South Africa, where first
language literacy rates hover around 50%, such 
readability considerations should be paramount 
in web site design. 

Readability can be defined as the ability of a 
reader to understand and comprehend what he 
or she reads (Hackos and Stevens [4]). Hackos 
and Stevens expand this definition of 
readability by explaining that readability 
"refers to the ... text itself, rather than to the 
design superstructure". Hall and Lowe [5] 
state that comprehension is characterised by 
the construction of a mental model of the body 
of knowledge being conveyed. Thus the 
readability of a complete web site can be 
related to the effort required to construct this 
mental model. The term Web Site Readability 

will be defined as the ability of a reader to 
understand and comprehend information within 
the superstructure (the high-level structure and 
logical layout of content )of a web site and its 
online electronic documents. This research 
builds on previous research by Bailey, Scott 
and Stamper [I] into website readability. 

There are two components to readability. 
Consider what might be happening when a 
website is "surfed." First, web sites have to be 
located. This is frequently done through in-situ 
hyperlinks that appear as pictures or text. Next 
the web site itself has to be navigated. Again 
this is usually through hyperlinks, many of 
which are textual in nature. Finally the 
material has to be read. Previous research has 
demonstrated that readability of web sites is 



highly variable and that .ordinary text skills are 
important in "getting the message" from any 
web site. The readability of any website is thus 
related to language literacy and navigation 
skills, the latter of which is often dependent on 
embedded or emergent textual cues. 

This paper uses this model, as it focuses on 
measuring the readability of a whole site as 
opposed to a single web page. The focus of this 
research is aligned with the concept introduced 
by Lowe and Hall, because web sites, not web 
pages, generally constitute a body of 
knowledge. 

Web Site Readbility is closely related to three 
other "literacy" components, technical, digital 
and online literacy. 

Technical Literacy Technical Literacy is 
defined as "the ability to operate computers 
and other devices ... " (Charp [2]). Readers can 
be rated according to their level of technical 
literacy. This form of literacy is commonly 
referred to as computer literacy. 

Digital Literacy Glister [3] states that this 
form of literacy is needed as a basis for digital 
literacy, but that digital literacy demands three 
additional specific skills with respect to the 
Intenet: 

l. Applying critical thinking skills to assess the 
content you come across. 
2. Ability successfully to search on the Internet 
for and find the data required: This may be 
done through search engines or following a 
trail of links. 
3. The ability to compile a credible body of 
information from diverse Internet sources. 

Online Literacy 

Hackos and Stevens highlight a link between 
the readability of an online document and a 
concept they term "online literacy", related to 
the definition of digital literacy. They state that 
achieving high levels of readability requires a 
great deal of effort, in terms of design, on the 
part of the web site developer. They recognise 
that not only the design of the interface, but 
also an understanding of the superstructure, 
plays a role in readability. Both the design of 
the interfaces and the design of the 
superstructure of content will be investigated 
further in the following sections. 

Hackos and Stevens also outline five 
guidelines for the web site designer to adhere 
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to in rder to assist the reader in achieving a 
higher level of literacy and a higher level of 
readability. These guidelines are as follows: 

Understanding the Online User 
Adhering to Concise Writing Styles 
Layering and Categorisation of 
Information 
Consistency of Grammatical Structure 
Consistency of Presentation 

In keeping with the above concept, the 
presentation of the online documents within a 
site should be consistent to achieve a high level 
of readability. This applies to the entire site, 
not just to a single web site page. The 
guidelines described above suggest that the 
readability level of an entire web site can be 
adversely affected by poor standards across the 
online documents within the site. Furthermore, 
the site structure and design has an impact 
upon the readability of individual web pages, 
because it lies within a site's superstructure. 

Hackos and Stevens point out that web site 
developers must also consider the user's needs 
throughout the design lifecycle. They 
specifically cite five essential needs of the user. 

Ease of access 
The users' perception of themselves 
The users' goal for using the web site 
The users' level of technological 
experience 
The users' anticipation of and 
reaction to the web site's content 

They point out that these needs are all 
impacted upon by the interface that is used for 
a site, and the interface, in tum, affects a site's 
readability. 

2.2 Web Site Navigation 

Navigation provides the link between the 
hierarchical structure of a web site and the 
hypertext held within its documents through its 
impact on search efficiency and usability, as 
defined by Spool [ 11 ] . The issues surrounding 
navigation have been discussed in the research 
of McEneaney [8], Rau[9], Kreutz, Euler and 
Spitzer [7], and Seeberg et al [10]. 

McEneaney investigated the effect of 
hypertext hierarchy path depth on the success 
of searches within web sites. He states that 
navigation success is linked to the structural 
characteristics of online information, or 
hypertext. Although he did not directly 
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investigate the relationship between readability 
and hierarchical path depth, the literature 
indicates that the user's search success would 
be impacted upon by the navigation systems 
used, and this would in turn affect the level of 
readability of the site. 

Rau confirmed the above statement by stating 
that the superstructure of online information 
has to be understood by the reader in 
conjunction with the text. He clarified this 
further by stating that the link structure of a site 
cannot be divorced from the text itself. 

Scent Theory 

Spool presents the theory that users "follow a 
scent" on a web site. He states that readers 
look for trigger words to ensure that they are 
"on the right track". Spool has done empirical 
research into navigation design and page 
layout. His findings show that a flattened site 
hierarchy with many levels on one page was 
the most successful site structure investigated. 

Linking and Layout Strategies 

Lynch's studies have shown that readers prefer 
a few very dense screens with a high level of 
information, to many layers with relatively 
little information. This ties in with Spool's 
recommendation of a flatter, simpler 
hierarchical structure for a web site. 

Lynch also points out that pages should be 
consistent and modular to ensure web site 
readability. He states that information should 
be ordered into logical units with an order of 
importance, and that the hierarchy should 
establish relationships among items of 
information. 

Instone [6] presents a set of guidelines to 
ensure easy navigability, and thus readability, 
of a web site. First, keep the user informed of 
where he or she is at within the site structure. 
Second, use consistent wording and use real 
world conventions. Finally, make use of 
"accelerators" (techniques that provide high
speed navigation methods) to cater to the 
expert user but still allow for the inexperienced 
user. These guidelines can be seen to relate to 
Spool's scent theory, by keeping the reader 
aware of their location within the site 
hierarchy. 
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2.3 Spool's Web Site Usability Test 

Spool developed a usability test that enables 
the ranking of web sites according to their 
usability. Spool defines the usability of a web 
site by how successful a site is at providing 
people with the information they need to make 
decisions. 

The usability test required users to navigate 
web sites in search of factual answers to a set 
of questions. A set of questions existed for 
each site and users viewed these sites in 
different sequences to achieve an even spread 
of data. Four types of questions were asked 
( an even number per site): 

I. Simple fact - retrieval of one simple, correct 
fact. 
2. Judgment - users must locate the answer and 
formulate an opinion and then decide whether 
there is sufficient information to do so. 
3. Comparison - two or more facts must be 
compared to arrive at an answer or 
remembering one fact while locating another. 
4. Comparison of judgment - users must 
compare judgments. General interest sites 
were used, and users of similar Internet 
experience ( or inexperience) were tested to 
ensure a controlled test. A post-task 
questionnaire was also used to test the effects 
that different web sites had on the users' 
fatigue, confusion, levels and confidence in 
their answers. 

The sites were not rated solely according to the 
percentage of correctly answered questions 
compared to the other sites. Instead, Spool 
identified three post-task questions that were 
highly correlated to the successful completion 
of the tasks. These three questions, which 
pertained to the user's frustration, confidence 
and perception of performance, were used to 
calculate the final usability rankings. 

2.4 Summary 

The superstructure of a web site impacts upon 
the readability of that site, since individual 
online documents are held , within this 
superstructure. A web site's interface aids the 
reader's awareness of their location within the 
site's superstructure. Navigation techniques 
provide the link between the structure of web 
sites and the content held within the web pages 
through its affects on search efficiency and 
usability. 



Spool's website usability test is useful to 
determine how effective sites were at providing 
people with information and can be adapted to 
'test the readability of web sites. 

The figure below illustrates the factors we feel 
have an influence on website readability. 

Web-site· 
Content 

Readers' Ability 

Web-site 

Figure 1. Factors Influencing Website 
Readability 

3. RESEARCH HYPOTHESIS 

3.1 Research Objectives 

The purpose of this research is to determine 
whether objective and subjective measures of 
readability performance of web sites are 
sensitive to the web site navigation technique 
used. Web site (as opposed to web site 
content) readability is conceived as the ability 
of readers to understand and comprehend the 
location of a specific section' of information 
within the superstructure of a web site and its 
online electronic documents. · Readability 
performance is thus the efficiency of a reader 
in completing a set of tasks ( e.g. locating and 
understanding a specific piece of information 
within a web site). The number of tasks a 
reader completes within a time period 
determines the efficiency of the reader. That is, 
readability performance is the efficiency with 
which a reader completes a set of tasks. 

3.1.1 Objective Dependent Measure: 
Readability Performance Measure (RPM) 

The readability performance of each web site is 
determined using a combination of the 
following two numerically quantifiable 
dependent variables: 

1. The time taken by a reader to complete a set 
of tasks (T). 
2. The number of tasks correctly completed by 
a reader (NUM). 
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In order to establish the rate at which a reader 
completes a set of tasks, the number of tasks 
correctly completed was divided by the time 
taken to complete the tasks. 

RPM = NUM/T, or the number of tasks 
completed per unit time to completion 1• 

3.1.2 Subjective Dependent Measure: 
Perception of Readability Performance 
Measure (PRPM) 

The readability performance measure (RPM) 
does not capture the reader's subjective 
perception of the readability of a web site. The 
readers' perception of readability performance 
(PRPM) is determined from a reader's level of 
the following: 

1. Confidence in answers (CFD) 
2. Ease of use (EOU) 
3. Confusion (CNF) 
4. Frustration and fatigue (FF) 

PRPM is a linear aggregation of these four: 

PRPM = f(CFD, EOU, CNF, FF) = CFD + 
EOU + CNF1 + FFi 

where CNFi represents a scale inversion of 
CNF and FFi represents the corresponding 
scale inversion of FF. 

Responses to questions pertaining to the above 
factors were recorded on a five-point scale in 
order to quantify the readers' qualitative 
responses and then added together, with scale 
anchors adjusted to allow scoring by 
aggregation, since components 1 and 2 are 
obviously desirable, while components 3 and 4 
are not. 

3.1.3 The Independent Variable - Navigation 
Technique (NT) 

1 RPM measures tasks completed per unit time 
of effort to completion. Alternative measures 
would be the number of tasks completed 
during a specific unit ohime (timed test). We 
actually scored only correct completions, i.e., 
tasks completed to criterion, from among a list 
of tasks to be performed. Unlike most timed 
tests, we let subjects work until they believed 
they had completed all the tasks correctly. Of 
course, in many cases, the tasks were 
completed, but incorrectly, or barely 
attempted. It is likely that a timed test would 
have given similar results. In fact this exercise 
was allowed twelve minutes. All subjects 
completed the task within the time provided. 
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Four different web site navigation techniques 
{NT) used fonn the independent variable 
against which the objective and subjective 
measures of web site readability ( dependent 
variables) were compared (see section below ). 

3.2 Research Hypotheses 

Our two working hypotheses are thus defined 
as follows. 

HA 1 :  NT makes a difference in RPM. 
HB 1 :  NT makes a difference in PRPM. 

4. RESEARCH METHODOLOGY 

4.1 Experimental 
Measurement 

Procedure and 

To test the hypotheses described in the 
previous section, an experiment was designed. 
This experiment made use of a randomised 
experimental design, whereby a single factor, 
navigation technique, was assumed to influence 
the two readability measures, RPM and PRPM. 

The experiment made use of questionnaires at 
different stages of the experiment based upon 
the experiments that Spool conducted into 
usability, as described in the literature review. 
Subjects were randomly assigned to use one of 
four navigation techniques to peruse a website 
to answer a set of factual questions2

• Individual 
incentives were provided to students to 
complete the task (i.e., to answer all the 
questions). 

The experiment was tested on four readers 
prior to conducting the final experiments. The 
pilot tests, which were conducted on readers 
with differing demographic profiles, allowed 
the questionnaire to be refined before 
conducting the fmal experiment. 

4.2 Sampling Methods 

Two sample groups were chosen for the 
experiment: a group of school students from 
grade 7 at an English junior school, and a 
group of grade 10  senior school students from 
a different English school. Each of these 
samples consisted of subjects with very similar 
demographic profi�es, measured by age, home 

2 The experimental materials were a 
description of the content of the film "X-men", 
considered appropriate for our subjects who 
were 12  to 1 6  years of age. 
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language, English skills (self-reported course 
results), number of years of computer usage, 
number of years of Internet usage, and 
frequency of lntemet usage. 

Two cohorts were selected, one from each 
school, including 3 1  subjects from the junior 
school and 23 subjects from the senior school. 
These subjects are hardly typical of all South 
Africans, South African Internet users, or even 
South African Internet users aged 12  to 16. 
However, we believe that they represent the 
upper limit of reading skills in this last age 
group, in other words, subjects whose literacy 
skills might not be questionable, but whose 
responses to the experimental procedure would 
therefore be sensitive only to the independent 
variable, navigation technique. 

4.5 Research Design 

4.5.1 The Experiment Design 

Before conducting the experiment, the authors 
developed four web sites. Each web site 
contained the same textual content, but made 
use of different web site navigation methods 
and different web site layouts. These four web 
site models were termed Navigation 
Techniques. This term is defined as ''the 
navigation systeni employed to link documents 
within a specific hierarchical superstructure." 
A four-stage prQgression, from a single 
document with no navigation through to six 
documents presented over six screens, was 
used to develop the four navigation techniques 
used in the experiment. 

Navigation Technique 1: Control Navigation 
through standard browser vertical scroll bar. 
Here all the data is presented in one document 
over a single screen with. the six subsections of 
the document being headings within the 
document. 
Navigation Technique 2: Sequential 
Navigation Buttons at the bottom of the page 
provide the navigation links to the previous 
and next sections of the material. 

Navigation Technique 3: Scroll Away 
Navigation System Navigation buttons only at 
the top of the page that link to different 
sections of the material. 

Navigation Technique 4: Static Navigation 
System Navigation links stay on the left-hand 
side of the screen at all times. Buttons on the 
left of the page provide the navigation links to 
different sections of the material. 



4.5.2 The Experimental Procedure 

The experimental procedure is depicted in the 
figure below: 

Assign Navigation Technique 

Pre-task Questionnaire 

In-Task 
Questionnaire 

Post-Test Questionnaire 

Figure 2. Experimental Procedure 

4.5.3 The Questionnaire Design 

There were three questiomiaires. 

The pre-task questionnaire 

The paper questionnaire · introduced the 
research topic to the reader'. and provided a 
basic explanation of what was required of 
him/her. The readers were required to fill in 
demographic information prior1 to viewing the 
web site, including age, home language, 
English skills (based on self-reported previous 
years' results), number of years· of computer 
usage and number of years of Internet usage 
and frequency of Internet usage. In addition, 
they were asked whether or not they had seen 
the film "X-men". 

The In-task questionnaire 

The next questionnaire contained six questions, 
the answers to which could only be obtained by 
reading the web site's text and viewing 
multimedia content. The answers to these 
questions were scattered throughout the textual 
content on the web site so that the reader had 
to read all the textual content on the web site 
before answering the questions. 

These six questions consisted of three simple 
fact finding questions - find a single fact 
within the textual content - and three questions 
requiring two or more facts to be linked from 
different sections of the textual content to 
arrive at an answer. 
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The answers to the questions were not of 
significant importance to the experiment, but 
rather they served as a catalyst to get the 
subjects to navigate their way around the entire 
site. The questions were not intended to test the 
subjects' memory capability or cognitive 
ability, except to the extent of remembering 
facts across sections within the web site. 

Once the readers understood what was 
expected of them, they could access one of the 
four web sites by clicking on the appropriate 
link. The readers were asked to fill in their 
start time immediately at the top of the in-task 
questionnaire, complete the in-task 
questionnaire to the best of their ability and fill 
in their finishing time once they completed the 
in-task questionnaire. This enabled the 
calculation of the time taken by the reader to 
complete the in-task questionnaire. 

The post-task questionnaire 

On completion of the in-task questionnaire, the 
reader was then asked to complete a post-task 
questionnaire. This questionnaire consisted of 
a set of sixteen questions designed to gauge a 
reader's perception of readability, with respect 
to that reader's specific navigation technique. 

The sixteen questions were divided into four 
sections, each addressing a specific aspect 
contributing to the perception of readability: 

I .  Confidence in answers (CFD1 - CFD4) 
2. Ease of use (EOUI - EOU4) 
3. Confusion (CNFI - CNF4) 
4. Fatigue and frustration (FFl - FF4) 

The questions within these sections were 
designed to produce an overall measure for the 
reader's perception of the respective aspect. 
Since the above issues are hard to measure in a 
quantitative manner, these questions allowed 
the reader to answer on a five-point-scale 
(from AGREE STRONGLY ( 1 )  to 
DISAGREE STRONGLY (5)), thereby 
producing quantitative results to qualitative 
questions. Scales were adjusted so that 
positive opinions would elicit scores nearer 5;  
and negative ones, nearer 1. 

Two different experiments were conducted on 
the two different samples. Each subject in the 
junior school sample used only one navigation 
technique (Experiment 1 ), while each subject 
in the senior school sample used all four 
techniques (Experiment 2). This allowed us to 
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see whether comparing techniques had any 
effect on evaluations. It was felt that the 
complexity of Experiment 2's procedure 
argued against using the younger subjects. In 
addition, we felt that the older subjects would 
have seen the movie (in fact 9 of the 23 had 
seen the movie), whereas the younger subject 
would not have (and in fact only 3 of the 3 1  
subjects had seen the movie). 

5. RESULTS 

Our analysis assumes that navigation technique 
is the only factor that will influence the RPM 
and PRPM and thus the only factor in this 
experiment that influences the overall 
readability of the web site. This assumption is 
based on the fact that all other factors in the 
experiment are controlled. Before testing the 
two dependent variables (RPM and PRPM) 
against the independent variable (NT) it must 
be explained that there are no external factors 
such as the content or the web site itself, that 
could influence the RPM and PRPM. 

5.2 Analysis of the Readability Performance 
Measure (RPM) 

Before testing the primary hypothesis, 
exploratory data analysis will be conducted. 
Box-and-whisker plots provide useful 
graphical representation of the distribution of 
the data across the four navigation techniques. 
This technique does not provide conclusive 
statistical evidence, however. The hypotheses 
was tested for significance using the ANOV A 
method at the 5% level. Where the ANOV A 
test indicates that at least one of the navigation 
techniques differs from the rest, the Least 
Squares Deviation (LSD) test was used to 
identify which navigation technique, 
specifically, causes the mean RPM to differ 
significantly from the rest. Since RPM is a 
measure of the unit time to complete a task, a 
high RPM indicates a low level of efficiency. 

The primary hypothesis tests whether the mean 
of the obj ective measure of readability (RPM) 
differs, depending on which navigation 
technique is used. The primary hypothesis was 
tested for significance using the ANOV A 
method 

In experiment 1 ,  with an F-value of 2.703 
(p=0.065) we conclude that the null hypothesis 
cannot be rejected at the 5% significance level, 
although there is some reason to speculate that 
NT might have some effect on RPM, masked 
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by procedural noise. In experiment 2, the F
value of 1 .559 (p=0.232) is insufficient to 
reject the null hypothesis. 

Analysis of the data obtained from both 
experiments, conducted on two separate 
samples, indicates that the efficiency of readers 
does not differ significantly when they use 
different navigation techniques. 

5.3 Analysis of the Perception of Readability 
Performance Measure 
(PRPM) 

Before testing the secondary hypotheses, the 
modal points for the post-task questions were 
plotted to provide an indication of what the 
most common answer to each question was. 
The secondary hypothesis will also be tested 
using the ANOV A method at the 5% 
significance level. Where the ANOV A test 
indicates that at least one . of the navigation 
techniques differs from the rest, the Least 
Squares Deviation (LSD) test will be used to 
identify which navigation technique, 
specifically, causes the mean PRPM to differ 
significantly from the rest. 

5.3.1 Exploratory Data Analysis 

Figure 7 and 8 indicate the modal points for 
each of the 1 6  'subjective post-task questions 
asked of the junior and high school students 
respectively. The figures provide a visual 
representation of the typical responses to each 
question across navigation techniques. The 
answers to these questions were used to 
formulate the overall PRPM value. 

I 

It can be seen by comparing figure 7 and 8 that 
the responses to the questions for experiment 2 
are distributed more widely than the responses 
to questions in experiipent 1 .  This could be 
attributed to the fact that the high school 
students were given the opportunity to compare 
the four navigation techniques before 
answering the post-task questions. 

The apparent differences in the readers' 
responses was tested using the ANOV A 
method. The aggregated PRPM value and the 
individual CFO, EOU, CNF and FF measures 
were tested to determine whether there is a 
significant difference in the readers' perception 
of web site readability. 
In the case of PRPM, a higher measure equates 
to a higher perceived level of readability. 

In experiment 1 ,  an F value of0.087 (P=0.966) 
leads us to conclude that the means of the 



PRPM are not significantly different at all. The 
large p-level of 0.966 indicates that the PRPM 
across navigation techniques are very similar, 
and thus the null hypothesis cannot be rejected. 

In experiment 2, in contrast to experiment 1, an 
F-value of 4.287 (p=0.018) indicates that the 
means of the RPM are significantly different at 
the 1.8% level. 

Further investigation into the data obtained 
from experiment 2, using the LSD test, 
indicates that the PRPM of readers using NT2 
differs significantly from all the other 
navig�tion techniques at the 5% level. Table 5 
highlights the navigation techniques that differ 
significantly from one another in tenns of 
PRPM. 

NTl 

NT2 

NT3 

NT4 

NTl 

0.01 778 

NT2 NT3 NT4 

0 .01 778 0.5 1347 0.70052 

0.00363 0.01 006 

0.5 1 347 0.00363 0.82 14  

0.70052 0.0 1 006 0.82 1 4  

Table 5:  The LSD (p) test to determine which 
mean PRPM differs across NT's (Expt 2) 

The LSD test shows that NT2 is perceived to 
be significantly less readable than the other 
navigation techniques by the high school 
students. It is uncertain whether similar results 
would have occurred, had th:e students in the 
first experiment been given the opportunity to 
compare the navigation techniques. 

The results of the two experiments are in 
conflict. It is assumed that the r�ason for there 
being no significant differences in PRPM in 
the first experiment is that the subjects were 
not given the opportunity to compare the four 
different techniques. If this is the case, the 
results of the second experiment could be 
regarded as being valid. 

5.3.2 Testing Extensions to the Secondary 
Hypothesis 
The following hypothesis will be applied to 
each of the four aspects of the perceived 
readability measure: confidence in answers 
(CFO), ease of use (EOU), confusion (CNF) 
and frustration and fatigue (FF). 

HBil : At least one contributing factor to 
PRPM mean differs across the four NT's 
Where i = l to 4 relates to the four aspects of 
CFD, EOU, CNF and FF. 

The results of the ANOV A test for the four 
aspects of PRPM are presented in Table 6, 
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below, with the factors that show significant 
difference in bold: 

CFO 
EOU 
CNF 
FF 

F value 
1.322 
7.726 
1.117 
4.816 

p-level 
0.297 
0.001 
0.367 
0.011 

Table 6: ANOVA test to determine if the mean 
of/actors contributing to PRPM differs across 
NTs (Experiment 2) 

The ANOVA test revealed that readers' 
perception of ease of use (p-level = 0.00 1 )  and 
frustration and fatigue (p-level = 0.011) 
differed significantly at levels well below the 
5% level. Further analysis using the LSD test, 
confinns the findings of the secondary 
hypothesis that NT2 differs significantly from 
the other navigation techniques. The aspects of 
PRPM which differ specifically are ease of use 
(EOU) and frustration and fatigue (FF). 

An analysis of data obtained from the second 
experiment revealed that there are significant 
differences in the perceived ease of use (EOU) 
and frustration and fatigue (FF) of readers. 
NT2, specifically, was perceived to be more 
difficult to use and was more frustrating an� 
tiring to use when compared to the other 
navigation techniques. 

5.S Summary of Data Analysis 
The primary hypothesis could not be rejected 
at the 5% significance level, while the 
secondary hypothesis was rejected at the 5% 
significance level (under certain conditions). 
The analysis indicates that the actual 
readability of web sites does not differ when 
using web sites with different navigation 
techniques, but readers' perception of 
readability can differ. Specifically, readers felt 
that NT2 was more difficult to use than other 
techniques and lead to frustration and fatigue. 

6. CONCLUSIONS 

This research paper was unable to prove 
conclusively that web site readability is 
dependent on the navigation technique 
employed by web sites. Specifically, the 
research revealed that the actual readability 
perfonnance of readers was not significantly 
affected by different navigation techniques, but 
it did indicate that readers' perception of the 
readability of a web site was affected by 
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different navigation techniques, when allowed 
to compare a technique with others 
(Experiment 2). 

We believe that the perception of web site 
readability is determined by a myriad of 
factors. These factors include navigation, 
consistency across web pages, text density, 
content layout, the different use of colour, 
typography and the use of multimedia. That is, 
high levels of web site readability can be 
achieved by combining the factors contributing 
to readability to achieve a balance that would 
create a favourable perception of a web site in 
the reader's mind. 

We have presented what we feel is a useful 
research framework that can be used to probe 
the effect of any one factor on web site 
readability of the sort we have defined, 
provided the research methodology is adapted 
to control all factors except for the one being 
tested. 

7. RECOMMENDATIONS FOR 
FURTHER RESEARCH 

Further research could be conducted into the 
effect of navigation techniques on web site 
readability. The authors believe that more 
conclusive results will be obtained if the same 
experiment is carried out on a large sample of 
junior school students. It would be of value to 
see how the findings of the research would 
differ if all the students were given the 
opportunity to compare navigation techniques 
before their perception of readability was 
recorded. This research paper provides a 
research framework for determining the effect 
of navigation techniques on web site 
readability. The authors believe that this 
framework can be adapted to determine the 
effect of any one factor on web site readability, 
provided all other factors are held constant. 
The following factors could be investigated to 
determine their effect on web site readability: 
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Text density 
Content layout 
Use of colour 
Typography and use of fonts 
Multimedia content 

Further research could also be conducted to 
determine whether web site readability has an 
impact on the effectiveness of commercial 
ventures, which make use of the Internet. 
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