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EXAMINATION OF THE RELATIONSHIP BETWEEN ATTITUDE AND
PERCEIVED USABILITY OF SOFTWARE IN A CONTEXT-DRIVEN SPECIFIC
SCENARIO

Abstract

Literature regarding human and computer interaction is enormous in size. Since
computers have started to play an important role in our everyday life, researchers
have focused on improving the interaction between these two entities. The usability
of computer & software systems has been the main area of interest. Various
techniques have been developed to measure usability. Some researchers have focused
on objective usability whereas some have focused on the psychological aspect by
examining subjective usability. When the objective is to examine a potential set of
users’ perceived usability, the context dependent nature of this specific literature
even added to the difficulties. This research supplies an in-depth view of usability
and computer attitude literatures, and offers computer attitude as an important
variable which impacts perceived usability. A field study has been conducted in a
population of 26 universities’ students in Istanbul to test the model. The research
findings indicate that computer attitude is an important variable that does have a

significant effect on perceived usability.



KULLANICININ BILGISAYAR TUTUMU ILE ALGILANAN KULLANICI
DOSTLUGU ARASINDAKI ILISKININ SPESIFIiK BiR SENARYO
UZERINDEN INCELENMESI

Ozet

Insan ve bilgisayar arasindaki etkilesimi inceleyen literature oldukca genistir.
Bilgisayarlarin giinliik hayatimiz icerisinde 6nemli bir rol oynamaya basladig1 andan
beri, arastirmacilar bu iki varlik arasindaki etkilesimi iyilestirme konusunda
caligmalara odaklanmislardir. Bilgisayar & yazilim sistemlerinin kullanici dostlugu
bu ¢aligmalara konu olmus 6nemli odak noktalarindan biridir. Kullanict dostlugu,
gerek objektif, gerekse, subjektif; psikolojik boyutu ile incelenebilir. Amacin
potansiyel bir kullanici kitlesinin algiladigi kullanici dostlugunun incelenmesi oldugu
durumlarda, bu literatiiriin spesifik durumlar bazindaki dogasi isin zorluk seviyesini
de arttirir. Bu arastirma, kullanict dostlugu ve bilgisayar tutumu literatiirlerinde genis
bir taramayi igermekte ve bilgisayar tutumunu, algilanan kullanici dostlugunu
etkileyen 6nemli bir degisken olarak Onermektedir. Istanbul’daki 26 iiniversiteyi
kapsayan ana kiitleyi temel alan bir saha ¢alismasi ile 6nerilen model test edilmistir.
Arastirma bulgulari; bilgisayar tutumunun algilanan kullanict dostlugu iizerinde

anlaml bir etkisi olduguna isaret etmektedir.
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Chapter 1

Introduction

Literature regarding computers is enormous in size. Since man has discovered this
machine which is capable of making computations in an ever increasing performance
level, computers and human interaction has been an area of interest. It has been
researched by both technical and non-technical disciplines. Computer engineers, IT
professionals, MIS graduates, psychologists, management gurus all have published
numerous books and articles regarding this machine-to-man interaction. It has been a
huge step for man to include computer in his every day activities. This machine
which is composed of several electronic equipments has been a tool which was a
high-performance calculator first and then throughout its life stage evolved its
existence into even a decision making tool! When computers became every day tools
of not only a couple of laboratories but of businesses and home users, the quality of
interaction between these two entities became a great area of research. Since then
man’s ability to use this tool to full potential and being able to improve both
objective performance and subjective perception of quality in use has been the main

topic.

Usability of systems (both hardware and software) was and is a great area of
research. Everyday companies throughout the globe are investing significant
amounts of their resources to improve their products so that customers can find them
more satisfactory. This matter is that much important that although a product can be
performing satisfactorily on objective measures if the perception of quality of

interaction by end-users is low, it does not succeed in markets. Therefore these



companies, offering these specific services are trying their best to identify points of
improvements which will make it possible for them to improve the end-users

perceptions about their products & services.

Usability literature regarding computers has been thoroughly studied starting from
the 1980s. Still today usability for a system is a literature which is of great debates.
Even on a definition basis, there are several highly acclaimed definitions by
respectable authors but still no consensus. It is the very nature of usability that makes
it so difficult to come up with a single definition of the concept. The context”
dependence of the concept adds to the difficulties to overcome these debates. Even
usability and its meaning by different categories of users who are interacting with the
very same system can be completely different. Such as an end-user is much more
oriented with the interface-quality aspect where as a technical admin, who is
responsible for daily maintenance of system equipment, is much more oriented with

the ease of maintainability of the system.

When one is to focus on attitudes towards computers, the whole idea and its
interpretation becomes even more complex. Attitudes can greatly affect one’s
behaviors towards an object. When this object is a machine which tries to “interfere”
with your every day routine and way of life, the issue becomes even more important.
Therefore computer attitude sometimes becomes as the main barrier which acts as
the main supplement to resistance to change, both for home and also for business

users.

This thesis mainly focuses on the relation between computer attitude and usability.
Our objective is to explore both of these concepts and their related literature.
However defining usability and creating a scenario which makes it possible to
analyze this important relationship is a great challenge which also promises

important findings. If the literature review makes it possible to analyze this

“ The user, the environment, the system and every other variable that interacts with the system in
interest.



relationship, one then can become curious to attitude and its impact upon perceived
usability (subjective usability).

The author is a professional within the IT software industry. His main responsibilities
are system analysis & design. He also develops applications with in a development
team for gaining further knowledge regarding coding which makes it possible for
him to improve his perception of developers and their tasks. By this way, he can
design systems which are more positively welcomed by developers working in the
project. His experience is on web-based solutions.

The teams that have worked with the author has developed several acclaimed web-
based solutions including CRM systems, Business Flow Management systems,
Document Management systems, Internet Sites, E-Commerce sites and etc,. Amongst
their client lists, Turkey’s top associations and companies are existent such as Vestel,
ODD (Turkish Automotive Distributors Association) (imported automobiles are
making up 70% of the market with ODD being the most important association), HES
Cable (World’s #3 cable manufacturer), Roman (One of the most famous woman-
dress designer and chain stores owner in Turkey), Remax-Turkey, GEM (Global
Equity Management, a Switzerland based equity management company that has big
investments in pharmaceutical industry), DDF (One of the most famous advertising
agency in Turkey), Fire of Anatolia (“Anadolu Atesi”, world wide known Turkish

dance group) and several other companies.

Throughout all 100 projects the author has participated within the last 10 years of his
professional experience, he has observed several different companies with several
different organizational contexts (organization structure, business flows, employees
and etc.). One of the most important aspect, he has recognized has been the
resistance to change by some certain types of system users towards a new system.
One unusual fact was that this negative behavior was observed, in some contexts,
even before the very first tests of the new potential system by real users. The same

fact for these users sustained after the very first tests. In some cases the attitude



became even more negative after first trials whereas in some cases the attitude
became more positive. In some very strange situations these users, who prior to using
the system had negative attitudes, refused the opportunity of interacting with the

system as much as possible.

Concluding, the author planned examining the above mentioned users’ attitude and
their perception of usability on a scientific platform. Is attitude affecting the
perceived level of usability of a system? Do users with negative attitude towards
computers perceive lower levels of usability? The answers to these questions will
supply great information and will be of great use. If attitude and usability is
somehow related then the professionals within the industry, prior to marketing and
then developing a system, can analyze the customers’ potential system users in
regard to their computer attitudes. Found information can be shared with top-level
managers of the potential customers and if the potential users of interest are found to
have negative computer attitudes then the IT Company can be cautious. The IT
Company can warn top-level managers that in the existence of users with negative
computer attitudes, the perceived level of usability of a system can be lower. The
company therefore can choose to come up with objective performance measures
which will be selected as the success criteria for evaluation of the final system. An
alternative can be to develop a program which will improve attitudes of these users
who have negative attitudes towards computers so that when the real system is

deployed perceived usability will be higher.



Chapter 2

Literature Review

2.1 Literature Review Regarding Usability

In this part of the thesis, an in-depth examination of different definitions and
approaches to the concept of usability is supplied. A brief comparison of these
various definitions is also existent. In the following sub sections of the literature
review of usability, different techniques developed for measuring the concept is also
analyzed with an in-depth examination of questionnaires that have been developed

during the last 20 years.

2.1.1 Introduction to Usability / What is Usability?

Usability is an important goal to achieve in all aspects of product design. It is one of
the most important criteria of the process. We have heard the following statement, in
a variety of products by several different users, numerous times in our lives; “It is
really difficult to use this product...” There are products in the market today even
with their market launch they are a hit in a single day and there are some products
does not matter how much their manufacturers invest upon promoting it is still not
welcomed by potential customers. An example of the prior is Apple’s iPod which
became a market leader in less than a year all around the globe. Its success was in its
design in the form of both elegance and even to a more important level, the ease to
use the product by customers. Being able to operate almost any functionality with its
innovative rotating wheel, the product is easy to use under almost every scenario

(jogging, running, at bus, at car....). It is quite easy to observe that even a first time



user is able to operate a significant percentage of the available functionality of the
product in a couple of minutes. The physical usability characteristics of the product
is subjectively perceived as easily usable by the customer and results in a highly
welcoming, positive attitude towards the product. An example of the latter is Linux
operating system (an operating system for PCs) which is in some cases freely
available or available at a price which is significantly lower than its competitor,
Microsoft Windows. Due to the reason that almost all pc users are acquainted with
Microsoft Windows operating systems for a much longer period and perceived it as
the reference when it comes to the ease of use, the Linux, with its less user friendly
operability is perceived in the market as a product which “Technical People” use but
not suitable for regular users. Does not matter whether truly the Windows is more
user-friendly, still the perception of “User friendliness” of the product translates
directly into a share which almost rules the entire market and is a norm. Concluding

usability is a criterion which directly impacts a product’s / service’s success.

Can we come up with a universally accepted set of attributes / dimensions which
constitute the concept of usability? One can quite easily answer this question by
examining a couple of different scenarios, which are context dependent upon users.
As a first one let’s take into account a hardware technical service provider in a
software system. For the technical operators of the service provider a more usable,
and preferred system is one which is easy to maintain, does not produce errors quite
frequently, and it is easy to backup and restore the whole system from a previous
functioning backup. This view of the technical operators does take into account their
expectancies. A highly usable system for them is one which does not make them
work for more hours to satisfy their daily routine jobs. Let’s switch to another users’
view that are interacting with the very same system as bank operators who are
maintaining customer accounts on this very system. For them this system is usable if
it is easy to find customer accounts within the database, if it is easy to examine past
interactions with the bank, if it is easy to create new customers with not that much of
effort and if help in the case of a failure is available with ease and etc. As can be seen
when switched to a different user, the perception of “Usability” completely differs.
Adding to the complexity, let’s take into account a complete different user and its

view. Mark Dickinson is this bank’s top-level manager. He has to come up with a



project which will satisfy the board of directors and in return announced to the
shareholders as an important threshold in improving the performance of the bank and
thus will boost the shares in the market. For him a highly usable system is one which
is the cheapest that satisfies the expected set of functionalities (initial investment is
low, and projected return is high, a better IOR), which is the cheapest in maintenance
(variable costs) and it should be possible the custom develop new functionalities on
to the software package with the internal IT department (internal code quality,
documentation, modularity and other technical product properties are of importance,
etc,.). Mark and his view of a highly usable system brought cost into the picture as a
criterion of consideration. This was not a criterion of decision for the bank operators
nor was it for the technical operators. The software interface and its abilities were not
important for the technical operators nor was it for the top-level manager, Mark
Dickinson but maybe the most important criterion for bank operators who are
maintaining customer accounts. Concluding, the concept of usability and its
dimensions differ up to a very significant degree depending upon different scenarios

which is to be analyzed in-depth in the following pages.

When we focus in to the computers and software, usability is a topic which is highly
popular and thus is of great discussion. Due to the very different scenarios of
interacting with computer software and systems, there are different users, different
views, different hardware setups and other variables which almost make every
specific scenario entirely unique. Therefore comparison of findings of different
authors under different field / laboratory conditions is impossible. Even the literature

still lacks a universally agreed definition of the concept usability.

2.1.2 Different Definitions of the Concept Usability

The term usability was originally derived from the term “user friendly”. But due to
the reason that this term had acquired significant subjective connotations “usability”
was suggested to replace it (Folmer and Bosch 2004). Some authors defined this new
term as a software quality (a narrow view) where as some defined it as an overall

system design objective where usability is a goal to achieve (as in the case of ISO



9241 (ISO 9241-11, 1994), a broader view). Thus the authors with the latter view
preferred to name the term usability as “quality in use” (Bevan suggested this term

Bevan, 1995b).

When considered the existing literature, it is not easy to find a single universally
acceptable definition of this concept. One can quite easily figure out how
complicated this can get by understanding that although several authors has worked
upon usability for more almost two decades, even now there is lack of consensus in
this field. Still there are several authors and international bodies whose definition of
usability is widely recognized such as; Shackel (Schakel, 1991), Nielsen (Nielsen,
1993a), 1SO (1ISO 9126 (I1SO 9126, 1991) and ISO 9241 standards). Other definitions
of usability which are not to be considered in-depth within this study can be found
within the following books & studies: Constantine and Lockwood (Constantine and
Lockwood, 1999); Hix and Hartson (Hix, Hartson, 1993); Preece (Preece, Rogers,
Sharp, Benyon, Holland, Carey, 1994); Shneiderman (Shneirderman, 1986), Wixon
and Wilson (Wixon, Wilson, 1997). The following statement successfully explains
the current condition regarding the lack of consensus amongst different authors on
defining usability:

Although there is a consensus about the term usability, there are many
different approaches to how usability should be measured; hence usability is
defined in such a way as to allow these measurements. This definition has
resulted in different definitions of usability, because authors have different
opinions on how to measure usability. (Folmer and Bosch 2004)

Actually Folmer and Bosch’s statement conflicts within itself. The authors state that
there is consensuses on the term usability but later add that every author in the field
has different opinions regarding to what constitutes usability, the dimensions of
usability. Thus if every author in the field has different opinions regarding the
dimensions of usability then they do in fact have different definitions of usability
meaning they do no have a consensus on the term. Thus the overall statement of

“There is consensus about the term usability” is falsified. As a result when examined



the different definitions of usability, the dimensions of the concept for the specific
definition will also be provided to supply in-depth view of the author next to his / her

definition of the term.

2.1.2.1 Schakel’s Definition of Usability

Schakel is amongst the first to study usability and usability engineering. His

definition of usability is as follows:

The usability of a system is the capability in human functional terms to be
used easily and effectively by the specified range of users, given specified
training and user support, to fulfill the specified range of tasks, within the
specified range of scenarios. (Schakel 1991)

This definition takes into account two sides of usability; the relative side and the
objective side. The relativity of his definition states that usability is affected by the
scenario and users. The objective side states that a system is usable if it is capable of
effectively performing to fulfill the specified range of tasks by the users. So if it is
possible to fulfill the tasks then the system has high usability. Although Schakel’s
definition clearly states the relativistic behavior of the concept, there is no guidance
on how to measure it. This relativistic property of the concept is termed as its
context-dependence meaning that any usability measurement is depending upon the
user, environment, system and etc. Therefore user’s properties (such as culture,
attitude towards computers) or environmental conditions (lightning, noise... etc.) or
system conditions (such as a low hardware performance, for the evaluation of the
usability of a software interface) all impact the perceived level of usability. The
context-dependent nature of the concept therefore adds to the complexity with
subjective evaluations and perceptions of the user. Figure 2.1 displays his complete

model where usability is a construct under product acceptance.
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Figure 2.1: Schakel’s Product Acceptance Definition & Dimensions

In Schakel’s model product acceptance is the highest concept utility, usability,
likeability and costs, are its constructs. Usability Construct is of composed of
effectiveness, learnability, flexibility and attitude sub-constructs. When compared to
other important usability definitions following overlaps are found: Effectiveness is
also a criterion in 1ISO 9241-11, learnability is a criterion in ISO 9126. It is
interesting to see that although Schakel mentioned effectiveness under usability, he
has not taken efficiency as a construct to usability.

2.1.2.2 Nielsen’s Definition of Usability

Nielsen is also amongst to first to study the concept of Usability. He does not give a
precise definition of usability as Schakel does but rather examines it under the
concept of product acceptance / acceptability (Figure 2.2) (Nielsen 1993a). His work
regarding is as follows:

learnability
usability —— efficiency
ractical_—usefuiness—[_ utility maemorability
acceptability —Ep B [— costs ~ errors
soctal (B satisfaction
— reliability
etc.

Figure 2.2: Nielsen’s Product Acceptability Definition & Dimensions
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He has placed usability under the usefulness dimension which is a sub dimension of
practical acceptability of a product. The explanation of the concept takes into account

5 different dimensions: learnability, efficiency, memorability, errors and satisfaction.

e Learnability: Systems should be easy to learn. Users can rapidly start getting
come work done with the system.

e Efficiency: Systems should be efficient to use. When a user has fully learned
the system, productivity, will be possible on a high level.

e Memorability: Systems should be easy to remember, making it possible for
casual users to return to the system after some period of not using the system,
without having to learn everything all over again.

e Errors: The system should have a low error rate, which enables users to make
few errors during the use of the system. When they do make errors they can
easily recover from them. Catastrophic errors should not occur.

e Satisfaction: The system should be pleasant to use; which makes users

subjectively satisfied when using it.

This is a real clear definition of the concept. All dimensions offered by Nielsen are
system outputs meaning all are performance criterion measured when the real world
system is deployed under real world scenarios. This is consistent in terms of being
able to measure all dimensions that are offered in the same time horizon (cross-shot

measurement) of system interaction.

As Schakel, Nielsen’s approach also embodies both objective and subjective criterias
of evaluation. Learnability, Efficiency, Memorability and Errors are the objective

criterias of evaluation while satisfaction is a subjective one.

When compared to other important usability definitions following overlaps are

found: Learnability is also a criterion in Schakel’s and ISO 9126’s definition.
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Satisfaction only overlaps with ISO 9241-11’s definition. Efficiency overlaps with
only 1ISO 9241-11. Nielsen’s and Schakel’s Error dimension also overlaps (which is

an effectiveness criterion).

In direct comparison to Schakel, Nielsen’s explanation of the concept is more

detailed and more closely resembles ISO 9126’s approach.

2.1.2.31S0 9126’s Definition of Usability

ISO has published several standards that focus upon usability, amongst them, ISO
9126, I1SO 9126-1 and 1SO9241-11 are most popular by practioners. 1SO 9126
(1991) gave a definition of usability as follows; “Usability is a set of attributes of
software which bear on the effort needed for use and on the individual assessment of
such use by a stated or implied set of users.” (1ISO 9126, 1991)

This definition takes into account the subjective perspective by the assessment of the
“implied set of users”. The term “implied set of users”, to a certain degree, reflect the
very context dependent nature of the concept which is in harmony with the works of
Schakel. Up to here, the ISO 9126’s definition is consistent with the current views of
the authors that worked upon this field. However, “Usability is a set of attributes of
software” clearly limits the practioners by downgrading the concept into the
properties of the software only. The overall performance perceived is not only
limited to the software which is an essential but not the single sub-component of a
system (IT-System in this context). Also adding to this very fact, the context
dependency which is evident in this definition is only limited to the user however,
other factors such as environment, training, and scenario are not taken into account.
As a result of these limitations the view of original 1SO 9126 has changed
considerably throughout the time and transformed it self into an overall quality
model by ISO 9126-1 (2000). In this quality model usability plays two different

roles; an overall design objective and a component of software quality.
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Figure 2.3: ISO 9126-1 Software Quality Model

In 1ISO 9126-1 software quality is referred to as “quality in use” and quality in use is
defined as; “The capability of the software product to enable specified users to
achieve specified goals with effectiveness, productivity, safety and satisfaction in a
specified context of use.” (Figure 2.3) (ISO 9126-1, 2000)

The definition of the 1SO 9126-1 reflects the very welcomed perception of the
concept today. This definition is almost identical to I1SO 9241-11 definition except
that it adds a further dimension into consideration which is “safety”. According to
Bevan the two definitions of 1SO (referring to 1SO 9126-1 and ISO 9241-11) are
complimentary (Bevan, 2001).

The view of 1ISO 9126-1 encompasses two different roles of usability. These roles
are:

e Product oriented role: Usability is a part of software design process. This is in
harmony with the view of the original 1ISO 9126 (1991). The concept is an
attribute of software quality.

e Process oriented role: Usability is a final goal; it is a design objective of the

overall software system; the software should meet user needs.
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The latter role; “Process oriented role” is referred to as “quality in use”. This is the
broad definition of the concept in contrast with the narrow view of the concept where
usability is a software attribute in product oriented role. 1ISO 9126-1 combined the
definitions of ISO 9126 (product oriented role) with 1SO 9241-11 (process oriented

role).

Effectiveness, productivity and safety are objective dimensions offered by this
definition where as satisfaction is the subjective one. The context dependence of the
concept is also evident by the terms “Specified users”, “Specified context of use” and
“Specified goals”. On the dimension of context dependence we find out that ISO
9126 only takes into account “users” where as the successor ISO 9126-1 takes into
account also “context of use” and “specified goals”. Thus the ISO 9126-1’s context
dependence is more detailed and satisfactory. One can quite easily come up with the
conclusion that every usability study is unique due to the reason that the objectives of
the system, the environment (physical, the organization) and the users are almost
different in each and every scenario. The following are the dimensions of quality in
use according to ISO 9126-1 model;

e Functionality: The capability of the software to provide functions which meet
stated and implied needs when the software is used under specified
conditions.

e Reliability: The capability of the software to maintain its level of
performance when used under specified conditions.

e Usability: The capability of the software to be understood, learned, used and
liked by the users, when used under specified conditions.

e Efficiency: The capability of the software to provide the required
performance, relative to the amount of resources used, under stated
conditions.

e Maintainability: The capability of the software to be modified. Modifications
may include corrections, improvements or adaptation of the software to

changes in environment, and in requirements and functional specifications.
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e Portability: The capability of software to be transferred from one

environment to another.

The following are the dimensions of usability which are offered by ISO 9126-1
(2000);

e Understandability: The capability of the software product to enable the user
to understand whether the software is suitable, and how it can be used for
particular tasks and conditions of use.

e Learnability: The capability of the software product to enable the user to
learn its application.

e Operability: The capability of the software product to enable the user to
operate and control it.

e Attractiveness: The capability of the software product to be attractive to the

user. For instance the use of colors or nature of graphical design.

What is most impressive about the redefined and enriched view of the ISO 9126
standard is that (by 1SO 9126-1, 2000) it meets the very different definitions required
due to their different processes and ways interactions of two different sets of users in
a single definition and international standard. These sets of users are; software
engineers and the final / end users of the system. The software engineers mostly
interact with the system in the design phase where the product is far from market
launch and is even on the “drawing board”. At this time of the life-cycle of a
software, product engineers are trying to design how the final users will interact
(interface design) with the product and will judge whether it is understandable,
learnable, operable and attractive to them to a satisfactory degree in contrast with the
resources utilized to realize the whole system. For engineers a highly usable system,
from their perspective and their objectives is mostly one which is easily portable to
different running environments (mobile gadgets, different running platforms such as

Unix based, Windows based servers in a scenario of client and server architectural
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software), can be easily modified to add further functionalities and corrections are
easy to apply. However, these criteria are almost non-decisive when we switch to the
views of the final / end user who pay more attention to the overall perceived quality
of the system. For them the most obvious criterion are functionality, reliability,
usability and to efficiency. ISO 9126-1 is capable of defining usability satisfactorily
for both of these types of users.

2.1.2.4 1SO 9241°s Definition of Usability

ISO 9241-11 (1994) is amongst several standards that are developed for the purpose
of standardizing the way of interaction of a user with computers (Figure 2.4).
Chapter 11 of ISO 9241 (Guidance on Usability), focuses on the ergonomic
requirements for office work with Visual Display Terminals. This standard has led to
guidelines for software interfaces based on research by Macleod (1994) and Bevan
(1995a). According to ISO 9241-11 (1994) usability is defined as; “Extent to which a
product can be used by specified users to achieve specified goals with effectiveness,

efficiency and satisfaction in a specified context of use.”

This definition takes into account objective criterion such as effectiveness and
efficiency. Satisfaction is the only subjective criteria suggested. When remembered
ISO 9126-1°s definition of the concept, one can quite easily find out that both
definitions are identical except that ISO 9126-1 adds safety. Thus 1SO 9241-11 is the
prior standard in which usability is defined up to a real satisfactory level which is
widely accepted and welcomed by practioners. It is in harmony with the broad view
of the concept which clearly states that usability is a design objective of the overall
system which is a final goal itself. This broad view is identical to the product-
oriented role of the ISO 9126-1.

16



effectiveness —  AccUracy

— completeness

temporale
usability efficiency humane
financiale
satisfaction —|  comfort
L~ acceptance

Figure 2.4: 1ISO 9241-11 Usability Model

e Effectiveness: Measures of effectiveness relate the goals or sub goals of the
user to the accuracy and completeness with which these goals can be
achieved.

e Efficiency: Measures of efficiency relate the level of effectiveness achieved
to the expenditure of resources. Relevant resources can include mental or
physical effort, time, materials or financial cost. For example, human
efficiency could be measured as effectiveness divided by human effort,
temporal efficient as effectiveness divided by time or economic effiency as
effectiveness divided by cost.

e Satisfaction: Satisfaction measures the extent to which users are free from

discomfort, and their attitudes towards the use of the product.

ISO 9241-11 provides the following information regarding the dimensions of the
concept. Effectiveness is composed of accuracy and completeness. The user should
be able to complete his / her goals with accuracy. Efficiency is composed of
temporal, humane and financial. This wide view of efficiency takes into account
different views of different actors within the organization who are responsible of
making the strategic decision to utilize this software product, such as the top-level
manager who is mostly concerned with financial efficiency or the actual system user
(operator) who is mostly concerned with time efficiency. Satisfaction is composed of
comfort and acceptance. One can quite easily refer back to the definitions of Nielsen
and Schakel who takes usability as a dimension to the concept of product acceptance

and see the correlation with ISO 9241-11’s acceptance dimension.

17



The framework of usability according to the 1SO 9241-11, which pays much
importance to the context dependence (context is composed of user, task, equipment

and environment) of the concept, is as follows:

user Y intended ____
» objectives Reds

usability: extent to which goals are achieved
task with effectiveness, efficiency and satisfaction
equipment
C - ) ( effectiveness j
environment ) outcome of ici
( — interaction — ™1 C oy )
Context of use
( satisfaction )
( product ) Usabllity measures

Figure 2.5: Joined Display of 1ISO 9241-11 and 1SO 9126-1 Models

The definition of the concept pays much importance to the context dependence. The
context dependence takes into account specified users, specified goals and specified
context of use. Therefore any usability definition or measurement of a system in
evaluation is dependent to a very important level to the actual users, the goals that
are to be achieved, the practical and social environment of usage and other context
factors. The following paragraph from the standard clearly explains the level of

importance paid to this aspect:

ISO 9241-11 emphasizes that visual display terminal usability is dependent
on the context of use and that the level of usability achieved will depend on
the specific circumstances in which a product is used. The context of use
consists of the users, tasks, equipment (hardware, software and materials),
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and the physical and social environments which may all influence the
usability of a product in a work system. Measures of user performance and
satisfaction assess the overall work system, and, when a product is the focus
on concern, these measures provide information about the usability of that
product in the particular context of use provided by the rest of the work
system. The effects of changes in other components of the work system, such
as the amount of user training, or the improvement of the lightning, can also
be measured by user performance and satisfaction. (ISO 9241-11, 1994)

As evident by the above explanation, the usability measurements are context oriented
by their nature. It is not possible and wise to compare different measurements of the
same particular software product in different organizations as the overall user
performance and satisfaction is effected to a very certain degree by the different
contexts of utilization. Therefore usability measurements are most useful in scenarios
where the objective is to measure the relative utility gained by a single or a tiny
improvement utilized within the system in almost the exact identical context. The
standard clearly emphasizes against the comparison of different usability

measurements directly against each other.

Care should be taken in generalizing the results of any measurement of
usability to another context which may have significantly different types of
users, tasks, or environments. If measures of usability obtained over short
periods of time, the values may not take account of infrequent events which
could have a significant impact on usability, for example intermittent system
errors. For a general purpose product, it will generally be necessary to specify
or measure usability in several different representative contexts, which will be
a subset of the possible contexts of the tasks which can be performed. There
may be differences between usability in these contexts. (ISO 9241-11, 1994)

The standard supplies in-depth information for a usability professional to identify
relevant information in a specific context of use for measuring effectiveness,

efficiency and satisfaction.
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2.1.3 How Different Definitions Overlap Each Other?

Figure 2.6 taken from Folmer and Bosch (2004) is a good indicator of the overlap
between different definitions of usability. However one should be conscious as to the
possibility of the variations of different definitions for the proposed dimensions of
the concept (LE learnability of Schakel focuses on “time-to-learn” and “retention”
aspects however Nielsen’s definition of the very same learnability dimension is not
that clear and thus there could be differences). It should also be noted that on the
following figure it is not entirely correct to directly compare 1ISO 9241-11’s view of
usability (broad view of usability) with the narrow views of usability of the other

authors and / or standards (explained in details later).

E-Folmer, J. Bosch !/ The Journal of Systems and Software 70 (2004) 61-78
Owverview of Usability Definitions

Schakel Mielsen (1993) 150 9241-11 IS0 9126
User performance Learnability-teim to learn  Learnability Learnability
(objective) Learnability-retention Memorability

Effectiveness-errors Errors Effectiveness

Effectiveness-task time  Efficiency Efficiency
Operability
Understandability

Flexibility

User view
(subjective) Attitude Satisfaction  Satisfaction  Attractiveness

Figure 2.6: Overview of Usability Definitions

On a general bases all authors examine usability on two dimensions:

e Obijective Criterion: A fact which is measurable by some objective data such
as time to complete the task, accuracy of the action, time to learn the software
and etc,.

e Subjective Criterion: A fact which is subjective in nature such as satisfaction
with the usage of a software or finding the software attractive (i.e. the

interface of the software; graphics, icons, texts...)
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Learnability (exists in 3 of 4 definitions), effectiveness (exists in 3 of 4 definitions),
efficiency (exists in 3 of 4 definitions) and satisfaction (exists in all definitions if
finding the software attractive and having a good positive attitude software is to be
taken into account as satisfaction) are the most popular dimensions.

ISO 9241-11 paved the way to the redefined ISO 9126-1 (2000) standard to evaluate
usability from a broader view (process oriented role). 1ISO 9126-1 (2000) is the only
definition which joins two different views on usability in a single framework of
evaluation. These views are: the software engineers view (product oriented view) and
the end / final users’ view (quality in use: usability is a final goal to achieve process
oriented role).

ISO’s definitions are complimentary to each other. However when comparing these
two standards one should clearly state which different view of 1SO 9126-1 is being
taken into account due to the reason that 1SO 9126-1’s product oriented view of
usability is not the same thing as ISO 9241-11’s process oriented broader view. This
important consideration should also be paid important attention when I1SO 9241-11’s
usability definition is to be compared and / or analyzed in contrast with Nielsen’s and
Schakel’s definitions. Actually ISO 9241-11’s view of usability (broad view of
usability) can be said to be the same construct with product acceptance of Schakel
and product acceptability of Nielsen. In this view of the concept; the usability of the
overall system / software is the final goal; it should be effective and efficient on an
objective basis and users should be satisfied with the overall usage thus meaning that
they should be accepting the product as a good solution to their problem domain (as
in terms of Nielsen’s and Schakel’s definitions in which product acceptance /
acceptability is the final goal). On another view when we focus onto usability on a
narrower view such as the one in ISO 9126-1’s product oriented approach (usability
dimension of the overall quality in use) Nielsen’s usability dimension which is a sub-
dimension of usefulness and Schakel’s usability dimension which is a sub-dimension
of product acceptance must be taken into account. As a summary; one should not
conflict between usability on a narrow view (which is actually the usability of the
software and in many instances this means interface usability) and usability on a
broader view (usability of the overall solution with its software, hardware, costs,

contexts...) and when comparing different definitions a statement regarding to which
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view is considered should be made clearly. This is the exact reason why we
commented upon the figure taken from Folmer and Bosch (2004). In that figure the
narrow view of Nielsen, Schakel and ISO 9126-1 is on comparison with broad view
of 1ISO 9241-11. There is no the so-called “narrow view” of usability in ISO 9241-
11.

Delving deeper into different definitions and views of the authors in the field, one
sees important problems. The ambiguity of the term resulted different views of
usability by different authorities. There is overlapping and interference but lack of
consensus. Adding to the complexity level, all authors proposed several dimensions
which they claim to explain the concept but even on a dimension basis, the
explanations of these dimensions differ thus one can not be sure that learnability of
Nielsen means / measures the very same aspect as of learnability of 1ISO 9126-1.
Finally the context dependence nature of the concept makes it impossible to compare
different usability tests directly and thus each and every observer in the field tries to
improve their perception of usability of a system on their own isolated level (testing,
measurements and etc,.). Summing up, all these limitations force us to use usability
evaluation / testing methods / tools to investigate relative improvements on a system
level and their impact upon relativistic usability of specific context driven scenarios.
This is the exact reason why latter definitions of usability, especially the ones by
ISO, pay significant attention to context dependence. Both 1ISO 9241-11 (1998) and
redefined 1SO 9126-1 (2000) suggests that the context is to be clearly stated with any

measurements of usability.

2.1.4 Measuring Usability

The literature regarding usability is full of several different kinds of methods
developed for measuring the concept. Some of these methods try to predict / forecast
a system’s usability within the design phase and some try to evaluate an already
existing live system for future improvements. Regarding to the stage within the life
cycle of the system the methods which could be utilized greatly differ. The

categorizations of these different methods are also a discussion. Taking into account
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Zhang’s (2001) view usability testing / measurement methods can be classified into

three distinct categories. These are:

e Usability Testing
e Usability Inspection

e Usability Inquiry

2.1.4.1 Usability Testing

This approach requires representative users to complete and test-drive the system on
typical tasks that will be performed by the system. The users can work on semi-
finished systems / products, therefore it can be deployed within specific stages of the
system design cycle for recognizing early usability flows and deploying
improvement plans as soon as possible before it gets to costly to redesign the
solution. The evaluators evaluate the results of the users for deciding upon
improvements. This testing method is especially suitable for measuring the interface
usability of a system (There for it measures the narrow view of usability (interface
usability) not the broad view, as existent in ISO 9126-1, of usability). Some methods

which are utilized within this classification are;

e Coaching method (Nielsen, 1993a)

e Performance measurement (Nielsen, 1993a; Soken, Reinhart, Vora, Metz,
1993)

e Remote Testing (Hartson, Castillo, Kelso, Kamler, Neale, 1996)

e Teaching method (Vora and Helander, 1995)

e Thinking aloud protocol (Nielsen, 1993a)
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2.1.4.2 Usability Inspection

This approach requires the availability of specialists, experts. These experts examine
the system and judge whether the user interface follow established usability
principles (such as colors within the interface, help dialog boxes, error messages,
interaction via a mouse and keyboard, etc.). This approach does not require the
availability of representative and / or actual system users. As usability testing, this
classification is also focused on the narrow view of usability and the methods
available are convenient for utilization while the system is within the design stage.

Some methods which are commonly utilized under this classification are:

e Heuristic evaluation (Nielsen 1994b).

e Cognitive walkthrough (Wharton, Rieman, Lewis, Polson 1994).

e Perspective-based inspection (Zhang, Basili, Shneiderman 1998).

e Standards inspection / guideline checklists (Wixon , Jones, Tse, Casaday
1994).

2.1.4.3 Usability Inquiry

This approach requires the availability of the actual finished system and the actual
users interacting with the system. The evaluators try to gather information / actual
feedbacks from the actual users from their actual perception of the relative usability
of the system. The gathered data can be both objective and subjective. An example to
an objective criterion is; “Time to complete the task” which is quantifiably
measurable and an example to a subjective criterion is; “The level of satisfaction”.
This classification can both measure the narrow view and / or broad view of usability
regarding to the testing approach and the data gathered. Some of the methods that are

deployed in this approach are:
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¢ Field observation (Nielsen 1993a).

e Interviews / Focus Groups (Nielsen, 1993a).
e Surveys (Alreck and Settle 1994).

e Logging Actual Use (Nielsen 1993a).

e Proactive field Study (Nielsen 1993a).

The inquiry methods are widely utilized within the industry. The methods mainly
aim to measure the experiences of actual users in a real world scenario and use the
gathered data for improving the system for a better experience. Therefore they are
mainly used for measuring the improvements and their impact upon perceived level
of usability of a specific system. Different measurements of different systems can not
be compared against each other as each system is a complete different scenario that
is composed of different goals, objectives, hardware, users, environment and etc.

One should clearly understand that for a software solution these three classification
of usability measurement are used accordingly in each different stages of the
software life-cycle (i.e.; usability testing and / or inspection is utilized while the
system is being developed (design-stage), usability inquiry methods are used when
the actual system is developed and potential improvements are analyzed and / or
investigated). Within inquiry methods questionnaires are the most popular. There are
significant numbers of questionnaires developed within the literature. All these
questionnaires are psychometrically evaluated by different authors throughout the

time. Most popular ones are:

e QUIS: Questionnaire for user interface satisfaction (Chin, Diehl, Norman,
1988).

e PEUE: Perceived usefulness and ease of use (Davis 1989).

e NHE: Nielsen’s heuristic evaluation (Nielsen 1993a).

e NAU: Nielsen’s attributes of usability (Nielsen 1993a).

e PSSUQ: Post-study system usability questionnaire (Lewis 1992a).
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e CSUQ: Computer system usability questionnaire (Lewis 1995).

e ASQ: After scenario questionnaire (Lewis 1995).

e SUMI: Software usability measurement inventory (HFRG 2002).

e MUMMS: Measurement of usability of multimedia software (HFRG 2002).
¢  WAMMI: Website analysis and measurement inventory (HFRG 2002).

e EUCSI: End user satisfaction instrument (Doll, Torkzadeh 1994).

All these questionnaires are developed upon the authors’ view and favored usability
definition and thus one should be cautious and pay attention to the authors’ view of
usability before using them. This is the exact reason to why each usability
measurement pays significant amount of time to first explain their favored definition

of usability first and then detail the measurement method, instrument and etc.

Zhang’s (2001) classification of usability is not the only classification available.
Another good classification of usability measurement methods is by Gediga,
Hamborg and Diintsch (?). They classify usability evaluation techniques into two

distinct categories:

e Descriptive Evaluation Techniques: They are used to describe the status and
the actual problems of software in an objective, reliable and valid way. These
techniques are user based and can be subdivided into several approaches:

o Behavior based evaluation techniques record user behavior while
working with a system which “produces” some kind of data. These
procedures include observational techniques and “thinking-aloud”
protocols.

o Opinion based evaluation methods aim to elicit the user’s (subjective)
opinions. Examples are interviews, surveys and questionnaires.

o Usability Testing stems from classical experimental design studies.
Nowadays, Usability testing (as a technical term) is understood to be a

combination of behavior and opinion based measures with some
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amount of experimental control, usually chosen by an expert.
Observe that all descriptive evaluation techniques require some kind
of prototype and at least one user. Note furthermore that the data
gathered by a descriptive technique need some further interpretation
by one or more experts in order to result in recommendations for
future software development.

e The predictive evaluation techniques have as their main aim to make
recommendations for future software development and the prevention of
usability errors. These techniques are expert or at least expertise — based,
such as Walkthrough or inspection techniques. Even though the expert is the

driving power in these methods, users may also participate in some instances.

Note that predictive evaluation techniques must rely on “data”. In many
predictive evaluation techniques, such “data” are produced by experts who
simulate “real” users. The criteria objectivity and reliability, which are at the
basis of descriptive techniques, are hard to apply in this setting. Because
validity must be the major aim of evaluation procedures, there are attempts to
prove the validity of predictive evaluation techniques directly, e.g. by
comparing “hits” and “false alarm” rates of the problems detected by a

predictive technique

It is easy for one to see that Gediga, Hamborg and Diintsch’s “Descriptive evaluation
techniques” classification covers “Usability Inquiry” of Zhang’s (2001)
classification. As such their predictive evaluation techniques cover “Usability

Testing” and “Usability Inspection” of Zhang’s (2001) classification.

Depending upon the objective of any research study either a single or a combination
of the above mentioned classifications can be deployed. If one’s approach is to
develop guidelines then usability testing and / or inspection methods which mainly
require the availability of experts are more appropriate. If one’s approach is to
examine a specific context (system, user, goals, environment and etc,.) and detect

usability problems for future improvement plans then usability inquiry methods are
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more appropriate. Depending upon the specific techniques of interest objective and /
or subjective data is to be gathered. It should also be pointed out that each technique
is to be utilized and fine-tuned to the specific scenario of testing. Another important
aspect is that, one should clearly state the definition of interest before making any

attempts to measure usability of a specific system.

When one’s aim is to examine the impact of usability upon an already existing
system for examining correlations with specific variables of interest and / or for
future improvement recommendations, the inquiry methods comes into play.
Especially questionnaires in inquiry methods are of great interest within the
literature. These measurement tools are easy to apply (in contrast to the methods
which require specific hardware setups for data gathering such as the one in:
“Physiological responses to different web page designs” (Ward, Marsden 2003), this
article examines one’s heart rate and other physiological parameters and their
variability against different web page designs) and are good at capturing subjective
data from users. It is important to assess subjective data such as satisfaction on
usability inquiry methods as at this level (the software is fully developed and actual
users are interacting with the final system) as user satisfaction and their perceived
level of the actual system is the real criteria regarding to the perceived performance
of the final system. Therefore evaluating a system’s performance solely on objective
performance criteria such as time to complete a task is inappropriate as the users can
resist using a system which they do not favor and / or dislike and / or dissatisfied

although objective performance is on a high level.

Focusing onto questionnaires in usability inquiry classification of Zhang’s (2001);
one finds the following questionnaires mostly used in usability studies; QUIS (Chin
1988), PSSUQ (Lewis 1992a), CSUQ (Lewis 1995), ASQ (Lewis 1995), SUMI
(HFRG 2002), MUMMS (HFRG 2002), WAMMI (HFRG 2002). We will focus onto

each questionnaire and supply the details in the following headlines.
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2.1.4.3.1 QUIS: Questionnaire for user interface satisfaction (Chin, 1988)

Chin’s, 1998 work regarding user interface satisfaction is on comparing the relative
perceived usability of a liked versus disliked software and a Command Line System
(CLS, like old dos based environment) versus a Menu Driven Application (MAD,
much like today’s windows environment). The original work of Chin was conducted
on 150 users. The questionnaire (QUIS) contains several semantic differential scale

items. Examples to some of the bipolar adjectives are:

e Terrible, Wonderful

e Difficult, Easy

e Frustrating, Satisfying
e Dull, Stimulating

¢ Rigid, Flexible

e Confusing, Very Clear
e Inconsistent, Consistent

e Unhelpful, Helpful

The reliability of Chin’s original work was 0.94 (Cronbach’s alpha) (QUIS version
5.0, 21 items). Earlier versions of QUIS was a long questionnaire (there were several
versions of QUIS, QUIS 3.0 consisted of 103 item ratings with a Cronbach’s alpha of
0.94, QUIS 4.0 consisted of 70 items with a Cronbach’s alpha of 0.89). The
interitem alpha values of QUIS 5.0 ranged from .933 to .939. Further versions
decreased the number of items significantly. Originally Chin tried to examine the
discriminatory power of the questionnaire by examining the differences between
questionnaire responses on liked versus disliked and CLS versus MDA software.
Factor analysis of QUIS found 4 factors and Chin has named these factors as:
Learning, Terminology and Information flow, System Output and System
Characteristics.
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The mean differences between liked and disliked software can be examined on each
specific items in Table 2.1.

| Means of Ratings for Like vs. Dislike Groups
| Like | Dislike
Mean DS:; E.\leal St. Dev. |
/A. Overall Reactions to the System
1. (tervible/wonderful) 121 121 Jase 241
2. (frustrating satisfying) 712 143 f320 2V
3. (dull'stimulating) 668 [135 75 234
l4. (difficult easy) 559 208 '4 33 [261
5. (madequate power/adequate power) 700 {152 506 [2.73**
6. (rigid flexible) l628 176 [3.52 [253%ee
[B Screen |
[z. Highlighting on the screen simplifies task (not at all very much) /620 181 612 [2.50
3. Organization of information on screen (confusing very clear) 629 162 576 |189
’44 Sequence of screens (confusing very clear) l6.45 !l.46 560 Il.48
C. Terminology and System Information 1
1. Use of terms throughout system (inconsistent ‘consistent) 7090 142 668 [162
2. Computer terminology is related to the task you are doing (never always) 639 190 579 [193
13. Position of messages on screen (inconsistent consistent) [724 144 J625 208
[4 ‘viessages on screen whchpronp(mfwm(codumgcbu) [603 !198 500 |252
5. Computer keeps you informed about what it is doing (never always) 624 189 524 [246
Is Error messages (unhelpful helpful) [s97 215 (471 [3.24
D Leanug
1. Leamning to operate the system (difficult/easy) [s67 210 353 [267%e
2. Exploring new features by trial and error (difficult/easy) [s62 200 376 246**
'3. Remembering names and use of commands (difficult easy) [s.52 240 456 [2.68
4. Tasks can be performed in a straight-forward manner (never/always) [s904 172 1465 so*
'S Help messages on the screen (unbelpful helpful) 594 211 494 o1
6 Supplemental reference materials (confusing clear) 520 200 393 274
E. System Capabilities
1. System speed (too slow fast enough) 609 228 429 [261*
2. System refiability (unreiable refiable) [745 150 635 166*
3. System tends to be (noisy'quiet) l6s0 20s 714 166
4. Correcting your mistakes (difficult easy) lo64 192 1471 244+
5. Experienced and inexperienced users' needs are taken into consideration 563 {1_81 388 12,09 v
(never/always) |
note: * denotes p< 05 ** denotes p < 01 *** < 001 **** <0001

Table 2.1: Mean of Ratings Table from a QUIS Analyses
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In overall reactions liked software rated significantly higher results than disliked
software. In 3 items this result was significant at the level of p<.001. Easy / difficult
was the only item that produced a result which was not significant (p<.05). For the
component questions (the latter 21 items under the headings screen, terminology and
system information, learning, system capabilities) some of the items were significant

at the level p<.05, none of the items were significant at the level of p<.001.

The mean differences between CLS and MDA software can be examined on each
specific item in the figure in the next page. In general, all the MDA mean ratings
were higher than CLS. All of the overall reaction items were significant on t-test
mostly at the level of p<.0001. The single exception was difficult / easy. One can
remember that this was the case for difficult / easy also on the comparison of liked
versus disliked software. In 21 component questions, 8 were significant at the level
of p<.001.

Generally, Chin’s QUIS 5.0 discriminated MDA versus CLS better than liked versus
disliked software. Chin’s attempt to measure the user interface satisfaction in 1998
was amongst the first in the field. Chin, Diehl and Norman established a reliable
questionnaire which was able to measure existent satisfaction of a system user on 4
factors. Therefore it proved important value for examining an existing product on 4
dimensions and pointing out the relative points of consideration which have to be
focused for improving the product. It is a good tool to either compare different
products amongst or a latter version of the same product with an earlier version for

measuring the impact of modifications on satisfaction.
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[ Means of Rau.p for Command Line Sysh. (CLS) vs. Menn Dli\'o. A"kauol (MDA) ps
, CLS il MDA
la 1 B Kaze o]
Mean D TM“. St. Dev.
|A. Overall Reactions to the System

}1. (tervible wonderful) 533 %1.47 7ae |L1L
12 (frustrating satisfying) 507 196 684 [160%*
3. (cull stilating) 465 (222 583 153+
4. (difficult casy) 4% 158 524 156

|

5. (inadequate power/adequate power) 496 2.19 ‘;7.75 ::‘2.

6. (rigid Bexible) 43 L1 638 gt
>IB Screen — s —=
ﬁ[l Characters on the coupma scnen(l.dtoread‘eayhtnd) 608 278 762 120
|2 Highlighting on the screen simplifies task (not at all very much) 500 [290 672 1:1*
3. Organization of iformation oa screen (confising very clear) 436 ;lz.os 740 12
4. Sequence of screens (confusing very clear) 518 172 720 [110%**
'IC. Terminology and System Information
|1 Use of terms throughout system (mconsistent /consistent) 642 (189 754 [106°
|2, Computer terminology is related to the task you are doing (never always) 546 208 663 (135
|3. Position of messages on screen (inconsistent consistent) 600 (264 804 [095%»*
'{4. Messages on screen which prompt user for mput (confusing clear) 4.77 [2.25 644 ll.SS -
1} [ i

5. Computer keeps you informed about what it is doing (never/always) 419 179 671 i
6. Esvor messages (anhelpful beipul) 354 192 (ss0 151
D. Learning
1. Leaming to operate the system (dificult easy) 35 (178 508 [2.12**
12, Exploring new features by trial and emor (difficult/easy) 435 224 556 |198*
'[3 Remembering names and use of commands (difficulteasy) 448 2.17 '504 1230
(4 Tasks mbepafmcdnaw-fawtdmm(m ‘always) 474 1'17.75 _ ?;’_6.16 _[1.3] "'U
|S. Help messages on the screen (dnbﬁbq:fd) 374 216 616 [180%**
(6. Supplemental reference materials (confusing/clear) 430 228 584 [160°*
E. System Capabilities
|1. System speed (too slow fast enough) 531 231 684 [134%*
|2. System reliability (unreliable reliable) 719 (177 (748 (136

|

!1 System tends to be (noisy/quiet) f:: {7.13 201
t[-i Cmmmakes (difficult’ easy) 524 [2 01 704 ]{31 ey
(5 Expmce;ll:dmpam:edw needs are taken into consideration 350 [2 12 600 ‘1.53 o

ﬁ[;:oc: * denotes p< .05 ** denotes p < 01 *** <001 **** <0001

Table 2.2: Mean of Ratings Table from a QUIS Analyses (2)
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QUIS 5.0 questionnaire of Chin (1988) can be examined in Figure 2.7. It contains 6

overall reaction items and 21 main component items under 4 factors.

OVERALL REACTION TO THE SOFTWARE 2 ik S SRR Al A Al g NA
1. [Comments wmble ¢ € C CC C CC ¢ Cvwondedd
2B Gt 0 C CCCCCCCC oeasy c
1@ frstating O O O C O €  satisfung c
i D madequatepower ¢ C O O C C C C C ¢ adequatepower
s @ &l c COCCCCCC - staulatng O
6 0 fgd C C CCCCCCC C fable Is
SCREEN 1 R S Tl A G N T B S NA
7. Reading characters on the screen @ hd C C CCCCCCC O oeny c
8. Highlighting simplifies task (3 notatal © C C C C CCCC ¢ veymuch c
9. Organization of mformation (3 comfustng C C C C C C C C C € veryclear c
10. Sequence of screens @ confusing & C C C ©C C C C C ¢ veryclear e
TERMINOLOGY AND SYSTEM INFORMATION Wl SE5 R G MY G O B NA
11. Use of terms throughout system [ inconsistent O C € ¢ ¢ consistent c
12. Terminology related to task [J svee C C 0 C CCCC C C advays c
13. Position of messages on screen D mconsistent & C © O C O C C C ¢ consistent c
14. Prompts for input 3 confusing © C C C C C C C C ¢ cea c
15. Computer informs about its progress @ gevee C C C CCCCCCC aways c
16. Error messages @ whepfl © ¢ ¢ O € € C € © © hephd e
LEARNING ol W g L - g e B NA
17. Leaming to operate the system dfficit ¢ Cc c C C CCCC O ey c
18. Exploring new features by trial and error @ éfficult ¢ C C C C CCCC O easy o
19. Remembering names and use of commands (3 dfict & 0 C O C CC CC O easy (g
20. Performing tasks is straightforward [ v O 0 C CCOCC O 0 vy -
21. Help messages on the screen (3 uhelpfl ©  © € C C C € C C hepful c
22. Supplemental reference materials [ confusing C C O C C C C C C C clewr c
SYSTEM CAPABILITIES A S AR G A e g Al NA
23 SYSTEM speed D woslow ~  C C C C C C C ¢ fastenough c
24, SYSTEM rebabiity 3 unrebable © ¢ C © ©C C C € C ( relisble r
25 SYSTEM tends to be 3 nisy ¢ C C C C C C C C C quet [
26. Correcting vour mistakes 3 dfficit ¢ ¢ C C C C C C C C sy C
27. Designed for all levels of users nevee ~ C C CCCCCCCoalways '
Bl i S SR AR S e A NA

Figure 2.7: A QUIS Questionnaire Example

2.1.4.3.2 PEUE: Perceived Usefulness and Ease of Use (Davis 1989)

Davis’s Perceived Usefulness and Ease of Use questionnaire mainly develops upon
his Technology Acceptance Model (TAM) (Davis, 1986). TAM (Figure 2.8) makes it

possible to evaluate the systems before they are purchased (evaluations on pre-
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purchase) on a trial period therefore is an important and respected tool in
Management Information Systems.

Perceived
Usefulness ™.

F 1 '\\

Perceived Ease /

of Use

Behavioral Actual System
Intention to Use Use

b

Figure 2.8: Technology Acceptance Model of Davis~

Its reliability and validity has been tested several times throughout the literature
(William, Doll, Xiaodong 1998). Most of the research which focused on this matter
focused on Davis’s instruments ability to act as invariant between different contexts
such as amongst users with different computer experiences, different organizations
and different types of applications (such as word processing, spreadsheets, database
applications, etc.). Davis’s latter work showed that TAM was capable of explaining
the %40 or variance in intentions to use of a specific application in a specific context
(Venkatesh, Davis 2000). TAM focuses on two beliefs of system users, perceived
usefulness and perceived ease of use. These two beliefs, according to TAM, will

result and can predict computer acceptance behavior.

TAM posits that two particular beliefs, perceived usefulness and perceived
ease of use, can predict computer acceptance behavior. Perceived usefulness
is defined as the prospective user's subjective probability that using a specific
application system will increase his or her job performance within an
organizational context. Perceived ease of use refers to the degree to which the
prospective user expects the target system to be free of effort. Perceived
usefulness and ease of use are meant to be fairly general determinants of user
acceptance. Davis et al. (1989) described them as belief sets that are meant to
be readily generalizable to different computer systems (applications) and user

* Taken from http://www.istheory.yorku.ca/Technologyacceptancemodel.htm 25.12.2007
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populations. They argued that the ability to take robust, well-formed
measures of the determinants of user acceptance early in the development
process (i.e., initial exposure data) can have an impact on system acceptance
by enabling developers to weed out bad systems, refine the rest, and generally
cut the risk of delivering finished systems that get rejected by users.
(Hendrickson, Deng 1998)

Figure 2.9 displays an instrument that is deployed in a study which examines the
social influences for TAM in a course delivery system (Shen, Laffey, Lin, Huang
2006). Perceived usefulness and perceived utility each is measured by six, 7-point
Lickert scale items.
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St‘mngly Neutral Strongly
Disagree Agree
1 2 3 4 5 6 7

1. My INSTRUCTORS expect me to use
<the course management system (CMS)>
2. My INSTRUCTORS want me to use <the
CMS> frequently

3. Generally speaking | try to do what
INSTRUCTORS think | should do

4. The ZONE MENTORS expect me to use
<the CMS>

5. The ZONE MENTORS want me to use
<the CMS> frequently

6. Generally speaking | try to do what the
ZONE MENTORS think | should do

7. My CLASSMATES expect me to use <the
CMS>

8. My CLASSMATES want me to use <the
CMS> frequently

9. Generally speaking | try to do what
CLASSMATES think | should do

10. Using <the CMS> helps me learn about

& accomplish the course requirements

quickly

11. Using <the CMS> helps me to be a

productive student

12. Using <the CMS> enhances my

effectiveness on the course coursework

13. Using <the CMS> makes it easy to do

the course coursework

14. Using <the CMS> improves my

academic performance g
15. | find <the CMS> a useful tool for my Items Regarding PU, PE
learning in this course

16. Learning to use <the CMS> is easy for
me

17. <The CMS> is flexible to interact with

18. | find it's easy to get <the CMS> to do
what | want to do

19. It's easy for me to become skillful at
using <the CMS>

20. My interaction with <the CMS> is clear
and understandable

21. <The CMS> is easy to use

Figure 2.9: A TAM Questionnaire

Davis’s PEUE instrument is a great tool which is validated several times throughout
the literature and has been found to be both reliable and valid. This instrument is
convenient for being deployed in organizational contexts where one’s aim is to
choose amongst available Information System products and want to discriminate
between ones which will be favored by potential users to their high perceived
usefulness and utility. Therefore it is a tool which is to be used in decision making

processes (i.e. in the case of corporate buying...).
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2.1.4.3.3 NHE: Nielsen’s Heuristic Evaluation (Nielsen, 1993a)

Heuristic evaluation is a usability engineering method which tries to identify
usability problems in a user interface. The identified problems are than used as inputs
to the iterative design process. The method requires the availability of a set of
evaluators who will test drive the interface. The evaluators are assisted with an
observer while they are using the interface. Evaluators can ask questions and request
help from the observer. This is the in contrast to the general user testing methods.
The evaluators state each recognized usability problem in a session with a reference
to the specific heuristic. Therefore it is not enough for an evaluator to just say that “I
did not like this” but also he / she should clearly explain the problem with a reference

to the specific heuristic in hand.

Nielsen’s method is amongst the most popular usability inquiry methods. Heuristics
are list of recognized usability principles. These heuristics are general rules to a
usable interface. Heuristic evaluation is an ideal method to deploy in the very early
stages of the design process due to the reason that it is possible to conduct heuristic
evaluation even on a system which is on paper. This is a clear advantage of this

method from the perspective of system designers.

Ten usability heuristics that have been suggested by Nielsen (1994b) can be
examined below. These are the revised heuristics originally developed with Rolf
Molich in 1990 (Molich, Nielsen 1990). Nielsen further examined 249 usability
problems in an interface and applied factor analysis to the data (Nielsen 1994a) and
came up with these heuristics. These are applicable to almost any user interface. In
Nielsen’s own words: “They are more in the nature of rules of thumb than specific

usability guidelines”.

1. Visibility of system status
The system should always keep users informed about what is going on,

through appropriate feedback within reasonable time.

37



10.

Match between system and the real world

The system should speak the users' language, with words, phrases and
concepts familiar to the user, rather than system-oriented terms. Follow real-
world conventions, making information appear in a natural and logical order.
User control and freedom

Users often choose system functions by mistake and will need a clearly
marked "emergency exit" to leave the unwanted state without having to go
through an extended dialogue. Support undo and redo.

Consistency and standards

Users should not have to wonder whether different words, situations, or
actions mean the same thing. Follow platform conventions.

Error prevention

Even better than good error messages is a careful design which prevents a
problem from occurring in the first place. Either eliminate error-prone
conditions or check for them and present users with a confirmation option
before they commit to the action.

Recognition rather than recall

Minimize the user's memory load by making objects, actions, and options
visible. The user should not have to remember information from one part of
the dialogue to another. Instructions for use of the system should be visible or
easily retrievable whenever appropriate.

Flexibility and efficiency of use

Accelerators -- unseen by the novice user -- may often speed up the
interaction for the expert user such that the system can cater to both
inexperienced and experienced users. Allow users to tailor frequent actions.
Aesthetic and minimalist design

Dialogues should not contain information which is irrelevant or rarely
needed. Every extra unit of information in a dialogue competes with the
relevant units of information and diminishes their relative visibility.

Help users recognize, diagnose, and recover from errors

Error messages should be expressed in plain language (no codes), precisely
indicate the problem, and constructively suggest a solution.

Help and documentation

Even though it is better if the system can be used without documentation, it
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may be necessary to provide help and documentation. Any such information
should be easy to search, focused on the user's task, list concrete steps to be

carried out, and not be too large.

A questionnaire based upon Nielsen’s heuristic evaluation can be examined below in

Figure 2.10. The questionnaire is composed of 7-points Lickert scale items.

Nielsen's Heuristic Evaluation

BASED ON : Nielsen, J. (1993) Lrability Engineering. Academic Press. Chapter 5. p. 113, ABOUT question.czi

Please evalnate system according to Nielsen's usability heuristics.

« RESPOND TO ALL .

FOR NA USE: NA

FILL REQUIRED : SYSTEM : EMAILTO :
ADDCOMMENTE

TO SUBMIT: SUBMIT

SYSTEM - | EMAILTO : |
USE COMMENT
-
[~
SUBMIT | ADDALL |gprim
1 2 3 4 5 6 7 NA
1. Simple and Natural Dialogue @ BAD ¢ ¢ ¢ ¢ ¢ ¢ ¢ GOOD
2. Speak the Users' Langnage @ BAD ¢ ¢ ¢ ¢ ¢ ¢ ¢ GOOD ¢
3. Minimize User Memory Load D BAD ¢ ¢ ¢ ¢ ¢ ¢ ¢ GOOD ¢
4. Consistency [F BAD & ¢ ¢ ¢ ¢ ¢ ¢ GOOD &~
% Feedback @ BAD & ¢ ¢ ¢ ¢ ¢ ¢ GOOD o~
6. Clearly Marked Exits [J BAD ¢ ¢« ¢ ¢ ¢ ¢  GOOD ¢
7. Shorteuts BAD ¢ ¢« ¢ ¢ ¢ ¢ ¢ GOOD
&. Good Error Messages [J BAD ¢ ¢« ¢ ¢ ¢ ¢ ¢ GOOD ¢
9. Prevent Errors 3 BAD & ¢ ¢ ¢ ¢ ¢ ¢ GOOD &~
10. Help and Documentation [ BAD ¢~ ¢ ¢ ¢ ¢ ¢ ¢ GOOD
1 2 3 4 5 6 7 NA

Figure 2.10: Nielsen’s Heuristic Evaluation Questionnaire
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Nielsen’s method has acquired much publicity and popularity in the field of usability
engineering due to the reason that it is relatively cheaper to deploy, quickly to
acquire and analyze data, possible to deploy the method very early in the design
process thus identifying problems before they are developed and built into the
product. It is possible to use the method for both products on the development stage
and for finished products. Readily available heuristics and readily available solutions
to those heuristics supply extra added value. Therefore as the method is used over
and over again by practioners throughout the globe, universal database of common

heuristics for a given scenario is built including the fixes to those design problems.

2.1.4.3.4 NAU: Nielsen’s Attributes of Usability (Nielsen, 1993a)

As examined before while explaining the different definitions of usability, Nielsen’s
attributes of usability focuses on the interface usability of a system. One can refer
back to the figure in page 5 for more information where usability (interface usability)
is a sub-dimension of the usefulness dimension. Nielsen’s attributes of usability is a
real simple 7 points Lickert scale questionnaire which is composed of 5 items. It is
easy and fast to deploy. An example of this questionnaire can be seen in Figure 2.11.

NAU is ideal in cases when one is to examine the relative improvements in a system
and the impact of these upon usability. Therefore is a good tool for iterative design
process. Nielsen supplies good information regarding the usage of this instrument for
measuring the impact of the relative improvements. In the examination of results, he
suggests the usage of normalized data for usability dimensions. The initial version of
the interface is pointed as “100” and the successor versions results are normalized
results to the initial version. Thus an observer of the results can say that if the version
2 has “133” points on the dimension learnability then there is an improvement of
33% over version 1 on version 2. Nielsen also gives information regarding to rank
order the potential improvements which will have greater impact over other

improvements upon usability. He also supplies information regarding to when to stop
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iterating through the process as extra iterations marginal utility will be less
significant.

Nielsen's Attributes of Usability

BASED ON : Nielsen, I. (1993) Lsability Engineering. Academic Press. Chapter 22, p. 6. ABOUT guestion.cgi

Please rate system according to Mielsen's attributes of usahility.

« RESPOND TO ALL .

«» FORNATUSE: NA

« FILL REQUIRED : SYSTEM : EMAILTO :
« ADDCOMMENTE

« TO SUEMIT: SUBMIT

SYSTEM - | EMAILTO : |
USE COMMENT
-
[
SUBMIT | ADDALL |gerimy
1 2 3 4 5 6 7 NA
1. Learnability [3 BAD ¢« © ¢ ¢ ¢ ¢ ¢ GOOD @&
2. Efficiency 3 BAD ¢ ¢« ¢ ¢ C ¢ ( GOOD ¢
3. Memorability [3 BAD ¢« ¢ ¢ ¢ ¢ ¢ ¢ GOOD &
4. Errors (Accuracy) 3 BAD &~ ¢ ¢ ¢ ¢ ¢ ¢ GOOD ¢
5. Subjective Satisfaction @ BAD ¢ ¢ & ¢ ¢ ¢ ¢ GOOD ¢
1 2 3 4 5 6 7 NA

Figure 2.11: Nielsen’s Attributes of Usability Questionnaire

The results of NAU study of Danish bank system (Nielsen 1993b) can be examined
in Table 2.3. The user interface has been revised 5 times and as sees the relative
improvements of the successor designs are measured on 4 scales: efficiency,

subjective satisfaction, correct use, catastrophe avoidance.
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Effidency Correct Use Overall

. . Subjective inverse  Catastrophe
Verson tg'::%::) Satis]faction fri:;'gq) Avoida?lge Imgrs:vb:nyent
1 0 0 0 0 0
: : A :
3
4
5

Normalized improvements in usability parameters for the home-banking system.
(Version 1 is the baseline and has zero improvement by definition. All numbers except
version numbers are percentages, relative to the baseline metrics for version 1.)
Color-coding indicates whether a redesign led to an improvement or & degradation in a
usability metric: (HESSIIGEIS show when a design was better than the previous iteration, and
fose cells show designs that are worse than the previous iteration.

Table 2.3: Improvements in Usability Parameters Measured via Nielsen’s Attributes

of Usability for a Home Banking System

In this study users were given four sets of tasks:

1. Basic tasks operating on the customer's own accounts
a. Find out the balance for all your accounts.
b. Transfer an amount from one of your accounts to the other.
c. Investigate whether a debit card transaction has been deducted from
the account yet.
2. Money transfers to accounts owned by others
a. Order an electronic funds transfer to pay your March telephone bill.
b. Set up a series of electronic funds transfers to pay monthly
installments for a year on a purchase of a stereo set.
c. Investigate whether the telephone bill transfer has taken place yet.
3. Foreign exchange and other rare tasks
a. Order Japanese Yen corresponding to the value of 2,000 Danish
Kroner.
b. Order 100 Dutch Guilders.
c. Order an additional account statement for your savings account.
4. Special tasks
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a. Given the electronic funds transfers you have set up, what will the
balance be on August 12th? (Do not calculate this manually; find out
through the system).

b. You returned the stereo set to the shop, so cancel the remaining

installment payments. ,

Both objective data such as numbers of errors noted by observers and subjective data
such as subjective satisfaction is collected. The overall usability improvement score
is the geometric mean of the four scales usability improvement scores.

Nielsen’s NAU (attributes of usability) is also a great tool amongst his NHE
(heuristic evaluation) for being deployed in an iterative design process. NAU is also

amongst the very popular definitions of usability in the literature.

2.1.4.3.5 PSSUQ: Post-Study System Usability Questionnaire (Lewis 1992a)

The Post study system usability questionnaire measures 6 system characteristics in a

usability context. These characteristics are:

Ease of Use
Ease of Learning
Simplicity
Effectiveness

Information

© o k~ w N

User Interface

If one refers back to the different definitions of usability, it is quite easy to find out
that some of these characteristics are dimensions of the narrow view of usability.

Concluding PSSUQ measures mostly the user interface usability of a system.
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Post study system usability questionnaire of Lewis consists of 19 items. All items are
7-point Lickert scale. Lewis’s original work (psychometric evaluation) on these 19
items found out that the data gathered with this instrument indicated 3 factors (he
conducted an exploratory principal factor analysis). These 3 factors explained the
87% of the variance in the data. The items, not considered for any of the factors,
were left out due to the reason that they loaded highly on more than 1 scale and thus

they were ambiguous. Lewis named these three factors as:

1. System Usefulness (SYSUSE)
2. Information Quality (INFOQUAL)
3. Interface Quality (INTERQUAL).

The internal reliability of the questionnaire in that work is found to be .97. He also
examined the validity of the instrument with another usability instrument’s finding
(ASQ, after study questionnaire) and found that the results are highly correlated (r
(20) =.80, p=.0001).

PSSUQ can be observed in Figure 2.12.
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1. Overall, 1 am satisfied with how easy it 1s to use this system.

STRONGLY
AGREE 1 2

COMMENTS:
2. It was simple to use this system.

STRONGLY
AGREE 1 2 3 4 5 6 7

COMMENTS:

STRONGLY
DISAGREE

STRONGLY
DISAGREE

3. 1 could effectively complete the tasks and scenarios using this system.

STRONGLY

AGREE 1 2 7

.,,
-
wn
>

COMMENTS:

STRONGLY
DISAGREE

4, I was able to complete the tasks and scenarios quickly using this system,

STRONGLY STRONGLY
AGREE 1 2 3 4 5 6 7 DISAGREE
COMMENTS:

5. I was able to efTiciently complete the tasks and scenarios using this system,
STRONGLY STRONGLY
AGREE 1 2 3 4 5 6 7 DISAGREE
COMMENTS:

6. I felt comfortable using this system.

STRONGLY STRONGLY
AGREE 1 2 3 4 5 6 7 DISAGREE
COMMENTS:

7. It was easy to learn to use this system,

STRONGLY STRONGLY
AGREE 1 2 3 4 5 6 7 DISAGREE
COMMENTS:

8. [ believe I could become productive quickly using this system.

STRONGLY STRONGLY
AGREE 1 2 3 N 5 6 7 DISAGREE
COMMENTS:

Figure 2.12: PSSUQ Questionnaire Example
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9. The system gave error messages that clearly told me how to fix problems.

STRONGLY STRONGLY
AGREE 1 2 3 4 5 6 7 DISAGREE

COMMENTS:

10. Whenever | made a mistake using the system, I could recover easily and quickly.

STRONGLY STRONGLY
AGREE 1 2 3 4 5 6 7 DISAGREE
COMMENTS:

I1.  The information (such as on-line help, on-screen messages and other documentation)

provided with this system was clear.

STRONGLY STRONGLY
AGREE 1 2 3 4 5 6 7 DISAGREE

COMMENTS:

12, It was easy to find the information I needed.

STRONGLY STRONGLY
AGREE 1 2 3 4 5 6 7 DISAGREE
COMMENTS:

13. The information provided for the system was easy to understand.
STRONGLY STRONGLY

AGREE 1 2 3 - 5 6 7 DISAGREE
COMMENTS:

14, The information was effective in helping me complete the tasks and scenarios.

STRONGLY STRONGLY
AGREE 1 2 3 g 5 6 7 DISAGREE
COMMENTS:

15.  The organization of information on the system screens was clear.

STRONGLY STRONGLY
AGREE 1 2 3 4 5 6 7 DISAGREE
COMMENTS:

Note:  The interface includes those items that you use to interact with the
system. For example, some components of the interface are the
keyboard, the mouse. the screens (including their use of graphics and
language).

Figure 2.12: PSSUQ Questionnaire Example (contin’d)
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16. The interface of this system was pleasant,

STRONGLY STRONGLY
AGREE 1 2 3 4 5 6 7 DISAGREE
COMMENTS:

17. I liked using the interface of this system,

STRONGLY STRONGLY
AGREE 1 2 3 4 5 6 7 DISAGREE
COMMENTS:

I8 This system has all the functions and capabilities 1 expect it to have,
STRONGLY STRONGLY
AGREE 1 2 3 0 5 6 7 DISAGREE
COMMENTS:

19. Overall, I am satisfied with this system.

STRONGLY STRONGLY
AGREE 1 2 3 i 5 6 7 DISAGREE
COMMENTS:

Figure 2.12: PSSUQ Questionnaire Example (contin’d)

First 8 items of the questionnaire measures system use (items 1-8), the following 6
items measures information quality (items 9-15) and following 3 items (items 16-18)
measures interface quality. Overall usability of the system is measured by averaging

the results of all items.

2.1.4.3.6 CSSUQ: Computer System Usability Questionnaire (Lewis 1992b)
Computer System Usability Questionnaire (19 items) is identical to PSSUQ (19

items). The only difference is the wording of the items. In CSSUQ the wordings does

not refer to a usability testing situation. An example will better explain this fact:
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Item 3 of PSSUQ:

“I could effectively complete the tasks and scenarios using this

system”

Item 3 of CSSUQ:
"l can effectively complete my work using this system."

After developing PSSUQ, Lewis was not satisfied with the relatively small sample
size of the study. The original PSSUQ was psychometrically analyzed from data
gathered from 48 participants. He was also suspicious regarding to the influence of
the laboratory setting which the PSSUQ was conducted in. Therefore he revised
PSSUQ and developed CSSUQ and he collected data from a mail survey of 825 IBM
employees that are spread around the United States.

The PSSUQ research was preliminary for two reasons. First, the sample size
for the factor analysis was small, consisting of data from only 48 participants.
Second, the PSSUQ data came from a usability study. This setting may have
influenced the correlations among the items and, therefore, the resultant
factors. The purpose of this research (Lewis, 1992a) was to use a slightly
revised version of the PSSUQ, the computer System Usability Questionnaire
(CSUQ) to obtain a database of sufficient size to calculate stable factors from
a mailed survey. If the same factors emerged from this research as from the
PSSUQ research, the study would demonstrate the potential usefulness of the
questionnaire across different user groups and different research settings.
(Lewis 1992a)

377 employees returned completed questionnaires. The principal factor analyses
results were identical to PSSUQ findings. A three factor solution, as in the case of
PSSUQ, was evident. Two of the items in PSSUQ which were found to be
ambiguous regarding to which factor they should belong to was also solved. Item 8
of PSSUQ was found to be an item of Factor 1 and Item 15 was found to be a factor
of Factor 2. With these results the three factors explained the 98.6% of the variance
in the data which is a significant improvement over 87% of PSSUQ. The coefficient

of alpha was .95.
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The findings of the CSSUQ confirmed that the three factors in PSSUQ were
consistent. Both of these instruments are good instruments for after scenario testing

purposes.

2.1.4.3.7 ASQ: After scenario questionnaire (Lewis 1995)

After Scenario questionnaire is a three-item questionnaire that IBM uses to assess
participants’ satisfaction of a specific system usage. The items are 7-point Lickert
scale. As the number of items is small it is very easy to apply this questionnaire. It
measures three aspects of user satisfaction; ease of task completion, time to complete
a task, and adequacy of support information (on-line help, messages, and

documentation).

Lewis has psychometrically evaluated ASQ in 48 participant study. The participants
has conducted 8 different scenarios and completed the ASQ questionnaires
afterwards. An observer logged the activities of participants whether they succeeded

or failed the scenario.

After the study he conducted a factor analysis (analysis by scenarios). Examination
of 8 factors (with 4 items under each factor) resulted in a coefficient of alpha which
exceeded .90. The correlation between the ASQ scores and the logs of the observers
(whether the participant failed or succeeded) was -.40 (p<.01) meaning participants
who successfully completed the scenario gave more favorable ratings. This was an

evidence of concurrent validity. The ASQ can be seen in Figure 2.13.
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The IBM Questionnaires

The After-Scenario Questionnaire (ASQ)

Administration and Scoring. Give the questionnaire to a participant after he or
she has completed a scenario during a usability evaluation. Average (with the arithmetic
mean) the scores from the three items to obtain the ASQ score for a participant's
satisfaction with the system for a given scenario. Low scores are better than high scores
due to the anchors used in the 7-point scales. If a participant does not answer an item or
marks N/A. average the remaining items to obtain the ASQ score.

Instructions and Items. The questionnaire's instructions and items are:

For each of the statements below, circle the rating of vour choice
1. Overall Iam satisfied with the ease of completing thus task

STRONGLY STRONGLY
AGREE 1 7 DISAGREE

L
w
4

N
a

2. Overall I am satisfied with the amount of tume 1t took to complete this task.

STRONGLY STRONGLY
AGREE 1 7 DISAGREE

o
L
'S
n
a

]

Overall, I am satisfied with the support information (on-line help, messages,
documentation) when completing this task

STRONGLY STRONGLY
AGREE 1 7 DISAGREE

[
“w
E N
n
(=)

Figure 2.13: ASQ Questionnaire Example

2.1.4.3.8 SUMI: Software Usability Measurement Inventory (HFRG)

Software Usability Measurement Inventory is a questionnaire which aims to measure
the software quality from the end user’s point of view. J. Kirakowski has leaded the
team which developed SUMI. It is a method which can be used to assess a full
functional product or a prototype. It is one of the few questionnaires which have been
roughly examined and its reliability tested amongst several different samples.
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Therefore examination of SUMI and its development stage will be supplied in
details.

The original work on SUMI has started on 1990. The objectives were:

1. To examine the CUSI Competence scale and to expand it and to extract
further subscales if warranted by the evidence;
2. To achieve an international standardization database for the new

guestionnaire and to validate its use in commercial environments.

The team that leaded SUMI development project started with an item pool of over
150 items. These items were assembled from previous studies (some mentioned
above), discussions with actual end users and from suggestions by HCI (Human
Computer Interface) experts. After potential item selection, the subject matter experts
classified these items under their selected categories by perceived meaning. After
that, some items were rewritten or eliminated if they produced inconsistent
allocations in classifications. Kirakowski says that they have chosen Lickert scaling
approach because this is considered to be a natural way of eliciting opinions about a
software product. We have seen this numerous times in the popular questionnaires
that have been examined above. They kept the number of items under each specific
category relatively high to overcome variability due to extraneous or irrelevant
factors. All these preliminary work resulted in the first draft of SUMI which
consisted of 75 items. The Lickert scale used was 5-points Lickert scale with
strongly agree in one side and strongly disagree in the other. The neutral point was
“Didn’t know”.

They submitted the first draft to 139 end users from a varying number of

organizations. Each user evaluated the software which they were using in their

“ HFRG, Human Factors Research Group SUMI website. Available from
http://sumi.ucc.ie/sumipapp.html#sumidev , 04-01-2008
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organization (thus no single software evaluated). A factor analysis was conducted
and five to six different groups formed which gave acceptable internal consistency.
The questionnaire was revised and the number of factors was set two five. The ten
items which loaded most with the subsequent factors were selected for each factor
thus resulting in a draft 2 version of SUMI which consisted of 50 items. The 5-point
Lickert scale was also modified and a 3-point scale was used. The response

categories were “Agree”, “Don’t know” and “Disagree”.

The revised SUMI was submitted for the second-time to a new sample of 143 users
in a commercial environment. Analysis of the results gathered from these users
showed that scale reliabilities (5 scales) and item-scale correlations were similar or
even better than the results gathered from the original 139 user first sample. ANOVA
tests successfully differentiated between different software systems that were
evaluated by the users in the sample. Some items are further modified after these

results and the selected 5 scales were labeled as;

1. Efficiency: measures the degree to which users feel that the software assists
them in their work and is related to the concept of transparency

2. Affect (this scale was also existent in the original work of HFRG’s work on
CUSI): measures the user's general emotional reaction to the software -- it
may be glossed as Likeability

3. Helpfulness: measures the degree to which the software is self-explanatory,
as well as more specific things like the adequacy of help facilities and
documentation

4. Control: measures the extent to which the user feels in control of the
software, as opposed to being controlled by the software, when carrying out
the task

5. Learnability: measures the speed and facility with which the user feels that
they have been able to master the system, or to learn how to use new features

when necessary.
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After the second field study of the development team, HFRG group evaluated SUMI
in a single organization’s context. In this organization the programmer’s team was
divided into two distinct groups using different versions of the same software which
programmer’s use daily for building commercial applications). Version 2 of the
software was highly popular over version 1 of the same software. This was a know
fact amongst the developers and was a common feedback to the manager of the
subsequent department in interest. SUMI successfully differentiated between the two
versions of the software. In 4 of the 5 scales (only learnability was similar amongst
the two versions) version 2 outperformed version 1 according to SUMI results. This
has also proved that SUMI was a valid instrument.

The HFRG later selected 25 items out of the reliable and valid 50 items questionnaire
and named the new derivative as “Global Scale”. The field study for this scale was
conducted in a sample of 1100 participants who evaluated well over 150 different
systems. The reliability results when compared with the 143 sample field study were
consistent, with the global scale being relatively more reliable, amongst the 5
different dimensions. HFRG group examined the underlying factors by deploying
Spearman’s rho and according to this evaluation control and efficiency factors were
found out to be closely correlated. Kirakowski pointed out that future works on

SUMI, should examine the control dimension in greater detail.

The final evaluation of the reliability of SUMI was also applied in 1994 and results

were consistent with the 1100 participant study which was conducted before.

With this much of psychometric evaluation, SUMI has earned great popularity. It has
proven to be one of the most popular and trusted tool which is to be used for

evaluation of end user’s perception of software quality.

SUMI (the latest and up-to date revision was published in 1993) is composed of 50
statements. The user has to respond to these statements that they “Agree”, “Don’t

Know” or “Disagree”. Figures 2.14 demonstrate the 50 statements of SUMI.
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This software responds too slowly to mputs.

Iwould recommend this software to my colleagues.

The instructions and prompts are helpful.

The software has at some time stopped unexpectedly.

Leaming to operate this software initially is full of problems.
I sometimes don't know what to do next with this software. / |

1 enjoy my sessions with this soﬁwm.

1 find that the help mformamw g\m by this sof'xvare 1s noi very| uﬁcful V]

If this software stops, ms not easy ic restart if. L7 [ 1 | 1]
It laLcs téo long) to leam the softwand c)mm.mds

Ll V]| resabs
T sometimes wnnJ;.* if Tra using the right command

Workiag with this s?ﬁmré i satisfying. |

The wa y Imt «wem mf xmdnon 15 presemw is clcar and understandable.

I feel safer if 1 use odly few famifiar commands or operations.

The sqftviars docp;ncmauon 1s very mformative.

TIRBIE
This software seems to disrupt the way I normally like to arrange my work.

e J\Vorking with this software is mentally stimulating.

There 1s never enough mformation on the screen when it's needed.
I feel in command of this software when I am using it.

1 prefer to stick to the facilities that I know best.

I think this software 1s mconsistent

1 would not like to use this software every day.

I can understand and act on the mformation provided by this software.

This software 1s awkward when I want to do something which is not standard
There 1s too much to read before you can use the software.

Tasks can be performed 1 a straightforward manner using thus sof‘»wvxe, [
Using this software 1s frustrating 1 I I.‘
The software has helped me overcome any probl sms I h?\'e hr‘.i‘i iln \kiﬁ&_ﬂ
The speed of this software 15 fa-,t e’nbll'glg'. ‘\‘ \‘ [ = ‘ " A

Ikeep having to go oac}: © lcpk at the Epnies | | 1)
| I 1 | | | | |
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Figure 2.14: SUMI Questionnaire Example
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Disagree
Undecided
K
3l It 2§ otavious that use; uee«’s have Leey fully taken jnto consideradon 000
32 Ibere have Yeen timds th psmg this sotware wheal Hitve fel! quitsy/'tense. 000
i3 This orgayisztion of thef ifenius of informatior, ists seems quite iogical 000
} | NIy
34 |The software adowd the hisar ko be economic of keystrokes 000
| .. ' ‘ L
35 Leammg how 16 e new/ fpictons 1s dafficult 000
36 There aretoo ngany Jieps required to get something to work 000
37 I thin¥% this software has made me have a headache on occasion m i
38 Error prevention messages are not adequate 000
39 It 15 casy to make the software do exactly what vou want. 000
40 I will never leam to use all that is offered in this software. o000
41 The software hasn't always done what I was expecting. sllells
42 The software has a very attractive presentation. 002439
43 Either the amount or quality of the help information varies across the system. o0 o
4 It 1s relatively easy to move from one part of a task to another. O0/0
45 It 1s easy to forget how to do things with this software 000
46 This software occasionally behaves i a way which cant be uaderstoodi ‘ 000
47 This software 1s really very awkward. ‘ 000
: e
- v . ]

48 It 1s easy to see at a glance whet'the qptions are at kach stags D‘ g0
49 Getting data files w-and out of the sy§teni 1s not easy. | s s dlin

= 30 E s , -
50 T have to 130k for assistance most finjes when [ use this softwire 000

[ [
|
“ |
‘ | Piease check you Isave ticked each item.
fhank you.

Figure 2.14: SUMI Questionnaire Example (contin’d)

SUMTI’s objective is not only to measure current usability status of a software
package but also diagnose usability problems. By this way, the tool is of value to

system designers too. As seen in Nielsen’s heuristic approach, for an instrument to
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have value, not only by end users, it also has to diagnose and pinpoint the problems
which will impact the perceived usability levels to a significant degree. HFRG
developed the “ltem Consensual Analysis” feature for this purpose. This is
accomplished by examining the observed patterns (how many Agrees, Don’t Agree,
Don’t Knows) with the expected patterns of the standardization database (this
database has been formed while SUMI was being developed for the purpose of
creating a formula which will standardize responses to each specific item of SUMI.
With this standardization each scale has got a mean of 50 with a standard deviation
of 10.) . Items which have large discrepancy between the expected and observed
patterns of responses are the ones which are unique to the system under observation.

These unique responses can elicit positive or negative comments.

2.1.4.3.9 MUMMS: Measurement of Usability of Multimedia Software (HFRG)

Measurement of usability of multimedia software questionnaire, as SUMI, was also
developed by the Human Factors Research Group at University College, Cork. The
reason to develop a new questionnaire, when already having a very successful and

welcomed questionnaire is explained by HFRG’s own statement below:

In the early 1990s, SUMI swept the board, so that by now every major multi-
national IT company uses SUMI in some part of its enterprise, and many
consultancies and SMEs in Europe and the United States also use it. The time
has come for a major re-think of end-user based questionnaires, and the
MUMMS questionnaire is being developed in response to the rapidly
changing patterns and technology of computing today. Multi-media computer
products are establishing themselves as part of the market and it is becoming
necessary to develop ways in which these products can be assessed for quality
of use by the end users themselves. *

The dimensions which emerged from MUMMS development work has been the
same as SUMI; affect (aka likeability), control, efficiency, helpfulness and

learnability. Interestingly the HFRG group, when analyzing (factor analysis) the data

*

HFRG (MUMMS), Human Factors Research Group MUMMS website. Available from
http://www.ucc.ie/hfrg/questionnaires/mummes/info.html , 08-01-2008
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gathered from early works on MUMMS, found out a new potential dimension which
they prefer to call “Excitement”. The group gives the following definition for this
new dimension; “Excitement is the extent to which end users feel that they are
‘drawn into’ the world of the multi-media application and it seems to capture some of

the fascination which the best multi-media apps exercise over their users.”

In a work at Berlin States Museum, the HFRG group evaluated a special software
which is developed to present Museum’s cultural assets. The group revised SUMI
items for multimedia applications. The resulting questionnaire was also containing
50 items as SUMI. The analyzed data came up with the very same five dimensions

that were found in the development of SUMI.

2.1.4.3.10 WAMMI: Website Analysis and Measurement Inventory

Website analysis and measurement inventory was developed by Nigel Claridge and
Jurek Kirakowski in 1996. The developers explain its objectives as;

WAMMI helps you accomplish your business goals in the following ways;
Measures user satisfaction of you web site based on user-reactions.
Generates objective data for management in easy-to-understand format.
Provides a powerful basis for web site changes and design improvements.
Benchmarks your site relative to others in terms of user-satisfaction.
Tracks web site performance to see if business goals are being
accomplished.”

WAMMI is a 20 item questionnaire. The dimensions that are the basis for this
questionnaire are a slight modification of the SUMI’s. Controllability, Efficiency,
Helpfulness, Learnability are existent however affect (aka likeability) does not exist.

The other dimension which is existent is attractiveness.

“ WAMMI website, Available from http://www.wammi.com/about.html, 12-01-2008
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The developers claim the report to have a reliability of .90 to .93 (Cronbach alpha).
As in the case of SUMI and MUMMS, the developers have established a
standardization database which contains 200 site evaluations. A sample of WAMMI

report can be seen in Figure 2.15.
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Graph of WAMMI Results
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If your web site is above the average (50) for any characteristic according to our reference
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This graph shows the average (Median)values for your site on the WAMMI scales
Attractiveness, Contrallability, Efficiency, Helpfulness, and Learnability. The last itemn is the
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indicated by a red bar extending downwards from the "50° line.

Figure 2.15: Graph of WAMMI Results
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2.1.4.3.11 EUCSI: End User Satisfaction Instrument (Doll, 1994)

Doll and Torkzadeh present a model of satisfaction, the End-User Computing
Satsifaction Instrument (EUCSI). This instrument is context dependent; its objective
Is to examine a specific application. The developers define satisfaction of a computer
system as “an affective attitude towards a specific computer application by someone
who interacts with the application directly”. Reported Cronbach alpha, for EUCSI,
range from 0.65 to 0.89. The dimensions of the concept include the following;

content, accuracy, format, timeliness and ease of use.

content task match

exactness
acc”racy{correcmess

satisfaction

format clarity
ease of use
timeliness task match

Figure 2.16: End User Satisfaction Model by Doll

1. The 'content’ of the system refers to the user's belief concerning the system's
ability to provide the information that is needed. The items reflect a passive
view of the user in which a computer system provides information without
the user's active involvement. The scale makes no reference to users'
possibilities of influencing and mastering the tasks they need to accomplish.

2. The concept of 'accuracy' is not specified. Possible references include the
precision or correctness of the system. Both are related more to technical
reliability than to usability. Reliability is, of course, a relevant criterion from
the point of view of user satisfaction, but for most contemporary systems
precision and correctness of the technical bases of the systems are taken for
granted in user-interface-related approaches.

3. 'Format’ refers to beliefs concerning information presentation, the usefulness
of the format and clarity.

4. 'Timeliness' seems not really to address the rate of operation or response

times, but rather the topicality of information. This, like correctness, seems to
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be a suitable criterion for only some specific applications, for instance
process control. In most office applications the information is produced by
the users themselves through active interaction with the system instead of
waiting for the system to provide the information.

5. 'Ease of use' applies expressions such as 'user friendly' and 'easy to use'.

The writer’s did not specify all dimensions of the model precisely such as accuracy.
Research done regarding to this instrument’s reliability points has varying degrees of
reliability. When compared the dimensions, there are few items explaining usability
in the sense used by 1S09126, 1SO9241, Nielsen and etc.

2.2 Literature Review Regarding Computer Attitude

In this part of the thesis, an examination of the concept computer attitude is supplied.
Its deconstruction into its sub-dimensions and the research done regarding these
individual sub-constructs is also analyzed. Finally questionnaires that are developed

to measure the concept are introduced.

2.2.1 Introduction to Computer Attitude

Attitudes towards objects is everywhere in life. Every individual has different
attitudes towards different objects. Some (attitude) are positive behaviors towards the
objects of interest which motivates the individual to use / deploy that object and
some are negative which repels the individual to utilize the object. Actually attitude
is a very complex behavior which determines, to a very significant degree, ones
willingness to test / use / utilize a specific object for a specific purpose. As will be
seen in the following sub-sections, it is a real complex construct which is driven by

several sub-constructs.
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In IT (Information Technology) industry attitude is an important construct which is
in-depth examined by researchers in the field. There are several projects which have
suffered from employees resisting to utilize the project due to negative attitudes to IT
technology and in contrast there are several projects that have been very positively
welcomed by employees. The IT professional’s major concern is to understand the
different behavioral responses of its potential customers towards an IT solution
(software, hardware, etc,.) and try to prescribe a recipe for overcoming the attitude

barriers.

Important work that is carried out by Fishbein and Ajzen (1975) proposes that
attitudes toward an object play an important role in influencing subsequent
behaviors. The literature has much focused on this aspect in educational context
where technology is being deployed to an increasing amount each and every day.
Liaw (2002) explored the impact of attitude towards the acceptance of information
technology in an educational context and concluded that if users do not have positive
attitudes towards a solution, then they will not use it does not matter how capable it
is. As evident, computer attitude is the most important construct of interest to IT
industry. Being able to deploy solutions which will be positively welcomed by
potential users is of great interest. Although this topic and construct is examined in-
depth there is still no universally agreed definition of computer attitude. Kay (1993)
located 14 different definitions of the construct. Smith, Caputi and Rawstorne (2000)
found out that there is still no universally accepted definition of a construct for

computer attitude.

Loyd and Gressard (1984) commented their findings as a general attitude toward
working with computers was a reflection of ratings on three factors namely “liking,
confidence and freedom from anxiety”. Computer experience is a construct which is
of great interest to researchers. Generally speaking, positive correlations between
computer experience and computer attitude is found. As a general rule, the more
contact people have with computers, the more likely they are to express favorable
attitudes (Bozionelos 2001). This very fact changes in the case of computer anxious

users. Some studies expressed that if an individual has negative reactions to
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computers, his / her reactions will be reinforced with increased computer experience
(Rosen, Sears and Weil 1987).

The researchers in the field tried to differentiate between objective computer
experience and subjective computer experience (this will be examined in details
later). The distinction between computer attitude and subjective computer experience
is somewhat blurred. One can quite easily comment that subjective computer
experience (having a good experience while interacting with computers or a negative
one and as such the individual tries to run away from interacting with computers) and
computer attitude is almost the same thing. However when we focus onto this matter,
we can find out individuals who although had prior negative experiences with
computers, still do not possess negative attitudes to computers. As evident, there is
still much to research on this matter to conclude that; subjective computer experience
and computer attitude are the same thing or they are different constructs or subjective

computer experience is a dimension of the computer attitude construct.

Existing literature shows that computer confidence is an important variable of
interest. Some researchers evaluated this variable as a dimension of the computer
attitude construct (Levine & Donitsa-Schmidt (1998), Loyd & Gressard (1984),
Shashaani (1994)) whereas some evaluated it as a separate but related construct
(Bear, Richards & Lancaster (1987), Gardner, Dukes & Discenza (1993)).

Gender is another variable that has been studied in computer attitude literature.
Detailed information regarding gender and its correlation with attitude construct will

be supplied in the following sections.
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Summing up, important variables that has been studied in the literature regarding
computer attitude are; computer experience (objective and subjective), computer
anxiety and computer confidence (computer self-efficacy). Figure 2.17 is a sum up of

computer attitude and its related constructs.
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Figure 2.17: General Representation of the Literature Review for Computer Attitude

and Its Dimensions
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2.2.2 Variables that Has Been Studied Regarding Computer Attitude

Although there is no consensus regarding to the construct, still some variables are
almost existent in any of the different definitions and decompositions of computer
attitude. These are; computer experience, computer self-efficacy, computer anxiety
and demographic variables (especially gender). Each of these variables is being

examined in the following sub-sections.

2.2.2.1 Computer Experience

As in the case of computer attitude; there is little agreement concerning the definition
of computer experience (Smith, Caputi, Crittenden, Jayasuriya, & Rawstorne, 1999).
Most researchers in the field measured computer experience quantifiably, that is, in
terms of amount of computer use (such as; how many hours a participant is using
spreadsheets in a week). They discriminated between different types of applications
(such as spreadsheets, database applications, internet browsing, mail, etc.) and tried
to find out a specific usage pattern of applications which will explain computer
experience and its relation to computer attitude to a better degree. This approach to
computer experience actually measures “computer use” and this resulted the use of
both of these terms interchangeably. Smith argued against this indiscriminate use of
the terms (Smith, Caputi, Crittenden, Jayasuriya, & Rawstorne, 1999). Computer use
and computer experience are two different things. Measuring computer experience
quantifiably (such as the amounts of hours spent for a specific type of usage pattern)
measures the objective aspect of computer experience. On the other hand a user that
has passed through a negative experience with computers is also a different measure
of the concept and this aspect of computer experience is labeled as subjective
computer experience. A good example for utilizing both of these two aspects on the
concept is an anxious user who despite increasing objective computer experience has

negative subjective experiences.

The literature is full of research that has only focused on the objective aspect of

computer experience which has only focused on the amount of computer use. It was
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Jones and Clark (1995) which has enriched this narrow view to objective experience
by examining the construct in three dimensions; amount of computer use,
opportunities to use computers and diversity of computer experience. Amount of
computer use is the same objective aspect of computer experience discussed above.
“Opportunities to use computers” covers issues such as whether the user has access
to computers at home, the extent of usage and other related issues. Examples to these
questions are; having access to computer at home (yes/no), the extent of usage
(rarely/sometimes, often), the frequency of general computer use
(never/rarely/often/everyday) (Brosnan & Lee, 1998). Diversity of experience
examines a person’s usage of software packages, word processing, spreadsheets,
databases, programming, games, computer-assisted-learning and familiarity with
computer languages, and development of computerized information systems (Igbaria
& Chakrabarti, 1990; Jones & Clark, 1995). The responses to these items are usually
on 7-points Lickert scales (not at all/less than once a week/about once a week/2 or 3

times a week/4 to 6 times a week/at least once a day/more than once a day).

In contrast to measuring objective computer experience by gauging the user’s usage
patterns (hours of usage, etc.) some researchers attempted to measure this concept in
terms of skill levels (such as Geissler and Horridge 1993). They ask respondents to
rate their skill levels on different tasks, typing, programming, word processing and
etc. Supplied scales have 4 or 5 points (poor/fair/good/expert/none to very high).

Other researchers even go further to inquire about perceived computer knowledge for
measuring objective computer experience. Computer Understanding and Experience
scale (CUE; Potosky & Bobko, 1998) asks respondents about computer terminology,

includes questions on computer literacy and etc.

Research done and scales developed are mostly measuring the objective aspect of
computer experience. Jones and Clark’s approach is the most detailed one. When one
Is to become curious about measuring subjective computer experience, it should be

noted that there is not much research existent. It should be interesting to examine the
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impact of the variable “subjective experience” upon computer attitude. The expected
correlation can be positive, meaning; users who have good subjective experiences

with computers tend to have better computer attitudes.

An example of a questionnaire which tries to measure computer experience,
according to the Jones and Clark’s approach, can be seen in Figure 2.18 (Garland,
Noyes 2004). The questionnaire tries to measure amount of computer usage (items
1, 2, 3), opportunities to use computers (items 2 (at home), 3 (at university)) and
diversity of computer usage (all remaining items).

Ralevant sections of the questionnaire

1. For how many years have you used a computer?

2. For how many hours in a week do you use a computer at home?

2. For how many hours in a week do you use a computer at umversity?
4

Please complete the following

How many For how many How would you rate
hours per week  vears have yvou your level of expen-
do you spend used each of ence from 0= ‘none’,
on each of these? I =*novice’,
these? 2 good’, 3
‘expert™

E-mail

Internet

Compuler games

Word processing

Databases

Spreadsheets

CAL packages

Other software

Programming

Figure 2.18: An Example of a Questionnaire Which Measures Computer Experience

Throughout the literature there have been several attempts to examine the
relationship between computer experience and computer attitude constructs. Most of
the instruments developed were shown to be reliable however to a lesser extent valid.
This is quite normal as the definition of computer experience even itself is rather
ambiguous. Levine and Donitsa-Schmidt (1998) found small to moderate levels of
correlations between computer experience and computer attitude. They have

measured computer use from three items; whether or not respondents had access to a

66



home computer, the extent of school computer use and frequency of overall use.
Dambrot, Watkins-Malek, Silling, Marshall, and Garver (1985) conducted a multiple
regression analysts to predict computer attitude. They have measured computer
knowledge from whether the participants had completed a course and / or had
knowledge of a computing language. Use was measured by asking the respondents
their computer usage levels on a 3-points scale (never used, limited use, extensive
use). Their work found out that computer experience was a poor predictor of
computer attitude. Shashaani (1994) examined four aspects of computer experience,
course enrolment, number of computer courses taken, computer ownership and usage
(hours each week). Examining each aspect’s impact upon computer attitude was the
research objective. Hours of computer use each week and number of courses taken
showed moderate positive levels of correlations with computer attitude. On the other
hand course enrolment and computer ownership showed small positive correlations.

Garland and Noyes (2004) commented on Shashaani’s work as follows;

The relationships were largely limited to associations with the utility
dimension, which correlated significantly with all use factors. Confidence for
females was not significantly correlated with any use measure, which
contrasts with all but ownership showing positive, low or moderate
correlations for male confidence. The findings suggest that the relationship
between computer attitude and experience is not straightforward, but rather
that it is dependent on the nature (and quantification) of the experience
measure, and the dimensions that are deemed component parts of the attitude
construct.

Generally speaking, previous studies have shown that computer experience (Every
author defines and explains computer experience dimensions differently to a varying
degree) and computer attitude are positively correlated. Some studies show moderate
and some show small levels of positive correlations. None of the studies were able to
prove that computer experience is a good predictor of computer attitude. The
problem resides in computer experience’s definition and its selected dimensions.
Much research has to be done to come up with a universally welcomed definition of

the construct computer experience in order to propose solid dimensions.
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2.2.2.2 Computer Self-Efficacy

Computer self efficacy refers to individual confidence in one’s capability to use a
computer and may help determine ease of skill acquisition (Smith (?)). However
higher computer self-efficacy does not always mean higher performance. “In
approaching learning tasks, however, those who perceive themselves to be supremely
self-efficacious in the undertaking feel little need to invest much preparatory effort in
it” stated Bandura (1982). Hackett and Betz examined self-efficacy in math problem
solving and found a moderate correlation between math self-efficacy and problem
solving (Hackett, Betz 1989). There is much debate on computer self-efficacy in the
literature. Levine, and Donitsa-Schmidt (1998) argued that computer self confidence
(efficacy) and computer anxiety are essentially the same thing. Beckers and Schmidt
(2001) treated computer self efficacy as a dimension of computer anxiety. Coley,
Gale, and Harris (1994) treated computer self confidence and computer anxiety as

dimensions of the computer attitude.

Computer Self-Efficacy Assessment (CSEA) questionnaire is a 23-item 5-point
Lickert scale questionnaire (from completely confident to not at all confident) (Smith
(?)). All 23 items can be examined in Table 2.4.
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Descriptive Statistics for Computer Self-Efficacy (Perception) and Computer Performance

Perception Performance
Assessment Item M | SE | Min | Max | M [ SE | Min | Max
Unit 1 - Word Processing
1. Kevboard documents 367 .29 2 b 389 | .51 1 5
2. Use template 411 [ 26| 3 5 | 300 50 1 5
3. Save and print documents 467 | 24| 3 5 | 467 | 33 2 5
4. Edit documents 422 | 28| 3 5 | 267 | 50 1 5
§. Ensure quality 3@l 3 5 |367 | .50 1 5
Unit 2 - Spreadsheet
6. Create spreadsheet 3801 .26 | 2 5 [378] 52 1 5
7. Enhance spreadsheet 411 | 26| 3 5 3.00 | 47 1 5
8. Use formulas 3441 29| 2 p) 3.56 | .60 1 p)
9. Perform special functions 341 .29 2 5 | 367 | .58 1 p)
Unit 3 - Database
10. Create database 300 (.29 2 4 |35 | 53 1 5
11. Perform database functions 2.67 | 41 1 5 344 | 38 1 -
Unit 4 - Presentation Graphics
12. Create visual aids 289 | 35| 2 5 | 1.78 | 46 1 5
13. Incorporate special effects 256 | 34| 1 4 | 189 ] 48 5
Unit 3 - GUI Management
14. Exchange data between software 28 | .35 2 > 211 | 45 1 b)
15. Create folders 367 | 33| 2 5 | 300 [ .65 1 5
16. Use virus detectors 322 | 43 1 p) 344 | 56 1 5
17. System software commands 367 41| 1 5 | 256 | .63 1 5
18. Locate hardware devices 322 40| 1 5 | 300 53 1 5
19. Manage files and disks 367 | .33 2 5 244 | 58 1 5
Unit 6 - Telecommunications
20. Comnumicate using e-mail 444 | 29| 3 5 | 3.67 | 67 1 5
21. Electronic attachments 367 .50 1 5§ 1222 | 62 1 5
22. Electronic communications 333 ) 41| 2 5 | 233 ] .67 1 S
23. Use a web server 433129 2 5 | 300 [ 67 1 5

Table 2.4: Descriptive Statistics for Computer Self-Efficacy and Computer

Performance from a Sample Questionnaire

There is no consensus regarding to how computer self-efficacy should be treated
(whether an independent construct or a dimension of attitude) when examining the
relationship of this concept and computer attitude. Still, computer self-efficacy is an
important variable of interest when one tries to examine the construct computer
attitude.
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2.2.2.3 Computer Anxiety

Another important variable of interest that has been studied when trying to explain
computer attitude is computer anxiety. There is much research on this variable
(Cambre & Cook, 1985, Cohen & Waugh, 1989, Torkzadeh & Angulo, 1992).
People who have lower self-efficacy can be more anxious (Brosnan, 1998). Anxious
people react with greater magnitudes when something unexpected occurs such as a
system error. Brosnan stated that anxious people tend to become even more anxious
in the case of an unseen or unknown event occurrence (Brosnan, 1998). On the other

hand if one is to increase computer self-efficacy, this will decrease computer anxiety.

If problems are seen as challenges rather than problems, they may not be as
frustrating, which is most likely directly related to level of prior experience as
well as computer self-efficacy. This may be due to the perception of locus of
control; these individuals understand and can attempt to control the ‘‘problem
space’’ they encounter. (Bessie’re, Newhagen, Robinson, Shneiderman 2006)

Computer anxiety can affect performance and attitudes. Increased computer self-
efficacy will tend to decrease anxiety. However if one does not increase computer
self-efficacy and interact with computers in an increasing manner this can yield to
increased anxiety. It is therefore important for companies to assess anxiety levels of
their employees before deploying an IT solution. If the existing anxiety levels are
found to be high, then first of all increasing computer self-efficacy (by training) has
to be the first action. Otherwise increased exposure to the new system can result in
such anxiety levels that the deployment of the overall new solution will be much

more difficult.

2.2.2.4 Gender
Gender and its relation with computers is a great interest amongst researchers. Much

research has been conducted throughout the globe regarding this matter. Generally

speaking, most of these researches indicate greater computer experience for males
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than females. Brosnan & Lee (1998) has found similar results in United Kingdom.
Balka & Smith (2000) has found the same symptom in United States. When
examined the case for computer attitude, the same stays true for males; there is a
tendency to find that females have more negative attitudes towards computers
(Durndell & Thomson in UK, 1997, Whitely in USA, 1997). Regarding computer
anxiety; there are several researches that point out the same symptom; females are
more computer anxious than males (i.e. Maurer, 1994). Research on computer self-
efficacy and gender has also found that males on average have more computer self-
efficacy than females (Bandura, 1997, Torkzadeh & Koufteros, 1994). Generally
speaking in all important variables of computer attitude, males have been found to be
more positive in contrast to females. However there are also exceptions. Brosnan &
Lee (1998) discovered that in Honk Kong, males were more computer anxious than
females. Another interesting exception was found in the ex communist countries.
Reinen and Plomp (1997) as a part of a large cross cultural study on school
children’s knowledge about computers found that the Bulgarian sample in the study
provided the smallest gender differences. Even becoming more interesting, Wright
(1997) found that in most of majority of the students in math and computing in
Bulgaria and Romania were females. Some other studies regarding the ex communist
countries found that in some cases females had better computer attitude than males
and in some other studies computer self-efficacy was found to be lower in females
than males. The paragraph below is a good explanation of the symptom in ex
communist countries (Durndell, Haag 2002).

The particular interest of the emerging ex Communist countries in Eastern
Europe is that they were considerably industrialized in the Soviet era.
Historically, these previous regimes emphasized both gender equality and the
role of technology, and appeared to create a relatively gender neutral
technology. Thus, as late as the 1980s, as many if not more females than
males were studying to be engineers in these countries, at a time when under
10% were doing so in the UK. It seemed that at the time the sex role
expectations in these countries were somewhat different from those of the
Western industrialized countries. However, with the collapse of the regimes,
the question arose as to whether the apparent relatively gender neutral
approach to technology would survive or would turn into the Western pattern
of relatively greater male dominance. Would relatively gender neutral
attitudes towards technology be deeply embedded or would they be jettisoned
as features of the now old discredited Communist society?
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Summing up, gender and its relation with computer attitude and its variables is a
great research area which has acquired much interest by researchers. Generally
speaking, it is possible to indicate that previous research has found that on average
males have better computer attitude, are less computer anxious, are more computer
self-confident and are spending much more time with computers. In the
industrialized world of the western countries, it is quite easy to find that males are
dominating the economy and thus such a situation is normal. However when we
move to other regimes where gender equality is existent and female participation in
areas of specializations which are known to be “man-jobs” are high, there is less
difference, between males and females, (and sometimes to the favor of females) in

computer attitude and its variables.

2.2.3 Measuring Computer Attitude

Our study mainly does focus on computer attitude and its impact upon perceived
usability in a specific context (an e-commerce site, a shopping scenario). Therefore
this sub-section of the literature review will yield information only about measuring
computer attitude although we have examined such important variables studied
regarding the construct such as computer anxiety, computer self-efficacy and

computer experience.

There have been several different scales developed throughout the literature for
measuring computer attitude. Amongst these scales developed by Loyd and Gressard

(1984) and Kay (1989) are popular and psychometrically evaluated ones.

2.2.3.1 Loyd and Gressard (1984) Computer Attitude Measurement Scale
Figure 2.19 displays the items of the scale developed by Loyd and Gressard (1984).

The scale has 5 items and all of these items are measured using a 5 point Lickert-

scale where 1=strongly disagree and 5=strongly agree.

72



User attitude

I like working with computers.

[ look forwand to those aspects of my job that require
me 10 use & computer

Onee T start working on the computer, [ find
it hard o stop

Using a computer 15 frustrating for me

I get bored quickly when working on a computer

Figure 2.19: Items of Computer Attitude Measurement Scale

2.2.3.2 Kay (1989) CAM Computer Attitude Measurement Scale

Original CAM comprises 10 bipolar dimensions. These are;

e Likeable / Unlikable

e Good/ Bad

e Happy/ Unhappy

e Comfortable / Uncomfortable
e Calm/Tense

e Full / Empty

e Natural / Artificial

e Exciting/ Dull

e Fresh / Suffocating

e Pleasant / Unpleasant

Kay has used 7-point Lickert-scale for each dimension (extremely, moderately,
slightly, neither, slightly, moderately, extremely). Some of CAM’s dimensions are
unclear under specific testing contexts such as natural and artificial. When a user is
to evaluate a software solution can one discuss or comment upon whether natural or
artificial is better to each other. Further more fresh / suffocating, happy / unhappy
dimensions can also be not that suitable for specific contexts. One can refer to
Kurosu and Kashimura (1995) for an in-depth evaluation of Kay’s CAM scale and its

interpretation.
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Chapter 3

Theoretical Framework

3.1 Hypothesis Development

In chapter 2, we have examined usability and computer attitude literatures.
Examining the relationship between computer attitude and usability is our main
objective. Theoretical framework of the study can be examined in Figure 3.1.

Hypothesis which will be tested in the research can be found on the next page.

Functionality
Interval Data
Interval Data
! Lsability Usability
Marrow View Quality In Uss
o
Interval Data _—
_—
Efficiency "
Interval Data
1SO9126-1 (2000)
Usability Model
Interval Data
L] Attitude {

Figure 3.1: Theoretical Framework for a Context Specific Usability Study
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3.2 Hypothesis of the Research

H1: Users with more positive computer attitude perceive higher system usability

(quality in use).

As examined in chapter 2, computer attitude is an important concept regarding 1T
professionals. Any project (corporate solutions, websites, e-commerce platforms etc.)
which will interact with final-end users has to take into account the existing user
database with at most importance. If potential users of the system, prior to using /
testing the actual system, have negative attitude towards computers, the perceived
usability of the actual system can be lower. Summing up; although the system can
satisfactorily achieve its design objectives, the subjective evaluation of the users,
who have negative attitudes towards computers, can be negative, too. This is a very
important fact that clearly acts as a bottleneck in front of the organization’s interest.
When the top-level management is to gather reports regarding to the tests deployed
by actual system users, they have to be aware that their employees’ attitudes towards
computers can interfere with the reporting process. The main hypothesis of this thesis
therefore focuses on this aspect; Users with more positive computer attitude perceive

higher system usability.

Regarding hypothesis 2, 3 and 4 the following explanation applies. Our dependent
variable usability has four independent variables of interest; functionality, time-
efficiency, interface-usability and computer attitude. The first three of these
independent variables are selected from ISO 9126-1 (2000) model which consists of
6 independent variables. The remaining three (reliability, maintainability and
portability) are not suitable for the scenario that will be tested (shopping in an e-
commerce site whose details will be supplied further in this chapter). The specific
context of interest and its actual user database (e-commerce users) are not necessarily
interested in the remaining three variables when evaluating an e-commerce site’s
usability. Reliability; a technical criteria regarding a system’s reliability,

maintainability; a technical criteria which is important for programmer’s and system

75



administrators, portability; a technical criteria which is again important for

programmer’s and system administrators.

H2: Users with more positive computer attitude perceive higher system functionality.

Hypothesis 2 examines the relationship between our independent variables; computer
attitude and functionality. The designer’s of the system on a software level are
greatly focused on adding extra functionality to the system which will make it easier
for the end-user to satisfy an objective. In our scenario of interest, our users will test
drive an e-commerce site and search for information regarding cellular phones. They
will compare features such as camera resolution, Bluetooth and etc. The e-commerce
site which is of interest has an advanced search engine which makes it possible to
directly search within features of a product. It will be interesting to see if computer
attitude affects the perception of such extra functionalities as most system designers
believe that better the functionality, better the perceived satisfaction levels however
this may not be the case so in the existence of users with negative computer attitudes.

H3: Users with more positive computer attitude perceive higher time efficiency.

Hypothesis 3 holds on to the assumptions of hypothesis 2. In the existence of users
with negative computer attitude; these users can avoid from using extra
functionalities of the system which can make them complete their objectives in a
shorter time period. If this is true then these users will both complete their scenarios
in a longer time period and also perceived lower time efficiency. Our expectancy is

that users with better computer attitude will perceive higher time-efficiency.

H4: Users with more positive computer attitude perceive better interface-usability.
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Hypothesis 4 holds on to the assumptions of hypothesis 2. When we have users with
positive computer attitudes they will like the interface of the system more. This is
real important especially for interface designers because they always have to deal
with different tastes and expectancies of different end users within the same
organization. Sometimes these expectancies can be such different that it is almost
impossible to find an optimum scenario which will satisfy different users in the same
organization. If we are unable to falsify H4 then this has a very important practical
application in the industry. Any company which is providing such design services
than can first submit questionnaires to their customers which measure the existing
computer attitude levels within the organization. If results point that the organization
of interest is full of users with negative computer attitudes, then the service provider
can choose to not serve this customer or share its findings with the top-level
managers regarding to the concern that the existing user database is not suitable for
objectively evaluating the interfaces of the system.

H5: Males perceive higher system usability than females.

As discussed in chapter 2, gender is a topic which has taken great interest amongst
researchers. Gender and its affect on computer attitude is an area which mush
research has been conducted. Hypothesis 5’s objective is to examine gender and its
impact upon perceived usability levels in Turkey. We expect that we will not be able
to falsify H5 and males will perceive higher system usability than females. One
should also note that, except the exceptions of the ex-communist countries and a
single case in Hong-Kong, generally speaking, males have more positive computer
attitudes than females. We believe that this will hold true for also perceived usability

levels in our research.

H6: Males have more positive computer attitude than females.
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Hypothesis 6 holds on to the assumptions of hypothesis 5. As explained above, the
literature is full of research indicating that males have more positive computer
attitude in contrast to females. We expect the same findings for Turkey. If our
expectancy is found to be true, this could be due to the reason that, males are
spending more time and thus have higher computer experience in contrast to females.
However as has been discussed in chapter 2, it has been found that computer
experience is a poor predictor of computer attitude. Summing up, this can be due to
the culture of Turkey which directs males towards technically oriented tasks, which
require interacting more with computers, more in contrast to females. The precise

examination of this aspect is not the main objective of this research.

H7: Students who are enrolled in technical departments have more positive computer
attitude than students who are enrolled in non-technical departments.

Hypothesis 7 will test to see if there are any significant differences in computer
attitude between students who are studying in technical fields (such as Computer
Engineering, Mechanical Engineering, Metallurgy, etc.) and non-technical fields

(such as Business Administration, International Relations, etc.).

H8: Students who have successfully completed the scenario has more positive

computer attitude than students who were not able to complete the scenario.

At the end of each scenario, each student fills out the research questionnaire. In the
first page of the questionnaire, where the demographic information is collected, the
student informs to whether they have successfully completed all objectives or not.
This information is cross-checked through the database of the e-commerce system by
examining that student’s shopping basket which he / she have created throughout the
shopping scenario. If the student has successfully added one of the five cellular

phones that match the criteria of the scenario then he / she has successfully
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completed the scenario. Our expectation is that there will be a correlation between

more positive computer attitude and successful scenario completation.

HO9: The four independent variables will significantly explain the variance in overall

usability.

The ninth hypothesis will make it possible to see if overall model derived from 1SO
9126-1 (2000) will be able to explain significant levels of variance within overall

usability.

3.3 Research Design

3.3.1 Research Objective

Primary research objective is examining the relationship between computer attitude
and usability. However doing so requires careful interpretation of the literature
regarding usability. As discussed in chapter 2, the broad view of usability is context
dependent, meaning any situational factors impact usability such as environment,
system, user, organization and etc. Whenever any context variable changes, we have
a complete new scenario at hand thus we can never compare two different usability
measurements directly to each other. Summing up, usability measurements can only
be compared between each other if we are making the measurements on the very
same context with the only changing variable being the system at hand. This is a very
important aspect which has to be taken into account if one is to make direct
comparison amongst different studies conducted in different contexts. In the IT
industry this poses no problem as usually usability measurements are compared
between different (upgraded, future) versions of the system in the same context at
hand. On the contrary even within this context, the IT Company should always watch
for context changes (such as employees leaving the company which were existent in
the previous usability studies and new employees that has just started with the

company and will participate in the current usability tests).
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For successfully and accurately satisfying the primary research objective, measuring
usability in a context-specific scenario is preferred whilst examining the correlations
between our research variables. The specific scenario of interest is shopping in an e-
commerce portal. The elements of the sample will complete a specific scenario in the
selected e-commerce portal and after the study will complete the developed

questionnaire. More information regarding the scenario can be found below.

3.3.2 Research Scenario: Shopping in an E-commerce Portal

The selected e-commerce portal which will be used for the field study can be

examined at the internet address; www.paketticaret.com. This is an e-commerce

portal which is specifically deployed for this research and thus no daily, internet
traffic will be available during the field studies. This assures that the elements of the
sample will not be affected from daily high traffic or server performance issues (such
as long page load / processing times which can occur when the e-commerce portal
attracts higher than average daily traffic and suffers from low performance). On the
other hand the portal of interest is a complete functioning e-commerce portal with
well over 5,000 products within the database with all product images, product
specifications available. This portal is developed by “Teknolojim Software House”".
One can examine screen shots of the portal on the following pages. Page sequence
will follow the scenario sequence so that whilst examining the screen shots of the

portal, one will be able to understand the details of the scenario.

“ Teknolojim Software Company; www.teknolojim.com
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Figure 3.2: Scenario Portal’s Home Page; www.paketticaret.com

Users are welcomed by the home page in Figure 3.2. Each user is given the following
same task; “l want to buy a new cellular phone. My new phone should have a camera
whose resolution is 3 to 5 Mega Pixels, should have Bluetooth and should record
VGA resolution (640*480 pixels) videos”. Within the cellular phones product
category, the portal database contains 1034 products. Only 5 cellular phones possess

these features. The users are free to choose any phone amongst these 5 phones.

On the home page, product category links are on the lower-left corner of the screen.
The users should selected “Cep Telefonlar1” (Cellular Phones) within this part of the
portal first to visit cellular phones product category page whose screen shot is

available in Figure 3.3.
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Figure 3.3: Scenario Portal’s Product Category Page for Cellular Phones;

www.paketticaret.com

When the users arrive at the cellular phones product category page, they should
search for information regarding to product specifications for satisfying scenario
objectives. For doing this so, they can utilize built-in product search functionality of
the portal. Search functionality can search through 20 different specifications of
cellular phones amongst them; camera resolution, video recording resolution and
Bluetooth availability are existent. Therefore users who have higher experience
regarding computers and the internet will easily find search functionality and will
find the 5 products which posses the specifications the scenario requires. When these
5 phones are pointed out, the users then can use “Product Comparison” feature of the
portal for easily comparing these phones and their properties. The product
comparison page compares each of the selected phones by their 45 different
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specifications and is a great tool for decision making. Its screen shot can be seen in

Figure 3.4.
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Figure 3.4: Scenario Portal’s Product Comparison Page for Cellular Phones;

www.paketticaret.com

In an ideal scenario, it won’t take more than 1-2 minutes for a novice user to point
out 5 cellular phones of interest and use the “Product Comparison” feature to
compare them amongst each other. If the user does not discover “Product
Comparison” feature, which is readily available in the product category page, then he
/ she has to examine each phone and its specifications one at a time and will take it
longer to compare all phones.
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When the user finishes the comparison process, He / she will have to add his / her
preferred cellular phone to shopping basket for check out. This can be done on the

specific product’s page whose screen shot is in Figure 3.5.
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Figure 3.5: Scenario Portal’s Product Page for the Selected Phone;

www.paketticaret.com

When the user has selected the specific phone which he / she would like to buy, he /
she would have to add this product to the shopping basket however doing it so
requires that the user has a user account within the user database of the portal. As all
of the elements within the sample will be using this portal for the first time in their
life times, they won’t have previously created user accounts and will have to sign up
for membership before being able to add their preferred product to the shopping
basket. Member registration form can be seen in Figure 3.6.
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Figure 3.6: Scenario Portal’s New Membership Registration Page;

www.paketticaret.com

The user will fill out each specific entry within the membership registration form for
becoming a member. When they successfully fill out the form, the system will
display a message that gives them their username which they will require when they
are to open a session (user session). After a satisfactory membership registration
process, users must have to go back to the product page where they can start a
session and add their preferred product to the shopping basket. After adding their
preferred product to the shopping basket, they have to go to checkout screen whose

screen shot is in Figure 3.7.
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Figure 3.7: Scenario Portal’s Checkout Page Which Display the Shopping Basket;

www.paketticaret.com

When the users have successfully arrived at this page, with their preferred product
added to their shopping basket, the scenario is over. After this, the interviewer directs
the users, to the online questionnaire which they will submit.

This specific scenario which is specifically developed for this research makes it
possible for researchers to control usability measurement environment (the e-
commerce software, the servers, product information, etc.). Upon this scenario the
specific model which is given in chapter 3.1 is developed. Within this research we
are measuring the perceived usability by the internet users in the sample and thus the
ISO 9126-1 (2000) model’s variables are filtered to match the context. As end users

do not care about technical reliability, maintainability and portability dimensions of
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the usability concept, these are dropped out of the model and the developed

questionnaire does not measure these dimensions.

In conclusion, when a specific usability measurement is to be conducted, dimensions
of the usability have to be reconsidered to match the context and unnecessary ones
should be left out. One can refer back to chapter 3.1 for our theoretical framework
which is a revised version of ISO 9126-1 (2000), to match the context. Computer
attitude variable is this research’s contribution to the model and can be applied due to
the reason that, the context measures perceived usability (subjective usability
evaluation of the end-user) which can be greatly affected by the user’s existent
attitude towards computers. However, if we were not measuring perceived usability
of end-users (subjective usability) but rather objective usability (Then the
interviewer’s would be maybe gathering time data and other kinds of data for
objective measurement) then maybe it wouldn’t be that suitable to add computer
attitude as a variable into the theoretical framework (Assumption is that objective
performance of the users are not affected by negative computer attitude. However we
do not have an idea about this phenomenon. It should be interesting to see if there are
any significant objective performance differences amongst users with better

computer attitude in contrast to users with negative computer attitudes).

3.3.3 Basic Research Design Issues

We will be testing 7 different hypotheses within the field study. The purpose of our
research is hypothesis testing and we will be examining the correlations among
computer attitude and usability (quality in use, usability from a broad perspective).
The researcher interference will be minimal in the field study. Elements of the
population will be completing the scenarios within their natural environments. More
information regarding the field study will be supplied below. Study setting will be
noncontrived. Elements of the population will complete the scenario in their daily
environment (like university campus, hostel, library, internet café, etc.). This

research is a field study. The unit of analysis is individuals. Every individual within
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the sample will test drive the scenario only once thus this is a cross-sectional study.
One can examine the elements of the research design in a Table 3.1.

Elements of Research Design

The Purpose of the Study Hypothesis Testing

Correlational (Examining the
Type of Investigation correlations between computer
attitude and usability)

Extent of Researcher Interference Minimal

Study Setting Noncontrived, Field Study

Unit of Analysis Groups (Males against females... vs.)
Time Horizon Cross-sectional

Table 3.1: Elements of Research Design

3.3.4 Sampling

The field study is a scenario which is conducted in an e-commerce portal. The

population of the research is selected as the university students in Istanbul.

Istanbul is mainly selected as focus of this research due to the reason that this city is
the largest city in terms of population and has the largest GDP per person amongst all
cities of Turkey. Alone by itself Istanbul’s population constitutes almost 20 percent
of the whole population of Turkey. Almost half of the whole GDP is produced within
this city. The city has the highest number of universities (26 universities, almost
204,000 students) within the country for a single city. Therefore Istanbul with its
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huge population and largest GDP per person is the most convenient place for a

research which is on electronic commerce.

University students are primarily selected due to the reason that these students have
higher computer experience in contrast to elder peoples of the society, represent both
the current and future user base of the internet and are a generation which have
grown with computers and internet (starting from the 1990s). These users will mostly
interact with computers both in their social and professional life on a daily basis.
Therefore examining their attitudes towards computers and usability have great value
for supplying in-depth information to IT professionals for optimizing their solutions
and services. One can quite easily assume that their computer attitudes can be more
favorable in contrast to elder people who did not have the opportunity of interacting
with computers to the level that they have. However this is yet to be tested on a

scientific basis.

There are 26 universities educating 204,000 students in Istanbul”. As our population
size is a couple of 100,000s, the selected sample size is 384> (Sekaran, 2000). The
generalizability of the research is an important criterion and as such probability
sampling methods are of concern. Applying simple random sampling is not an option
(as it is not feasible and the population list is not available) for a population size of
204,000. Stratified sampling is a viable option which is also more efficient in terms
of examining (stratified) group relations within the population. Stratification is done
on a university level. As each university’s number of students is different to another,
the sample also should reflect this existing fact. As a result each stratum within the
population will have different number of elements within the sample. Therefore the
sample will be disproportionate in between strata. The number of elements each
stratum contains is calculated as; the percentage of students the university has in

Istanbul X selected sample size (384). When we compute each stratum’s number of

“ Number of students, student distributions amongst universities in Istanbul are gathered from data
obtained from YOK (Yiiksek Ogrenim Kurulu) (Governmental Organization who is responsible from
Universities in Turkey).

“2 Uma Sekaran suggests that for populations with sizes upto 1,000,000, samples of 384 is adequate.
P. 295.
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elements, some are found to be lower than 1 such as Arel and Istanbul Bilim
Universities. As a matter of fact, these strata’ number of elements are corrected as 1.
The sample’s distribution amongst universities within the population can be

examined in Table 3.2 (“effective” column).

Name of University # of Students Ratio (%) # of Elements Effective
Bahcesehir University 5300 2.61 10 10
Beykent University 7500 3,69 14.2 14
Dogus University 1550 0,76 29 3
Fatih University 3500 152 6.6 7
Halic University 650 0.32 1.2 2
Isik University 2220 1,09 42 4
Istanbul Bilgi University 3800 1,87 7.2 7
Istanbul Bilim University 370 0,18 0.7 1
Istanbul Kltir University 5960 2,93 1.3 1
Istanbul Ticaret University 1800 0,89 34 3
Kadir Has University 1030 0.51 2 2
Koc University 3200 1,58 6.1 6
Maltepe University 1500 0,74 2.8 3
Okan University 1200 0.59 23 2
Sabanci University 3300 1,63 6.3 6
Yeditepe University 2800 1,38 5.3 5
Istanbul Aydin University 5000 246 9.4 9
Yakin Dogu University 11000 542 20,8 21
Arel University 0 0 0 1
Bogazici University 8690 4.28 16,4 16
Galatasaray University 2100 1,03 4 4
Istanbul Teknik University 15100 7,44 28,6 29
Istanbul University 51000 2511 96.4 96
Marmara University 41000 20,19 775 78
Mimar Sinan Giizel San.  University 4300 2,36 9.1 9
Yildiz Teknik University 18700 9.21 354 35
TOTAL 203070 384

Table 3.2: Sample Distribution amongst Universities within the Population

Further sampling within each stratum is done via simple random sampling.
Concluding, the sampling method deployed for this research is disproportionate

stratified simple random sampling.

90



3.3.5 Data Collection Method

One can refer back to chapter 2 regarding different methods deployed for measuring
usability. Amongst them, we are especially interested in methods that are suitable for
this research’s context (A method which is suitable for after scenario evaluation of
the system). The research’s objective is to examine the correlations between
computer attitude and perceived usability (subjective usability) and therefore data
will be collected from individuals (but analyzed on a group level) regarding to their
perceptions. For capturing perceptions / emotions / ideas questionnaires (amongst
usability inquiry methods) are already regarded as valid and dependable data

collection methods.

Recalling on the theoretical framework suggested in chapter 3.2, we have to measure
the following variables; functionality, interface usability, time-efficiency, computer
attitude and overall usability (subjective usability). Measurement of the variables
functionality, interface usability, time-efficiency and overall usability will be done
via Computer System Usability Questionnaire (Lewis (1992b) CSSUQ, can be
examined in chapter 2.1.4.3.6). CSSUQ is a thoroughly tested and psychometrically
evaluated questionnaire which is perfect for after scenario testing. It contains 19 7-
point Lickert scale items. 11 of these 19 items are found suitable for this research’s
context. One can find item and variable associations below (item numbers are

applicable for this research’s questionnaire).

e Functionality; measured by Items 3, 11, 15.

e Efficiency (Time-Efficiency); measured by Items 6, 10.

e Interface Usability; measured by Items 4, 7, 9, 12.

e Overall Usability (Broad View of Usability / Subjective Usability); measured
by Items 2, 18.
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Lewis found 3 factors in his original work via conducting principal factor analysis.
He has named these factors as System Use (SYSUSE), Information Quality
(INFOQUAL) and Interface Quality (INTERQUAL). We have examined each and
every item of CSSUQ and carefully selected and then categorized the appropriate

items which will measure our independent variables.

One can examine the items which are selected for measuring functionality below.

e | can effectively complete my work using this system. (Item 3)
e The information is effective in helping me complete my work. (Item 11)

e This system has all the functions and capabilities | expect it to have. (Item 15)

One can examine the items which are selected for measuring efficiency (time-
efficiency) below.

e | am able to complete my work quickly using this system. (Iltem 6)

e | am able to efficiently complete my work using this system. (Iltem 10)

One can examine the items which are selected for measuring interface-usability
below.

e Itissimple to use this system. (Item 4)

e The system gives error messages that clearly tell me how to fix problems. (Item 7)

e ltis easy to find the information I need. (Item 9)

e The information (such as on-line help, on-screen messages and other documentation)

provided with this system is clear. (Item 12)
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We believe that interface quality has priority over functionality for a user who is to
evaluate a specific site. However one should not also forget that extra value-adding
functionality (such as advanced search engines, compare product options and etc.) is
also welcomed by customers and improve their perceptions of the site. As a result
these users can find the specific site easier-to-use due to these extra functionalities.
However if interface quality is not existent, having extra functionalities does not

count. Therefore interface quality is a prerequisite to a site which is easy-to-use.

The word “this system”, existent in items in original CSSUQ, is changed to “this e-
commerce site” within the final developed questionnaire as it is more suitable for the

context.

The independent variable, computer attitude, is measured by items 1, 5, 8, 14 and 17.
These items are taken from Loyd and Gressard (1984)’s Computer Attitude
Measurement scale which has been examined in chapter 2.2.3.1. This scale contains
Lickert-scale items.

e | like working with computers. (Iltem 1)

e | look forward to those aspects of my job that require me to use a computer.
(Item 5)

e | get bored quickly when working on a computer. (Item 8)

e Once | start working on the computer, | find it hard to stop. (Item 14)

e Using a computer is frustrating for me. (Item 17)

The dependent variable, overall usability, is measured by items 2 and 18. This scale

contains Lickert-scale items.
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e Overall, I am satisfied with the simplicity of this e-commerce site. (Item 2)

e Overall, I am satisfied with this e-commerce site. (Item 18)

Original wording of the items in this scale is not changed to reflect the scenario as
we intend to measure the user’s general attitude towards computers, not specifically

towards e-commerce sites.

Items 8 and Item 17 will be reverse scored due to negative wording when data is to
be inserted into SPSS.

All independent variables and the dependent variables will be measured on an
interval scale therefore making it possible to conduct parametric statistical tests (for
testing hypothesis 1, 2, 3 and 4). Male and female information will be on nominal
scale (hypothesis 5 and 6 are related with gender). Within the online questionnaire’s
first part, where we are collecting demographic data, the participants will supply
information in regards to their department within their universities. After completion
of the field study, when we are to import this data to SPSS, this department
information will be transformed into a nominal scale. This process will be done with
the classification of each department in regards to whether they are technical
disciplines (such as Computer engineering) or non-technical disciplines (such as
International Relations). This will make it possible to test hypothesis 7.

Developed questionnaire can be examined in Appendix A.

3.4 Research Results

Results of the research can be found within the following sections.
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3.4.1 Internal Consistency

The interitem consistency reliability has been computed for four of our independent

variables and our dependent variable. As can be seen all are above 0.78.

Variable # of Items Alpha
Functionality 3 .78
Efficiency 2 .876
Interface Usability 4 .904
Computer Attitude 5 821
Overall Usability 2 819

Table 3.3: Computed Cronbach’s Alpha for Research Variables

The internal consistency reliability of the measures used in this study can be

considered to be good.

3.4.2 Descriptive Statistics

One can find the frequency distributions for important demographic variables of the

research below. The measures of central tendencies are also supplied in the following

subsection.

3.4.2.1 Frequency Distributions

From the frequencies obtained for our research variables, the following are found.
54.4 percent of the respondents are males (“1”’) and 45.6 percent are females (“0”).
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Figure 3.8: Frequency Distribution for Gender

44.5 percent of the respondents are studying in technical departments whereas 55.5

percent of the respondents are studying in non-technical departments.

96



Statistics
] valid 364
Missing ]
TechnicalrsonTechnical
Cumulative
Fragquiency FPercent Valld Parcent Farcani
Valid 00 3 555 555 565
1,00 17 44,5 445 1000
Total 364 1000 | 1000 |
TechnicalvsNonTechnical
250
2004
-
g 1507
L
b= |
=
a
L3
[T
1004
504
Non-Technical Technical
o T T
oo 1.00
TechnicalvsMNonTechnical

Figure 3.9: Frequency Distribution for Departments

In Figure 3.9; “1” represents “Technical Departments” category and “0”

“Non Technical Departments”.
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Functionality

Cumulative
Frequency | Percent [ Valid Percent Percent

Valid 00 1 3 3 ]
1,67 2 5 5 8
2,00 6 16 16 23
2,33 5 1,3 1,3 36
2,67 2 5 5 42
3,33 4 1,0 1.0 52
3,67 8 2.1 2.1 7.3
4,00 18 4,7 4,7 12,0
4,33 18 47 47 16,7
4,67 28 7.3 7.3 24,0
5,00 41 10,7 10,7 34,6
5,33 58 15,1 15,1 497
5,67 58 15,1 15,1 64,8
6,00 47 12,2 12,2 771
6,33 53 13,8 13,8 90,9
6,67 23 6,0 6,0 96,9
7,00 12 31 31 100,0
Total 384 100,0 100,0
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Figure 3.10: Frequency Distribution for Functionality

The frequency distribution for functionality seems to be normal (Figure 3.10).

Statistical tests for testing the goodness of fit will be supplied later.
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Efficiency
Cumulative
Frequency | Percent | Valid Percent Percent
Valid 00 1 3 3 3
1,00 2 5 5 8
1,50 5 1,3 1,3 2.1
2,00 8 2.1 2.1 42
3,00 6 1,6 1,6 57
3,50 9 23 23 8.1
4,00 12 3,1 31 11,2
4,50 35 9,1 9,1 20,3
5,00 48 125 12,5 328
5,50 30 7.8 7.8 40,6
6,00 99 25,8 25,8 66,4
6,50 46 12,0 12,0 78,4
7,00 83 21,6 21,6 100,0
Total 384 100,0 100,0
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igure 3.11: Frequency Distribution for Efficiency

The frequency distribution for efficiency seems to be negatively skewed (Figure
3.11).
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InterfaceUsability
Cumulative
Frequency Percent Valid Percent Percent
Valid 00 1 3 3 3
1,00 2 5 5 8
175 3 8 8 1,6
2,00 1 3 3 18
2,25 4 1,0 1,0 29
2,50 4 1,0 1,0 3,8
2,75 2 5 5 44
3,00 6 16 1.6 6,0
325 4 1,0 1,0 7,0
3,50 11 29 29 99
375 2 5 5 10,4
4,00 6 1,6 16 12,0
425 1 29 29 14,8
4,50 " 28 29 17,7
4,75 24 6,2 6,2 24,0
5,00 25 6,5 6,5 30,5
525 53 13,8 13,8 44,3
5,50 32 83 83 52,6
5,75 44 15 11,5 64,1
6,00 47 12,2 12,2 76,3
6,25 39 10,2 10,2 86,5
6,50 19 49 49 91,4
6,75 17 44 44 95,8
7,00 16 42 472 100,0
Total 384 100,0 100,0
InterfaceUsability
60
501
40 _
-
o
c
)
S —
T 30
Q
—
1. T
20
10 H
& .-—.l:lﬂ.:,HDDHD Dl_l
L I I L I T S R A N -
o o - O N -~ O N~ [= RS B Y e | o MO -l O N O ~ O
o o0 o o O o> O [ B = B | o o O O o o0 o ;O o O o O

Figure 3.12: Frequency Distribution for Interface Usability

The frequency distribution for interface-usability seems to be slightly negatively

skewed (Figure 3.12).
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Attitude

Cumulative
Freguency | Percent | Valid Percent Parcent
Yalid 00 1 3 3 3
1,00 2 6 B 9
2,60 2 & 8 14
280 2 6 6 20
3,00 5 1.4 14 35
320 3 ] a 43
3,40 [ 17 1.7 6,1
380 7 20 20 81
3,80 8 1.7 1,7 9,3
4,00 23 66 66 16,4
420 17 49 49 213
4,40 12 35 35 248
4,60 18 46 46 294
4,80 20 58 58 352
5,00 13 37 37 388
5,20 1 32 3.2 421
540 24 6.9 69 49,0
560 19 55 55 545
5,80 21 8,1 6,1 80,5
6,00 21 6.1 61 66,6
6,20 37 10,7 107 77,2
6,40 21 8,1 6,1 833
6,50 2 6.1 61 89,3
6,30 19 55 55 949
7,00 13 52 52 100,0
Total 347 1000 1000
Attitude
40
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>
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Figure 3.13: Frequency Distribution for Computer Attitude

The frequency distribution for computer attitude seems to be slightly negatively
skewed (Figure 3.13).
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OverallUsability

Cumulative
Freguency Percent | Valid Percent Percent

Valid 00 1 3 3 3
1,00 2 5 5 8
2,00 6 1,6 1,6 23
2,50 6 16 1,6 3.9
3,00 12 31 31 7.0
3,50 10 2,6 2,6 9,6
4,00 27 7.0 7.0 16,7
4,50 30 7.8 7.8 24,5
5,00 67 17,4 17,4 419
5,50 71 18,5 18,5 60,4
6,00 80 208 20,8 81,2
6,50 52 13,5 135 948
7,00 20 52 52 100,0
Total 384 100,0 100,0

OverallUsability

807
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Figure 3.14: Frequency Distribution for Usability (overall usability)

The frequency distribution for overall usability seems to be normal (Figure 3.14).
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3.4.2.2 Measures of Central Tendencies and Dispersion

The maximum, minimum, means, standard deviations and variance are obtained for

all of our variables (Table 3.4).

Descriptive Statistics

N Minimum [ Maximum Mean Std. Deviation | Variance
Functionality 384 00 7,00 5,3481 1,07295 1,151
Efficiency 384 00 7,00 56237 1,30061 1,692
Attitude 384 il 7,00 53443 1,18508 1,404
InterfaceUsability 384 00 7,00 5,3470 1,14280 1,306
OverallUsability 384 00 7,00 52773 116376 1,354
Yalid N {listwise) 384

Table 3.4: Research Variables Descriptive Statistics

Both independent variables and dependent variable were tapped on a seven-point
Lickert scale and thus all are interval. The results show that the functionality of the e-
commerce system in the scenario was high (5.32). The efficiency (time-efficiency) of
the system perceived by respondents was real high (5.62). The interface usability of
the system was also high (5.33). The overall usability of the system was high (5.28).
The computer attitudes of the respondents were high (5.35). The maximum of 7
indicates that computer attitude is very favorable whereas the minimum of 1

indicates that the sample has real negative feelings towards computers.

The variance for functionality, efficiency, interface usability and overall usability
was low (around 1.1). This indicates that all respondents are close to the mean on

these variables.

Concluding, the sample found the e-commerce system’s usability (overall usability)

high. Computer attitude within the sample was high.
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3.4.2.3 Kolmogorov-Smirnoff Tests

Testing for normality is important for the research for being able to use the
parametric-tests for analyzing our data. The one-sample Kolmogorov-Smirnoff test
tests if the distribution of the sample is different or not from a normal distribution.

Results can be found below for all of the research variables.

One-Sample Kolmogorov-Smirnov Test

Functionality

N 384
Normal Parameters? Mean 5,3481
Std. Deviation 1,07295

Most Extreme Differences  Absolute 148
Positive 088

MNegative -148

Kolmogorov-Smirnov Z 2,903
Asymp. Sig. (2-tailed) 000

a. Test distribution is Narmal.

Figure 3.15: Goodness of Fit Test for Functionality

The result indicates that the sample distribution for functionality is not different from

a normal distribution (Figure 3.15).

One-Sample Kolmogorov-Smirnov Test

Efficiency

N 384
Normal Parameters?® Mean 56237
Std. Deviation 1,30061

Most Extreme Differences  Absolute ,208
Positive 145

MNegative -,208

Kaolmogorov-Smirnoy Z 4,068
Asymp. Sig. (2-tailed) 000

a. Test distribution is Narmal.

Figure 3.16: Goodness of Fit Test for Efficiency
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The result indicates that the sample distribution for efficiency is not different from a
normal distribution (Figure 3.16).

One-Sample Kolmogorov-Smirnov Test

Interface

Usahility
N 384
Normal Parameters? Mean 5,3470
Std. Deviation 1,14280
Most Extremne Differences  Ahsolute 161
Positive 079
MNegative -,161
Kolmogorov-Smirnov Z 3,165
Asymp. Sig. (2-tailed) 000

a. Test distribution is Narmal.

Figure 3.17: Goodness of Fit Test for Interface Usability

The result indicates that the sample distribution for interface usability is not different
from a normal distribution (Figure 3.17).

One-Sample Kolmogorov-Smirnov Test

Aftitude

N 384
Normal Parameters?® Mean 5,3443
Std. Deviation 1,18508

Most Extremne Differences  Ahsolute 108
Positive 081

MNegative -108

Kolmogorov-Smirnov Z 2117
Asymp. Sig. (2-tailed) 000

a. Test distribution is Normal.

Figure 3.18: Goodness of Fit Test for Computer Attitude

The result indicates that the sample distribution for computer attitude is not different
from a normal distribution (Figure 3.18).
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One-Sample Kolmogorov-Smirnov Test

Overall
Usability
N 384
Normal Parameters? Mean 52773
Std. Deviation 1,16376
Most Extreme Differences  Absolute 161
Positive ,085
MNegative - 161
Kolmogorov-Smirnov Z 3,155
Asymp. Sig. (2-tailed) 000

a. Test distribution is Narmal.

Figure 3.19: Goodness of Fit Test for Usability (overall usability)

The result indicates that the sample distribution for overall usability is not different

from a normal distribution (Figure 3.19).

Concluding, sample distribution can be considered to be normal and therefore the

usage of parametric tests are justified.

3.4.3 Inferential Statistics

Pearson correlation matrix and hypothesis testing subsections can be examined

below.

3.4.3.1 Pearson Correlation

The Pearson correlation matrix obtained for our five interval-scaled variables is

shown in Table 3.5.
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Correlations
Interface Overall
Functionality | Efficiency | Aftitude Usabhility Usability
Functionality Pearson Correlation 1,000 783" 5667 8537 8407
Sig. (2-tailed) ,000 ,0o0 000 ,000
N 384,000 384 384 384 384
Efficiency Pearson Carrelation 7837 1,000 5827 803™ 7257
Sig. (2-tailed) ,ooa 000 ,0oo 000
N 384 384,000 384 384 384
Attitude Pearson Correlation 5667 5827 1,000 5497 487"
Sig. (2-tailed) ,ooo ,000 000 ,000
N 384 384 384,000 384 384
InterfaceUsability ~ Pearson Correlation 853™ 803™ 5497 1,000 832"
Sig. (2-tailed) 000 000 000 000
N 384 384 384 384,000 384
OverallUsability Pearson Correlation 840™ 7257 4877 837™ 1,000
Sig. (2-tailed) ,000 ,oon 000 000
N 384 384 384 384 384 000
**_ Correlation is significant at the 0.01 level {2-tailed).

Table 3.5: Pearson Correlation Matrix for Research Variables

All correlations are significant at the level 0.01. The results indicate that overall
usability, as expected, is positively correlated with all of our independent variables.
That is overall usability perception is high if functionality is high, time-efficiency is
high and interfaces of the software are user-friendly. Computer attitude is also
moderately positively correlated (.549) with perceived usability. As expected; users
with more favorable/positive computer attitude perceive higher system usability

levels.

Functionality, Efficiency and Interface Usability are highly correlated (around .8)
with overall usability and thus the validity of these items have to be questioned.
When examined each of these variables and their associated items within the
questionnaire, it is concluded that each of these items are measuring different aspects
of the usability concept. However within the research scenario of shopping in an e-
commerce portal, sample elements would have perceived functionality highly
correlated with interface usability. Thus it would have been possible that the
elements evaluated functionality as the same thing as interface usability. The very
high correlation amongst these two variables (.853, significant at the level .01) is an
indication for this very fact. Maybe functionality aspect of the concept is more

appropriate for evaluations of corporate software where users are to make decisions

107



on the very functionality of the product when they are to decide. They are aware of
the very distinct categorization of a user-friendly product (which is easy to operate)
and a functional product (which contains the specific functionalities that are
expected). A product can be functional however not user-friendly. In the context of
internet environments, it is possible that this distinct categorization of these two

variables can be somewhat blurred.

This evaluation can also be valid for the high correlation amongst efficiency and
interface usability (.803). In the corporate buying patterns, it is possible that users
can find a specific software fast to operate but they would not like the visual
properties of the interface. For internet users this distinct evaluation pattern can also
be quite blurred, again. However this assumption is also an untested fact which is yet
to be researched.

3.4.3.2 Hypothesis Testing

We have generated nine hypotheses for this study. Hypothesis 1, 2, 3, 4,5, 6, 7 and 8

call for a t-test. Hypothesis 9 calls for a multiple regression analysis.

3.4.3.2.1 Hypothesis 1

The null and alternate statements for hypothesis 1 are as follows:
Hlo: There will be no difference between users with more favorable/positive
computer attitudes and less favorable/negative attitudes in their perceived usability

(quality in use).

Hla: Users with more positive computer attitude perceive higher system usability

(quality in use).
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Group Statistics

Grou Std. Error

pin Mean Std. Deviation Mean
OverallUsability 1 223 56457 97725 06544

g 161 47671 1,21067 08541

Independent Samples Test
Levene's Test for Equality of
Vatances +-test for Equality of Means
85% Confidence Interval of the
Difference
Mean Std. Emor
F Slg t df |__Differgnce | iference Lower Ugger

EEORNY (ST YRERICES 7.420 007 | 7858 382 000 7866 11181 65981 108851

Equal vanances not

sesumed 7594 | 298355 ,000 87866 1570 65097 110635

Table 3.6: T-Test Output for Hypothesis 1
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Table 3.6 demonstrates the difference in means of 5.65 and 4.77 with standard
deviations of 0.98 and 1.21 is significant at the level of 0.007. Therefore null
hypothesis can be rejected. That is there are significant differences between users
with more favorable/positive computer attitude and less favorable/negative computer

attitude in their perceived usability.

3.4.3.2.2 Hypothesis 2

The null and alternate statements for hypothesis 2 are as follows:

H20: There will be no difference between users with more favorable/positive
computer attitudes and less favorable/negative attitudes in their perceived

functionality.

H2a: Users with more positive computer attitude perceive higher system
functionality.

Table 3.7 presents the difference in means of 5.73 and 4.82 with standard deviations
of 0.81 and 1.17 is significant at the level of 0.000 (rounded). Therefore null
hypothesis can be rejected. That is there are significant differences between users
with more favorable/positive computer attitude and less favorable/negative computer

attitude in their perceived functionality.
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Group Statistics

Grou Std. Error

pin N Mean Std, Deviabon Mean
Functionality 1 223 5,7250 80978 05423

0 161 4 8261 117206 08237

Independent Samples Test
Levene's Test for Equality of )
Yariances t-test for Equality of Means
95% Confidence Intereal of the
Difference
Mean Std. Error
F Sig. ! df Sig _(2-tailed) Differance Difference Lowrer Upper

RinCRooaily:  COmatvanmces 15,314 000 | 8867 362 000 9988 10114 70001 1,00774

Equal variances not

assumed 8,392 | 266,475 000 89888 J0711 68798 110877

Table 3.7: T-Test Output for Hypothesis 2
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3.4.3.2.3 Hypothesis 3

The null and alternate statements for hypothesis 3 are as follows:

H3o0: There will be no difference between users with more favorable/positive
computer attitudes and less favorable/negative attitudes in their perceived efficiency

(time-efficiency).

H3a: Users with more positive computer attitude perceive higher efficiency (time-

efficiency).

As can be seen in Table 3.8 the difference in means of 6.12 and 4.93 with standard
deviations of 0.93 and 1.42 is significant at the level of 0.000 (rounded). Therefore
null hypothesis can be rejected. That is there are significant differences between
users with more favorable/positive computer attitude and less favorable/negative
computer attitude in their perceived efficiency (time-efficiency).
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Group Statistics
Grou Std. Error
nin N Maan Std. Deviation Mean
Efficiency 1 223 61233 83327 06250
0 161 49317 1,41807 11176
Independent Samples Test
Levene's Test for Equality of
Vanances t-test for Equality of Means
95% Confidance Intarval of the
Difference
Mean Std. Ervor
F Sl 1 dr Sig. (2-tailed) Difference Diffarenca Loyrer Upper
Emionyr< S Sarians 21,070 000 | 9923 382 000 119164 12009 95552 142777
Equal vanances not -
assumen 9,306 | 257,560 000 118164 12805 93043 144373

Table 3.8: T-Test Output for Hypothesis 3
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3.4.3.2.4 Hypothesis 4

The null and alternate statements for hypothesis 4 are as follows:

H4o: There will be no difference between users with more favorable/positive
computer attitudes and less favorable/negative attitudes in their perceived interface-

usability.

H4a: Users with more positive computer attitude perceive higher interface-usability.

As can be seen in Table 3.9 the difference in means of 5.74 and 4.81 with standard
deviations of 0.86 and 1.26 is significant at the 0.000 level (rounded). Therefore null
hypothesis can be rejected. That is there are significant differences between users
with more favorable/positive computer attitude and less favorable/negative computer

attitude in their perceived interface usability.
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firnnn Statieticre
Group Statistics
Grou Std. Error
Qin N Mean Sld. Devialion Mean
InterfaceUsadility 1 223 5,7354 862186 05773
0 161 48090 1,26229 08948
Independent Samples Test
Levene's Test for Equality of
Variances t-test for Equality of Means
95% Confidence Inferval of the
Difference
Mean Std Error
F Sig. 1 dr Sig. (Z-tailed) Difference Difference Lower Upper
SideCOUsMRIy | Equ vidancos 18,642 000 | 8544 382 000 82642 10848 71322 1,13962
Equal varlances not
astirnad 8.054 | 264,317 000 92642 11502 69994 1,15289

Table 3.9: T-Test Output for Hypothesis 4
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3.4.3.2.5 Hypothesis 5

The null and alternate statements for hypothesis 5 are as follows:

H50: There will be no difference between males and females in their perceived

system usability (overall usability).

H5a: Males perceive higher system usability than females.

As can be seen in Table 3.10 the difference in means of 5.18 and 5.39 with standard
deviations of 1.15 and 1.7 is not significant. Therefore null hypothesis can not be
rejected. That is there are not significant differences between males and females in
their perceived system usability (overall usability). This is contrary to our

expectations.
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Group Statistics

Gend Std. Error

er N Mean Std. Deviation Mean
OverallUsablliy 1,00 209 51794 1,15082 07361

.00 175 53843 117149 08856

Independent Samples Test
Levene's Test for Equality of
Variances Hest for Eguality of Means
35% Confidence Interyal ofthe
Differance
Mean Std. Error
F Sig ! daf Sig. (2-1ailed) | Differance Difference Lower Upoer

OverallUsability  Egual variances a2

assumed 873 351 -1,807 382 072 -, 21486 11888 - 44863 01891

Eqgual varlances not

assumed -1,804 | 367887 072 -, 21486 11908 - 44902 01830

Table 3.10: T-Test Output for Hypothesis 5
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3.4.3.2.6 Hypothesis 6

The null and alternate statements for hypothesis 6 are as follows:

H60: There will be no difference between males and females in their computer
attitude.

H6a: Males have more positive computer attitude than females.
As can be seen in Table 3.11 the difference in means of 5.38 and 5.3 with standard
deviations of 1.23 and 1.13 is not significant. Therefore null hypothesis can not be

rejected. That is there are not significant differences between males and females in

their computer attitude. This is contrary to our expectations.
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Group Statistics
Gend Std. Error
2t N Mean Std. Deviation Mean
Attitude 1,00 209 | 53818 1,22876 08500
00 175 | 52904 1,13258 08561
Independent Samples Test
Levene's Test for Equality of
Variances I-te st for Equality of Means
95% Confidence Interval of the
Difference
Mean Std. Error
F Siq. t af Sig. (2-tailed) Difference Difference Lower Upper
Nce SSoue reoances 1,136 287 878 382 498 08239 12151 - 15653 32131
B imnacennd 683 | 378,466 495 08239 12064 -15482 31960

Table 3.11: T-Test Output for Hypothesis 6
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3.4.3.2.7 Hypothesis 7

The null and alternate statements for hypothesis 7 are as follows:

H70: There will be no difference between students who are studying in technical
departments and who are studying in non-technical departments in their computer
attitude.

H7a: Students who are enrolled in technical departments have more positive

computer attitude than students who are enrolled in non-technical departments.

As can be seen in Table 3.12 the difference in means of 5.61 and 5.13 with standard
deviations of 1.16 and 1.16 is not significant. Therefore null hypothesis can be
rejected. That is there are significant differences between students who are studying
in technical departments and who are studying in non-technical departments in their
computer attitude.
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Group Statistics
Tech Std. Error
nic N Mean Std Dewiation Mean
Atitude 1,00 171 56164 115757 08852
00 213 51258 116406 07976
Independent Samples Test
Levene's Test for Equality of
Variances t-test for Equality of Means
95% Confidence Interval of the
Difference
Mean Std. Error
F Sig. 1 dr Sig. (2-1ailed) Difference Difference Lower Upper
Athtude  Equalvariances
b sk 1,098 295 4,114 382 000 49055 11923 25613 72493
Equal variances not
assumed 4117 | 365,108 000 49055 11815 25624 12487

Table 3.12: T-Test Output for Hypothesis 7
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3.4.3.2.8 Hypothesis 8

The null and alternate statements for hypothesis 8 are as follows:

HB80: There will be no difference between students who have successfully completed
the scenario and who were not able to complete the scenario in their computer
attitude.

H8a: Students who have successfully completed the scenario has more positive

computer attitude than students who were not able to complete the scenario.

As can be seen in Table 3.13 the difference in means of 5.44 and 3.82 with standard
deviations of 1.1 and 1.2 is not significant. Therefore null hypothesis can be rejected.
That is there are significant differences between students who have successfully
completed the scenario and who were not able to complete the scenario in their
computer attitude.
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Group Statistics
Scen Std. Error
atl N Mean Std. Deviation Mean
Attdude 1,00 361 54410 1,1159% 05874
00 23 3,8261 1,22742 25593
Independent Samples Test
Levene's Test for Equality of
vanances t-test for Equality of Means
95% Confidence Interval of the
Difference
Mean Sta. Ermror
F Sig. ! af Difference Difference Lower Upper
Atitude  Equal vanances
3ssumed 000 982 6,682 382 161491 24144 1,14019 2,089863
Equal variances not
assumed 6,150 24,374 000 161491 26259 1,07339 2,15643

Table 3.13: T-Test Output for Hypothesis 8
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3.4.3.2.9 Hypothesis 9

The null and alternate statements for hypothesis 9 are as follows:

H90: The four independent variables will not significantly explain the variance in

overall usability.

H9a: The four independent variables will significantly explain the variance in overall
usability.

As can be examined in Table 3.14 within the model summary table, the R Square is
0.753. This is the amount of variance that is explained in our dependent variable by
our four independent variables: functionality, efficiency, interface usability and
computer attitude. The F statistic produced (F=292.99) is significant at the 0.000
(rounded) level. Concluding 75 percent of the variance within our dependent variable
is significantly explained by our four independent variables. Therefore hypothesis 9

can be rejected.

The table of coefficients shows us that functionality is the most important in
explaining the variance within the sample (Beta=0.471). The second important
variable is interface usability (Beta=0.412). Both are significant. Efficiency and

attitude are not significant predictors.
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Variables Entered/Removed®

Pode

Variahles
Entered

Variahles
Removed

hethod

1

Efficiency,
Attitude,
Functionality,
Interface
Usability?

Enter

a. All requested variables entered.
h. Dependent Variahle: OverallUsability

Model Summary

Mode Adjusted R Std. Error of
| R R Sguare Square the Estimate
1 8693 756 753 57832

a. Predictors: (Constant), Efficiency, Attitude, Functionality, InterfacelUsability

ANOVAP
Sum of

Model Sguares df Mean Square F Sig.

1 Regression 391,956 4 97,989 | 292986 ,oooa
Residual 126,757 379 334
Total 518,713 383

a. Predictors: (Constant), Efficiency, Attitude, Functionality, InterfacelUsability
h. Dependent Variable: OverallUsahility
Coefficients®
Standardized
Unstandardized Coefficients Coefficients

Model B Std. Error Beta t Sig.

1 {Constant) 243 163 1,493 136
Functionality 611 056 471 9,090 000
InterfaceUsability 420 0585 412 7,693 ,ooo
Aftitude -,031 031 -032 -,997 318
Efficiency 040 041 044 961 337

a. Dependent Variable: OverallUsahility

Table 3.14: Regression Output for Hypothesis 9
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Variables Entered/Removed®

Mode Variahles Variahles
| Entered Removed hethod
1 Interface
Usabhility, Enter
Functionality?
a. All requested variables entered.
h. Dependent Variable: OverallUsability
Model Summary
Mode Adjusted R Std. Error of
| R R Square Square the Estimate
1 8692 ;795 753 A7798

a. Predictors: (Constant), InterfacelUsability, Functionality

ANOVAP
Sum of
Mode] Squares df Mean Sgquare F Sig.
1 Regression 381,435 2 185,718 | 585,873 ,oop2
Residual 127,278 381 334
Total 518,713 383
a. Predictors: {(Constant), InterfaceUsability, Functionality
h. Dependent Variable: OverallUsability
Coefficients®
Standardized
Unstandardized Coefficients Coeflicients
Mode| B Std. Errar Beta t Sig.
1 {Constant) 1495 1482 1,281 201
Functionality 516 0483 476 9,780 ,ooo
InterfaceUsahility 434 050 426 8,763 000

a. Dependent Variable: OverallUsability

Table 3.15: Regression Output for Functionality and Interface Usability

Further analysis of multiple regression amongst overall usability, functionality and

interface usability clearly shows that these two variables are important predictors of

perceived usability (Table 3.15). The amount of variance explained is 0.753. The

removal of the not significant variables of computer attitude and efficiency has not

decreased the amount of variance explained as expected.
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3.4.4 Evaluation of Research Results

The conducted field study provided in-depth information in relation to our research
objective. Before evaluating the findings, one should be cautious to the context
dependent nature of the “usability” concept. Thus these results are only valid under
the specific research context. Any comparison of these results to other very different
contexts is not possible, at all. However, further studies based on psychometric
evaluation of the developed questionnaire within similar contexts should be

encouraged.

It has been proved that “computer attitude” is an important variable that impacts
“perceived usability”. Also it was demonstrated that this variable is decisive in one’s
evaluation of “perceived functionality”, “interface usability” and “time-efficiency”
concepts. In e-commerce scenarios, “computer attitude” variable has been found to
be an important contributor regarding to potential user’s evaluation of the specific
site. However, computer attitude has not been found to be a valid predictor of
perceived usability thus it is not possible to predict one’s perception of a specific e-
commerce site to a degree, just by examining his / her computer attitude. The high
correlations amongst study independent and dependent variables requires further
investigation and optimization of 1ISO 9126-1 (2000) usability model for internet
environment. Potential examination points are; definitions of functionality and
interface usability, development and optimization of specific questionnaire items for
after-scenario testing purposes which measure the aspects that the new and optimized

definitions require and examination of promising new variables.

The multiple regression model has been successful in explaining 0.76 percent of the
variance within perceived usability. Functionality and interface usability has been
found to be significant predictors whereas computer attitude and time-efficiency has
been found to be not significant.
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One interesting finding has been the impact of “gender” upon computer attitude.
Contrary to expectations, there have been no significant differences found regarding
“computer attitude” amongst males and females within university students in
Istanbul. This is in contrast with the findings of previous studies conducted in United
States and United Kingdom but, in harmony with similar studies based in ex-
communist countries. However, we must note that the population definitions for
these countries show differences. It would be interesting to compare this finding to a
similar population definition in other countries. Actually speaking this finding is
normal as university students are currently using computers in almost every part of
their lives. It is possible that the findings will not be the same if one is to examine a

different population within Turkey such as “internet users within Turkey”.

As expected there have been significant differences between students who are
studying towards their degrees in technical departments and non-technical
departments in their computer attitude. Generally speaking students who are studying
in technical departments tend to have more positive computer attitude than students
who are studying in non-technical departments.

3.4.5 Implications for Further Research

The results showed high correlations (0.7-0.8) amongst study variables. This has
been the main limitation of the study. Careful examination of the high-correlations
suggested that the items of CSUQ are not suitable for the research scenario context.
For example, users can highly correlate an item which is measuring functionality
with overall perceived usability. This has been a frequent feedback that has been
returned by interviewers. Therefore, focusing into the definitions of these study
variables for an e-commerce context and redeveloping the questionnaire with new
items is a further research objective. Further analysis regarding the model’s ability in
predicting perceived usability should be done by utilizing new questionnaire designs.
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There is still much to do if one is to develop a model which is optimized to a specific
context upon 1SO 9126-1 (2000) model. The developed model is an ideal start point
for the specific context of this scenario, however much research and careful
interpretation regarding to the model variables optimization has to be done. The
measurement tools which will be developed for the research context should also
reflect this view. As a result for almost any different context, there is much work to
be done if one is to optimize a model upon ISO 9126-1 (2000).

Cross comparisons of the findings amongst different populations should also be
applied for future research designs. This is especially important for evaluation of
high correlations amongst study variables found in this research’s population. If one
is to find similar conditions in larger populations which deviate more in study
variables then the high correlations found within this study is an exception for this
population. Otherwise, the redefinition of the variables for this context should be

revised with further research as indicated in the above paragraph.

Comparative analysis of findings amongst different societies, countries and cultures
should be also explored. This will supply in-depth information regarding to the
model’s ability and optimization for similar research scenarios under different

cultural and socio-economical contexts.
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Conclusion

Optimization of the ISO 9126-1 (2000) model into a specific context driven scenario
and testing the developed questionnaire upon this model in a field study was
conducted. The population was the university students in Istanbul. The major
objective of the research was to examine the impact of computer attitude upon

perceived usability.

It has been proved that computer attitude impacts overall usability perception in the
scenario of the research. Therefore attitude can be considered to be an important
variable when one’s objective is to examine a set of users’ perceived usability in a
similar context. If the current level of attitude is not favorable / negative towards a
particular system, in a similar context, then it is highly likely that the overall
usability perceived will also be lower. The practical implication and important
finding of the research is that professionals have to be aware of this fact when they
are to evaluate a similar context. In the existence of such users with negative
attitudes towards computers, the results found can be subjective rather then being
objective and thus misrepresenting the current objective usability levels of the system
in evaluation. In such a case it is suggested that such users are isolated from the
original study for preventing their subjective evaluations which can result in
misleading conclusions. Users’ attitude towards computers also impact other
research variables studied; functionality, interface usability and efficiency to a high

degree.

Of the 9 hypothesis tested, 7 were substantiated. Of these 7, four that were
substantiated was regarding computer attitude and its impact upon other research

variables. The fifth hypothesis was about the model’s capability in satisfactorily
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explaining the variance within perceived usability. The developed model was
successful in explaining 75 percent of the variance within the dependent variable,
perceived usability. Contrary to expectations, males did not have significant
differences in attitudes towards computers then females. Computer attitude of
students did differ by technical versus non-technical departments. From the results of
the multiple regression analysis functionality and interface usability were found to be
important variables affecting perceived usability. Out of the four study variables only
these two were found to be significant within the multiple regression analysis. The

remaining variables; attitude and efficiency were not found to be significant.

The means of research variables were all high for the selected e-commerce site
within the scenario representing high usability levels perceived. Especially speaking,
computer attitude amongst university students in Istanbul was high with a low
standard deviation. Thus one can assume that the university students’ attitudes

towards computers are highly favorable.

Regarding the developed questionnaire and its potential use for an evaluation tool for
e-commerce systems, there is still much to do. The high correlations within the study
variables require the careful examination of the variables for this context for ensuring
and improving the validity. Focusing onto functionality and interface usability are
ideal start points. These two variables were successful in satisfactorily explaining 75
percent of the variance within perceived usability. However, it is advised that further
research takes into account different populations. Conducting a research within a
population who is very high on a study variable / variables makes it difficult and
sometimes impossible to collect / analyze a distributed data pattern which can supply
more information. Still, the questionnaire’s current state is satisfactory in being able

to predict perceived usability levels in similar contexts.
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Appendix A Developed Questionnaire

PaketTicaret.com Elektronik Ticaret Portah Degerlendirme Anketi

Lutfen tim sorulan cevaplayiniz.

1. Bilgisayarlar ile galismayi seviyorum.

2. Genel olarak, bu e-ticaret sitesini kullanmanin basitligi beni tatmin etti.

Kesinlikle Katilmiyorum (1) (7) Kesinlikle Katiliyorum

3. Bana verilen tim gorevleri, bu e-ticaret sitesinde, etkin bir sekilde tamamlayabildim.
1 2 3 4 5 6 7
Kesinlikle Katiimiyorum (1) (7) Kesinlikle Katiiyorum

4. Bu e-ficaret sitesini kullanmak basit.

1 2 3 4 §5 6 7
Kesinlikle Katilmiyorum (1) (7) Kesinlikle Katiliyorum

5. Isimin bilgisayar kullanimini gerektiren konularina hevesle bekliyorum.
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6. Bu e-ticaret sitesinde bana verilen gorevleri hizli bir sekilde tamamladim.

Kesinlikle Katlmiyorum (1) (7) Kesinlikle Katiliyorum

7. Bu e-ficaret sitesi kargilastiim sorunlan ¢ozebilmemi saglayan ackk ve net mesajlar / yonlendirmeler verdi.

Kesinlikle Katiimiyorum ( 1) . n n ﬂ . . . (7) Kesinlikle Katiliyorum

8. Bilgisayar kullanirken gabuk sikihrim.

Kesinlikle Katiimiyorum (1) . . . . . . . (7) Kesinlikle Katiliyorum

9. Aradigim bilgiyi bulmak basitti.

Kesinlikle Katiimiyorum (1) . . . . . . . (7) Kesinlikle Katiiyorum

10. Bana verilen g6revlerimi bu e-ticaret sitesinde verimli bir sekilde tamamlayabildim.

Kesinlikle Katiimiyorum (1) . . . . . . . (7) Kesinlikle Katiiyorum

11. E-ticaret sitesindeki bilgiler / icerik verilen gorevierimi tamamlarken bana etkin bir sekilde yardima oldu.

Kesinlikle Katiimiyorum ( 1) n n . . . - . (7) Kesinlikle Katiiyorum

12. Bilgilerin ekrandaki diizeni / sunumu agik ve netti.

Kesinlikle Katiimiyorum (1) . . . . . . . (7) Kesinlikle Katilyorum

13. E-ticaret sitesinin genel tasanmini / arayizinu bedendim.

Kesinlikle Katiimiyorum (1) n n . . n ﬂ n (7) Kesinlikle Katiiyorum
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14. Bir kez bilgisayar ile galigmaya baslayinca, kendimi bilgisayardan alikoymaktan zorlaniyorum.
1: 2 3 # 5 6 7
Kesinlikle Katilmiyorum (1) (7) Kesinlikle Katihyorum
15. Bu e-ticaret sitesi bekledigim tim fonksiyon ve ¢zelliklere sahip.

Kesinlikle Katilmiyorum (1) (7) Kesinlikle Katiliyorum

16. Bu e-ticaret sitesinin aray(zdnd / kullama ekranlarini kullanmayr sevdim.

17. Bilgisayar kullanmak asabimi bozuyor.
1 2 3 4 5 6 7
Kesinlikle Katimiyorum (1) (7) Kesinlikle Katilyorum

18. Genel olarak, bu e-ticaret sitesi beni tatmin etti.

Kesinlikle Katilmiyorum (1) (7) Kesinlikle Katiliyorum

Anket Cevaplanmi Ilet >>>
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