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ABSTRACT

Testing the Effectiveness of an Automated Tool to Evaluate the Ease of Use
and the Ease of Leamning of a Computer Interface

Michel Savoie

This research investigates the effect of using an automated tool to evaluate human-
computer interfaces. Such tools have the potential to greatly facilitate the evaluation of
computer interfaces. Applying task-theoretic analytic models is one method to measure
the effectiveness of an interface These models provide the means to measure interface
parameters such as ease of use and ease of learning. One of the difficulties of applying
task-theoretic analytic models to measure human factors such as the ease of use and the
ease of learning of an interface is the complexity of the models’ task representational
language. An automated tooi simplifies the evaluation process by providing a method to
represent interfaces graphically This representation ensures that users can apply analytic
models without lea1 ning their complicated syntax. An automated tool has the potential to
improve the accuracy and speed of an interface evaluation. Until now there has not been
any empirical studies conducted to verify these effects. This research paper confirms that
the use of an automated tuol helps designers to evaluate interfaces more accurately and in
less time. Furthermore, the users of the automated tool have a more positive attitude
towards the application of the evaluation models to measure the ease of use and the ease
of learning of an interface. This study demonstrate that an automated graphical
representation tool, such as the one suggested by Khalifa and Kira (1992), improve the
interface evaluation process.
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I. INTRODUCTION

Historically, the use of information technology was confined to the scientists and
computer engineers who were predominately concerned with the efficient use of the
limited processing power of the machines available. This was the age of mainframes
where economics dictated that training users was better then investing in the development
of effective interfaces. Devoting human effort and computing power to the interface was
considered a luxury and in many instances was not even necessary since only expert users

were involved with the technology.

The fall in cost of computational power has chaiaged all of this. Today,
inform: _ion technology is present in every business activity and the use of computers is no
longer confined to the "experts”. Information technology is now pervasive and many
users are now people who have little technical skill. The user interface-the aspects of the
system that the user comes in contact with physicaily, perceptually, and conceptually- has
now become critical. In today's environment where many software applications are aimed
at the mass market, an interface that is easy to use and easy to learn may be the
determining factor of the product's success. Computer manufacturers such as Apple
Computers have had a tremendous success in the marketplace due partly to the efforts that

they have devoted to the development of the human-computer interface of their systems.

It has been demonstrated that a good interface can increase the ease of use, reduce
the learning time, reduce the number of errors committed by the user, increase satisfaction
of the user with the system, and finally improve the user's retention of the system's
functionality and syntactic aspects- all impacting the productivity of the user (Nickerson,
1981, Card et al, 1983, Norman, 1986; Gould et. al., 1987, Shneiderman, 1987, Bailey
et. al,1988). The realization that the computer interface can have a significant impact on
the productivity of the user and on the success of a product has motivated many

researchers to study human-computer interaction.

The basic premise of a good human-computer interface is that it should be
compatible with the user's mental model and expectations. This seemingly simple idea is
difficult to apply since the designer often has a different conceptual model of the interface
then that of the user Bridging the gap between the design model and the user's model is
the primary goal of a designer developing an interface (Norman, 1984). In the last decade
much of the research effort in the fieid of human-computer interaction has focused on




determining the best way to develop interfaces that are compatible with the user's mental
model.

Designing a good interface is extremely difficult, time consuming, and can easily
double the cost of developing a system (Benbasat, et, al.,, 1984) The designer must be
aware of the devign alternatives and understand their impact on the user This requires an
in-depth knowledge of the psychology of the user An adequate model of the brain, a
complete human psychology, or even a comprehensive study of human factors in human-
computer interaction (HCI) could greatly facilitate the task of the interface designer
Unfortunately, none of these three items are available and consequently, designing a good
interface is quite challenging. For this reason several approaches have been suggested to
aid the designer in the task of creating effective interfaces These techniques are an
attempt to improve the productivity and the effectiveness of the interface designer

Initially, the development of design guidelines was suggested The purpose of
these guidelines were to aid the developer in making interface design decisions
Guidelines would, for example, state that semantic organization of menu items are
preferable. It was soon realized that this approach was not feasible since the design of the
interface is dependent on the task context and the user behavior, consequently, the
usefulness of design guidelines diminished (Gould and Lewis, 1985, Moran, 1981) The
solution was to develop methods that model the behavior of the users performing specific
tasks. This approach is heavily dependent on the understanding of cognitive processes
Examples of human-computer interaction (HCI) models to predict user behavior are the
Model Human Processor (Card et al., 1983) and Soar (Laird, et al , 1987) Methods to
predict the ease of use and ease of learning based on theoretical models were suggested
(Card, et al., 1983; Kieras and Polson, 1985, and Khalifa, 1991) Although a promising
approach, these models have proven difficult to apply in real life development projects
because of the complicated nature of the theories used In a survey conducted by Gould
and Lewis (1985) among interface developers, the majority of desig;ers agreed that
human factors are important but that the research findings in HCI is too complex and
cumbersome and consequently not feasible for use in real-life projects

Several authors have suggested the use of iterative design methodologies (
Anderson and Olson, 1985; Shneiderman, 1985; Gould, 1985) to ensure the development
of good interfaces. The premise of this approach is that the only way to develop a good




interface is to first build a prototype of the interface and test it with the actual users The
interface is tested and revised iteratively until it complies with human factor goals The
effectiveness of this method has been validated in real life projects (Gould and Lewis,
1987)

Without an easily applied theoretical construct of the psychology of the human-
computer interaction, the only effective method to develop an interface is iteratively. In
their survey of interface developers Gould and Lewis (1987) found that ierative design
methodologies are seldom applied because they are too expensive, time consuming, risky,
and that meeting deadlines is the critical factor and is incompatible with the
methodologies Iterative design methodologies seem to be one of the roadblocks to the
application of human factors to interface design.

Several researchers ( Card, et al , 1983; Reisner, 1984; Anderson and Olson, 1985,
Kieras and Polson, 1985; and Khalifa, 1991) have suggested that the use of analytic
models can ameliorate the interface design on paper before building a prototype . This
approach can significantly reduce the number of iteration that must be performed to
improve the prototype and obtain an adequate interface Several analytic models have
been developed to accurately predict human factors such as ease of use and ease of
learning. The interface designer can develop an interface design on paper and predict the
learning time and the execution time of a particular task. These are two important
parameters of an effective interface. This process of designing an interface and measuring
human factors goal can be repeated until the interface is deemed adequate. A real
prototype can then be developed and tested with the actual users.

Khalifa and Kira (1992) suggest that tne analytic models are often not used due to
the complexity ot iearning their formal representational languages and their task analysis
methodologies. The actual mechanics of applying a model such as TAMPEL (Khalifa,
1991) to measure the ease of learning of an interface is too complex for the average
programmer who has not been trained in cognitive psychology. Finding a way to apply
these types of models to the development of interfaces has the potential to: 1) Significantly
reduce the number of design iterations 2) Improve the actual interface and 3) Improve
designer productivity.

To alleviate the complexity associated with the application of analytic models
Khalifa and Kira (1992) propose the use of an Interface Description and Evaluation
System (IDES). IDES is an automated tool that assists the designer in describing and



evaluating an interface design according to several possible analvtic models without having
to understand the specific details of these models The designer uses IDES at the
evaluation stage of the paper-and-pencil interface The authors argue that such a decision
support system will make it more attractive for designers to use proven analvtic models in
the design process of an interface

The purpose of this research is to assess the effectiveness and efficiency of using
IDES as a tool to evaluate a human computer interface Effectiveness is defined as the
accuracy of measuring ease of use and ease of learning with IDES  Efficiency 1s detined
as the time it takes to measure ease of use and ease of learning A controlled expenment 1s
designed to compare two groups, one using IDES and another (control group) using a
manual method to evaluate a simple interface and a complex interface The two groups
are compared on the speed and accuracy of their evaluation Also, their attitude towards
the techniques used to evaluate the interfaces is assessed The main hypothesis of this
research paper is that evaluating a compluter interface in terms of ease of use and ease of
learning using a tool such as IDES is easier, faster, and more accurate then using the
standard manual method. Providing means for the interface developer to eftectively apply
formal analytic models may be the best approach to improve interface development  This
paper intends to advance the research knowledge of HCI in attempting to demonstrate

that formal models can be easily applied to evaluate human computer interfaces by using
the IDES.

The paper is divided into three main sections. 1) a literature review, 2) a research
methodology description, and 3) a discussion section explaining the results Much
research effort has been devoted to human computer interaction The first part of the
paper is a survey of these research findings More specifically the importance of human
computer interface, the tools and methodologies used to develop interfaces, the different
methods to evaluate interfaces, and a description of cognitive models used in HCI s
discussed. Furthermore, a detailed description of the IDES Eroposed by Khalifa and Kira
(1992) is provided. The next section reviews the research methodology used to answer
the main hypothesis of this paper that the IDES provides more accurate interface
evaluation in a more timely matter and that users have a positive attitude towards using
such a tool. Finally, the results of the experiments are discussed based on the findings of
the experiment



With information technology permeating every aspect of our day-to-day life the
development of interfaces to accommodate the different users and consequently to
improve productivity becomes more and more important. Although it has proven difficult
to apply the significant research findings of HCI to interface development, we believe that
the use of IDES can help designers apply complex psychological theories to interface
design and ensure the inclusion of human factors in software de<clopment. It is hoped
that one day users will no longer have to adapt to the computers to utilize it effectively-
this will happen when HCI theory is completely integrated in the design process. This
research paper proposes to take a small step ir 1at direction




I MOTIVATION FOR RESEARCH

Before proceeding further, it may be approprate to review in more details the
reasons why the study of human-computer interaction is so important The basic premise
of HCI research is to help create interfaces that ensures easy and efficient use of the
computer. With the widespread use of information technology this has become cntical

An appropnate interface can reduce the time and effort required to learn a new
system, consequently training cost can be reduced. For example, an airline company that
is introducing a new reservation system may be able to eliminate on site training if the
interface is self-explanatory and easy to use A software company may decrease the
amount of support that is required for its customers during product introduction, if the
interface is easy to learn. These examples demonstrate that easy to learn systems can save
money

An appropriate interface can also affect productivity Bailey, et al ,(1988)
demonstrated that the interface design of their application improved productivity by as
much as 77% Gains in productivity can be obtained in several ways The interface can
reduce the number of keystrokes that is required to perform a certain task This may seem
insignificant, but in the case of a typing department in a law firm, for example, a 10%
improvement is important  Also, errors occurring when using the system can be reduced
An interface that reduces errors can increase the user satisfaction and Benbasat and Dexter
(1981) demonstrated that this can influence the use of the systems options and encourage
exploration. Assuming that the system has the proper functionality this can only be
positive. Furthermore, there are certain situations, such as an airline traffic control system,
where there is no room for error. Finally, a good interface increases retention of how to
use the system This ensures that users do not have to waist time re-learming the
application. An effective interface can also reduce cognitive effort This means that and
interface the requires little cognitive effort can have the user concentrate on the actual
task. These factors all affect productivity and any organization that wants its information
technology to be used effectively and efficiently cannot ignored the user interface

Hardware and software developers now realize that a good interface is critical to
the survival of their product A product that is aimed at the mass market cannot hope to
sell if it is not easy to use and easy to learn Funciionality alone is no longer sufficient

The development of walk-up-and-use systems such as automatic bank tellers make it



necessary to develop applications that require minimum training. Nickerson (1981)
conducted a study to determine why people did not use a system when it could benefit
them. Seven of the ten detected reasons are directly related to the human-compuier
interface. Consequently, a poorly designed interface can ruin the chances of a product

gaining acceptability in the marketplace.

The computer is a tool which was developed to help people do there job. The ease
with which one communicates with the machine determines the extent to which it will be
used and whether or not it is used efficiently depends upon the man-machine language that
is available The ideal system is one where the users concentrate solely on the task that
must be performed and is not hindered by the communication protocol between him/her
and the computer. The interface is critical to ensure that computers are used to their
fullest.

The importance of the human factors has led to the development of many tools and
methodologies to ensure that human factors are properly integrated in software
development. Unfortunately, many of the research findings in HCI are often not applied.
The next section reviews some of these tools and provide explanations as to why interface
designers often do not use the tools that are available to them.

Two important parameters of an interface are its ease of use and its ease of
learning. Tools to measure these human factors attributes are cumbersome and difficult 1o
integrate in the software development process (some of the reasons are discussed in a later
section) This research paper proposes to test a method to facilitate the evaluation of the
ease of learning and ease of use of an interface. This would greatly help the interface
desigers in their goal of developing efffective interfaces. The use of automated tools has

not yet been empirically tested.



m. TOOLS AND METHODOLOGIES [IN HUMAN-COMPUTER
INTERACTION

This section presents a review of design guidelines and principles as well as design
methodologies. A section presents some of the reasons why some of these design
approaches have not been fully adopted by interface designers. Finally, a hybrid design
methodology is presented along with an explanation of how task-theoretic analytic
models(methods to quantitatively measure human factor parameters of an interface such as
ease of learning) can be integrated in the development of an interfaces.

A. Interface Design Guidelines

Historically, intuition guided the development of an interface and the designer
relied on empirical studies with the actual users to determine the appropriateness of a
design. This is difficult since the approach is completely theoretical and consequently,
difficulties arise when determining what exactly needs o be tested The inefficiency of
this approach led to the development of general design guidelines that could help the
designer during the initial development of the interface.

Design guidelines were suggested to eliminate the need to test every possible
alternative of an interface. The basic premise of this approach is that psychologists
perform experiments in the laboratory to determine the general design features that affect
the user behavior. The laboratory findings are then applied in the design process For
example, an experiment may be conducted to determine if semantic organization of menu
items or alphabetic organization is better

The development of human-computer interface can be very complex and
consequently guidelines can be applied to many different parameters of an interface.
Decision must be made about the best interaction style- menu selection system, command
languages, or direct manipulation. The most appropriate way to display the data. The use
of colors, graphs, and systems messages. Are icons more appropriate? When should
animation be introduced? The list goes on This led to the publication of guideline books
that attempt to provide guidance on all these different issues. Needless to say these books
were voluminous and consequently became cumbersome to use.



Maguire (1982) published a study evaluating the different design guidelines offered
up to that time. He found that many of the guideline books were too large to be used
effectively, many of the recommendations did not provide empirical proofs. Furthermore,
there were many guidelines that contradicted one another. Another problem associated
with the proposed guidelines are that they do not add up to a coherent psychological
picture (Moran, 1981). This is due to the fact that many of the guidelines suggested are
dependent on contextual variables The types of users and tasks can have a significant
impact on the findings and hence, the guidelines are not always applicable This is not to
suggest that guidelines should be completely ignored but that they should be applied with
care. Anderson and Olson (1985) believe that design guidelines provide suggestions to
the designer that can be better then those based solely on intuition

Moran (1981) suggests that the only way to progress in the field of HCI is to move
beyond the computer system and consider the user on his’her own psychological term.
For the field of HCI to progress it has to move beyond design guidelines and attempt to
develop a psychology of the user. Efforts to develop a psychology of the user lead to the
introduction of design principles.

B. Design Principles

Design principles are distinguished from design guidelines in that they are based on
sound theories that have been empirically tested. By being able to model the underlying
user behavior, design principles that are not contextually constrained can be developed.
By understanding the cognitive processes that influence human-computer interaction, the
interface designer is no longer tied to a set of design guidelines. This is a promising
approach to interface design and it stems from the suggestion by Card, et al. (1983) that
the user's recognition-action cycle can be used as the basic behavior for understanding the
psychology of HCI. Card, et al. (1983) extended psychological theory so as to account
for interfaces in speed of use, ease of learning and other attributes that are relevant to the
design of effective interfaces.

The recognition-action cycle includes three stages that explains user behavior.
The first stage is perception. This is where the user perceives the computer presentation
and encodes the information. In the second stage the user searches long and short-term
memory to determine an appropriate response. Finally, in the execution stage the



response is activated by sending out the signals for the motor processors to act A more
elaborate model is proposed by Norman (1986) where the recognition-action cycle is
expanded to include seven stages In Norman's model the memory stage includes mental
activities such as interpretation, evaluation of possible system response, the formulation of
goals and intentions, and finally the specification of the action sequence Olson and Olson
(1990) suggest that there are four cognitive processes that are employed by the user
motor movement, perception, cognition, and memory Each of these cognitive processes
have limited capacity and consequently limit the user's behavior and the HCI design

The recognition-action framework provides a model to understand the psychology
of the user behavior  This can lead to the development of design principles Norman
(1986) suggests that there is a gap between the designer system's model and the user's
mental model The underlying principle is that the system model must be compatible with
the user's understanding of the specific process that must be accomplished The 1dea is to
match the system model to that of the user's mental model The user's mental model is the
user's conceptualization of the system's components and the interaction of these
components as well as how to change these components (Carrol and Olson 1988) Basing
the system's model on the user's mental model ensures that the human computer interface
is more effective. The recognition-action framework helps understand the way the user
interacts with the system's model.

Understanding the stages of user activities in human-computer interaction has
important implications for the development of design principles For example, the user's
task at the intention formation stage can be facilitated vy providing information about the
current state of the system and explicit possible action (Norman 1984) The execution
stage can be simplified by memory aids, menus, and pointing devices (Norman 1984)
Norman (1986) suggests design principles based on his general theory of action He views
the design of an interface as that of building two bridges, one across the gulf of execution,
which separates the user's conception of a goal from the actions needed to accomplish it
and a second, across the gulf of evaluation, which separates the results provided by the
system to the user's understanding of the progress accomplished Norman's design

principles are based on this analogy of building bridges
Some examples of his design principles are (Quoted from Norman, 1688) 1) Use
both Knowledge in the world and Knowledge in the head, 2) Simplify the structure of the

task, 3) Make things visible: bridge the gulfs of execution and evaluation, 4) Get the
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mapping right Make sure that the user can determine the relationships between (a)
intentions and possible actions, (b) actions and their effects on the system, (c) the actual
system state and what is perceivable by sight, sound, or feel, and (d) the perceived system
state and the goals and intentions of the user, 5) Exploit the power of constraints. both
natural and artificial, 6) Design for error, 7) When all else fails standardize The strength
of these principles is that they are based on sound theories They are developed using an
information processing model of the user and consequently can be generalized to different
contexts

The problem with the principles approach is that it 1s often difficult to provide the
designer with specific ways to improve the interface Molich and Nielsen (1990) have
suggested more specific principles that are based on the recognition-action framework
Some of these principles are 1) Use simple and natural languages. 2) Speak the user's
language, 3) Minimize the user's memory load. 4) be consistent, 5) provide feedback. 6)
Provide clearly marked exit, 7) provide shortcuts and, 8) provide good error messages
Some of these principles can leave room for interpretation and many designers feel that
they are too general Grudin (1989) emphasizes the problem by analyzing the consistency
principle He states that there is a problem with this principle in that consistency must be
defined It must be determined what is "good" consistency, and there must be a method te
determine when other design considerations overshadow consistency in importance He
believes that in certain instances striving for consistency may sacrifice ease of use fo- ease
of learning which may not always be appropriate  This provides an example of the

difficulty of apply’ng design principles

Useful principles are difficult to formulate Norman (1986) suggest that design
principles have to be general enough so as to outlast the technological development that
are taking place and at the same time they must be precise enough to provide the designer
with usable tools to develop an effective interface  Principles that declare that the
designer must consider the user are valid but they may not be useful to help the designer in

day-to-day development probiems

Understanding what is required to develop a good interface further emphasizes
why design principles are not sufficient As mentioned before, the central problem in HCI
is the design of the system model-the conceptual description of how the system works
Developing a system model is no easy task. First, an analysis of the user tasks is required

in order to match the system model to the user understanding of these tasks (Carroll and
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Thomas, 1982, Halasz and Moran, 1982, Moran. 1981) Second, metaphors and abstract
models must be developed to adequately portray the system functionality (Carrol. et al .
1988). Design principles are of limited help to adequately perform these activities

Card, et al, (1983) and Norman (1986) suggest that dunng computer interaction,
the user's mental activities revolve around goal determination and action planming
Consequently, the interface must adequately support these activities Detailed tash
analysis must determine user goals and the methods and objects emploved to achieve these
goals (Grudin, 1989, Phillips, et al, 1988) The analysis of work activities and work
related scenarios can be used to discover goals and methods (Young, et al, 1989) A
scenario is a summary of a user interacting with a particular device responding to an event
that is constructed so that the user performs a certain action (like deleting words in a
document for example) Scenano analysis produces records of user actions and from
those records specific user goals and, methods to achieve these goals are identified The
detailed task analysis i1s performed by determining the cognitive processes that are
involved in handling the events As mentioned before, design principles are of little help to
the interface developer performing task analysis

Also, metaphors and abstract modeis can be extremely useful in developing the
system model A metaphor can help the user relate the system model to concepts already
known The user can consequently infer what actions are possible and what effect they
may have on the system state Tools and systems that are used in the task domain is help
discover appropriate metaphors (Carrol, et al , 1988) An example of a metaphor can be a
typewriter for the use of a word processor Unfortunately, systems are often complex and
one metaphor may not be sufficient The analogy of the typewriter breaks down when we
refer to moving a whole paragraph to another section for example Abustract models are
useful when it is difficult to find a real world representation of the system The purpose of
the abstract model is to provide a semantic organization of the system for the user Again
principles are of little help to develop an effective system's model

There has been much research effort devoted to develop a psychology of the user
This could account for ease of use, ease of learning, error, satisfaction, and retention The
basic premise of the principles approach to designing interface is that by understanding the
user behaviour, principles that have a strong theorethical foundation can be suggested
Consequently, these principles can be applied to a wide variety of situations  The

discussion about Norman's framework provide an example of the the type of principles
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that can be applied to interface development. Unfortunately, the task of developing an
effective interface is complex and tools such as metaphors, abstract models, and detailed
task analysis are necessary. Design priciples are not adequate in these instances. This has
lead researchers to believe that task and metaphor analysis must be user centered and
iterative (Gould, et al., Anderson and Olson, 1985; Buxton and Schneiderman, 1980,
Gould, 1988; and Gould and Lewis, 1988). Tterative design methodologies are based on
the premise that it is not possible to get it right the first time when developing an interface
The following section presents some of the design methodologies that have been

suggested and discusses their drawbacks.

C. Iterative Design Methodologies

This section describes iterative design methodology and explains why it is not
widely accepted. As mentioned before theoretical knowledge does not yet provide the
necessary tools to guide the designer in the development of an effective interface.
Iterative design and experimentation has been suggested as a solution to this. This section
reviews the design process offered by Gould, et al.,(1988). They suggest that the design of
the interface can be divided-early focus on users, integrated design, early-and continual-
user testing and, iterative design. Their design process has proven to be a worthwhile
approach.  Although this design process has much support some studies have
demonstrated that it is often not applied by interface designers. This lack of acceptability
is due to difficulties in implementing the design methodology to the development of
interfaces.

Gould and Lewis (1985) argue that the quality of an interface is determined largely
by the process used to design it and suggest four activities to guide the designer in this

development process:

Early focus on users. It is imperative that the developer understands who the user
will be. This can be accomplished by having direct contacts with the intended
users. Interviews, observations, surveys and, participatory design are all ways to
gain a better understanding of the user. The aim is for the designer to be farniliar
with the cognitive, behavioral, attitudinal, and anthropometric characteristics of the
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intended user. furthermore, an understanding of the nature of the work that will be
accomplished must be acquired by the designer.

Integrated design. All aspects of interface development should be seen us a
whole. Items such as the user interface, help system, training plan, and
documentation must be developed in parallel and under one management. These
aspects must not be developed sequentially.

Early and continual user testing. Early in the development process prototypes
should be used to test the actual users doing the intended tasks This is based on
the premise that the only feasible approach to successful design is an empirical one
Measurements of the user's performance and reactions must be recorded and
analyzed.

Iterative design. When problems are discovered during user testing they must be
fixed. Consequently, the design must be iterative-there must be a cycle of design,
user testing and measure, and redesign as often as possible The basic idea is that
the system will be improved after each iteration.

There is much evidence to prove that this design process helps develop enjoyable
interfaces that are easier to learn, easier to use and, provide an appropriate functionality
Several researchers have proposed similar ideas (Bennett, 1984, Damodaran, et al., 1980;
Meister, 1986; Reitman and Olson, 1985; Rubinstein and Hersh, 1984; Shackel, 1984; and
Good, et al, 1986.). Good, et al.,(1986) have demonstrated how the use of such a
methodology has lead to successful interface design at Digital Equipment Corporation.
Many products that have been successful in the marketplace have been developed using
this methodology ( Xerox's Star system, 1982; Apple Computer, 1983, and Lotus 1-2-3,
1989). Finally, case studies have tested these ideas and concluded that this process is
valuable (Bury, 1985; Good, et al., 1986, Gould, et al., 1983; Hewett, et al , 1986)
Despite all this evidence, this design methodology is still not used widely

Gould, et al.,(1987) conducted a survey among interface designers to determine
the suitability of their methodology to the development of interfaces The designers
responded that the process was obvious and that everyone followed this type of
methodology. They then asked the designer to name the design principles that should be
applied and 26% could not even name one activity while 35% could only name one. This
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suggests that designers may not be properly equipped to apply this design methodology
and that their orientation to design may be the reason that iterative design methodologies
are not used. The authors state that four orientations to design can be applied- 1)
Milestone oriented {e.g. project reviews), 2) Specification oriented (functional
description), 3) Characteristic oriented and, 4) Process oriented ( Gould's design
principles). The orientation to design can more often be characterized as falling in on of

the first three categories.

Why iterative design methodologies are not used. Gould, et al (1991)
explained that there are several reasons why their design principles are often not applied.
There are many designers who believe that usability cannot be measured. They think that
only programmer productivity is measurable. This belief is wrong Several methods have
been suggested to measure ease of use and ease of learning. For example, the GOMS
model (described later) can measure ease of use, TAMPEL can measure ease of learning (
Card. et al., 1983; Khalifa, 1991). These models are accurate enough to measure human
factors attributes of an interface.

Another factor hindering inclusion of human factors principles in the development
of the interface is the reward structure and apparent conflict between meeting deadlines
and achieving usability factors. Project managers are reluctant to apply principles that
may not provide tangible and measurable advantages. There is a belief that software
development is not organized to carry out this process. Gould, et al.(1991) state that
designers feel that iterative design is too risky, too difficult, and too time consuming
Often the interface code is intermixed with the functional code and a change at the
interface may have an impact or the underlying code. With the development of methods
to separate the interface code from that of the program, this problem will diminish over
time. With methods to facilitate the use of HCI tools to interface development such as
IDES (described in a later section), applying human factors methods may become feasible.

In addition to being expensive and time consuming the designers feel that they do
not have the proper tool and training to carry out usability testing. User testing is
expensive and complex. It often requires knowledge of psychological experimental
techniques. Most interface designers have a formal background in systems analysis and
design but not in experimental psychology. The user experimerts often nced the
intervention of a human factors expert. This expert may not be available or may be too
expensive for a small development project.
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Even with the overwhelming evidence that including human factors is beneficial
and even necessary, designers will be reluctant to work in that direction until some of the
issues mentioned above are resolved. There has been much work to provide the interface
designer with appropriate tools. The last section discussed design guidelines and design
principles which can guide the designer and ensure that obvious design errors are avoided
Design methodologies that integrates human factors in the development life cycle have
been suggested (Grudin, 1988; Grudin, et al., 1987, Hartson and Hix, 1989, Mantei and
Teorey, 1988). These meilwdologies may resolve the issue that the software design
environment is not conducive to the inclusion of human factors Design guidelines,
principles, and development methodologies are a step in the right direction

Two of the main reasons mentioned by designers as explanation of why human
factors methods are not always included in the development effort are 1) it is too
expansive and, 2) it is too difficult. Mantei, et al.,(1988) mention that eight distinct costs
are added to a project by including human factor' 1) The cost of running focus groups, 2)
The cost of building product mockup, 3) The expense of the initial design of the
prototype, 4) The expense of changing the prototype, 5) The expense of purchasing the
prototyping software (UIMS), 6) The cost of running the users studies, 7) The cost of
creating a user study environment (laboratory) and, 8) The cost of conducting user survey
They provide an estimate of the total cost of adding the necessary activities to ensure the
development of an appropriate interface Of this amount 50% is directly linked to
prototype construction, user testing, and user evaluation. Furthermore, this assumes only
four iterative changes which, in many cases, may not be enough This means that if there
was a way to reduce the number of iteration and testing of prototype designers may be

encouraged to include human factors in the design process

This leaves one difficulty. mainly that human-computer interaction is complex and
the designers may not be able to apply the techniques available. Once a design prototype
is completed there are many ways that it can be evaluated. The most appropriate and the
one yielding the most accurate result is to perform actual user tests. As mentioned above,
this is difficult and expensive. Other methods to evaluate an interface include Heuristic
evaluation, Software Guidelines, Structured Walkthroughs, Decomposition, and Task-
theoretic Analytic Models. Each of these evaluation methods have their pros and cons
(this is discussed in the next section). The commonalty of these methods is that they are
difficult to apply for the designer who is not appropriately trained With the development
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of easy to use evaluation techniques designers may be willing to include human factors in
the development of their project.

Applying a proven interface evaluation technique on potential design is an
approach which can reduce substantially the number of revisions to the prototypes that
must be built. Paper-and-pencil interface could be evaluated by using one of the
evaluation techniques mentioned above. Effective methodologies to integrate human
factors issues in the traditionai software life cycle is another approach that is necessary.
Morman,(1986) suggests that there are four methods which can be applied in parallel to
ensure the development of effective interfaces. 1) It must be impressed on the designer
that the user has special needs and that the design must take this into account, 2)
Quantitative methods (such as TAMPEL) must be provided to the designer to aid him/her
in interface development, 3) Software tools for interface development must be provided
and, 4) The interface design must be separate from other programming tasks Designers
generally agree that the interface must be designed with the user in mind and UIMS tools
provide mechanism which can help the interface development process and which can
ensure that the interface code is separate from the function code. This leaves item number
two which states that quantitative methods are necessary for the design of effective
interfaces. This is addressed in the next section which reviews a hybrid design
methodology for the development of interfaces. Evaluation techniques can be integrated
into this hybrid methodology Appropriate evaluation techniques have the potential to
resolve the issue of cost and difficulty of applying human factors to interface development.

D. Hybrid design methodology

The development of a human-computer interface is 2 complex undertaking. As
mentioned in the previous section there may be difficulties in applying traditional software
design methodologies For this reason several researchers have proposed hybrid
methodologies to develop computer interfaces (Anderson and Olson, 1985; Guingon,
1990). These methodologies take into account the fact that the design of interfaces must
be accompanied by certain activities such as user and task analysis, specification of an
initial design, iterative revision of the design, development of a prototype and, iterative
revision of the prototype  This section provides a brief description of Anderson and
Olson, (1985) design methodology ~ An explanation of where these techniques can fit in
this design methodology is provided
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Traditional software development methodologies divide the development process
into three general stages.

ANALYSIS. At this stage the product's functionality and irutial
hardware/software constraints are determined. A feasibility study is
performed and a cost/benefit analysis of the system is proposed Finally, a
development schedule is projected.

DESIGN. The product is actually designed at this stage First, only the functional
specifications are proposed but later the complete details are coded and tested to
terminate with a working system.

IMPLEMENTATION. The final product is installed in the actual work
environment. All the appropriate training is performed with the users and with the
support personnel.

The development of an interface can follow this general framework except that
analytic models and empirical testing should be taken into account Anderson and Olson,
(1985) refer to this as a hybrid design methodology. This methodology an be roughly
divided into six distinct steps:

1. USER AND TASK ANALYSIS

This activi'y consists of determining the user's needs and capabilities. The
functional details of the system that the interface must support are specified Details about
the user and the tasks can be obtained through reports from users and natural
observations. Questionnaires and interviews to understand the relevant details about the
user can be administered, diaries of the users activities can be analyzed and, focus groups
studies can be performed. This provides data which can be used analyze how the user
performs a task.
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2. DESIGN: THE INITIAL DESIGN

At this stage the initial interface is specified This design is based on the user and
task analysis performed previously The interface or the system's details are derived from
three sources- design guidelines or principles, the designer's intuition, or theory based
judgment. Guidelines may be useful at this point to provide general guidance to the
designer as to what makes a good interface. The same caveat mentioned previously
should be remembered in that guidelines may be contextually constrained

3. DESIGN: FORMAL ANALYSIS OF THE
INITIAL DESIGN

The goal of this stage is to carefully scrutinize the initial design and determine the
possible improvements that could be made before the prototype is built. The purpose is to
specify the best interface in order to minimize the number of iterations that will have to be
done. This isa critical activity and the designer needs good support tools to improve the
interface design. Paper-and-pencil interface design can be used at this stage.

4. DESIGN: BUILDING A PROTOTYPE

After the initial design has been evaluated and revised several times a prototype is
built. Prototypes can be constructed with methods such as facading, Wizard of Oz and
rapid prototyping (Anderson and Olson, 1985 provide a description of these methods).

S. PROTOTYPE TESTING AND ITERATIVE
REVISION

At this stage the prototype is tested with the users. This user testing can be done through
laboratory or field experiments. Data such as the time it takes to perform a task, the time
it takes to learn a task, the frequency and kinds of errors, the goals and intentions of the
user, and the attitude of the user can be collected. This data can be compared to human
factors goals about the interface design that may have been agreed upon before the
construction of the prototype. Revisions to the prototype ¢ completed and further tests
are performed until the design is deemed to be satisfactory.
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6. IMPLEMENTATION
The final interface design is implemented and monitoring of the users is performed.

Other interface design methodologies do not include an additional activity of
iterative revision of the initial design (Mantei and Teorey, 1988) The purpose of this
extra step is to improve the initial design to the extent where the number of iterations of
the prototype is be minimized. This is sensible considering the fact that prototype testing
and building is a high cost activity Moving some of the revisions from stage S to stage 3
can shorten the development cycle and reduce cost substantially. Khalifa and Kira (1992)
suggest two reasons for this:

1) It is less expensive and time consuming to formaily analyze paper
design then to perform actual user testing

2) It is much simpler to make revisions on a paper design then to make it on
the actual prototype.

For these two reasons the hybrid design methodology presented be
Anderson and Olson,(1985) is better then traditional software development approach.
This hybrid design methodology takes into account two distinct features of interface
design, mairdy that the development must be iterative and that user testing must be
performed. The following section provides a discussion on the different interface
evaluation techniques.
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IV, USER INTERFACE EVALUATION TECHNIQUES

Iterative design methodology can be considered a pre-requisite for the
development of an effective interface Each prototype must be evaluated to determine the
changes that must be made. This is done until a final, satisfactory interface is developed
Several evaluation techniques have been suggested to analyze an interface design’ heuristic
evaluation, software guidelines, structured walkthroughs, decomposition, task-theoretic
analytic models, and user testing. This section provides a description of each of these
methods along with their strengths and weaknesses. An effective and easy to apply
evaluation technique has the potential to reduce substantially the number of iterations

necessary to develop an a satisfactory interface.

HEURISTIC EVALUATION. Nielsen and Molich, (1990) define heuristic evaluation as
an informal method of usabiiity analysis where a number of evaiuators are preseated with
an interface design and asked to comment on it. These User Interface experts rely heavily
on past experiences to determine if there are any properties of the interface that may cause
sorne usability problems.

ADVANTAGES. Nielsen and Molich (1990) state that there are four advantages
to the use of heuristic evaluation (they assume that the designer performs the evaluation):
1) the method is inexpensive, 2) it is intuitive and it is easy to motivate people to do it, 3)
it does not require advance planning, 4) it can be used early in the development process
Jeffrey, et al.,(1991) conducted a study comparing evaluation techniques and found the
heuristic evaluation to be adequate.

DISADVANTAGES. There are limitations to the heuristic evaluation method that
makes it inappropriate to use. Nielsen and Molich (1990) conducted four experiments to
test the effectiveness of this method. They found that at best the inierface designer could
identify an average of 34% of the potential problems. Furthermore, the method does not
offer a framework to provide suggestions when problems are actually found. The
evaluation is obviously biased by the mindset of the evaluator and this can be exiremely
limiting. The method is completely devoid of theory and based on subjective rules. It
could not provide, for example, ways to improve the ease of learning and the ease of use.
Interestingly enough Nielsen and Molich, (1990) suggest that this is the most popular
method despite its major drawback-this may be due to its low cost.
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SOFTWARE GUIDELINES. This technique makes use of published guidelines which
provide evaluators with specific recommendation about the design of an interface
Examples of such guidelines are how the content of a screen should be organized or how

items should be arranged in a menu (Polson, et al, 1990; Smith and Mosier, 1986,
Shneiderman, 1986).

ADVANTAGES. There are several advantages to the use of software guidelines
to evaluate an interface. First, the method is inexpensive and does not requir., Ul experts.
The interface designer only needs a document which provide general guidelines that can be
applied across a wide range of computer and instrument systems. Several guideline books
have been published in the last few years (Apple Computer Inc, 1989; HP Guidelines,
1990; Smith and Mosier, 1986). Jeffries, et al., (1991) conducted a study to determine the
strengths and weaknesses of each evaluation techniques and found that a strength of
software guideline evaluation techniques is that the evaluator is able to identify serious
and recurring problems.

DISADVANTAGES. Jeffries, et al., (1991) also found several problems with this
technique. In their study the evaluators using guidelines were only able to identify 35% of
the problems present in the interface design. Furthermore, the puideline books were
cumbersome to use and did not address all the issues of interface evaluation. As
mentioned previously guidelines are not based on sound theoretical foundation.
Guidelines are developed through empirical testing and consequently cannot address all
the issues in the interface development Again, this technique is solely a descriptive
techniques it does not provide ways to correct the problems with the interface This
makes it inadequate as a stand-alone method.

USER TESTING. In usability testing the evaluator studies the interface under real world
or controlled situations. The evaluators gather data on problems that arise during the use
of the interface.

ADVANTAGES. Jeffries, et al., (1991) found that most serious problems were
found using this method. The technique provides an opportunity to test the users in a real-
life work environment. Given that the interface is studied properly, this method ensures
that most usability problems are found .
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DISADVANTAGES. There are several reasons why usability testing may be the
least popular evaluation method First, Ul expertise is necessary. Second, it is very
expensive (refer to the last section for cost estimates). The cost of setiing up a laboratory
and the expense of building a prototype to carry out the testing ensures that this method is
prohibitive for many software projects. Finally, this is a descriptive technique and it does

not provide ways to improve the design.

STRUCTURED WALKTHROUGH. Yourdon (1989) suggests the use of structured
walkthroughs to evaluate software This technique was adapted by Lewis, et ai, (1990)
to include a theoretically structured process called a Cognitive Walkthrough. Structured
Walkthroughs involve the construction of tasks that the user actually carries out on a
simulated system. The user tries out the system by going through the task, step by step,
screen by screen, command by command. This can be done through experimental
simulation with the aid of a prototype or through the evaluation of paper and pencil
design. The purpose of a structured waikthrough is to identify confusing, unclear, or
incomplete instructions, illogical or inefficient operations, unnatural or difficult
procedures, and procedural steps that may have been overlooked in the design of the
interface (Anderson and Olson, 1985).

Structured Walkthroughs are inherently atheoritical in that they only provide a
method to go through a software This makes the technique less useful for the evaluation
of an interface. For this reason the Cognitive Walkthrough was suggested be Lewis, et al.,
(1990). The Cognitive Walkthrough is a theoretically structured evaluation process that
takes the form of a list of questions The questions are derived from the Cognitive
Complexity model developed by Polson and Kieras, (1985) and they focus the designer's
attertion on individual aspects of the interface that the underlying theory claims are
important in facilitating the problem solving and learning processes of an interface.

L J

ADVANTAGES. Cognitive Walkthroughs have several strengths that make it a
desirable evaluation techniques for certain cases. First, the technique helps the evaluator
define the user's goals and assumptions. This helps the designer understand why certain
features of the interface may cause problems and may help determine how a better
interface could be designed Second, the method is based on theory and 1s not
contextually constrained. Third, this technique can be used by software developers.
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DISADVANTAGES The evaluator must be familiar with a task definition
methodology and this is difficult to learn. Testing an interface with this method can be
lengthy and tedious. It often requires pages of analysis Jeffries, et al , (1991) state that
the evaluators using the Cognitive Walkthrough technique were not able to identity
general and recurring problems. Rieman, et al , (1991) proposed an automated version of
the Cognitive Walkthrough This makes the method less tedious to use  Lewis, et al ,
(1990) do not claim that the cognitive walkthrough methodology will eliminate the need
for evaluating prototypes of the interface Their argument is that the walkthrough, with a
very limited investment in resources, approximately one hour per task per interface, can
detect almost 50% of the problems encountered by users of the design Jeffries et al,
(1991) found that only 35% of the problems were identified. This may not be high enough
to replace usability testing as an evaluation technique

DECOMPOSITION. This technique is proposed by Reitman, et al , (1985) It consists
of separating the major components of the interface design and analyzing these
components for their impact on cognition. A picture displayed on a screen, for example, 1s
evaluated by determining the user's ability to perceive meamngful relationships of the
system model. The commands, for example, are assessed by evaluating their load on long
term memory, how easy they are to remember, and how confusable they are among each
other Reitman, et al., (1985) suggest that once the first evaluation has been performed a
second design alternative should be constructed and analyzed again. They also propose
that each alternatives should be debated among the design team to determine the best
approaches for each components. This technique can be performed on paper-and-pencil
before a prototype is constructed.

ADVANTAGES. The method encourages careful scrutiny of the proposed design
and also encourages designers to specify better interfaces before the first prototype is
built. This makes decomposition inexpensive to perform.

DISADVANTAGES. Some of the drawbacks are that Ul expertise is required
Reitman, et al., (1985) state that the component should be evaluated based on theoretical
interface guidelines and principles. They do not mention that guidelines and principles are
often not adequate to evaluate a design. If task-theoretic analytic methods are used their
complexity can be a problem .
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TASK-THEORETIC ANALYTIC MODELS. These techniques are a promising
approach to interface design evaluation The models provide thc evaluator with
representations and analysis that assess different aspect of an interface. Some models
evaluate, for example, which part of a mewaphor aid performance and which do not
(Douglas and Moran, 1983) or how the user's short term memory load is affected at each
stage of performing a task (Kieras and Polson, 1985) According to Anderson and Olson.
(1985) examples of these models are metaphor analysis (Carrol and Thomas, 1982, Carrol
and Mack, 1982), assessment of mental models (DeKleer and Brown, 1983), development
of production rule systems that represent the user's knowledge of the task (Kieras and
Polson, 1985, Khalifa, 1991), object/action analysis (called "external/external task
mapping" by Moran, 1983), the GOMS model (Card, et al, 1980, 1983), and formal
grammar notation (Reisner, 1981)

ADVANTAGES  All of these models have the advantage of being based on
sound theory of human behavior. They can be applied before any coding is performed and
help the designer structure the development to include principles that are based on theories
of human behavior  Furthermore, these tools provide quantitative evaluations For
example, ease of use of an interface c~2 be measured by applying the GOMS model. This
enables the evaluator tc compare two design alternatives quantitatively It is hoped that
analytic tools will develop to the point where the designer will include all the theoretical
knowledge of the user behavior in the interface design This could render actual user
testing unnecessary The goal is to have user testing as the final check before the interface
is actualiy built. Although there has been much progress with this approach understanding
of the user behavior has not reached a ievel where it is possible to eliminate prototype

testing.

DISADVANTAGES. There are several reasons why Task-theoretic analytic
models are often not used in the evaluation of an interface First, none of the models
encompass all of the cognitive aspects of human-computer interaction; each focuses on
one important aspect For example, the GOMS model permits the evaluator to test the
ease of use of an expert user performing a specific task. Second, these methods require
the understanding of complex psychological theories which is often beyond the designer's
expertise. Third, the interven:ion of a human factors expert is necessary. The difficulty in
applying these models have led Kira and Khalifa (1992) to develop an automated tool
(IDES) which helps the designer in measuring ease of use (Keystroke-Level Model) and
ease of learning (TAMPEL) of an interface.
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Although there are sevei.. problems with applying task-theoretic analytic models
to evaluate an interface it is still the most promising approach since it is based on sound
theory. The purpose of this paper is to demonstrate that models such as the Keystroke-
level Model to measure ease of use and TAMPEL to measure the ease of learning can be
effectively and efficiently used with tools such as IDES which was developed by Khalifa
and Kira (1992). According to Khalifa and Kira (1992) there are several ways that task-
theoretic analytic models can help the designer develop better interfaces

1. The use of formal models requires the designer to describe formally the
interface specifications. This ensures that the designer is precise and
consciously thinks of human factor issues

2, Formal models helps the designer formulate clear testable hypothesis
concerning the design alternatives This is very helpful in that determining
what to test is often a very difficult activity Such models can provide
helpful guidance.

3. Formal models can helps the designer learn about what drsign properties
make for effective interface. Formal models, when used repeatedly, can
help the designer develop heuristics of good interface design.

It is important to note that the best approach to designing and evaluating an
interface may involve the combination of several techniques. Guidelines and principles can
provide guidance to ensure that gross errors are not committed at the initial interface
design. Heuristic evaluation, based on user behavior principles may then be used to
evaluate an interface roughly. Task-theoretic Analytic tools can measure quantitatively
parameters such as ease of use and ease of learning for example The designer should
make use of guidelines, principles, different evaluation techniques, and iterative design
methodologies to ensure the development of an effective interface

26



V. DESCRIPTION OF COGNITIVE MODELS

Khalifa and Kira, (1992)'s IDES incorporates Task-theoretic Analytic Models
based on the Goals, Operators, Methods, and Selection rules (GOMS) model of Card, et
al., (1983) formalism to describe interfaces. Several predictive techniques such as the
Keystroke-Level Model and TAMPEL are based on the GOMS formalism. These models
provide the designer with the ability to predict how users will interact with a proposed
interface and derive quantitative predictions of, for examples, human factor goals such as
ease of learning and ease of use. The following sections describe these models and
reviews some of their limitations

A. The GOMS Model

The framework suggested by Card, et al., (1983) has two components. The first
one provides a general characteristic of the human information processing system, in terms
of both a system's architecture and quantitative parameters of components performance.
This is called the Model Human Processor (MHP). The second component {GOMS)
provides a method to describe what the user needs to know in order to perform computer-
based tasks. Furthermore, the GOMS model describes the four cognitive components of
skilled performance in their tasks: goals, operators, methods, and selection rules.

The MHP model was described in the section on design principles. From this
model the authors are able to derive quantitative values for the cognitive processes that
are involved in human-computer interaction. Time parameters from these processes are
estimated from empirical data obtained from people using text-editors and graphics
systems (Card, et al, (1983)). There are four activities that represent the human
interaction with the computer: keystroke (k), mental operator (M), pointing (P), and
moving the hand (H). A keystroke consists of the time it takes for an average typist to
press each key. A keystroke is estimated at .28 seconds. A mental operator is interpreted
as the time to retrieve the next chunk of information from long-term memory into working
memory and is estimated to be 1.35 seconds. Pointing refers to pointing to a target on a
small display with a mouse and is estimated to take on average 1.1 seconds (the time is
variable according to Fitts's law) The time to move the hand from the keyboard to the
mouse is estimated to be .400 seconds.
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The GOMS Model consists of four cognitive components 1) goals and subgoals
for the task; 2) operators, including both overt operators (like key presses) and internal
operators (like memory retrievals), 3) methods composed of a series of operators for
achieving the goals; and 4) selection rules for choosing among competing methods to
achieve the same goals. Card, et al, (1983) suggest that the GOMS Model can be
formulated at several levels of analysis: the Unit-Task Level, the Functional Level, the
Argument Level, and the Keystroke Level. Each of these levels represent a different grain
of analysis A GOMS analysis is a formal and structured way to describe the knowledge
that a user needs to perform a specific task on a device Describing the goals, operators,
methods, and selection rules in a formal way is the goal of performing a GOMS analysis
Once the GOMS model has been developed predictions about human factor parameters
such as ease of learning and ease of use can be derived

Olson and Olson (1990) state that there are several reasons why cognitive models
are useful for the interface designer First, such models constrain the design space These
constraints can, for example, ensure that the interface is not designed in such a way that
the working memory is overloaded Second, cognitive models can help answer specific
design decisions so that the designer can decide between having an interface that requires
few keystrokes but is difficult to remember or one that involves mere keystrokes but is
easy to recall. Third, the time to learn a system or the time it takes to perform a specific
task can be estimated and the staffing requirements can consequently be derived Fourth,
the building of the training material can be based on such cognitive models Finally, the
understanding of the human-computer interface can lead the designer towards interface

features that have strong implications for performance

Often, the design team sets certain human factor goals that must be achieved
through the interface. The designers might state that a specific task should take one
minute to complete and five minutes to learn. Before the introduction of Task-theoretic
Analytic Models the only way to determine if the human factor goals of ease of learning or
ease of use had been met was to built a prototype and perform user testing As mentioned
in the section on evaluation techniques user testing is difficult and expensive Cognitive
models can predict some parameters of the system and can avoid user testing at the
beginning of development. Several authors (Card, et al., 1983, Reisner, 1981, Anderson
and Olson, 1985, Kieras and Polson, 1985; Bovair, et al, 1990, Khalifa, 1991) propose
the use of GOMS analysis to evaluate and improve the design of an interface on paper
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before performing actual user testing. There is strong support for the use of Cognitive
Models in the development of effective interfaces.

The predictive accuracy of a GOMS analysis is supported by several authors
(Card, et al., 1983; Olson and Nilsen, 1988; John and Newell, 1989; Walker, et al.,
1988). These researchers performed GOMS analysis on interfaces and then conducted
user testing experiments to determine the accuracy of the model. These studies provide
evidence that GOMS analysis is accurate enough to provide reliable measures.

Although there is strong support for the use of GOMS analysis in the design of
interface there are still some limitations to the model itself. The section on evaluation
methods discussed the drawbacks to the use of Task-theoretic Analytic Models without
alluding to the areas where GOMS analysis is not appropriate. Card, et al., (1980)
propose a detailed list of some of the shortcomings of the model:

1. The model only applies to skilled users, not to beginners or intermediates.
Non-expert users spend much time in problem solving  activities. The
original model assumes that users simply ~ retrieve ~ and  execute plans

automatically.

2. The original GOMS does not provide an account of ease learning  or of
recall after a period of time

3. The model focuses on errorless performance of the task. No
account of errors that may take place even during skilled  performance is

provided.

4. The model is explicit about perceptual and motor components of  skilled
behavior but is not explicit about the actual cognitive processes that takes

place during interaction.

5. The model is adequate to analyze tasks that can be assumed to be  serial
in nature while there are many tasks that occur in parallel at some level.
6. The model does not assess the functionality of a task but  concentrates

solely on the usability of the interface.
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7. The model does not address how much must be kept in mind while using
the system- mental workload.

8. The amount and kind of fatigue that a user may experience while  using
the system is not part of the model.

9. Individual differences among users is not accounted for. This stems
from the fact that the system was developed to only take account of
skilled users.

10.  The model does not provide support to determine the satisfaction or
acceptance of an interface.

These limitations are well documented and for these reasons the GOMS Model has
been extended to be less restrictive. The original model is well suited to predict the
performance of a skilled user carrying out routine tasks. Polson and Kieras, (1985) extend
the model to include production rules and propose the Cognitive Complexity Theory to
account for leamning of an interface. Khalifa, (1991) suggest a model to measure ease of
learning and provides several useful extensions. Smelcer, (1989) extend GOMS analysis
to predict the number of errors that occurs with a given interface. Kieras and Polson,
(1985) suggest that the number of production rules in there CCT approach can help
determine where errors will occur. Khalifa and Kiras (1992)'s IDES includes the
Keystroke Level Model and TAMPEL to assess both the ease of use and ease of learning.
The following section provides a brief description the Keystroke-Level Model and
TAMPEL.

30



B. Keystroke-Level Model

The Keystroke-Level Model provides the interface designer with the capabilities to
predict how much time a user would take to accomplish a given task with a given
interactive computer system. Given the task (may involve several subtasks), the command
language of a system, the motor skill parameters of a user, the response time parameters
of the system, and the method used for the task, the model can predict the time an expert
user will take to execute a task using the system providing the method is used without
error.

The Keystroke Level Model is different from the GOMS in that the methods are
not predicted by this model- the assumption is that the user is an expert and uses the same
method consistently. What is provided is a set of heuristics which determine where the
mental operations occur. In this model each task is assumed to consist of a set of
keystrokes, hand movements, and mental retrievals. The same parameters as the GOMS
model are used: 1) Keystroke (K)= 280 seconds; 2) Mental ope:ator (M)= 1 35 seconds;
3) Pointing with a mouse (P)= 1.1 seconds; and 4) Moving hand from keyboard to
mouse (H)= .400 seconds. An analyst can use these parameters to predict the time it will
take for a task to be completed given heuristics of where to put the M's and when to insert
the amount of time the system takes to respond (with the advent of inexpensive processing
power this is becoming negligible) A prediction of adding the contents of cell B22 to B29
could be done in the following manner:

@ s um( 12345678 : 654321 )<ret>
MK MK K K MK MKKKKKKKK MK MKKKKKK MK MK

Which ads up to:
8 M's and 22 K's
8(1.35) + 22(.280)= 16.96 seconds

By calculating the parameters and applying consistent M's using formal heuristics
this model can predict the time it takes to perform a routine task without errors. Card, et
al., (1983) were able to calculate unit task time from a large set of tasks with a 90%
accuracy.
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C. TAMPEL

Khalifa, (1991) proposed a model to evaluate an interface in terms of ease of
learning. This approach is the most comprehensive so far Khalifa (1991) calls his
methodology TAMPEL (Task Analytic Methodology for Predicting Ease of Learming)
TAMPEL is different from the other models proposed for ease of learning n that 1t
identifies different classes of rules and assumes that there are different types of cognitive
skills that have different learning times. The methodology takes into account the way that
these skills are retrieved from long-term memory  Skills that can be recognized
(recognition) from the interface are easier to learn then those that must be recalled
TAMPEL measures ease of learning differently Previous studies assumed that case of
learning could be measured with training time This may not be a reasonable assumption
and for this reason Khalifa, (1991) suggests that cognitive learning time can be empirically
measured by the difference between the total time spend learning how to perform a routine
task efficiently (total learning time) and the time spent on performing the same tasks after
learning (usage time) Furthermore his study allows the subjects to follow their preferre:i
learning method (previous study restrained the methods that the subjects could use)

Khalifa (1991) performed an experiment where users were asked to complete
certain text-editing tasks of a computer system. Accurate measurements were taken of
the time to perform each tasks. Based on these detailed measurements a regression
analysis was performed to develop a predictive model Khalifa evaluated the cognitive
learning time to be based on the number of recalled procedures and recognized procedures
that are necessary to complete a particular task. Khalifa (1991) estimated that the total
learning time can be evaluated with the following equation Learning Time = -58.15 +
43.63 (recall) + 25.53 (recognition) + 5.99 (additional rules) The number of
additional rules is estimated to be the rule recalls minus the procedure recall plus the
procedure recognized.

Empirical experiments support the TAMPEL mode! (Khalifa,1991)  The
methodology accurately predicts the ease of learning of 54 text-editing tasks and accounts
for more the 77% of the variance among the observed learning times The experiments
performed are rigorous and statistically significant. The study asked participants to learn
how to use a specific interface TAMPEL is the most complete Task-theoretic Analytic
.nodel to measure ease of learning and for this reason this approach is part of the
automated tool that is usec in this study. The following is an example of using TAMPEL
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measure ease of learning. This system deletes nodes and edges. The task is to delete two
nodes and one edge.

DELETE NODE DELETE EDGE

O O

GOAL: ACQUIRE-UNIT TASK

IF (NODES TO BE DELETED) THEN RULE_RECL
UNIT-TASK = DELETE-NODE PROC_REGZ

ELSE IF (EDGE TO BE DELETED) THEN RULE_REC
UNIT TASK = DELETE-EDGE PROC_REGZ

GOAL: EXECUTE-DELETE NODE

IF ("DELETE-NODE" IS NOT SELECTED) THEN RULE_RECL
UNIT-TASK = SELECT ("DELETE -NODE") PROC_RECL

ELSE IF ("DELETE-NODE" IS SELECTED) THEN RULE RECL
UNIT TASK = SELECT (LOCATION) PROC_RECL

GOAL: EXECUTE-DELETE EDGE

IF ("DELETE-EDGE" IS NOT SELECTED) THEN RULE_RECL

UNIT-TASK = SELECT ("DELETE-EDGE") TRANSFER
ELSE IF ("DELETE-EDGE" IS SELECTED) THEN RULE_RECL
UNIT TASK = SELECT (EDGE) PROC_RECL

GOAL: EXECUTE-SELECT (OBJECT)

IF (CURSOR IS NOT POINTING TO OBJECT) THEN RULE_RECL
UNIT-TASK = POINT-TO (OBJECT) PROC_RECL

ELSE IF (CURSOR IS POINTING TO OBJECT) THEN RULE_RECL
UNIT TASK = PRESS (ANY BUTTON) PROC_RECL
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RULE_RECL = 8

PROC_RECL = 5

PROC_REGZ = 2

ADD RULES = 8+(5-2) = 11
CLT =-58.15 + 43.63(5) + 25.53(2) + 5.99(1) = 217.05

TIME TO LEARN = 276.95 SECONDS

Figure 2: TAMPEL example

Explanation of example.

Goal: acquire unit task The first action that the user must complete to perform
the task is to ‘acquire the unit task” This effectivelly means that the user must determine
what he/she wants to do. In the case of our example the user must remember the
condition for applying the procedure ‘delete node” or ‘Uelete edge” Knowing the
condition for applying a procedure is considered a rule recall In the interface depicted the
functionality of the procedure is displayed on the screen. For this reason we consider the
procedure of ‘delete node” and ‘delete edge” to be recognition procedure  The user
needs less cognitive effort since the functionality of the system is displayed on the screen-
the user can recognize the procedures.

Goal: execute delete node. In order to perform the task the user must actually
choose the necessary procedure. The user must know the condition for applying the
following operator. In our example the user must know if the function ‘delete node” has
been selected or not. This is a rule recall Once the decision is made if the function has
been selected or not the user must know what action to take in order to perform the
procedure. In the case of our example there are no memory aides that are displayed on
the screen. For this reason the ‘unit task select-delete node” is considered a procedure
recall. After ‘delete node”is selected the user must select the object to delete. In the case
of our example the first object to delete is a node
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Goal: execute delete edge. Once the node is deleted the next step is to learn how
to delete an edge. Again, the user must know the condition for applying the ‘delete edge”
function. Again, this is a rule recall. Once the decision is made that the function has been
selected or not the user must know the appropriate action tu take in order to perform the
goal The user must now select the delete edge function This action has already been
performed (select delete node). For this reason this selection is considered a transfer
Once the function is selected the user must acutally perform the action. In this case the
user has to delete and edge. This is the first time that an edge is deleted-for this reason
this action is a procedure recall. It is not a procedure recognition since there are not
visual cues that can help the user in his/her selection.

Goal: execute select object. In this example there are two instances when the
user selects an object-node and edge. The action of selecting these nodes and edges must
be leamned. First the user must determine if the cursor points to the object. This is a rule
recall. Then the user must actually perform the action of pointing to the object. This is
considered a procedure recall If the cursor is pointing to the object then the user must
perform the action is pressing any button to activaie the full function. This is a procedure

recall.

Predicting ease of learning. Once the interface has been represented using the
TAMPEL formalism one must use the equation derived by Khalifa (1991) to predict the
ease of learning of such an interface The first step is to count all the rule recall,
procedure recall, procedure recognized, and calculate the additional rules. Once these
values are obtained they must be used in the regression equation that predicts ease of
learning. In our example the time to learn the interface isestimated to be approximatelly
276.95 seconds.

The Keystroke Level Model and TAMPEL are GOMS based models that enable
the interface designer to formally predict ease of use and ease of learning. Although there
are many limitations (some were mentioned in the last section} to GUMS analysis there
are distinct advantages that make them useful in interface design. GOMS analysis can
formally evaluate interfaces before the prototype is built. The empiricai tests demonstrate
that these models are accurate enough to be reliable in paper-and-pencil evaluation. In this
way the interface can be iteratively improved until the interface is effective enough for a
prototype to be built. IDES enables the application of these formal models by the designer
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directly without the help of human factors professional who are not aiways available The
next section provide a description of Khalifa and Kira (1992) 's IDES.
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VI. DESCRIPTION OF GTAL METHOD TO REPRESENT
INTERFACES

As mentioned previously the use of Task-theoretic Analytic models are helpful in
the evaluation of interfaces but that unfortunately their complexity has hindered their
acceptance among developers. For this reason Khalifa and Kira, (1992) have developed
an automated tool that designers can use to describe an interface design and evaluate these
designs in terms of ease of use and ease of learning. Their tool consists of an Interface
Description and Evaluation System (IDES) that performs the following fiinctions: 1)
create a formal description of user interfaces, 2) delete, add, and modify parts of an
interface description, 3) query an interface description, and 4) evaluate an interface
description in terms of human factors A designer can thus apply complex psychological
theory to evaluate an interface in terms of ease of use and ease of learning.

Khalifa and Kira, (1992) describe their IDES in terms of a Data Base Management
System (DBMS). There are two important differences between their IDES and a DBMS:
1) an IDES manages formal descriptions of user interfaces as opposed to regular d a, ?2)
the relationship between differen. interface description is represented with the use of
different formalism. An IDES has four components: an Interface Description System
(IDS), an Interface Description Manipulation System (IDMS), a Query System (QS), and
an Evaluation System (ES). These components allows a user of the IDES to create, edit,
query, evaluate, and store interface descriptions in an Interface Description Base (IDB)

The following description of these components is based on Khalifa and Kira
(1992):

1. Interface Description System (IDS)

The IDS is a tool that describes the interface in terms of user actions. This
description is translated into a formal description using one of the formalism that the IDES
supports. There are many formalism that have been proposed to describe user interfaces
(Command Language Grammar by Moran, 1981; GOMS formalism by Card, et al., 1980;
Task Action Grarmar by Payne and Green, 1986 and; Formal Grammar by Reisner,
1981). These formalism are often difficult and time consuming and for this reason there
are not easily adopted by interface designers. For this reason the automated tool uses a
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graphic representation of the interface that is based on GOMS. This is done to simplify
the formal representation of the interfaces. These descriptions are stored in the IDB.

2. Interface Description Manipulation System
(IDMS)

The IDMS is a set of procedures that enables the user to add, delete, or modify the
interface description stored in the IDB.

3. Query System (QS)

This component consists of a set of user friendly commands that allows the user to
retrieve the formal description of the interfaces stored in the IDB.

4, Evaluation System (ES)

The ES is where the formal Task-theoretic Analytic Models are stored. With these
models the user can formally evaluate interfaces. IDES uses two different models to
predict both ease of use and ease of learning. The Keystroke Level Model (Card, et al.,
1983) is used to predict the ease of use and TAMPEL (Khalifa, 1991) predicts ease of
learning. This tool has the potential to enable the interface designer to easily apply
complex psychological theory to the development of interfaces. As mentioned previously
one of the problems with using models such as TAMPEL is that the representational
formalism is quite complex. For this reason Khalifa (1991) has developed a graphical
representational formalism. The following provides an example of how the ease of
learning of a task can be measured.
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EXAMPLE OF USING IDES

DELETE NODE DELETE EDGE

O O

Figure 4: Example of IDES

The section on the description of TAMPEL provided the method to measure the
ease of learning manually. Solving the same problem using IDES is quite different A
graphical representation is first completed and the system consequently calculates the ease
of learning automatically. At this stage of the tool’s development the users are able to
present only part of an interface at at time. Consequently, the system only calculate the
ease of use and ease of learning of a particular task of the interface. The user has to add
all the results of the ‘subtasks”in order to evaluate the whole interface In the future the
whole
interface will be represented with the system.
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ALLOWED RELATIONSHIPS

TASK TASK SUB-TASK SUB-TASK
SUB-TASK OPERATOR SUB-TASK OPERATOR
NOT ALLOWED RELATIONSHIPS
TASK SUB-TASK OPERATOR OPERATOR
TASK TASK TASK SUB-TASK

Figure 8: Possible Relationships
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SUB-TASK

ANCESTOR NODE

DESCENDENT NODE

SUB-TASK

Figure 9: Non-recursion Rule
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SIMPLE
TASK

PROC_REGZ
DELETE | PROC_REGZ RULE_RECL DELETE
NODE RULE_RECL EDGE
l :zeé::::gt | :ﬁf&::gt l TRANSFER [ TRANSFER [
SELECT SELECT SELECT SEvECT SELECT
DELETE NODE 1 NODE 2 el EDGE
PROC_{ESL
RULE_REC!
PROC_RECL PROC_RECL TRANSFER TRANSFE TRANSFER TRANSFER
RULE_RECL RULE_RECL TRANSFER TRANSFER
TRANSFER TRANSFER
RULE_RECL =
- These values are obtained
by counting the number of
PROC_RECL = rule recall, procedure
recall and recognized from
the GTAL representation of
PROC_REGZ = the interface. The system
then uses the prediction
_ _ regression formula to
ADD _RULES = 8-(§+12) = measure ease of learning.

TIME TO LEARN = 237.05§ SECONDS
Example ot GTAL

Figure 10:
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As mentioned before the an advantage of using this graphical formalism is that is it
easy to use and easy to learn Once this graphical representation is in IDES the user can
easily make modification and quickly determine the impact on the ease of use and ease of
learning of an interface IDES can also be used as a learning tool. The user can easily test
many different interfaces This accelerates the learning process of understanding what
affects ease of use and ease of learning.

The next section describes the hypotheses that are developed to test the main
premise of the paper that using IDES to evaluate ease of use and ease of learning of an

interface is a feasibie approach
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VII. RESEARCH QUESTIONS
A. INTRODUCTION

The main proposition of this paper is that using an automated tool such as IDES to
evaluate interfaces is both more accurate and faster then using a manual method Also,
the advantages of using IDES should be more significant the more complex the interface
is Furthermore, users of IDES will have a more positive attitude toward the use of
models, such as Keystroke and TAMPEL, to evalute interfaces

Accuracy is defined as evaluating ease of use and ease of learning of an interface as
close as possible to the model’s accurate results If, for example, an interface’s ease of
learning is evaluated by the using the TAMPEL model to me 230 seconds the participant’s
evaluation will be compared to this result

Speed of evaluation is defined as the time it takes to evaluate an interface The
participants evaluation completion time are compared to each other

General attitude trends are measured for both the users using IDES and the users
using the manual method. The attitudes measured are usefulness of models, ease of
learning and satisfaction Also, the ease of use of IDES is measured

The complexity of the interface is measured as the number of functions that are

available to the users. A two function interface is considered simple while a four function
interface is considered complex.

Hl:  The useres of IDES are more accurate when evaluating the ease of use and
the ease of learning of an interface

H2:  The users of IDES are faster when evaluating the ease of use and the ease
of learning of an interface

H3:  The users of IDES have a more positive attitude towards the use of the
Keystroke-level Model and TAMPEL
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B. HYPOTHESIS1: ACCURACY

The two evaluation parameters used in this research is the ease of use
(Keystroke-level Model) and ease of leaning (TAMPEL). Accuracy of measurement is
tested in terms of ease of use and ease of learning. The first statistical test is to determine
if the complexity of an interface impacts the results. If interface complexity does not have
significance on the results the Siniple and Complex tasks are combined together and the t-

test is performed for the aggregate results.

H. PARAMETERS DESCRIPTION
Ease of Use

H10 | Simple vs Complex Complexity of interface significantly impact the results
H11 | Simple Task "The group using IDES will be more accurate
H12 | Compiex Task "The group using IDES will be more accurate

Simple vs. Complex ,
H13 | Manual The simple task is more accurate
H14 | IDES No difference between simple and complex task

Ease of Learning

H15 | Simple vs. Complex Complexity of interface significantly impacts the results
H16 | Simple Task The group using IDES will be more accurate
H17 | Complex Task The group using IDES will be more accurate

Simple vs. Complex
H18 | Manual The simple task is more accurate
H19 | IDES No difference between simple and complex task

Table 1: Description of Hypothesis-Accuracy

1) Description of Expected Results-Ease of Use

Simple vs. Complex (H10). The Keystroke-level Model has a specific

representational grammar for describing computer interfaces. The “syntax” of the model
must be mastered to accurately evaluate interface in terms of ease of use. With IDES this
grammar is hidden from the user. Because of this it is expected that the evaluation of the
interface will be more accurate for the group using the automated tcol. Furthermore,
this grammar becomes more complex tc apply the more complex the interface. This
suggests that the difference between the accuracy of the simple and complex task
evaluation is greater for the manual users.
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Simple Task (H11). Since the representational grammar is hidden from
tne user of IDES it is expected that the participants using this tool will have more accurate
results.

Complex Task (H12). Here the results are expected to be the same as for
the simple task. The users of IDES will be more accurate in their evaluation of the
interface. The more complex the task, the more chances that there are to make mistakes
in applying the Keystroke-level Model.

Simple vs. Complex-Manual (H13). As mentioned previously the more
complex an interface the more difficult it is to apply models such as the Keystroke-level
Model. Because of this it is expected that the simple task’s results will be more accurate
then the complex task’s results

Simple vs. Complex-IDES (H14). Since the users of IDES do not have
to concern themselves with the syntax of the models it is expected that the accuracy of the
evaluation will not be affected by the complexity of the task.

2) Description of Expected Results-Ease of Learning

Simple vs. Cumplex (H15). Similar to using the Keystroke-level Model
syntax TAMPEL has its own representational grammar. This grammar is quite complex
and cumbersome. It is expected that the complexity of the task will lead the manual users
to be less accurate then the users of IDES as the complexity of the task increas :s. This is
due to the fact that the users of IDES are shielded from having to use the “Syntax” of
TAMPEL.

Simple Task (H16). The results for the evaluation of the ease of learning
of an interface is expected to be similar then the results for the ease of use. For a simple
task the users of IDES are expected to evaluate the interface more accurately Again,
TAMPEL’s representational grammar is complex and cumbersome. IDES hides the user
fromm this complexity.

Complex Task (H17). Again, for the same reasons as for the simple task,
the users of IDES will be more accurate when measuring ease of learning of the interface.
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Simple Task vs. Complex Task-Manual (H18). As the complexity of the
interface increases the application of TAMPEL becomes more complex. Consequently,
the simple interface will be evaluated more accurately then the complex interface.

Simple Task vs. Complex Task-IDES (H19). Since the users of IDES
are not affected by the syntax of the model it is expected that the simple task evaluation
will be more accurate then the complex task.
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C. HYPOTHESIS 2: SPEED OF EVALUATION

H. PARAMETERS DESCRIPTION
H20 | Simple vs Complex Complexity of interface significantly impact the results
H21 | Simple Task The group using IDES will be faster
H22 | Complex Task The group using IDES will be faster
Simple vs. Complex
H23 | Manual The simple task is evaluated faster
n24 | IDES No difference between simple and complex task

Table 2: Description of Hypothesis-Speed of Evaluation

Simple vs. Complex (H20). As mentioned previously the more complex an
interface the more complex the application of the models that measure ease of use and
ease of learning. Since the users of IDES do not have to use the model’s syntax they
should be able to measure ease of use and ease of learning of simple and complex interface
in a similar way. The complexity of the interface should not impact the evaluation speed.
It is expected that the difference between the speed of evaluation for the simple and
complex task will be greater for the manual users.

Simple Task (H21). Since the representational grammar of the models is hidden
form the users of IDES it is expected that the group using the automated tool will evaluate
the interfaces faster.

Complex Task (H22). For the same reason as for the simple task the users of
IDES are expected to take less time to evaluate the ease of use and the ease of learing of
the interface.

Simple vs. Cemplex-Manual (B23). As mentioned previously the models
become increasingly complex as the interface becomes more complex. Consequently, thr
evaluation of the simple interface should be faster.

Simple vs. Complex-IDES (H24). Since IDES makes it more simple to represent

interfaces it is expected that there will be no significant differences between the simple and
the complex interface evaluation speed.
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D. HYPOTHESIS 3: ATTITUDE TOWARDS MODEL

The attitude towards the use of the models is measured in terms of usefulness,
ease of learning, and satisfaction. The manual group is compared to the IDES group.
Also, the ease of use of the IDES is tested to ensure the adequacy of using such a tool.
The following table provides a summary of the expected results:

Attitude Towards Model
H31 | Usefulness Users of IDES will find the models more useful
H32 | Learning Users of IDES will find the models easier to learn
H33 | Satisfaction Users of IDES will be more satisfied

Attitude Towards IDES (User Friendliness)
H35 | Ease of Use Users will find IDES easy to use

Table 3: Hypothesis 3-Attitude Towards the use of the Models
1)  Attitude Towards the Use of the Model

Usefulness (H31). Because of the complexity of using the models it is expected
that the users of the manual method will find the models less useful. Something that is too
complex to use loses its usefulness. Since the users of IDES are not required to apply the
complex syntax of the models to the evaluation of the interface they will find the models
more useful.

Learning (H32). Learning to measure the interfaces is expected to be easier for
the users of IDES.

Satisfaction (H33). The users of IDES are expected to be more satisfied with
using the models to evaluate interfaces. The automated tool makes it much easier to
measure ease of use and ease of learning. Since it is much easier the results should
demonstrate that the users of IDES are more satisfied.

2)  Attitude Towards IDES (Ease of Use)

User Friendliness (H34). The users are expected to find the system easy to use.
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vill. RESEARCH METHODOLOGY

A. Experimental Procedure

The purpose of this research paper is to assess the suitability of applying complex
Task-theoretic Analytic Models such as the Keystroke-level Model and TAMPEL using
IDES. Two groups are asked to evaluate a different set of interfaces One group
evaluates both a simple and a complex interface by using IDES while the other group
performs the measurements manually. The participants are compared as to the accuracy
and the time taken to perform their evaluation. Also, their attitudes towards the technique
(manual vs. IDES) used to evaluate the interfaces is compared

The experiment can be divided in two parts. The first part is a class lecture given
to the participants to teach them how to measure the ease of use and the ease of learning
of an interface using the Keystroke-level Model and TAMPEL. The second part is the
actual experiment where the participants apply the Keystroke-level Model and TAMPEL
to evaluate different interfaces.

CLASS LECTURE. The purpose of the class lecture is to ensure that the participants
have an understanding of the Task-theoretic Analytic n~odels used to evaluate the ease of
use and the ease of learning of an interface. Most of the participants do not have formal
training in HCI and for this reason it is necessary to introduce them to the various topics
to make them proficient with the Keystroke-level Model and TAMPEL

The lecture is divided into five sections (refer to appendix A) for the agenda used
in the lecture). First a brief introduction of the study is given to the subjects followed by a
description of the tools and methodologies used in human computer interaction. The
participants are introduced to concepts such as design guidelines, design principles, and
iterative design methodologies. The advantages and the disadvantages of each approach is
discussed. The students are then introduced to the various interface evaluation techniques
that are available. Heuristic evaluation, software guidelines, user testing, and task-
theoretic analytic models are reviewed along with their strengths and weaknesses. The
students are then taught how to measure the ease of use and the ease of learning of an
interface by applying the Keystroke-level Model and TAMPEL.
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In order to facilitate the learning of the Task-theoretic Analytic Models the
remaining part of the lecture is devoted to in-class examples and exercises. For the
Keystroke-level Model a simple example is provided along with a set of heuristics to
explain where the M operators need to be inserted. A second example is given out this
time the students are given a few minutes to solve the problem on their own. The solution
is then reviewed in class and questions are answered to clanfy areas of confusion. The
students are asked to perform a total of four measurement of the ease of use using the
Keystroke-level Model. The exercises are designed to be increasingly complex.

TAMPEL is taught in a similar way. First a brief description of the model is given
along with a simple example to reinforce the principles. Measuring ease of learning is a
more complex undertaking then measuring ease cf use. For this reason a greater portion
of the class lecture is devoted to clearly understand the model. The participants are asked
to measure the ease of learning of two interfaces (one more complex then the other) and
the solutions are reviewed in class. Again, a question period is provided to ensure that the
students understand the mechanics of TAMPEL. A chart describing the general rules of
the TAMPEL model is given to the participants to be used as reference material.

The purpose of the class lecture is to teach the participants how to apply the
models used to measure ease of use and ease of learning. To ensure that the students
internalize the techniques learned a class quiz (refer to Appendix B) is given. There are
two reasons why a class quiz is administered. One reason is that the students must be able
to apply the models effectively to ensure the success of the experiment. Another reason is
to verify that the members of the different test groups are similar in their understanding of
the models.

There are two ways to ensure that the students are motivated to participate in the
experiment. The whole exercise is worth 5% of the total mark of a Systems Design
course. Furthermore, a price of $100 is to be given to the member of each group that
evaluates the interface the most accurztely and the most rapidly.

At the end of the class lecture each studer:: is systematically assigned to one of the
two groups. This was done by giving a number to each participants starting from the front
row and designate the odd numbers to be in one group while the even numbers are in the
other. In order to take the full benefit of the class lecture the experiment i3 performed
during the following two days after the lecture. Each participant is given a time slot of
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when to perform the actual experiment. The group using IDES must sign up for two time
slots since they must first be taught how to use the automated tool. These training session
are given in groups of three. The lecture is given on a Wednesday night between 5:40 PM
and 8:20 PM. This is the regular time for this Systems Design class.

EXPERIMENT. The test consists of evaluating the ease of use and the ease of learning
of both a simple interface and complex interface (Refer to appendix C). The two groups
are given the same instruction set along with a detailed description of the interfaces. The
simple interface consists of measuring the ease of use and the ease of learning of a two
command system. The complex interface has four different commands. The more
commands an interface the more complex it is.

Group 1 applies the Keystroke-level Model and TAMPEL manually. A special
study room with cubicles is used for the participants to complete the experiment. This
study room provides a quiet area and ensures that there are no interferences that can
distract the students. [Each student is greeted by the researcher and given the actual
assignment. The assignment is self-explanatory. The participants are also given a copy of
the agenda that is used in the class lecture along with the solutions to the class exercises.
Each participants is asked to spent 15 minutes to review these exercise. This is done to
ensure that both group get approximately the same training time. Once the two interfaces
are evaluated the participants complete a brief questionnaire.

The second group is treated a little different. The participants need to learn how
to use IDES. For this reason a 15 minutes training session is provided to groups of three
students. The researcher briefly explains the use of the Graphical Method to describe
interfaces and the class exercises are evaluated using IDES. Each student is then asked to
perform an analysis using IDES. This training session ensures that the participants are
familiar with the meEhaMCs of using IDES. This period is equivalent to the fifteen minutes
review that the other group is asked to perform.

The participants using IDES then come back to do the actual interface evaluation
at their allotted time. Again, the researcher greets them and provides them with the actual
assignment along with a copy of the class agenda with the solutions to the class exercises.

The students perform the evaluation and then complete the questionnaire.
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There is an attempt to have both groups subjected to similar circumstances. The
researcher t:eats each participants tie same way. The timing of the evaluations is done by
having the students report to the researcher that they are finished with a particular portion
of the assignment. Internal validity is maximized by having both groups subjected to
similar circumstances with just one difference in that one group evaluates the interfaces
manually while the other group uses IDES. This ensures if the results are different it is
due to the method of evaluation.

B. Sample

In order to emphasize that the results are due to the treatments of the experiment
an attempt is made to have a sample that has similar attributes. For this reason all of the
participants are third year M.L.S. students from a Systems Design class. The sample
consists of 27 students- 14 using IDES and 13 using the manual method. Each participant
is asked to fill out a questionnaire to assess their background (Refer to appendix D). The
following information is collected: 1) Years of university education, 2) University program
presently enrolled in (Major and Minor), 3) M.LS. or Computer Sciences courses taken so
far, 4) Formal M.L.S. work experience obtained so far, and information on M.LS.
knowledge in general-a)operating system, b) computer hardware, c) defining information
requirements d) designing inputs and outputs for application software, e) developing file
structures, f) use of office automation.

Based on the results of the questionnaire the two groups are very similar (refer to
appendix E for results). Furthermore, all the participants are given the same class lecture |
and the same treatment during the experiment. The results from the class exercise showed
that both groups obtained similar scores when evaluating the interface during the class
lecture (refer to appendix F for result of class quiz) This ensures that the results obtained
are not due to differences between the two groups.

It may be difficult to generalize the results to the community of interface designers
since the sample consists of M. I. S. sudents. These MIS students may have different
attributes then the general population. Nevetherless, an attempt was made to maximize
external validity by using students that will eventually be part of the target community.
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C. Data Analysis

1. Operationalization of the variables

Speed of Evaluation. Each participant is measured on how fast the evaluation of
the ease of use and ease of learning is performed. A time is obtained for both the simple
and complex interface.

Accuracy of Results. Ease of use and ease of learning is measured with the use of
the Keystroke-level Model and TAMPEL. As discussed in a previous section these
models have been tested repeatedly and have been found to be accurate. The participants
are asked to measure the ease of use and the ease of learning for each interface. ~Their
evaluation is compared to the actual accurate time for the ease of use and the ease of
learning (refer to appendix G or the solutions to the class exercise) .

Complexity of the Interface The complexity of an interface is deemed to be
determined by the number of commands available to the user. For this reason the simple
interface is a two-command system while the complex interface is a four-command

system.

Attitude towards the evaluation techniques. In the class lecture the participants
were introduced to different approaches to evaluating interfaces. (refer to appendix G for
questionnaire on attitude). The questions relate to the usefulness, ease of learning and
satisfaction of using the Keystroke-level Model and TAMPEL for the users of IDES and
for the manual users. Second, the questions relate to how IDES is as a tool. IDES must
be easy to use in order to be an effective tool. Several questions relate to this ease of use.
The questionnaire use a five point Likert scale with “0” as a neutral. This is an effective
scale to evaluate variables such as usefulness, ease of use, ease of learning, and
satisfaction.

2. Statistical Tests
A t-test analysis is performed to test for the differences in accuracy of interface
evaluation between the group using IDES and the group using the manual method. Also,

the difference in the time to evaluate ease of use and ease of learning between the two
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Figure 12: Variables Tested

groups is tested using a t-test. 95% confidence intervals are calculated to show the
direction of the differences if their are any. The attitude was tested using similar statistical
procedures. It is important to not that absolute values are used to compare both groups
for the accuracy of measurements.

The first t-test is performed to determine if the interface complexity affects the
results obtained by the participants. If there is an effect t-tests are calculated for the
simple and complex interface separately. If complexity does not significantly impact the
results t-tests are calculated for both the the simple and complex results together. The
aggregate results are used to test for the impact of IDES on the accuracy of the evaluation
and on the speed of the evaluation.
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Figure 13: Statistical Procedures




D. LIMITATION OF METHOD

CONSTRUCT VALIDITY. The extent to which the constructs of theoretical
interests are successfully operatiunalized determines the validity of the research. The
speed of evaluation is easily measured using a stop watch The accuracy of the results are
based on the evaluation of the interfaces obtained by applying accurately the Keystroke-
level Model and TAMPEL. These models have been empirically tested and provide
accurate results of the ease of use and the ease of learning. The attitude toward the tool is
more difficu’t to measure. For this reason multiple operationalization of the variables of
interest is used. The purpose of the attitude questionnaire is to get a general idea of the
usefulness, ease of learning and satisfaction of the Keystroke-level Model, TAMPEL, and
IDES

INTERNAL VALIDITY. The background questionnaires ensures that there are
no differences between the two groups. Randomization is tested Motivation for the
study was ensured by giving $100 to the participant with the most accurate score obtained
in the least amount of time. Furthermore, 5% of the total mark of the class is assigned to
the experiment. The time between the class lecture and the actual experiment is
minimized. These precautions increase the internal validity.

EXTERNAL VALIDITY. It is difficult to state with certainty that the results of this
study can be generalized to the population of interface designers. There are important
differences between the participants and the rest of the designer population One of the
important difference is that the participaats have little work experience and are all from the
same university. The study confirms the feasibility of using IDES to apply complex
theories to the evaluation of interface. There are no reasons why these results could not
be obtained with software developers.
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IX. DISCUSSION

The results of this study dumonstrate the advantages of an automated graphical

representational tool such as IDES to evaluate an interface in terms of ease of use and

ease of learning. This section reviews the statistical tests performed along with an
explanation of the results. The first section is about the effect of IDES on interface on the
accuracy of evaluation. The second section assesses the impact of IDES on the time it

takes to measure the ease of use and the ease of learning of an interface. The impact of

interface complexity is covered in these two sections. Finally, The last section is about
user; attitudes towards the application of Task-theoretic Analytic Models The
participants using the manual system are compared to the users of IDES.

H. PARAMETER

EXPECTED RESULTS

RESULTS

H1 | Accuracy of Evaluation

Users of IDES will be
more accurate

Users of IDES are more
accurate for ease of

learning evaluation

H2 | Speed of evaluation

Users of IDES wilt be
faster

Users of IDES are faster

H3 | Attitude

Users of IDES will have a
more positive attitude
towards the models

Users of IDES have a
more positive attitude
towards the models

Table 4: Results of main tests

The results also suggest that the complexity of the interface does not significantly

impact the accuracy of the evaluation. Complexity of the interface does seem to affect

the results of the speed of evaluation-the simple interfaces take less time to evaluate.

Also, the users of IDES seem to find the tool to be user friendly.
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A. HYPOTHESIS 1: ACCURACY

1. Complex-Simple (Manual vs. IDES)

H. GROUP [N | MEAN ESCRIPTION | T-TEST 95% C. L.

H10 { Manual 13 | 7.58 Complexity -1.42 (-8.2, 1.9

IDES 14 110.90

Table 5: Impact of interface complexity on accuracy of evaluation for ease of use

Refer to Table 5. Since T =-1.42 (p=0.017) we accept H. This result suggests

that there is no difference between the results of the users of the manual method and the
users of IDES in terms of complexity of interface.

The Keystroke-level Model has a representational grammar that could be
considered easy to learn and to apply. This would suggest that the complexity of the
interface should not impact the accuracy of evaluation. The results demonstrate that using
IDES for both a simple and complex interface does not significantly impact the accuracy
of the results. For measuring ease of use with the Keystroke-level Model the complexity
of the interface does not impact the accuracy of the measurements.

Since complexity of the interface has no significance on the results the next t-test

combines the results for both the simple and complex interface and only tests for the
impact of IDES vs. the manual method on the accuracy of the ease of use measurements.

2. Ease of Use-Simple-Complex Combined (Manual vs. IDES)

H. GROUP | N | MEAN | DESCRIPTION | T-TEST 95% C. L

Hl10a | Manual 13 | 833 Manual vs. IDES | 0.55 (-3.5,5.9)

IDES 14 711
Table 6: Accuracy of Results for Ease of Use-combined groups (simple-complex)




Refer to Table 6. Since T = 0.55 (p=0.59) we accept Ho. These results suggest
that when evaluating the ease of use of an interface in terms of ease of use with the

Keystroke-level Model the use of IDES does not impact the accuracy of the evaluation

As mentioned previously the Keystroke-level Model is easy to learn and to apply.
Once the users have evaluated a few interfaces with the model their effectiveness
increases. The users of the manual method had the chance to use the Keystroke-level
model during the class lecture and during the preparation period just before the
experiment. Because of this they were able to apply the model accurately This is
demonstrated by the statistical test obtained. These results suggest that there seems to be
no advantage in using a tool like IDES to evaluate the ease of use of an interface with the
Keystroke-level Model.

3. Complex-Simple (Manual vs. IDES)

H. GROUP_ | N | MEAN | DESCRIPTION | T-TEST 95% C. L.

H15 | Manual 13 249 Manual vs. IDES 1.42 (-41 , 205)

IDES 14 | 167.1

Table 7: Impact of interface complexity on accuracy of evaluation for ease of learning

Refer to Table 7 Since T = 1.42(p=0.18) we accept Ho. The result of this

statistical test suggest that the complexity of the interface does not significantly impact the

accuracy of the ease of learning evaluation for both the manual users and the users of
IDES.

Intuitively, one would believe that the more complex the interface is the more
difficult it will be to evaluate the ease of learning by using the manual application of
TAMPEL. The results suggest otherwise. The complex interface could be not “complex”
enough. As mentioned previously complexity was defined as having two more functions
on the screen. It is possible that the difference in complexity between the simple and the
complex interface was not great enough Also, one could argue that once the application
of the model is begun manually the task of measuring the interface becomes quite
mechanical. It could be that it just take longer to evaluate a complex interface but it is not
necessarily more difficult.




Since complexity of the interface has no significance on the results the next t-test
combines the results for both the simple and complex interface and only tests for the
impact of IDES vs. the manual method on the accuracy of the ease of learning

measurements.

H. GROUP | N | MEAN | DESCRIPTION | T-TEST 95% C. L.

H15a | Manual 13 273 Manual vs. IDES | 2.33 (11, 280)

IDES 14 127.8

Table 8: Accuracy of Results for ease of learning-combined groups (simple-complex)

Refer to Table 8. Since T = 2.33(p=0.037) we reject Ho. There is enough
idence to suggest that the users of IDES were more accurate when evaluating the ease

of learning with the TAMPEIL model.

Learning how to apply TAMPEL to measure ease of learning is a difficult process.
There are many rules that must be clearly understood and the syntax of the
representational grammar can be confusing. Using IDES the interface evaluator is only
required to understand how to represent an interface graphically and to know when to
apply transfers. The user does not need to know the mechanics ot TAMPEL. The results
suggest that using IDES is beneficial when evaluating the ease of learning of an interface.
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B. HYPOTHESIS 2-SPEED OF EVALUATION

1. Complex-Simple (Manual vs IDES)

H. GROUP |N | MEAN | DESCRIPTION | T-TEST 95% C. 1.

H20 | Manual 13 8.54 | Manual vs. IDES | 3.54 (3.4,13.2)

IDES 14 0.21

Table 9: Impact of interface complexity on speed of evaluation

Refer to Table 9. Since T = 3.54(p=0.002) we reject H. There seems to be

enough evidence to suggest that the complexity of the task will affect the time it takes to
evaluate an interface in terms of ease of use and ease of learning. These results

demonstrate that IDES becomes more useful the more complex the task is

This is consistent with expected resuits. The users of IDES do not have to
measure ease of use and ease of learning of the interface with the cumbersome manual
method. The group using IDES is only required to represent the interface using GTAL.
This is easier then applying the Keystroke-level Model and TAMPEL.

2. Simple Task (Manual vs. IDES)

H. GROUP | N | MEAN | DESCRIPTION | T-TEST 95% C. 1.

H21 | Manual 13 | 28.46 | Manualvs. IDES | 2.47 (1.0, 11.60)

IDES 14 22.14
Table 10: Speed of evaluation for Simple Task

Refer to Table 10. Since T =2.47(p=0.02) we reject Ho. This would suggest that
the manual users take more time to evaluate the ease of use and ease of learning of a
simple interface with the Keystroke-level Model and TAMPEL then the users of IDES.

As mentioned previously the users of IDES to not have to apply the “syntax” of
the evaluation models. This makes it much simpler and faster to evaluate the interface.
For this reason the users of IDES take less time to complete their measurements.
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3. Complex Task (Manual vs. IDES)

H. GROUP | N | MEAN | DESCRIPTION | T-TEST 95% C. L.

H22 | Manual 13 | 37.00 | Manualvs. IDES | 4.39 (7.70, 21.60)

IDES 14 | 22.36
Table 11: Speed of evaluation for Complex Task

Refer to Table 11. Since T = 4.39(p=0.0002) we reject Ho. There seems to be

enough evidence to suggest that the manual users take more time to evaluate the ease of
use and the ease of learning of a complex interface then the users of IDES. Again, these

results are expected since IDES simplifies the the process of evlauating ease of use and

ease of learning of an interface.

4, Simple vs.Complex Task (Manual)

H. GROUP | N | MEAN | DESCRIPTION | T-TEST 95% C. 1.

H23 Simple 13 | 28.46 | Simple-Complex | -2.72 (-15.1,-2.0)

Complex | 13 | 37.00
Table 12: Speed of evaluation for Manual-Simple vs. Complex

Refer to Table 12. Since T = -2.72(p=0.013) we reject H.. There seems to be

enough evidence to suggest that the more complex the interface the longer it takes the
manual users to evaluate the ease of use and the ease of learning of that interface.

When measuring ease of use and ease of learning every function of the interface
must be accounted for. This means that the user must apply the “syntax” of the models
used and must calculate the impact of this function. This takes time. The more function
you have the more time this will take. The results presented in Table 12 supports this.
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5. Simple vs.Complex Task (IDES)

H. GROUP | N | MEAN | DESCRIPTION | T-TEST 95% C. 1.

H24 Simple 14 | 22.14 | Simple-Complex | -0.08 (-6.0, 5.5)

Complex | 14 | 22.36
Table 13: Speed of evaluation for IDES-Simple vs. Complex

Refer to Table 13. Since T = -0.08(p=0.94) we accept H.. The results suggest

that for the users of IDES there is no time difference between evaluating a simple interface
and a complex interface.

As the user becomes more familiar with representing interfaces with GTAL he/she
becomes faster. This is a possible explanation for the reason as to why the results show
that there is no difference in the speed of evaluation between the simple interface and the
complex interface. Also, some of the functions between the complex interface and the
simple interface were similar. The users of IDES had already created the GTAL for these
functions. Therefore, it took them less time when evaluating these functions in the
complex interface. Familiarity with the use of GTAL and previous evaluation of functions
may account for the fact that there are no difference between the simple and complex
interface.
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C. HYPOTHESIS 3: Attitude Towards Keystroke-level Model and TAMPEL

1. Usability Test of IDES

For IDES to be an effective tool to evaluate ease of use and ease of
learning the useres must find it easy to use. The underlying assumption is that if IDES is
complex and cumbersome the users will not find it a useful tool to apply the Keystroke-
level Model and TAMPEL. The following statistical test provide support to believe that
IDES was considered to be user friendly.

|_QUESTIONS | N | MEAN | STDEV | T-VALUE | P-VALUE | 95%C.L
Easy/Difficult (7) | 14 | 1.286 | 0.611 7.87 0.0000 | (0.933,1.639)
Clear (9) 14 10786 | 0.893 3.29 0.0058 | (0.270,1.301)
Flexible (10) 14 | 1.071 {0.730 5.49 0.0001 (0.650, 1.493)
Use (12) 14 | 1214 |0.426 10.67 0.0000 | (0.968, 1.460)
Format (13) 14 | 1143 | 0.770 5.55 0.0001 (0.698, 1.588)
Clear (15) 14 | 1.286 |0.469 10.26 0.0000 | (1.015, 1.556)

Table 14: User Friendliness of IDES

Refer to Table 14. All the T-values suggest that IDES is user friendly. For IDES
to be en effective tool to ~.valuate interfaces it must be easy to use. Six indicators are used

to evaluate the ease of use: Is IDES easy/difficult to use, is the information from IDES
clear, is IDES flexible, how easy is IDES to use, how useful is the presentation format,

and finally, is the interaction with the tool clear and understanble. According to Table 14

the results demonstrate that there is enough evidence to believe that the users of IDES
found the tool to be user friendly. These results were to be expected . IDES is developed

in such a way simplify its use. Graphical interfaces are used and the information is

presented in a simple easy to use format.
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2. Attitude Towards Models

H31 | Usefulness GROUP | N | MEAN | T-TEST 95% C. L.

Faster/Slower (1) | Manual 13 [0.54 -2.87 (-1.80,-0.27)
IDES 14 | 1.571 | p=0.011

Performance (2) | Manual 13 10.008 -2.89 (-1.83,-0.30)
IDES 14 [1.143 | p=0.003

Productive (3) Manual 13 | 0.538 -2.40 (-139,-0.10)
IDES 14 | 1.286 | p=0.025

Effective (4) Manual 13 | 0.08 -2,72 (-1.76 , -0.23)
IDES 14 | 1.071 |p=0.013

Easier/Harder (5) | Manual 13 10.38 -2.43 (-1.94,-015)
IDES 14 | 1.429 =0.024

Useful (6) Manual 13 10.62 -2.76 (-1.56,-0.21)
IDES 14 | 1.50 | p=0.014

Table 15; Usefuliress of Models-Manual vs. IDES

Usefulness. Refer to Table 15. All the T-values suggest that the users of IDES
have a more positive attitude towards the usefulness of the models for evaluating the ease

of use and the ease of learning of the interfaces. The P-values range from 0.001-0.025).

One of the premise of this research is that models such as the Keystroke-level
Model and TAMPEL are not used by interface evaluators because of the difficulty of
understanding the model’s application. Because of the complex nature of these models
the perception of the usefulness of the models should be negative. If there is a too! such
as IDES that simplifies interface evaluation the attitude towards the usefulness of the
Keystroke-level Model and TAMPEL should be more positive. The results in Table 15
supports this by demonstrating that the users of IDES are more positive towards the
usefulness of the models.
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H32 Learning GROUP |N | MEAN | T-TEST 95% C. L.

Skillful (8) | Manual | 13 | -0.62 -5.37 (-2.66 , -1.15)
(11) | IDES 14 | 1.286 | p=0.0001

Table 16: Ease of Learning of the Application of the Models-Manual vs. IDES

Learning. Refer to Table 16. The T-value suggest that the users of IDES found
the application of the Keystroke-level Model and TAMPEL to be easier to learn.

As mentioned in a previous section one of the reasons evaluation approaches such
as the Keystroke-level Model and TAMPEL are not widely used is the fact that they are
complex and difficult to apply. IDES simplifies the application of these models. It is
therefore expected that the users of IDES will find it easier to become skiliful at measuring
the ease of use and the ease of learning of interfaces. The results in Table 16 supports this
proposition.

H33 | Satisfaction GROUP |N | MEAN | T-TEST 95% C. L.
Satisfaction (10) | Manual 13 | -0.54 -3.78 (-2.38,-0.69)
(15) | IDES 14 | 1.000 =0.001

Table 17: Satisfaction with the Models-Manual vs. IDES

Satisfaction. Refer to Table 17. The T-value suggests that the users of IDES are
more satisfied with the Keystroke-level Model and TAMPEL then the manual users.

Because of the difficulty to use and to learn how to use the Keystroke-level Model
and TAMPEL (Refer to Table 15 and Table 16) it is expected that the satisfaction with the
manual application of the models will be more negative for the manual users. The results
from Table 17 demonstrates that the users of IDES are more satisfied.
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XI. CONCLUSION

Table 18 provide a summary of the main tests of the experiment. These results
demonstrate the advantage of using a tool such as IDES to evaluate the ease of use and

the ease of learning of an interface.

EVALUATION

RESULT

Ease of Use (H1)

Complex-Simple (Manual vs. IDES)

Complexity does not affect the results

Manual vs. IDES (Simple + Complex)

IDES is more accurate

Ease of Learning (H1)

Complex-Simpie (Manual vs. IDES)

Complexity does not affect the results

Manual vs. IDES (Simple + Complex)

IDES is more accurate

Speed of Evaluation (H2)

Complex-Simple (Manual vs. IDES)

Complexity affects the results

Simple Task

Manual group takes longer

Complex Task

Manual group takes longer

Simple Task vs. Complex Task (Manual)

Complex task takes longer

Simple Task vs. Complex Task (IDES)

No difference

Attitude Towards Model (H3)

Usefulness

IDES find the models more useful

Learning

IDES find models easier to learn

Satisfaction

IDES are more satisfied with the models

User Friendliness of IDES (H3)

Ease of Use

Users find IDES user friendly

Table 18; Summary Results

One of the premise of this paper is that Task-theoretic Analytic Models such as the
Keystroke-level Model and TAMPEL are not used by interface evaluators because of their
complexity. Other methods to evaluate interfaces such as user testing, design guidelines
and principles, walkthroughs, decomposition, and heuristics, all have disadvantage thata
renders them, to a certain, ineffectual when evaluating an interface (refer to the section on
evaluation methods). Task-theoretic Analytic Models provide a method to measure
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human factor parameters such ease of use and ease of learning accurately. A tool that
would simplify their use and ease of learning without Human Factors experts. The results

from this study suggest that IDES could be such a tool.

It can be concluded that evaluating interfaces with IDES is faster and provide
more accurate evaluations of ease of use and ease of learning. Furthermore, users of
IDES had a more positive attitude towards using the Keystroke-level Model and
TAMPEL. IDES provide a mean for the interface developer to apply Task-theoretic
Analytic Models such as the Keystroke-level Model and TAMPEL. This approach
ensures that interface designer can incorporate formal theory into the evaluation of the

interface.

As mentioned at the beginning of this study interface designers have been reluctant
to integrate formal human-computer interaction theory into the software development
process. Some of the reasons for this are that many of the models are too complicated
and cumbersome to use effectivelly. Developers have not been trained to understand
complex task-theoretic analytic models. With an automated tool like IDES the interface
designer can apply models such as the Keystroke-level Model and TAMPEL without
having to understand their intricate representational formalism. Their are many
advantages to this. First, formal human factor theory can be integrated into the software
development process. Second, designers can evzluate an interface without the help of
human factors experts. Third, evaluating many alternatives of an interface can be an
effective learning tool. Fourth, interface designs can be evaluated on paper before a
prototype is built. This has the potential to decrease the number of iteration necessary to
develop an effective interface. Tools such as IDES can make the development of
interfaces less expensive, less time consuming, and less complex. IDES offers the
possibility to apply the substantial research findings of the Human-Computer Interaction
field to interface development.

This study only touches upon one aspect of using automated tools to evaluate
interfaces-how IDES can improve evaluation in terms of ease of use and ease of learning.
the next step could be to determine how such a tool can impact the actual development of
an interface. The next step could be to determine how such a tool can impact the actual
development of an interface. This could further demonstrate the potential of graphical
automated tools to improve interface development. An experimental study could be
designed to determine how much more effective interfaces are when they are developed
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with a tool such as IDES. Automated tools have the potential to significantly impact
interface development
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ACTUAL TEST
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F NF R

INSTRUCTIONS

Bases or the lecture that was given in class on Human Computer Interaction you
will be asked to measure Ease of Use and Ease of Learning for different interfaces. The
following section describes an interactive network editing system with different alternative
interface design. You must measure Ease of Use and Ease of Leaming for two tasks
based on the Keystroke-level Model and on TAMPEL. You may use the notes that were
provided in class to help you evaluate the two tasks. You will be measured on how fast
you evaluate each tasks and how accurate your predictions are. Good Luck!
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INSTRUCTIONS

Bases on the lecture that was given in class on Human Computer Interaction you
will be asked to measure Ease of Use and Ease of Learning for different interfaces ‘The
following section describes an interactive network editing system with different alternative
interface design. You must measure Ease of Use and Ease of Leaming for two tasks
based on the Keystroke-level Model and on TAMPEL. It is imperative that you clearly
identify if the tasks and subtasks are recall, recognition, or transfer, and if the operators
involve pointing (P), keystroking (K), homing (H), and/or mental operators (M). You
may use the notes that were provided in class to help you evaluate the two tasks  You will
be measured on how fast you evaluate each tasks and how accurate your predictions are
Good Luck!
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In this study, we examine possible designs for the user interface of an interactive
computer graphics system for editing networks, where a network is defined 10 be a
collection of nodes connected by edges (Figure 1). There are two basic tasks that the user
can perform with the system:

ADD/DELETE a node.
ADD/DELETE an edge

All the commands of the system are listed on a menu that is continuously displayed
on the screen along with a grid containing the network being edited and a graphics tablet
with a puck is used as a pointing device (Figure 2) To select an object (a node or an
edge) or an operation (one of the menu selection) the user points to it with the on-screen
cursor by moving the puck on the tablet, and then presses one of the buttons on the puck
The user is allowed to perform a network editing operation as many times as he/she wants
without having to go back to the menu. For example, the user can add several nodes to
the network by selecting the menu item associated with that operation only once, and then
every time he/she wants to add a node he/she just has to point to the location where the
node is to be added and then press any button on the puck. This reduces hand movement
considerably, making the system more efficient and enjoyable to use. The following
section provides a description of two interfaces and information on how to perform a task
using both systern.

N\~

node edge

Figure 1: A Network
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1. Interface

The menu choices of this interface (Figure 3) are ADD-NODE, ADD-EDGE,
DELETE-EDGE, and DELETE-NODE This section provides a description of how each
of these features can be performed  With this interface the user must add-in one node at a
time, and then add edges to connect them. A node or an edge can be deleted at any time

To create nodes and to connect them the user must first select the menu item
"ADD-NODE", move the puck on the tablet so that the on-screen cursor is positioned
where the new node is to be added, and then press any button on the puck to add the node
to the diagram. To connect the node with edges, the user must first select the menu item
"ADD-EDGE", select the first node to be connected (by pointing to the node and pressing
any button on the puck), and then similarly sslect the second node An edge connecting
the two nodes will then appear on the screen

To delete a node or an edge the user must select the menu item "DELETE-
NODE" or "DELETE-EDGE" and move the puck on the tabiet so that the on-screen
cursor is positioned on the node or edge that needs 10 be deleted. Menu items only need
to be selected once  For example "ADD-NODE" is selected only once, there is no need to
select it every time a node is to be added, unless it is de-selected (by selecting another
menu item, ("ADD-EDGE" for instance).

o

LGl puck
GJ 3 (with four buttons)

Figure 2: Tablet with Puck
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ADD-NODE ADD-EDGE DELETE-NODE DELETE-EDGE MENU

WORK
GRID AREA

Figure 3: Interface 1

A EXERCISE 1: Delete twe nodes and one edge

This task consists of deleting two nodes connected by an edge. Assume that the
user will use the most efficient method which is to delete the two nodes first and then
delete the edge.

Given the interface above, the task, and the method for performing the task,
predict the ease of use by applying the Keystroke-level Mode!.
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B. EXERCISE 2: Measuring the time to learn two functions

Tlis exercise consists of evaluating the time it takes to leam a system such as the
one described. This system, however, only has the function “DELETE-NODE" and
"DELETE-EDGE". Using TAMPEL measure the ease of learning

DELETE-NODE

DELETE-EDGE

GRID

Figure 4: Interface 2
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EXERCISE 3- Create three nodes and connect them

This task consists of creating three nodes and connecting them together Again,

we assume that the user will use the most efficient method whuch consists of following
two tules:

1.

Create all the nodes first. Since the interface requires two different commands to
add 2nd connect nodes (ADD-NODE and ADD-EDGE), it is more efficient to lay
out all the nodes first and then conn- -t them by edges. This way the user avoids
selecting the menu items "ADD-N!;DE" and "ADD-EDGE" more then once and
hence reduce the physical and cognitive actions needed to change between the
two

Always move on the the nearest node when adding or connecting nodes this
reduces gesture considerably

Using the Keystroke-level Model evaluate the ease of usc of performing this task

o
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D EXERCISE 4: Measuring the time to leam four functions

This exercise consists of evaluating the time it takes to leam a system such as the
one described. Using TAMPEL measure the ease of learning

ADD-NODE ADD-EDGE

DELETE-NODE

DELETE-EDGE

GRID

WORI
AREA

Figure 3: Interface 1
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BACKGROUND QUESTIONNAIRE
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D
2)

3)

4)

3)

6)

BACKGROUND INFORMATION

Full Name:

Years of University Education:

University program presently enrolled in:
Major:
Minor:

How many University level MIS or Computer Science courses have you taken so
far:

How many years, if any, of formal MIS work experience do you have

Using the following scale indicate your agreement with the following statements'

1 | 2 | 3__ 1 4 S | 6__ | 7 |
Very Strongly Agree Neither  Disagree  Strongly Very
Strongly Agree Agree Disagree  Strongly
Agree Nor Disagree
Disagree
* I am knowledgeable with the use of operating systems. )
* I am knowledgeable with *hc use of computer hardware ()
* I am knowledgeable in defining information requirements  (__)
* I am knowledgeable at designing outputs and inputs for
application software )
* I am knowledgeable at developing file structures D
* I am knowledgeable in the use of office automation products
such as Wordperfect and LOTUS )
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APPENDIX E
RESULT OF BACKGROUND
QUESTIONNAIRE
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BACKGROUNFD INFORMATION

YEARS OF UNIVERSITY EDUCATION

QUESTION GROUP N MEAN MEDIAN STDEV MIN MAX 95%C. L
YEARS MANUAL 13 3.184 3.000 0376 3000 4000  (2927.3381)
YEARS IDES 14 3387 3.000 1008 2000  S000  (277% 3939)
UNIVERSITY M.L.S. COURSES

QUESTION GROUP N MEAN MEDIAN STDEV MIN MAX 95%C. L
# OF COURSES MANUAL I3 8000 9.000 1.780 5000 10000 (6 94.9076)
# OF COURSES IDES 14 6929 7.000 2.303 2000 11000 (3599.8238)

FORMAL M.LS. WORK EXPERIENCE

QUESTION GROUP N MEAN MEDIAN STDEV MIN MAX 95%C.L

YEARS MANUAL 13 0.0218 0.000 0.381 0000 1.000 (0013, 0448)
YEARS IDES 14 00950 0 0.2749 0000 1000 (-0 0638 02538)

KNOWLEDGEABLE WITH THE FOLLOWING

QUESTION GROUP N MEAN MEDIAN STDEV MIN MAX 95%C.L

OPER. SYSTEM MANUAL 13 3285 4.000 1.302 1000 6000 (2.477,4.29))
OPER. .SYSTEM IDES 14 3357 3.000 1.646 1.000 6000 (2.407,4.308)
COMP. HARDWARE MANUAL 13 3308 3.000 137 1.000  6.000 (2475,4.140)
COMP. HARDWARE IDES 14 2429 3.000 1.508 1.000  6.000 (2 560, 4.298)
INFO. REQUIRE. MANUAL 13 2923 3.000 1.236 J.000  5.000 (2.164, 3.682)
INFO. REQUIRE. IDES 14 3214 3.000 1.051 2000 6.000 (2.607, 3 821)
OUTPUT/INPUT MANUAL 13 2692 3.000 1.032 1000 4000 (2 069,3.316)
OUTPUT/INPUT IDES 14 3.071 3.000 1.207 2000 6.000 (2.375,3 768)
FILES STRUCTURE MANUAL 13 3200 3.000 1.424 1.000  6.000 (2.411,3.989)
FILES STRUCTURE  IDES 14 3.500 4.000 1.225 2000 6.000 (2.793,4.207)
OFFICE AUTOMA. MANUAL 13 2.000 2.600 1.000 1060 4000  (1.396,2.604)
OFFICE AUTOMA. [DES 14 2214 2.000 1.188 1.000  5.000 (1 328,2.90))
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Solution to class Quiz

SELECT "CREATE (Rectange)"

reach for the puck H
point to "CREATE (Rectange" M+P
press any button on mouse K

CREATE RECTANGLE 1
point to location of RECTANGLE 1 M +P
press any button on mouse K

SELECT "CREATE (Circle)”

poiat to "CREATE (Circle)" M+P

press any button on mouse K
CREATE CIRCLE 1

point to location of CIRCLE 1 M+P

press any button on mouse K

SELECT "CONNECT"

point to "CONNECT” M+P
press any button on mouse K
CONNECT Figures
point to RECTANGIE M+P
press any button on mouse K
point to CIRCLE P
press any button on mouse K
SOLUTION

Teaom = H+6M+ 7P + 7K

= 16.76 SECONDS
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Ease of Learning with TAMPEL

GOAL: ACQUIRE-UNIT TASK

IF MORE RECTANGLES TO BE CREATED) THEN
UNIT-TASK = CREATE (RECTANGLE)

ELSE IF (MORE CIRCLES TO BE CREATED) THEN
UNIT TASK = CREATE(CIRCLE)

ELSE IF (FIGURES TO BE CONNECTED) THEN
UNIT TASK = CONNECT

GOAL: EXECUTE CREATE (RECTANGLE)

IF ("CREATE (RECTANGLE)" IS NOT SELECTED) THEN
UNIT-TASK = SELECT ("CREATE (RECTANGLE")
ELSE IF ("CREATE (RECTANGEL IS SELECTED) THEN

UNIT TASK = SELECT (LOCATION)

GOAL: EXECUTE-CREATE (CIRCLE)

IF ("CREATE (CIRCLE)" IS NOT SELECTED) THEN
UNIT-TASK = SELECT ("CREATE (CIRCLE))

ELSEIF ("CREATE (CIRCLE)" IS SELECTED) THEN
UNIT TASK =SELECT (LOCATION)

GOAL: EXECUTE-CONNECT

IF ("CONNECT"” IS NOT SELECTED) THEN
UNIT-TASK = SELECT ("CONNECT")

ELSE IF ("CONNECT™ IS SELECTED) THEN
UNIT TASK = SELECT (FIGURE 1)

ELSEIF (FIGURE 1 IS SELECTED) THEN
UNIT TASK=SELECT FIGURE 2

GOAL: EXECUTE-SELECT (OBJECT)

IF (CURSOR IS NOT POINTING TO OBJECT) THEN
UNIT-TASK = POINT-TO (OBJECT)

ELSE IF (CURSOR IS POINTING TO OBJECT) THEN
UNIT TASK ~ PRESS (ANY BUTTON)

SOLUTION
RULE_RECL = 12
PROC_RECL = 6
PROC_REGZ = 2

ADD _RULES = 12 - (6+2) = 4

TIME TO LEARN = 278.65 SECONDS

138

RULE_RECL
PROC_REGZ
RULE_RECL
PROC_REGZ
RULE_RECL
PROC_RECL

RULE_RECL
PROC_RECL
RULE_RECL
PROC_RECL

RULE_RECL
TRANSFERRED
RULE_RECL
TRANSFERRED

RULE_RECL
TRANSFERRED
RULE_RECL
PROC_RECL
RULE_RECL
TRANSFERRED

RULE_RECL
PROC_RECL
RULE_RECL
PROC_RECL



APPENDIX G
SOLUTION TO TEST
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EASE OF USE
KEYSTROKE-LEVEL MODEL
TASK 1

SELECT “DELETE-NODE"

reach for the puck B

point to "DELETE NODE" M+P

press any butiun un mouse K
DELETE NODE 1

point to location of nude 1 M+P

press any buttun on mousc K
DELETE NODE 2

point to location of node 2 M+pP

press any button on mouse K

SELECT "DELETE-EDGE"

point to DELETE-EDGE M+P
press any button on mouse K
DELETE EDGE
point to edge M+P
press any button on mouse K
SOLUTION

Torm = H+ SM + 5P + SK

= 13.05 SECONDS
(12.65 SECONDS WITHOUT THE H)
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EASE OF LEARNING

TAMPEL
TASK 1

GOAL: ACQUIRE-UNIT TASK

IF (NODES TO BE DELETED) THEN
UNIT-TASK = DELETE-NODE

ELSE IF (EDGE TO BE DELETED) THEN
UNIT TASK = DELETE-EDGE

GOAL: EXECUTE-DELETE NODE

IF ("DELETE-NODE" IS NOT SELECTED) THEN
UNIT-TASK = SELECT ("DELETE -NODE")

ELSE IF ("DELETE-NODE"” IS SELECTED) THEN
UNIT TASK = SELECT (LOCATION)

GOAL: EXECUTE-DELETE EDGE

IF ("DELETE-EDGE" IS NOT SELECTED) THEN
UNIT-TASK = SELECT ("DELETE-EDGE")

ELSE IF ("DELETE-EDGE" IS SELECTED) THEN
UNIT TASK = SELECT (EDGE)

GOAL: EXECUTE-SELECT (OBJECT)

IF (CURSOR IS NOT POINTING TO OBJECT) THEN
UNIT-TASK = POINT-TO (OBJECT)

ELSE IF (CURSOR IS POINTING TO OBJECT) THEN
UNIT TASK = PRESS (ANY BUTTON)

SOLUTION

RULE_RECL = 8§
PROC_RECL = §
PROC_REGZ = 1
ADD _RULES = §-(5+2) =1

TIME TO LEARN = 217.05 SECONDS
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EASE OF USE

KEYSTROKE-LEVEL MODEL
TASKI11
SELECT "ADD-NODE"
reach for the puck H
point to "ADD-NODE" M+P
press any button on mouse K
CREATE NODE )
point to location of node 1 M +P
press any button on mouse K
CREATE NODE 2
paint to locativn of nude 2 M+P
press any buttun on mouse
CREATE NODE 3
point 1o focation of nude 3 M+P
press any buttun un mouse K
SELECT "ADD-EDGE"
point 10 ADD-EDGE M+p
press any buttun on mouse K
CREATE EDGE 1-2
point to nede 1 M+P
press any button on mouse K
point 1o node 2 P
press any button un mouse K
CREATE EDGE 2-3
poiat tonode 2 M+P
press any button vn mouse K
point to node 3 P
press any button on mouse K
CREATE EDGE 3-1
point to sode 3 M+P
press any button on mouse K
point to node 1 |
press any button on mouse K
SOLUTION

Tosem = H+ 8M+ 11P+ 11K

= 24.18 SECONDS
(23.78 SECONDS WITHOUT THE H)
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EASE OF LEARNING

TAMPEL
TASK 11

GOAL: ACQUIRE-UNIT TASK

IF (MORE NODES TO BE ADDED) THEN
UNIT-TASK = ADD-NODE (LOCATION)

ELSE IF (MORE EDGES TO BE ADDED) THEN
UNIT TASK = ADD-EDGE (NODE 1, NODE 2)

ELSE IF (MORE NODES TO BE DELETEN) THEN
UNIT TASK = DELETE NODE (NODE)

ELSE IF (MORE EDGES TO BE DELETED) THEN
UNIT TASK = DELETE EDGE (EDGE)

GOAL: EXECUTE ADD-NODE (LOCATION)
IF ("ADD NODE" IS NOT SELECTED) THEN
UNIT-TASK = SELECT ("ADD-NODE")
ELSE IF ("ADD-NODE" IS SELECTED) THEN
UNIT TASK = SELECT (LOCATION)

GOAL: EXECUTE-ADD-EDGE (NODE 1 NODE 2)
IF ("ADD-EDGE" IS NOT SELECTED) THEN
UNIT-TASK = SELECT ("ADD-EDGE™)
IF ("ADD-EDGE"” IS SELECTED) THEN
UNIT TASK = SELECT (NODE 1)
IF (NODE 1 1S SELECTED} THEN
UNIT TASK = SELECT (NODE 2)

GOAL: EXECUTE-DELETE NODE (NODE)

IF ("DELETE-NODE" IS NOT SELECTED) THEN
UNIT-TASK = SELECT ("DELETE-NODE")

ELSE IF ("DELETE-NODE" IS SELECTED) THEN
UNIT TASK = SELECT (NODE)

GOAL: EXECUTE-DELETE EDGE (EDGE)

IF ("DELETE-EDGE" IS NOT SELECTED) THEN
UNIT-TASK = SELECT ("DELETE-EDGE")

ELSE IF ("DELETE-EDGE" IS SELECTED) THEN
UNIT TASK = SELECT (EDGE)

GOAL: EXECUTE-SELECT (OBJECT)

IF (CURSOR IS NOT POINTING TO OBJECT) THEN
UNIT-TASK = POINT-TO (OBJECT)

ELSE IF (CURSOR 1S POINTING TO OBJECT) THEN
UNIT TASK = PRESS (ANY BUTTON)
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SOLUTION

RULE_RECL

L]
-~
[73

[ ]
o

PROC_RECL

PROC_REGZ

4

ADD _RULES = 15-(6+4) = §

TIME TO LEARN = 335,70 SECONDS
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SIMPLE

TASK
DELETE PROC_REGZ DELETE PROC _REG:z
NODE RULE_RECL EDGE RULE_RECL
PROC_RECL PROC_RECL TRANSFER TRANSFER
RULE_RECL v RULE_RECL
PROC_REC
SELECT SELECT SELECT gg‘é.?; SELECT | RulE RECi
DELETE NODE 1 NODE 2 oyl EDGE

03\ bk

PROC_RECL PROC_RECL TRANSFER TRANSFER TRANSFER TRANSFER
RULE_RECL RULE_RECL TRANSFER TRANSFER

TRANSFER TRANSFER
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-
NETWORK
3
ADD-EDGE12 DELETE DELETE
APD,B;NWZE proc_regz ADD-EDGE23 | | ADD-EDGE3! NODE EDGE
mta-:gl rule_racl transfer transfer proc_regz proc_regz
N tule_rect rule_rec!
v v v v TRANSFER
Roe e
SELECT - CREATE - | CREATE | mansrer CREATE
ADD-NODE NODE 1 NODE 2 NODE 3
PROC_RECL  PROC_RECL TRANSFER TRANSFER TRANSFER TRANSFER  TRANSFER  TRANSFER
RULE RECL  RULE RECL
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NETWORK

ADD-NODE ADD-EDGE12 DELETE DELETE
proc. regz proc_regz ADD-EDGE23 ADD-EDGE31 NODE EDGE
mle-:gl rule_recl transfer transfer proc_reg2 proc_regz

= rule_recl rule_recl
v v v
TRANSFER TRANSFER TRANSFER
SELECT SELECT SELECT
ADD-EDGE NODE 1 NODE 2
TRANSFER TRANSFER TRANSFER TRANSFER  TRANSFER TRANSFER
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NETWORK

*
ADD-EDGE12 DELETE DELETE
‘gf;"r‘e’f proc_regz ADD-EDGE23 | | ADD-EDGE31 NODE EDGE
rule recl rule_recl transfer transfer proc_regz proc_tegz
- | rule_rec! rule_rec
v v
TRANSFER TRANSFER
SELECT SELECT
NODE 2 NODE 3
TRANSFER TRANSFER TRANSFER TRANSFER
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NETWORK

ADD-NODE ADD-EDRE12 DELETE DELETE
¢ reqz proc_regz ADD-EDGE23 ADD-EDGE31 NODE EDGE
pr::e-'r:g! rule_recl transfer transfer proc_regz proc_regz
- rule_recl rute_rect
v 14
TRANSFER TRANSFER
SELECT SELECT
NODE 3 NODE 1
TRANSFER TRANSFER TRANSFER TRANSFER
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NETWORK

ADD-NODE ADD-EDGE12 DELETE DELETE
c proc_regx ADD-EDGE23 ADD-EDGE31 NODE EDGE
m e—m rule_rec! transfer transfer proc_regz proc_regz
- rule_rec) rule_recl
v v
TRANSFER TRANSFER
SELECT SELECT
DELETE NODE 1
;
TRANSFER TRANSFER TRANSFER TRANSFER
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NETWORK

ADD-NODE ADD-EDGE12 DELETE DELETE
proc_regz proc_regz ADD-EDGE23 ADD-EDGE31 NODE EDGE
rule_rec rule_rec! transfer transfer proc_regz proc_regz
- rule_rec! rule_recl
v v
PROC_RECL
SELECT |TRANSFER SELECT PRoc. RecH
DELETE EDGE
EDGE
TRANSFER TRANSFER TRANSFER TRANSFER
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APPENDIX H
ATTITUDE QUESTIONS ON MODELS
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EVALUATION OF THE KEYSTROKE-LEVEL MODEL AND TAMPEL

Please answer the following questions regarding the use of the Keystroke-level
Model and TAMPEL to evaluate the ease of use and the ease of learning of an interface
Please circle your answer in the appropriate box. In answering these questions think of
the different methods to evaluate interfaces that were discussed in class.

1) By using the Keystroke-level Model and TAMPEL, how much faster or slower is
it to evaluate the ease of use and the ease of learning of an interfaces”?

| -2 I -1 l 0 | ] | 2 |
Much Slower Slower Neutral Faster Much Faster

2) By using the Keystroke-level Model and TAMPEL, how much better of worse is
your performance in evaluating the ease of use and the ease of learning of an

interface?
| -2 | -1 | 0 | 1 | 2 |
Much Worse Worse Neutral Better Much Better

3) By using the Keystroke-level Mode! and TAMPEL, how much more or less
productive are you when evaluating the ease of use and the ease of learning of an

interface?
| -2 | -1 | 0 | 1 | 2 |
Much less Less Neutral More Much More
Productive Productive Productive Productive
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4) By using the Keystroke-level Model and TAMPEL, how much more or less
effective are you when evaluating the ease of use and the ease of learming of an

interface?
| -2 | -1 | 0 I 1 I 2 [
Much less Less Neutral More Much More
Effective Effective Effective Effective

5) By using the Keystroke-level Model and TAMPEL, how much easier of harder is it
to evaluate the ease of use and the ease of learning of an interface?

l -2 | -1 | 0 | ] | 2 [
Much Harder Harder Neutral Easter Much Easier

6) How useful is the Keystroke-level Model and TAMPEL when evaluating the ease
of use and the ease of learning of an interface?

| -2 ] -1 | 0 | 1 I 2 l
Useless Somewhat Neutral Useful Very Useful
Useless

7 How easy or difficult is it to leam how to apply the Keystroke-level Model and

TAMPEL?
I -2 | -1 | 0 | 1 | 2 |
Very Difficult Difficuit Neutral Easy Very Easy

8) How exsy or difficult is it to become skillful at using the Keystroke-level Model
and TAMIEL?

I -2 | -1 | 0 | 1 | 2 |
Very Difficult Difficult Neutral Easy Very Easy
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9) How easy or difficult is it to apply the Keystroke-level Model and TAMPEL"

| -2 | -1 | 0 | 1 I 2 I
Very Difficult Difficuit Neutral Easy Very Easy

10)  Overall, how satisfied or unsatisfied are you with the Keystroke-level Model and
TAMPEL as a tool to evaluate the ease of use and the ease of learning of an

interface?
| -2 | -1 | 0 | 1 | 2 |
Very Unsatisfied Unsatisfied Neutral Satisfied Very Satisfied

155



APPENDIX I
ATTITUDE QUESTIONS ON IDES
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EVALUATION OF IDES

In the class lecture you were taught how to evaluate the ease of use and the ease
of learning of an interface by applying the Formal Models manually The following
questions will ask you to compare the methods taught in class with that of using IDES to
evaluate the ease of use and the ease of learning of an initerface. Please circle the answer
in the appropriate box.

1) By using IDES, how much faster or siower is it to evaluate the ease of use and the
ease of learning of an interfaces?

| -2 | -1 | 0 | 1 | 2 |
Much Slower Slower Neutral Faster Much Faster

2) By using IDES, how much better of worse is your performance in evaluating the
ease of use and the ease of learning of an interface?

| -2 | -1 | 0 | 1 | 2 |
Much Worse Worse Neutral Better Much Better

3) By using IDES, how much more or less productive are you when evaluating the
ease of use and the ease of learning of an interface?

I -2 | -1 | 0 | 1 | 2 |
Much less Less Neut.al More Much More
Productive Productive Productive Productive
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4) By using IDES, how much more or less effective are you when evaluating the ease
of use a..J the ease of learning of an interface?

| -2 I -1 | 0 | 1 | 2 |
Much less Less Neutral Mote Much More
Effective Effective Effective Effective

5) By using IDES, how much easier of harder is it to evaluate the ease of use and the
ease of learning of an interface?

[ -2 | -1 | 0 | 1 | 2 |
Much Harder Harder Neutral Easier Much Easier

6) How useful is IDES when evaluating the ease of use and the ease of learning of an

interface?
I -2 | -1 | 0 | 1 | 2 |
Useless Somewhat Neutral Useful Very Useful

Useless

The following questions relate to the use of IDES as a tool to evaluate the ease of
use and the ease of learning of an interface. Please circle you answer in the appropriate
box.

7) How easy or difficult is it to learn to op=rate IDES?

| -2 | -1 | 0 | 1 | 2 |
Very Difficult Difficult Neutral Easy Very Easy
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8) How easy or difficult is it to get IDES to do what you want it to do”

I -2 I -1 | 0 | 1 | 2 |
Very Difficuit Difficult Neutral Easy Very Easy

9) My interaction with IDES is clear and understandable”

| -2 | -1 | 0 | 1 | 2 ]
Strongly disagree Disagree Neutral Agree Strongly Agree

10)  How flexible is IDES to interact with?

1 -2 | -1 | 0 | 1 | 2 |
Very Inflexible Inflexible Neutral Flexible Very Flexible

11)  How easy or difficult is it to become skilfull at using IDES?

| -2 | -1 | 0 | 1 | 2 |
Very Difficult Difficult Neutral Easy Very Easy

12)  How easy or difficult is it to use IDES?

I -2 | -1 | 0 | 1 | 2 |
Very Difficult Difficult Neutral Easy Very Easy
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13)  How useful is the presentation format of the output of IDES?

| -2 | -1 | 0 | R l 2 |
Useless Somewhat Neutral Useful Very Useful
Useless

14)  How clear is the information provided by IDES?

I -2 | -1 | 0 | 1 | 2 I
Very Unclear Unclear Neutral Clear Very Clear

15)  Owverall, how satisfied or unsatisfied are you with IDES as a tooi to evaluate the
ease of use and the ease of learning of an interface?

l -2 | -1 | 0 | 1 | 2 J
Very Unsatisfied Unsatisfied Neutral Satisfied Very Satisfied
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DESCRIPTIVE STATISTICS
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Descriptive Statistics
1. SIMPLE TASK (TASK 1)

A, KEYSTROKE-LEVEL MODEL

D K1IMS = Evaluation of ease of use using the manual method

KIMS = (12.65, 12.65, 12.65, 7.99, 12.65, 5.06, 12.65, 12.65, 7.59, 12.65,
13.05, 14.17)

N=13

MEAN = 11.077
MEDIAN = 12.65
STDEV = 2.899
SEMEAN = 0.804
MIN = 5.06

MAX = 14.170
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KIMSD = Deviation from the true ease of use score using the manual method

KIMSD = (0.00, 0.00, 0.00, -4.66, -5.06, 0.00, -7.59, 0 00, 0.00, -5.06, 0.00. 0 40,
1.52)

N=13

MEAN =-1.73
MEDIAN = 0.000
STDEV = 2.899
SEMEAN = 0.804
MIN = -7.590

MAX = 1.520
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KIMT = Time to complete the task using the manual method
KIMT =(5,2,4,6,4,5.4,18,6,7,4,9,7)

N=13

MEAN = 6.23

MEDIAN = 5.00

STDEV = 3.96

SEMEAN=1.10

MIN = 2.00

MAX = 18.00
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4)

K11S = Ease of use evaluation using IDES

K1IS = (12.65, 15.18, 10.12, 12.65, 12.65, 6.59. 14.18, 6.59. 12.65. 12.65. 13 05. 15 18,
12.65, 7.59)

N=14

MEAN = 12.956
MEDIAN = 13.65
STDEV = 2.715
SEMEAN = 0.726
MIN = 8.590

MAX = 16.180
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5)

K1ISD = Deviation from the true ease of use using [DES

K1ISD = (0.00, 2.53, -2.53, 0.00, 0.00. -5.06, 2.53, +5.06, 0.00, 0.00, 0 40, 2.53. 0 00.
-5.06)

N=14
MEAN = 0,694
MEDIAN = 0.00
STDEV =2.715
SEMEAN =0.726
MIN = -5.060

MAX = 2.530
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6)

KIIT = Time to measure ease of use using IDES

KIIT = (5, 10, 25, 20, 12, 11, 20, 16, 14, 26, 20, 25. 18, 20)
N=14

MEAN = 17.29

MEDIAN = 19.00

STDEV = 6.26

SEMEAN = 1.67

MIN = 5.00

MAX = 11.75
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B. TAMPEL

1) TIMS = Evaluation of ease of learning using the manual method
TIMS = (265, 253, 340, 276, 290, 265, 382, 153, 290, 324, 265, 314, 267)
N=13
MEAN =283 4
MEDIAN = 276
STDEV =539
SEMEAN = 149
MIN = 153

MAX = 382
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2)

T1MSD = Deviation from true score for case of learung using the manual method

TIMSD = (47.95, 35.95, 122.95. 58.95,72.95, 47.95, 164.95, -64.05, 72.95. 106.95,
47.95, 96.95, 49.95)

N=13

MEAN =66.3
MEDIAN = 58.90
STDEV=53.9
SEMEAN = 14.9
MIN = 64.01

MAX = 164.9
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4

T1IS = Evaluation of case of leaming using IDES

TIIS = (254,341, 179, 155, 217, 211, 280, 185, 211,217, 153, 305. 298, 272)
N=14

MEAN =234.1

MEDIAN=217.0

STDEV =584

SEMEAN=15.6

MIN = |53

MAX = 34]
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3)

TIMT = Time to measure ease of learming using the manual method
TIMT = (20,29, 20, 26, 15, 28, 23, 23, 26, 22. 14. 20, 26)

N=13

MEAN = 22.23

MEDIAN =23.00

STDEV =4.40

SEMEAN =1.22

MIN = 14.00

MAX = 29.00
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5)

T1ISD = deviation from true case of learming using IDES

T1ISD = (36.95, 123.95, -38 05, -62.05, -0 05, -6.05, 62.95, -32.05, -6 05. -0.05, 64 05,
87.95, 80.95, 54 95)

N=14

MEAN =17.1
STDEV = 58.4
SEMEAN = 15.6
MIN = -64.1

MAX = 123.9
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6)

TIIT = Time to measure ease of learning using IDES
TIIT=(6,2,8,2,3,2,6,1,11,4,6,2,7.8)

N=14

MEAN = 4 857

MEDIAN = 5,000

STDEV = 3.009

SEMEAN =0.804

MIN = 1.00

MAX = 11.00
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2.

COMPLEX TASK (TASK IT)

A

KEYSTROKE-LEVEL MODEL (EASE OF USE)

D

K2MS = Evaluaticn of ease of use using the manual method

K2MS = (25.53, 17.94, 25.53, 13.68, 7.65, 20.63, 7.82, 1541 17.94, 29.17,
23.33, 19.93, 17.94)

N=13

MEAN = 18.65
MEDIAN = 17.94
STDEV =6.51
SEMEAN = 1.80
MIN = 7.65

MAX =29.17




K2ISD = Dewiation from true score for ease of use using IDES

K2ISD = (4.05, -1.01, -6.07, 4.05, -3.54, -8.60. 1.52, 4.05. -6 07. 6 58. -11 13,
4.05, 9.11, 4.05)

N=14

MEAN = -0.07
MEDIAN =2.78
STDEV =6 17
SEMEAN = 1.65
MIN =-11.13

MAX =9.71
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C.

TOTAL TIME TO MEASURE EASE OF USE AND EASE OF LEARNING
1) TTIM = Total time to measure botht he ease of use and the ease of learning using the
manual method

TTIM = (25, 31, 24, 32, 19, 30, 27, 41. 32.29, 18, 29, 33)

N=13

MEAN = 28.46

MEDIAN = 29.00

STDEV = 6.09

SEMEAN = 1.66

MIN = 18.00

MAX = 41.00
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K2MSD = Deviation from true score for ease of use using the manual method

K2MSD = (1.75, -5.84, 1.75, -10.10, -16.13, -3.15, -15.96. -8.37, -5 84. 5 39,
<0.45. -3.85, -5.84)

N=13

MEAN = -5.13
MEDIAN = -5.84
STDEV = 6.51
SEMEAN = 1.80
MIN =-16.13

MAX =5.39
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K2MT = Time 10 measure ease of use using the manual method
K2MT=(9,6,7,7,5,7,10, 14,4, 11,7, 12, 10)

N=13

MEAN = 8.385

MEDIAN = 7.000

STDEV = 2.902

SEMEAN = 0.805

MIN =4.000

MAX = 14.00
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K2IS = Evaluation of ease of use using [DES

K2IS = (27.83, 22.77, 17.71, 27 83, 20.24, 15 18, 25.30, 27 83, 17 71. 30 36,
12.65, 27.83, 32.89, 27.83)

N=14

MEAN = 23.85
MEDIAN = 26.56
STDEV =6.17
SEMEAN = 1.65
MIN = 12.65

MAX = 32.89
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6)

K2IT = Time to measure case of use using IDES
K2IT=(7.8.18,14,7,13.18,11.9,23. 17. 24,13, 19)
N=14

MEAN = 14.36

MEDIAN = 13.50

STDEV = 5.65

SEMEAN = 1.51

MIN = 7.00

MAX = 24.00
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TAMPEL (EASE OF LEARNING)
1) T2MS = evaluation of ease of learning using the manual method
T2MS = (500, 473, 372, 402, 570, 430, 488. 338, 521, 1151, 438, 627, 612)
N=13
MEAN = 532.5
MEDIAN = 489
STDEV = 205.3
SEMEAN = 56.9
MIN = 338

MAX = 1151
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2)

T2MSD = Deviation from true case of learning using the manual method

T2MSD = (164.3, 137.3, 36.3, 66.3, 234.3, 94.3, 152.3, 2.3, 185.3, 815.3.
102.3, 291.3, 276.3)

N=13

MEAN = 196.8
MEDIAN = 152.3
STDEV =205.3
SEMEAN = 57.0
MIN =23

MAX = 815.3
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3)

T2MT = Time to measure ease of learning using the manual method
T2MT = (39, 22, 29, 26, 20, 30. 28, 45, 27, 28, 19, 23, 36)

N=13

MEAN = 28.62

MEDIAN = 28.00

STDEV = 7.56

SEMEAN =2.10

MIN = 19

MAX =45
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4)

T2IS = Time to measure case of learning using [DES

T2IS = (282, 434, 358, 329, 470, 471, 327, 376. 507, 432, 297. 434, 507. 394)
N=14

MEAN = 401.3

MEDIAN = 413.0

STDEV =752

SEMEAN =20.1

MIN = 282

MAX = 507
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T2ISD = Dewviation from true ease of leartung using [DES

T2ISD = (-53.7. 98.3, 22.3, 6.7, 134.3, 1353.-8 7. 40.3. 171 3,96 3, -38 7,
98.3,171.3, 58.3)

N=14

MEAN = 65.3
MEDIAN = 98.0
STDEV =75.2
SEMEAN =20.0
MIN = -54

MAX =171
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2)

TT11 = Total ume to measure ease of use and ease of learmung using IDES
TT1I=(11, 12,33, 22, 15, 13, 2&. 17, 25, 30. 26, 27. 25. 28)

N=14

MEAN = 22.14

MEDIAN = 25.00

STDEV=1.19

SEMEAN = 1,92

MIN = 11.00

MAX =33.00
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6)

T2IT = Time to measure case cf learning using IDES

T2AT =(5, 7,9, 5, 11,4,7,4,8.14.10, 10. 8, 10)

N=14

MEAN = 8.0

MEDIAN = 8.00

STDEV = 2.909

SEMEAN = 0.777

MIN =4.0

MAX = 14.00
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C. TOTAL TIME FOR EASE OF USE AND EASE OF LEARNING

1) TT2M = Total time for ease of use and ease of learmng using the manual
method

TT2M = (48, 28, 36, 33, 25, 37. 38, 59. 31, 39, 26, 35)
N=13

MEAN = 37

MEDIAN = 36.00

STDEV =9.55

SEMEAN = 2.65

MIN = 25.00

MAX = 59.00
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2)

TT2I = Total time to measure ease of use and ease of learning using IDES
TT2I=(12, 15,27, 19, 18, 17, 25, 15, 17, 37. 27, 34, 21. 29)

N=14

MEAN = 2236

MEDIAN = 20.00

STDEV = 7.59

SEMEAN =2.03

MIN = 12.00

MAX = 37.00
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BACKGROUND INFORMATION

YEARS OF UNIVERSITY EDUCATICN

QUESTION GROUP | N | MEAN | MEDIAN | STDEV MIN | MAX [ 95% C. L
YEARS MANUAL 13 | 3154 3 000 0376 3 000 4 000 (2927 1381
YEARS IDES 14 | 11357 31000 1 008 2000 3 000 (277¢ 1939
UNIVERSITY ML.1LS. COURSES
QUESTION GROUP | N | MEAN | MEDIAN | STDEV MIN | MAX | 95°% C. L
# OF COURSES MANUAL | 13 | 8000 9.000 1780 S000 | 10000 | (694 907m)
# OF COURSES IDES 14 | 6929 7 000 2303 2000 | 11000 | (% 499 K 25K)
FORMAL MLLS. WORK EXPERIENCE

]

QUESTION GROUP | N { MEAN | MEDIAN | STDEV MIN | MAX {9§% C. L

YEARS MANUAL | 13 | 0.0218 0000 0.381 0000 | 1000 | (-0013,0448)

YEARS IDES 14 | 00950 0 0.2749 0000 | 1000 | (-00638.02538)
XKNOWLEDGEABLE WITH THE FOLLOWING
QUESTION GROUP | N | MEAN | MEDIAN | STDEV MIN | MAX | 9§ % C.L
OPER. SYSTEM MANUAL | 13 [ 338¢ 4000 1.502 1000 | 6000 | (2477.429°,
OPER_SYSTEM IDES 14 | 3.357 3 000 1.646 1000 | 6000 | (7.407. 4 308)
COMP. HARDWARE | MANUAL | 13 | 3.308 3 000 1377 1,009 | 6000 | (2473, 4140)
CCMP. HARDWARE | IDES 14 | 3.429 3 000 1505 1000 | 6.000 | (2.560.4 298)
INFO. REQUIRE. MANUAL | 13 | 2.923 3,000 1.256 1000 | 5000 | (2 164.3 682)
INFO. REQUIRE. IDES 14 | 3.214 3.000 1.051 2.000 | 6000 | (2607.3821)
OUTPUT/INPUT MANUAL | 13 | 2.692 3000 1032 1000 | 4000 | (2.069.3316)
OUTPUT/INPUT IDES i4 | 3071 3 000 1.207 2.000 | 6000 | (2375.3768)

[ FILES STRUCTURE_ | MANUAL | 13 | 3200 3.000 1.424 1000 | 6.000 | (2.411.3989)
| FILES STRUCTURE | IDES 14 | 3.500 4000 1.225 2000 | 6000 | (2.793,4207)

OFFICE AUTOMA._ | MANUAL | 13 | 2.000 2.000 1.000 1000 | 4000 | (1 396, 2 604)
OFFICE AUTOMA. | IDES 14 | 2214 2.000 1188 1000 | 5000 | (1.528.2.901)
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SUMMARY STATISTICS FOR CLASS QUIZ

EASE OF USE (KEYSTROKE-LEVEL MODEL)

ESTIMATE N | MEAN | MEDIAN | STDEV MIN | MAX | 95% C. L
SCORE (deviation) 28 | 553 1.18 567 21130 | 1637 («334. 1058
TIME 28 | 9429 95 3120 5 000 16 000 | (8218. 106390

EASE OF LEARNING (TAMPEL)

ESTIMATE N | MEAN | MEDIAN | STDEV MIN |MAX |95% C. L
SCORE (deviation) 8 | 99.7 1000 727 01 255 (71.5.1279)
TIME 28 | 2793 27 50 6 64 18.00 50 00 (2535.3051

191




