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ABSTRACT

The purpose of this rescarch was to document individual differences while using a
specific computer softwarc applicaton and to make recommendations for a new interface
bascd on thosc differcnces. Differences between users account for a widc range of human
factors considerations. The individual differences of concern in this research were level of
compulcr anxicty, cognitive style, and method of problem-solving. The rescarch
hypotheses were:
1. Therc is no rclationship between level of computer anxiety and cognitive style.

2. Therc is no relationship between level of compulter anxicty and method of problem-
solving for a compuler-bascd task.

3. Therc is no relationship between cognitive style and method of problem-solving for a
computcr-based task.

Level of computer anxicty was documented using the Computer Anxiety Index
(CAIN). The Myers-Briggs Type (MBTI) Indicator was usecd to determinc cognitive style.
Method of problem-solving was decided using concurrent verbal protocol analysis.

Although correlations were weak, trends were present. Participants with
Introversion (I), Sensing (S), Thinking (T), and Judging (J) preferences demonstrated a
higher average level of computer anxiety. They also averaged higher scores on task
completion and higher percentages of problem-solving time using reading methods.
Conversely, participants with Extraversion (E), iNtuition (N), Fecling (F), and Perceiving
(P) preferences had a lower average level of computer anxiety, averaged lower scores on
the tutorial, and averaged a higher pcrcentage of time using non-reading problem-solving
methods. The researcher made reccommendations based on the finding that participants with
cerlain preferences read the manual less, which resulted in peorer performance on the
tutortal. The recommendations were aimed at bringing small amounts of text to the
computer screen. This would provide hints nesded by participants who tended not to read

printed manuals.
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INTRODUCTION

Statement of Problem

The human factors issues relatcd to computer interfaces have changed. Previously,
one needed to know a special programming language to communicate with a computer.
Current software applications use cascading menus and icons that, when selected,
automatically enter procedures written in a computer language. New interfaces using icons
have becn termed Graphical User Interfaces. The math and language abilities required for
using earlicr interfaces are being replaced by the need for word and object recognition. The
type of knowledge needed to interface with computers could dictate the type of person who
excels at using the interfacc.

The problem with current research is that conflicting results have been reported for
an individual’s personality type and her interest in computers versus her ability to write
applications for computers. [n “Computer Usc and Cognitive Style” by W. Paul Jones, it
was reported that “Thinking™ persons, as identified by a questionnaire, were more likely to
cxperiment with a new software application. Also, “Intuitive” persons reperted being more
likely o purchase or borrow hardware or software and more likely to complete a major task
with a computer (Jones 514-522). However, “The Myers-Briggs Personality Type and Its
Relationship to Computer Programming” documented that “*Sensing’ students performed
better on programming assignments than ‘Intuitive’ students and that ‘Judging’ students
achieved higher programming averages than ‘Perceptive’ students™ (Bishop-Clark and
Wheeler 358-370). The discrepancy between [ntuitive persons being interested in trying
new software and their programming performance could have resulted from the fact that
using computer software required a different “type™ of person than that required for writing

applications.



Purposc of Research

The purpose of this research was to document individual differences while using a
specific computer software application and to make recommendations for a new interface
bascd on those differences. Individual differcnces between users can account for a wide
range of human factors considerations. The recommendations have been derived from the
relationship betwcen individual differences in compuler anxiety, cognitive style, and
method of problem-solving.

The study named in the previous scction addressed the issues of human-computer
interface related to computer programming. However, the majority of computer users today
do not have programming experience. A ncw type of computer user has emerged, and there
was little literature available which supported or investigated cognitive pattemns of these
new users. Information about individual differences in computer anxiety, cognitive style,
and method of problem-solving were used to make reccommendations for a new computer

soltware interface.

Overview

Level of Computer Anxiety

Level of computer anxiety was the first measure of individual differences in
computer use applicd in this research. A pre-test of computer anxiety level was
administered to each participant. Maurer, co-dcveloper of the Computer Anxicty [ndex,
defined computer anxicty as, “The fear or apprchension felt by an individual when using
computers, or when considering the possibility of computer utilization.”

The basis of computer anxicty is continually changing. Initially, there werc few
soltware applications available and most interface with computers was through

programming languages such as BASIC or PASCAL. Thercfore, the level of computer



anxiety was hcavily dependent on programming ability. With the increasc of available
soltware, a person does not necessarily need to know a programming language 1o usc a
computer. However, anxicty still cxists. Results [rom the study “Teacher Education
Students and Computers: Prior Computer Experience, Occurrence, and Anxicty” showed
that “Gender, year, major, and prior experience all had significant main effects on computer
anxiety” (Liu, Reed and Phillips 457-467). In this thesis, Icvel of computer anxicty was
compared to cognitive style, then mecthod of problem-solving, to determine if there was a

relationship.

Cognitive Style

Cognitive style was the second measurcment of individual differences that was uscd
tn this thesis. Participants were asked to complete a second pre-test of cognitive style.
Cognitive style has been defined by lgbaria and Parasuraman as, *...the characteristic
processes used by an individual in the acquisition, analysis, evaluation and interpretation of
data used in decision making”. Carl Jung developed a theory of cognitive styles that has
come to be known as the theory of personality types. These “types” are based on cognitive
styles. According to Myers & Myers, “Type theory is related to academic achievement,
aplitude, application, and interesl.” Personality typc is commonly used in schools in an
attempt to assess individual cognitive styles and determine why all students do not lcarn the
samc amount in the same situation. The relationship between each participant’s cognitive
style and his level of computer anxicty and mcthod of problem-salving has been

investigated.

Method of Problem-solving
Concurrent verbal protocol analysis was used to document the method of problem-

solving used by cach participant. Each participant’s reaction to mistakes while compleling a
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section from a tutorial for an unfamiliar software application was video taped and analyzed.
The tutorial was flawed. TherefOre, it was impossible to complete the tutorial correctly
without prior knowledge of the computer application. Ericsson and Simon maintained that,
“One mcans frequently uscd to gain information about the course of the cognitive process is
to probe the subjects’ internal states by verbal methods.” This was the final assessment of

individual differences for this research.

Qrganization
Individual Differences
Computer Cognitive Style Method of
Anxiety Problem-solving
Computer Myecrs-Briggs Concurrent Verbal
Anxiety Index Type Indicator Protocol

Analysis

Measures of Individual Differcnces

Recommendations for a New Compuler Software Application
Based On Individual Diffcrences

Fig. 1. Organization
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There is no rclattonship between level of computer anxiety and cognitive style.
There is no relationship betwecn level of computer anxiety and method of problem-
solving for a computer-based lask.

There is no rclationship between cognitive style and method of problem-solving for

a computer-based task.

1tjon o s and rceviati

CAIN (Computer Anxiety Index) - used to measure lcvel of computer anxicty.
Cognitive style - “...the characteristic processes used by an individual in the
acquisition, analysis, evaluation and interprctation of data used in decision making”
(Igbana and Parasuraman 373-388).

Computer anxicty - “...the fcar or apprehension felt by an individual when using
computers, or when considering the possibility of computer utilization™ (Simonson,
ctal. 247).

Computer applications - acompuler program designed [or a specific task or use
(673+713).

Icon - A picture on a screen representing a specific command (American Heritage
College Dictionary)(673+713)

Introspection - Contemplation of one’s own thoughts, feclings and sensations; self-
cxamination (673+713).

MBTI (Myers-Briggs Type Indicator) - used to measurc cognitive style according to
the psychological types described by Carl Jung.

Problem-solving - To work out a correct solution to a problem (American Heritage
College Dictionary)(673+713)

Protocol analysis - “A variant of introspection is protocol analysis in which the

experimenter or the subject keeps a wntten or lape-recorded record of his or her



perccived thought process. This permanent record can be analyzed for frequency
counts of certain words, first or last occurrence of a word or behavior, or clusters

of behavioral pattems” (Schneidecman ).

Assumplions

1. [t was assumed that all participants reported their level of computer anxiety (o the
best of their ability for this rescarch.

2. It was assumed that all participants answered all questions on the Myers-Briggs
Type Indicator 1o the best of their ability for this rescarch.

3. It was assumed that all participants used their natural problem-solving methads for
this rescarch.

4. It was assumed that all participants completed the tutonal to the best of their ability
for this research.

5. It was assumed that all participants had the same amount of previous knowledge
using Infini-D since it was a requirement that participants had never used the
application.

6. [t was assumed that prior experience with a Macintosh computer was not necessary
since the application was alrcady open and all interaction with the operating system
was not documented.

7. It was assumed that the computer application was stable and responded consistently
to all user input.

Limitations

1. Duec to the scope of the rescarch, certain vanables were limited. Thercfore, the age

of participants was limited to eighteen and above to simplify the approval process

for human testing.
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Participants werc recruitcd randomly in the Memorial Union at Anzona State
University. Signs were posted around the sign-in table on the second floor of the
Mecmonal Union. This was a limitation because everyonc on campus did not have
an cqual opportunity to participate in this research.

The research groups werc half female and hall malc. This limitation was based on
the assumption that recent studics find diffcring computer anxiety levels betwecn
genders. Having groups that were hall female and hall male insured that each
gender was equally represented.

Participants cannot have used Infini-D previous to this rescarch. If any participants
had used the software belore, their ability to complcte the tutorial would have been
cnhanced.

The revision of the manual (appendix A) must be uscd when repeating this
research. Lesson 1: Building a Simple Model from the Infini-D Tutorial Manual
was used to provide the tasks [or the protocol analysis. The tutorial had been altered
from its original printed form. Portions of the computer application had becn
updated but the tutorial had not. The researcher added the new icons to the tutorial.
Additional icons werc added il they were rcferred to but not pictured. This was
necessary because the tutorial madc reference to descriptions of icons in the User’s
Manual. The User’s Manual was not provided because it would add too many
variables to the processes of problem-solving. Any further references to the User’s
Manual or other scctions of the tutorial were also deleted. The revised tutorial has
been included (appendix A) to aid anyone who wishes to repeat this research.

If this rescarch were replicated, it would be imperative to use version 2.6 of Infini-

D since oldcr or newer versions might differ.



REVIEW OF LITERATURE

Overview of References

To begin this research, literature in three general areas was reviewed: literature related
to quantifying computer anxicty, literature related to quantifying cognitive style, and literature
relating to quantifying method of problem-solving. As this research progressed, literaturc
related to human factors issues of the computer interface was reviewed. The current literature

review details the most pertinent information [ound.

Quantifying Computer Anxiety

Computer anxiety was used in this research as a measurement of individual differences
in computer use. Many of the studies that were reviewed attempted to link computer anxiety to
age, gender, and computer experience. These studies were used as a reference for the type of
computer anxiety test uscs, not as an attempt to determine the cause of computer anxiety

among participants.

The Effect of Age, Gender, Race, and Prior Experience on Compitler Anxiety
“Computer Anxiety: Sex, Race and Age”, by Gilroy and Desai tested 270

undergraduate students using the Oetting Atlitudes toward Computers Scale, Form A.
According to the authors, this test has been extensively validated but the results have not been
published. Participants were also asked for information regarding sex, age, race, and

xperience with computers and formal courses in computers. The findings indicated, “...that
sex, formal course, and experience were significantly predictive of computer anxiety

p<0.01), with neither race nor age attributing for significant variance” (Gilroy 711-719).

ales with formal course expericnce had significantly lower anxiety, while females with

ormal course and computcr experience had significantly lower anxicty (Gilroy 711-719).
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The study “Teacher Education Students and Computers: Prior Computer Experience,
Occurrence, and Anxiety” by Lui, Reed, and Phillips tested 914 teacher education students
with a modified version of Spielberger’s Sell-Evaluation Questionnaire. The questionnairc
was a 20-item, 4-point Likert scale. The reliability and validity of the test were not stated. The
results showed that, "Gender, year, major, and prior expericnce all had significant main
effects on computer anxiety” (Liu, Reed and Phillips 457-467). Generally, males without
prior experience had lower anxiety than femalcs without prior experience.

The study “Age Differences in Computer Anxiety: The Role of Computer Expenience,
Gendcr and Education” by Dyck and Smither compared 219 subjccts 30 years and younger
from universities and community colleges in central Florida to 203 students 55 ycars or older
from the same arca who were enrolled in continuing education courses. The tests used were a
Computer Attitude Scale, Computer Anxiety Scale, a Demographic Questionnaire, and a
Computer Experience Questionnaire. The Computer Attitude Scale was a 30 item 4-point
Likert scale with three subscales each consisting of ten questions. The different sections were:
Computer Anxicty, Computer Confidence, and Computer Liking with alpha coefficients of
.87, 91, and .91, respectively. The Computer Anxiety Scale was a 20 item S-point Likert
scale. The scale had a test-retest reliability coelficient of .77 and an internal consistency alpha
coefficient of .97. This test was developed to measure computer anxiety in specific situations.
The Demographics Questionnaire consisted of three questions: ycar of birth, number of years
of formal education, and gender. The Computer Experience Questionnaire was a modified
version of a questionnaire developed by Heinssen, Glass and Knight. It consisted of 14

questions t
listed. The results showed that the older adults had less anxicty and more positive attitudes
towards computers than the younger adults tested. In both groups, those with more computer

experience had less computer anxiety. Finally, results proved that, “No gender differences
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wecre found for computer anxiety or computer attitude when computer expericnce was

controlled” (Dyck and Smither 239-248).

The Effect of Formal Computer Instruction on Computer Anxiely

In the study “Changes in Computer Anxiety in a Required Computer Coursc™ by Paivi
Hakkinen, 29 first-year students of education were tested at the beginning and end of a basic
computer scicnce course. The test consisted of a three-part attitude measurement questionnaire
originally designed by Rosen, Scars, and Weil (1987). The first part dealt with anxiety related
to computers, the second part dealt with attitudes towards computers, and the third pan
focused on thoughts and feelings related to computers. Each part of the questionnaire
consisted of 20 questions. The reliability and validity were not reported. After the computer
science course, students had a reduced level of anxiety and more positive attitudes towards
new lechnologies and computers.

The study “Effects of an Introductory Versus a Content-Specific Computer Course on
Computer Anxiety and Stages of Concern” by Overbaugh and Reed consisted of 20 graduate
students enrolled in a 16-week introductory computer course and 15 graduate students
cnrolled in a 16-week content specific computer course, 10 of whom had prior computer
courses. The population consisted of preservice and inservice teachers who were interested in
introducing a ncw technology (computers) into the arca they werc teaching, either for
management or instruction of their courses. The subjects were asked to complete a self-
evaluation questionnaire about computer anxiety before the treatment. The questionnaire about
compuler anxiety was a modified version of Spielberger, O’Neill, and Duncan’s Sclf-
Evaluation Questionnairc. The original anxiety assessment instrument, a 20-question, 4-point
Likert-scale instrument designed to reflect how respondents [cel, was reworded to evaluate
compulter anxiety. For example, the item “I feel tensc” was changed to “I fcel tense when |

work with the computer.” The validity of the modified test was established initially by a board
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of experts. The reliability was shown to be very high with cocfficient alpha = .91 and .93,

respectively, by two tests pcrformed by Reed and Palumbo. In both groups, computer anxiety

decreased significantly after participating in the computer course.

Quantifving Cognitive Stvle

A review of current literature relating cognitive style to computer use showed that the
Myers-Briggs Typc Indicator (MBTI) was the most frequently used. The MBTI measured a
person’s personality based on four scales: Extraversion-Introversion (E-I), Sensation-

iNtuition (S-N), Thinking-Feeling (T-F), and Judgment-Percepton (J-P) (Carlyn 461-473).

Assessment of Cogunitive Style
In the Manual: A Guide to the Development and Use of the Myers-Briggs Tvpe
Indicator by Myers and McCaulley, the four scales of the MBTI werc defined.

Extraversion-Introversion (EI): “Extraverts are oricnted primarily toward the outer
world; thus they tend to focus their perception and judgment on people and objects.
Introverts are oricnted pnmanly toward the inner world; thus they tend to focus their
perception and judgment on concepts and ideas.”

Sensing-iNtuition (the “intuition” preference is denoted by “iNtuition” in all Myers-
Briggs documentation becausc it is represcnted by a “N™ when referred to in the
abbreviation) (SN): “The SN index is designed to reflect a person's preference
between two opposite ways of sensing (S), which reports observable facts or
happenings through one or more of the five scnses; or onc may rely more upon the
less obvious process of iNtuition (N), which reports meanings, relationships and/or
possibilities that have been worked out beyond the reach of the conscious mind.

Thinking-Feeling (TF). “The TF index is designed to reflect a person’s prefercnce
between two contrasting ways of judgment. A person may rely primarily on thinking
(T) to decidc impersonally on the basis of logical consequences, or a person may rely
on feeling (F) to decide primarily on the basis of personal or social values.”

Judgment-Perception (JP). “The JP index is designed to describe the process a person
uses primarily in dealing with the outer world, that is, with the extraverted part of lifec.
A person who prefers judgment (J) has reported a preference for using a judgment
process (cither thinking or feeling) for dealing with the outer world. A person who
prefers perception (P) has reported a preference [or using a perceptive process (either
S or N) for dealing with the outer world” (Myers and McCaulley ).



Myers and McCaully also included information about administering, scoring, and
interpreting the MBT]I. Correlations between the MBTI and many other tests were reported in
the chapter on validity.

Gordon Lawrence’s “A Synthesis of Learning Style Research Involving the MBTI”
provided an overview of the MBTI’s usc in quantifying teaching methods, learning methods,
and academic aptitude. Many of the mentioned studies presented results that could have been
of interest, but did not directly relate to the issucs addressed by this thesis. Two studies
involving Sensing-iNtuition preferences were discussed in the overview. In a 1971 study by
Smith and a 1981 study by Hoffman, Waters and Berry, it was shown that:

“...sensing types showed a significant preference for leaming by computer-assisted

instruction, with Introversion Sensing types preferring it most. Hoffman, Waters and

Berry found that sensing types completed the CAI portion of the course significantly

sooner. Intuitive types in their study not only rated the instruction lower, and were

slower at completing it, but they were also dropping out at a disproportionately high
rate until the course was changed -- mainly by including more discussion and
dialogue.”

Lawrence claimed to have been able to locate only one study relating Thinking/Feeling
prcferences to cognitve style. A 1973 study by Carlson and Levy was cited in the overview.
In that study:

“Carlson and Levy predicted that Howard University students would differ by type on

short-term memory tasks. The predictions were supported. Introverts with thinking

(IT’s) were better at remembenng digits than Extraverts with Feeling (EF’s). On

memory for faces EF’s were better than IT’s. Geometnc shapes bearing numbers were
remembered better by IT’s, while shapes bearing names were remembered better by

EF’s.”

These studies did not relatc directly to computer use, but they highlighted some
individual diffcrences that could have been associated to various types defined by the Myers-
Briggs Typc Indicator.

In Carland & Carland’s study, “Cognitive Styles and the Education of Computer
Information Systcms Students,” the MBTI was administered to 92 university level computer

information system students. The classification of students according to personality type was
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uscd to determinc its impact on the university and the cducational precess. The dimensions of
the MBTI were grouped into “cognitive combinations” defined by Keirsey and Bates. The
groups werc Sensing-Percciving, an individual who negotiated well and was good in a crisis;
Sensing-Judging, an individual who was a traditionalist or a stabilizer; Intuitive-Feeling, an
individual who was personal and personable; and Intuitive-Thinking, an individual who was a
visionist. Carland & Carland maintained that the study could not have been generalized outside
Western Carolina University, where the study took place. However, the authors noted that the
Sensing-Perceiving students in higher cducation tended to have the lowest correlation betwecn
acadcmic ability and grade point average. “They are underachievers. Scnsing-Perceiving
students need physical involvement in learning, hands-on experience, activity and

competition, and to cntertain and be entertained" (Carland and Carland 114-126).

Cogunitive Style and Programming Ability

In “The Myers-Briggs Personality Type and Its Relationship to Computer
Programming”, it was suggested that “of the many cognitive style and personality instruments
that exist, the MBTI should be the basis for cognitive style research in the area of information
systems” (Bishop-Clark and Wheeler 358-370). In this research, a pilot study of 24 students
and a follow-up study of 114 students taking an introductory computer programming coursc
were given the MBTI on the first day of class. The results showed that *‘Sensing’ students
performed better on programming assignments than ‘iNtuitive’ students and that ‘Judging’
students achicved higher programming averages than ‘Perceptive’ students (Bishop-Clark and

Wheeler 358-370).
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Cogunitive Style and Software Use

In “Computer Use and Cognitive Style,” it was shown that “ Using the Myers-Briggs
Type Indicator to assess cognitive style, this study found a rclationship between style
preferences and sclected computer use and attitude vanables in a population of university
students” (Jones 514-522). In this study, 140 students enrolled in upper-division
undergraduate and graduate courses were administered the MBT]I along with a questionnaire
about computers and the probability of their use. The results showed that two of the four
cognitive styles associated with the MBTI were related to the level of computer use. Persons
who had a strong preference for logical and analytical problem-solving, which exemplified a
“Thinking” person, indicated on the computer usc questionnairc as being morce likely to
experiment with a new soltware application. Persons who had a strong [ocus on more
iNtuitive perception reported being more likely to purchase or borrow hardware or software

and more likely to complete a major task with a computer (Jones 514-522).

Quantifving Method of Problem-solving

Reliability and Validity of Protocol Analysis

The study, “Understanding and Evaluating Measures of Computcr Ability: Making a
Case for an Alternative Metric” by Robin H. Kay, used verbal protocol analysis as a way to
evaluate computer ability as a process. Computer ability was dynamic and changed while the
subjects learned a new software application. Kay maintained that, “Previous researchers have
developed computer ability mcasures intended to reflect a student’s skill level”. Verbal

protocol analysis provided insight as to the methods of leaming or task completion.

A well-cited book in the area of protocol analysis was, Protocol Analvsis by Ericsson
and Simon. The authors maintained that, "...concern for the course ol the cognitive processcs

has revived interest in finding ways to increasc the temporal density of observations so as to
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reveal intcrmediate stages of the process. Onc means frequently used to gain information about
the coursc of the cognitive process is o probe the subjects’ internal states by verbal methods.”
They offered support {or the reliability and validity of this type of rescarch. In a discussion
about “hard” versus “soft” data the authors argued that new technological advances such as

video and tape recorders allowed the raw data to be preserved in “hard” form,

Forms of Protoco! Analysis

Software Psychologv by Ben Schnciderman stated that “The simplest form of rescarch

in software psychology is introspection, in which the experimenters or subjects simply reflect
on how they write, study and debug applications or how they use terminals. This form of
organized thinking often produces insights into the programming process or ncw ideas for
improved syntax. A variant of introspection is protocol analysis in which the experimenter or
the subject keeps a written or tape-recorded record of his or her perceived thought process.
This permanent record can be analyzed for [requency counts of certain words, first or last
occurrence of a word or behavior, or clusters of behavioral patterns.”

The study by Page and Rahimi “Concurrent and Retrospective Verbal Protocols in
Usability Testing: Is there a value in collecting both?” addressed two forms of verbal protocol
analysis. Concurrent verbal protocol required the subject to verbalize all thoughts while
completing the specific task. Ericsson and Simon claimed that, "...cognitive processes are not
modified by these verbal reports, and that task-directed cognitive processes determine what
information is heeded and verbalized.” Retrospective verbal protocol required the subject to
reflect orally on the task after completing it. Ericsson and Simon maintained that, “A durable
memory lrace is laid down of information heeded successfully while completing the task. Just
after the task is finished, this trace can be accessed from Short Term Memory (STM), at least
in part, or rctrieved from Long Tertn Memory (LTM) and verbalized. Retrospective reports

bascd on information in LTM required an additional process of retrieval that displayed some of
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the same Kinds of error and incompleteness that are familiar from experimental research on

memory.”

Human Factors Issues of the Compuler Interface

In Cognitive Aspects of Computer Supported Tasks by Y vonnc Waemn, individual

differences and their effect on the design of Human-Computer interfaces were discussed.
Waem stated that:

“Another aspect which may not seem (o have as much direct bearing on the actual usc
of a computer system, concerns cognitive and learning styles. But since all users have
to start by leaming the computer system, individual differcnces on these counts may
have some bearing on designing systems which are “easy to learn” by different types

of pcople™.
Three suggestions are made for designing for individual differenccs:

“One way is to let the user define his intertace himself, so that he could use the kinds
of commands, symbols or interactions he 1s used to. This approach calls for a user
who understands what he wants to do, and only necds to change the names of the
known functions. However, this would be impractical when several users collaboratc
in lcaming a particular system. An apparently attractive research idea, just no
involves adapting the system according to the user more or less automatically. This
approach is more difficult than the one just described. It not only requires some
parapsychological powers on the part of the system designer, who has to predict what
the user might need, but also requires the system to detect the imporant attributes of
the user to which the system is supposed to adapt. A better idea might therefore be to
adapt not the system itself but its metacommunication according to the level of
knowledge of the user. It might be easier to build an ‘explanatory shell’ to take carc of
differcnces, than to build a totally new system. Many systems incorporate a facility by
which the user can decide how much help information he wants about systcm use”
(Waemn 307-320).

Norman, 11 fiis book The Psychology of Menu Selection, described the cognitive flow
necessary for the human-computer interface. He stated that:

“Models of the human-computer interface depend heavily on cognitive psychology.
The psychological processes of attention, memory, information processing, decision
making, and problem-solving must be taken into account. One of the most important
features in such models is the flow and feedback of information through the interfacc.
The user nceds information from the computer, and the computer cannot function
without information from the user. A major component of this interaction is the low
and control of information. The computer gives information to prompt the user for
input, and the user supplies input that directs the subscquent opcrations. Smooth
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operation requires a timely {low of information that is relatively frec of error states in
the machine and in the user.”

Norman includes diagrams of interaction and methods for developing hierarchical
menu structures. He also provides guidelines for prototyping and testing menu systems. This
book will be used as a reference for understanding the requirements for cognitive flow in a
human-computer interface.

In A Guide to Usability: Human Factors in Computing, recommendations for screen

design werc discussed (Preecc 144). The following recommendations were made in various
lopic areas:

“Amount of information prescnted - minimize the total amount of information by
presenting only what is necessary (o the uscr.

Grouping of information - techniques for grouping are color coding, graphic borders
around difTerent groups of information, and highlighting using reverse video or
brightness.

Highlighting of information - can be achieved by flashing, reverse video, underlining,
making the information bolder and brighter, using a color that stands out from the rest
of the screen.

Standardization of screen displays - it is important to lay out screens in a way that will
enable users to know where to find a given piece of information.

Presentation of text - conventional upper and lower case text can be read about 13 per
cent more quickly than all upper case, uppercasc characters arc most cffective for items
that need to attract attention.

lcons - when designing icons it is important to take into account: the context in which
they are used, the task domain for which they are used, the nature of the underlying
object that is represented and the extent to which one icon can be discriminated from
other icons displayed.

Color - color can be effective for: segmenting a display into separate regions, scarch
and detection tasks particularly for inexperienced users, and enhancing the legibility of
a color symbol against its background. However, color should be used conservatively:
too many colors clutter up the screen, increasing search times” (Preecc 144).

Other recommendations for the development and testing of computer interfaces were

iscussed. This book covered all aspects of human-computer interaction from the keyboard to

the types of technical support needed for vanious systems.
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Summary of Reviewed Literature

The reviewed literature was primarily in the form of journal articles. Many of the
books relating to these subjccts provided information that was not consistent with the facets of
current software applications. The introduction of graphical user interfaces and icons has
changed the type of computer interfaces currently used. Therefore, articles from rcocently
relcased journals were cited because of their coinciding research. However, books were cited
becausc the recommendations and guidclines for some of the topic arcas have remained

unchanged.



METHODOLOGY

Theorctical Framework

The theoretical framework for this rescarch was derived from the theorics sct forth
by Robin H. Kay in his study “Understanding and Evaluating Measures of Computer
Ability: Making a Case for an Alternative Metric”, He maintained that previously
documented measures of computer skill were invalid. His thcory was that, “A process-
centered metric based on actual behaviors and responscs is needed if researchers are to
accuratcly cxamine the mechanisms of human-computer interaction in the context of recent

developments in cognitive science research.”

Introduction

Kay’s rescarch divided procedure into two parts. In the first part, the participants
were required to complete a short questionnaire on, “...their intentions to use computers,
affective and cognitive attitudes, scnsc of control over the computer, and learning style”
(Kay 270-281). This was followed by a detailed interview about the subjects'
understanding and usc of computcr softwarc and an open ended interview about,
“...perceptions of how they approached different leaming tasks” (Kay 270-281). The
second pan of the study was, “...10 obscrve the subjects’ developmental process of
learning a new software application” (Kay 270-281). The author accomplished this by a
process similar to protocol analysis wherc the subjects were asked to think aloud for 60
minutes while “leaming” the Lotus 1-2-3 software application (Kay 270-281). Unlikc
protocol analysis, the subjects were given hints when they were unable to proceed. Kay
states that the mcthodology for the study, although open to possible biases, “...is designed
to reveal individual differences, if any cxist.” Reliability and validity of thc measures used
were not included in the description of the study. In the interest of repeatability, the

rescarcher investigated different methods for documenting individual dificrences in
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compuler anxiely, cognitive style, and mecthod of problem-solving. The scarch for
appropriate measures of individual differences for this research was detailed in review of
literature. The theoretical framework for the development of each testing methad chosen

varicd and is outlined separately in the following sections.

Theoretical Framework for Development of the Compuiter Anxiety Index (CAIN)

The CAIN was included as part of the Standardized Test of Computer Literucy
becausc it had been demonstrated that cognitive computer competencies were difficult for
cxtremely computer anxious students to acquire” (Simonson, ct al. 247). The authors
developed a large number of statements that they believed to represent a person’s [eclings
about computers. In a pilot study, they administered the items to two groups. Onc group
was computer literate; the other group was not. The authors chosc the statcments that were
the best discriminators between the computer litcrate and non-computer literate subjects.
They then produced a revised version of the Index and tested it to produce the current
version of the Index (Simonson, ct al. 247). The CAIN was used in conjunction with the
Myers-Briggs Type Indicator to determine if there was a correlation between level of

computer anxiety and cognitive stylc.

Theoretical Framework for Development of the Myers-Briggs 1ype Indicator (MBTI)

The theoretical framework for the MBTI was based on Carl Jung’s theory of
personality types. The MBTI was developed to measure the variables of Jung’s personality
types. According to Marcia Carlyn in *An Asscssment of the Mycrs-Briggs Type
Indicator”, the underlying assumption was that everyone had a natural preference for one or
the other pole of each of the four indices. The indices were defined as the following. The
Extravert-Introvert was designed to mcasure the person’s preferred orientation to life.

Extraverts oricnted themselves to the outer world of objects, people, and action. Introverts
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tended to concentrate on the world within and often detached themselves from the outer
world. The Scnsing-iNtuition index was designed to measure the person’s preferred way
of perceiving things. Sensing persons acquired information concretely through their five
senses. iNtuitive persons liked to deal with abstractions. The Thinking-Feeling index was
designed to measure a person’s preferred way of making decisions. Thinking persons
relicd on logic, order, and analysis. Conversely, feeling persons analyzed subjective
impressions and based their judgments on personal values. The Judging-Perceptive index
was designed to measure the person’s prefe€rred way of dealing with the outside world.
Judging types were organized and lived systematically in a planned, orderly way. They
aimed to regulate life and control it. Perceptive persons were flexible and open-minded and

went through lif€ in a spontaneous manner. They aimed to understand life and adapt to it

(Carlyn 461-473).

Theoretical Framework for Use of Concurrent Verbal Protocol Analysis

Encoding of concurrent verbal reports was bascd on the theory that the human brain
encoded and stored information in two ways; short term and long term memory (Ericsson
and Simon Hayden 1993). Short Term Memory (STM), also referred to as working
memory, stored a small amount of data for a short period of time, but was immediately
accessible. Little encoding was used since thc information was constantly being
overwritten. Long Term Memory (LTM) stored a large amount of data for a long time, but
had a long retrieval time. This was duc to the encoding processes used to select important
information to store in LTM. Concurrent verbal reports made usc of STM by documenting
the information before it was lost or replaced by new information. This provided evidence
of cognitive processes which were often forgotten or overlooked when the activity was

complcted and reflected upon (Ericsson and Simon 1993).



Sclection of Tests

The [ollowing tests or forms of testing werc chosen after reviewing related litcraturc
and the theoretical background for their development. Thesc tests were chosen in an attempt
to model Kay’s research. Kay used non-published measures of computer anxicty and
learning style. Therefore, published measurements of computer anxiety and cognitive style
were located. Also, Kay reported using a process similar to protocol analysis. A specific
type of protocol analysis was chosen to document the method of problem-solving for this

research.

Selection of Appropriate Computer Anxiety Test

The tests listed in the literature review were each researched in the Mental
Measurement Y earbooks. Only one computer anxiety test was stll in print and available. It
was the Computer Anxiety Index (Version AZ) Reviscd (Simonson, et al. 247). This test
was a 26-item 6-point Likert scale test designed to measure computer-related anxieties by
rccording the respondent’s feelings towards computers and their use. Respondents
answered the questions by selecting an answer ranging from “strongly agree” to “strongly
disagree”. The intended population was high school and college students taking a first
course in computer literacy. The Computcr Anxiety Index (CAIN) could have been
administered alonc, but was part of the Standardized Test of Computer Literacy (STCL).
The CAIN part of the STCL had high intemnal consistency (coelficient alpha = .94) and the

test-retest reliability was .90 over a three-week interval (Kramer and Conoley 765).

Selection of Appropriate Cognitive Style Test
The intended samplec population for this research was undergraduate university
students. It was suggested in the reviewed literature (sec page 12) that thec Myers Briggs

Type Indicator be uscd to document cognitive style when involving computers. On the
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basis of the populations used and recommendations by the previous studies, the Myers-
Briggs Type Indicator was chosen as the quantifier of cognitive style. Form G sclf-scorable
of the MBT]I was a 94-item, multiple choice, self-report test. The intended population for

the indicator was students in grades 9-16 and adults.

Selection of Appropriate Form of Protocol Analysis

Concurrent verbal report was chosen as the measure for determining the method of
problem solving because of the type of data the reports provide. Concurrent verbal reports
can document data which are often forgotten or overlooked when using retrospective verbal
reports. The sources in the literature review suggested that concurrent verbal reports were

the best method for documenting cognitive processcs.

Design of Rescarch

The design of this research was based on the work of Robin Kay. In his research,
participants were administered pre-tests to document attitudes towards computer use and
lcarning style. The participants then executed a type of verbal reports while completing
computerized tasks. The same design was used in this thesis with the addition of a post-test

questionnairc.

Pilot Group

Five students at Arizona Statc University were recruited through signs posted at
various locations on campus. The signs read:

Participants needed for a study. If you arc an undergraduate or graduate student at
Arizona State University, between the ages of 18 and 30, and have never used the
computer application Infini-D -- your participation may be needed [or a pilot study
on Dccember 7th, 8th, or 9th. The study will take two hours of your time -- for
which you will receive $20.00. If you are interested in the possibility of
participating, please call 804-0883.
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There were two male participants and three female participants. Each participant
was mel individually in the lobby of the south Architecture buitding and escorted to the first
testing room. The research assistant handed the participant a copy of the information lctter
(see appendix B) detailing the rescarch. The research assistant then proceeded to read the
infermation aloud and ask for questions about the study. Next, the participant was handed
the Computer Anxiety Index, an answer sheet, and a sharpened pencil. The research
assistant then read specific instructions (sec appendix B) about completing the suney. The
participant was asked if there were any questions about the task, then told to begin.

After collecting the survey, the research assistant handed the participant Form G
self-scorable of the Myers-Briggs Type Indicator (MBT]I) and a sharpened pencil. The
instructions for completing the test appearcd on the front page. However, the rescarch
assistant read the directions aloud from a separate sheet (see appendix B) to insure that all
of the instructions were reviewed. The participant was asked [or questions concerning the
MBTI and told to begin. When the participant finished, the research assistant collected the
MBTI and escorted the participant (o the second testing room.

The researcher seated the participant in [ront ol the notebook computer that was to
be used to complete the protocol analysis. The researcher then adjusted the video camera so
that the participant was not visible, but the computer screen was. The researcher read
instructions (sec appendix B) for completing the concurrent verbal protocol, then asked for
questions concerning that portion of the test. The participant was asked to complete lesson
1 of the Infini-D Tutonal Manual while thinking aloud. It was suggested by Page & Rahimi
(1995) that participants be given a warm-up verbal protocol analysis situation before the
intended verbal protocol analysis begins. Section I was the warm-up. The verbal protocol
for Section 11 was analyzed and used as data for method of problem-solving. When the
participant finished the protocol, the researcher administered a self-report questionnaire (scc

appendix B). The sclf-report questionnaire was uscd to assess the participant’s perceptions
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of the difficulty level and performance on the task, and document previous computer

software usc. The participant was thanked and paid $260.

Discussion of Results from the Pilot Group

All of the participants were documented as Extraverts and had relatively low levels
of computer anxicty. Two of the participants had recruited their roommates for the pilot
group. To reach a broader cross-section of Arizona State University students, participants
for the follow-up group were recruited from the Memorial Union. Signs were posted
around a sign-in table on the second floor of the Memorial Union and participants were
recruited randomly. The students had to be over eighteen years old. Also, they could not
have previously used Infini-D. Students were paid $10 for approximately two hours of
their time. The researcher distributed a recruitment letter to anyone who inquired about the
rescarch (scc appendix C).

The Computer Anxiety Index seemed to be appropriate and caused no problems in
testing. The Myers-Briggs Type Indicator also seemed to be appropriate and caused no
problems in testing. For the Protocol analysis, recording only task completion time and
number of errors was not thorough enough to provide the type of information needed to
make recommendations bascd on cognitive style. The tutorial had flaws. Every subject who
completed the tasks made errors. However, the number of errors made while performing
the tasks was misleading. The subjcct who made the most errors was the only one to obtain
a result that resembled the target. Other participants encountered problems and either
skipped that section or employed a number of swategies to solve the problem. These
problem-solving strategies provided the most information about each participant’s method
of task completion. The problem-solving methods are listed in the Concurrent Verbal

Protocol scction of Scoring.



Follow-up Group

The follow-up group included 26 persons (13 female, 13 male). Two participants
(P6 male, P8 fcmalc) did not complete both pages of the MBTI, therefore, their type could
not be determined. Their data were dropped from the study. A third participant (P16 male
had Extraversion, iNtuition, Fceling, Perceiving preferences) answered all of the written
evaluations but could not perform any of the tasks using the computer. His data were
dropped from the test becausc his method of problem-solving could not be determined for
the tasks. Finally, data from 23 participants (11 male and 12 female) were evaluated for this
research.

Once rccruited, each participant was tested separately. The research assistant
directed the reading of the information lctter and the complction of the Computer Anxiety
[ndex and the Myers-Briggs Type Indicator as explained in the pilot study. When the
participant completed the written tests, the rescarcher read the instructions for completing
concurrent verbal protocol and adjusted the video camera as mentioned in the pilot study.
Once it was determined by the researcher that the participant understood the details of the
protocol analysis, the participant was instructed to begin. When the participant was finished
with the tutorial, the researcher distributed the sclf-evaluation questionnaire (see appendix
C). The participant was thanked and paid $10. Two separate rooms were used so that two

participants could be tested at the same time.

Scoring
The scoring of cach measure of individual differences varicd widely. The published
tests were scored as suggested in the accompanying manual. The non-publishcd measures

were scored as suggested in the sources in the literature revicw.



Computer Anxiety Index
The tests were scored using the answer key provided by the developer of the test.

Initial scoring was done by the primary rescarcher and checked by the research assistant.

Myers-Briggs Tvpe Indicator

Results of the MBTI could have been cvaluated to determinc type-catcgory scores
or continuous scores. Typec-category scores result in categorizing a person into onc of 16
personality types. The purpose of this research was not to determine the personality type of
participants. Therefore, the continuous scoring was more appropriate {or this rescarch since
the person’s cognitive style could be classified along the appropriate index. According to
the literature review, continuous scores were used most often for assessing cognitive style

associated to computer use. According to the Test Critiques Compendium (Keyser and

Sweetland 327-336):

“Conversion of data to continuous scores yields more consistent  timates. Data

obtained via two different procedures produccd estimates of .76 to .82 (E-I), .75 1o

.87 (S-N), .69 10 .86 (T-F), and .80 to .84 (J-P). The cstimates of continuous

scores retain data precision lost in the use of type-category scores, which accounts

for the difference in reliability obtained from the two data types™ (Carlyn 461-473).

“Several trends in these correlations are noteworthy. The T-F scale exhibits the Icast

reliability and the S-N, generally, thc most. Recent findings also show increasing

rcliability with pepulations of increascd age and intelligence” (McCaulley ).

The continuous score {or each individual was calculated by [irst determining the
preference score described by the self-scorable test. These scores were then transformed
into continuous scores. [t was suggested by Myers and McCaulley that, “For E, S, T or ]
prelerence scorcs, the continuous score is 100 minus the numerical portion of the
preference scorc. For I, N, F, or P preference scores, the continuous score is 100 plus the

numerical portion of the preference score.” The continuous scorcs were derived according

(o the previous suggestions.



Concurrent Verbal Protoco!

The concurrent verbal protocol was timed and analyzed for evidence of problem-
solving methods. Problem-solving methods were analyzed for four specific tasks in the
tutorial.

The tasks were:

1. Sizing the tablc top.

2. Creaung the table legs.
3. Locking the model.
4. Testing whether the modcl was actually locked.

The first two lasks resulted in errors because instructions of the tutorial were vague
and incomplete. The third and fourth tasks resulted in errors because of a problem that was
inherent in the application. For each problem area, the numbers 1-10 were recorded to
document the type of problem-solving methods used by the participant.

The methods of problem-solving were:
1. Reread the current instructions only.
2. Reread the previous instructions.
3. Rercad the entire scction.
4. Look through the tutorial from the beginning.
5. Ignore the writicn matenal and click on different menus and parts of the screen.
6. lgnore the problem and skip to the next section.
7. Repeat the task without reading the instructions.
8. Rcpeat the task while reading the instructions.
9. Rcad ahcad.
10. Closc the window, open a new file to start over.
Usc of each problem-solving method was documented. The duration of the practice

of cach method was timed. The percent of problem-solving time spent using each method
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was calculated by dividing each occurrence by the amount of time for the cntire scssion.
Occurrences of types of problem-solving were added together to represent the amount of
time spent using cach problem-solving method during completion of the tutorial.

The problem-solving methods were divided into two categories; reading and non-
reading methods. The reading methods were 1, 2, 3, 4, 8, and 9. The non-reading methods
were 5, 6, 7, and 10. The time spent using rcading methods was added togcther. Similarly,
the me spent using non-reading methods was added together. The concurrent verbal
protocol results were consolidated into two scores; percent of problem-solving time spent
using reading methods, and percent of problem-solving time spent using non-rcading

methods.

Task Performance
Task performance was rated on a scale of 0% to 100%. As previously stated, the
participant who scored 0% was eliminated from the research because his problem-solving
method could not be determined for any of the tasks. The tasks were scored as follows
(refer to the tutonal in appendix B):
0%  None of the tasks were completed correctly.
10% The table shapes were incorrectly constructed and none of the table
legs were locked.
20% The table shapes were incorrectly constructed and one of the table
legs was locked.
30% The table shapes were incorrectly constructed and two of the table
legs were locked.
40% The table shapes were incorrecly constructed and three of the table

legs were locked.
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50% The tablc shapes were incorrectly constructed and all of the table

legs werc locked.

60%  The table shapes were correctly constructed and none of the table
legs were locked.

70% The table shapes were correctly constructed and one of the table legs
was locked.

80%  The tablc shapes were correctly constructed and two of the table legs
were locked.

9% The tablc shapes were correctly constructed and three of the table
legs were locked.

100% The table shapes were corrcctly constructed and all of the table legs

were locked.

Documentation

Final data rom all of the participants were rccorded and are presented. Each
participant’s results f[rom the Myers-Briggs Type [ndicator were recorded in the test
booklet. All participants’ preference scores for the four dimensions of the Myers-Briggs
Type Indicator were then organized in a single table. Also, cach participant’s computer
anxiety score was recorded in a table sorted by participant number. The protocol analysis

was recorded on video tape. The protocol analysis was evaluated according o Protocol

Analysis: Verbal Reports as Data (Enicsson and Simon Hayden 1993). Problem-solving

methods recorded by the video tape were evaluated and documented in a separatc table for
cach participant. Relationships between cach participant’s computer anxiety, cognitive
sty le, and method of problem-solving were documented in tables and figures in the next

«<clion.



FINDINGS

Results
The results were presented as correlations and averages. A figure has been shown
for each correlation and the averages have been shown in tables. The results have been

divided into sections as they pertain to the threc initial hypotheses.

Relationship between Computer Anxiety Level and Cognitive Style

The average computer anxiety level for each of the MBTTI preferences is shown in
Table 1. The average anxiety level for Extraversion preference (52) was slightly lower than
the average for Introversion preference (60). The average anxiety level for Sensing
preference (59) was slighdy higher than the average for INtuition preference (52). Level of
anxicty for Thinking preference (57) was higher than that of Fecling preference (46).
Judging preference (60) anxiety level was higher than Perceiving preference (50) anxiety.
Extraversion (60) and Judging {(60) preferences showed the highest average anxiety level,
whilc Feeling preference (46) showed the lowest. The average computer anxicty level for a
sample of 545 college students was 62.33 with a standard deviation of 17.76 (Simonson,
ct al. 247). The lowest possible anxicty score was 26 and the highest possible score was

156.



Table 1.

Avcrage Computer Anxiety Level for Each MBTI Preference

[Perceiving

MBT]I Prefcrence Number of Avcrage Computer
Participants Anxicty Level
Extraversion 15 52
Introversion 8 6(
Sensing 8 59
iNtuition 15 52
Thinking 18 57
Fecling 5 46
Judging 10 60
13 50
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The correlation between computer anxicty level and Extraversion/Introversion
preferences is shown in Figure 2. There was a .20 (p=.37) corrclation between anxiety
level and Extraversion/Introversion preference. Lcvel of computer anxiety decreased as the
preference for Extraversion increascd. Level of computer anxicty increased as the
preference for Introversion increased.
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Figure 2. Corrclation between Computer Anxiety Level and Extraversion/Introversion
Preference
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The correlation between computer anxiety level and Sensing/iNtuition preferences is
shown in Figure 3. There was a -.31 (p=.15) correlation between anxiety level and
Sensing/iNtuition preference. Level of computer anxiety increased as the preference for
Sensing incrcased. Level of computer anxiety decreased as the preference for iNtuition
iereased.
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Figure 3. Correlation between Computer Anxiety Level and Sensing/iNtuition Preference
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The correlation between computer anxiety level and Thinking/Feeling prefcrences is
shown in Figurc 4. The correlation between anxiety level and Thinking prefcrence was
-.27 (p=.21). Thercfore, the level of computer anxiety increased as the preference for

Thinking increased. Conversely, level of computer anxiety decreased as the preference for

Fecling increased.
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Figure 4. Corrclation between Computer Anxicty Level and Thinking/Feeling Preference
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The correlation between computer anxiety level and Judging/Percciving preferences

is shown in Figure S. The corrclation between anxiety level and Judging prefcrence was
-31 (p=.15). Level of computer anxiety increased as the preference for Judging increased.
Level of computer anxiety decreased as the preference [or Perceiving increased.
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Figure S. Correlation between Computer Anxiety Level and Judging/Perceiving Prefcrence
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Relationship between Computer Anxietv Level and Method of Problem-solving

The correlation between computer anxiety level and the pereent of problem-solving
time spent using reading methods is shown in Figure 6. There was a -.10 (p=.68)
correlation between anxiety level and percent of time reading. Therefore, the amount of
time spent recading decreased as the level of anxiety increascd.
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Figure 6. Correlation between Computer Anxiety Level and Using Reading Problem-
solving Methods
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The corrclation between computer anxiety level and the percent of problem-solving
time spent using non-reading methods is shown in Figure 7. There was a .04 (p=.85)
correlation between anxiety level and percent of time using non-reading methods.
Therefore, the amount of time spent using non-reading methods increased slightly as the
fevel of anxiety increased.
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Figure 7. Correlation between Computer Anxicty Level and Using Non-reading Problem-
solving Methods
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Relationship benween Cagnitive Style and Method of Problem-solving

The average percent of time spent using reading vs. non-reading problem-solving
methods for each MBTI preference is shown in Table 2. The average percent ol time spent
using reading methods was lower for Extraversion preference (46%) than it was for
Introversion preference (58%). Persons with Sensing preferences (52%) averaged a greater
percent of problem-solving time reading than those with iNutition preferences (49%).
Participants with Thinking preferences (54%) averaged far more time using rcading
methods than those with Feeling preferences (37%). Similarly, those with Judging
preferences (6X)%) averaged far more time using reading methods than participants with
Perceiving preferences (42%). The opposite is true for non-reading methods. The average
percent of time spent using non-rcading methods was higher for Extraversion prefercnce
(54%) than it was fer Introversion preference (42%). Persons with iNtuition preferences
(51%) averaged a slightly higher percent of problem-solving time using non-reading
mcthods than those with Sensing preferences (48%). Participants with Feeling preferences
{63%) averaged far more time using non-reading methods than those with Thinking
preferences (47%). Similarly, those with Percciving prefcrences (58%) averaged far more

time using non-rcading methods than participants with Judging prefcrences (40%).



Tablc 2.

Relationship between Cognitive Style and Mcthod of Problem-solving

MBTI Number ol Avcrage Percentof Time  |Average Percent of Time
Preference Participants Spent Using Reading Spent Using Non-rcading
Problem-solving Methods ~ Problem-solving Mcthods

Extraversion 15 46 X4
[ntroversion 8 S8 47
Scnsing 8 52 48
iNtuition 15 45 51
Thinking 18 54 g
Fecling 5 37 63
Judging | 10 6C 40

Perceiving 13 42 S5
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The percent of problem-solving time spent using reading methods versus the

percent of time spent using non-recading methods for Extraversion/Introversion preferences
is shown in Figure 8. The correlation between Extraversion/Introversion preference and
percent of time spent using reading methods was .21 (p=.34). Percent of problem-solving
time spent using reading methods decreased as Extraversion preference increased. Percent
of problem-solving time spent using reading methods increased as [ntroversion preference
increasced. Conversely, the correlation between Extraversion/Introversion preference and
percent of time spent using non-recading methods was -.21(p=.34). Percent of problem-
solving time spent using non-reading methods increased as Extraversion preference
increased. Percent of problem-solving time spent using non-reading methods decreased as
Introversion preference increased.
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Figure 8. Correlation between Extraversion/Introversion Preference and Problem-solving
Methods



The percent of problem-solving time spent using reading methods versus the
percent of time spent using non-reading mcthods for Sensing/iNtuition preferences is
shown in Figure 9. The correlation between Sensing/iNtuition preference and percent of
time spent using reading methods was .14 (p=.54). Percent of problem-solving time spent
using reading methods decreased as Sensing preference increascd. Percent of problem-
solving time spent using reading methods increased as iNtuition preference increased.
Conversely, the correlation between Sensing/iNtuition preference and percent of time spent
using non-rcading methods was -.13 (p=.54). Percent of problem-solving time spent using
non-reading methods increased as Sensing preference increased. Percent of problem-
solving time spent using non-reading methods decreased as iNtuition preference increased.
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Figure 9. Correlation between Sensing/iNtuition Prefercnee and Problem-solving Methods
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The percent of problem-solving time spent using reading methods versus the
percent of time spent using non-rcading methods for Thinking/Feeling preferences is
shown in Figure 10. The correlation between Thinking/Feeling preference and percent of
ime spent using reading methods was -.01 (p=.95). Percent of problem-solving time spent
using reading methods increased as Thinking preference increased. Percent of problem-
solving time spent using reading methods decreased slightly as Feeling preference
increased. Conversely, the correlation between Thinking/Feeling preference and percent of
time spent using non-reading methods was .01 (p=.96). Percent of problem-solving time
spent using non-reading methods decreased as Thinking preference increased. Percent of
problem-solving time spent using non-reading methods increased slightly as Feeling

preference increased.
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Figure 10. Correlation between Thinking/Feeling Preference and Problem-solving Methods



The percent of problem-solving time spent using reading methods versus the
percent of time spent using non-recading methods for Judging/Perceiving preferences is
shown in Figure 11. The correlation between Judging/Perceiving preferences and percent
of time spent using reading methods was -.07 (p=.75). Percent of problem-solving time
spent using reading methods decreased as Judging preference increased. Percent of
problem-solving time spent using reading methods increased as Perceiving preference
increased. Conversely, the correlation betwceen Judging/Percciving preference and pereent
of time spent using non-reading methods was .07 (p=.76). Percent of problem-solving
time spent using non-reading methods increased slightly as Judging preference increased.
Percent of problem-solving time spent using non-reading methods decrcascd as Perceiving
preference increased.
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Relationship benween Task Performance and Computer Anxiety Level
The correlation between task performance and level of computer anxiety is shown
in Figure 12. The correlation between task performance and anxiety level was .19 (p=.40).
Task performance increased slightly as computer anxiety level increased.
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Figurc 12. Corrclation between Task Performance and Computer Anxiety



Relationship between Task Performance and Cognitive Stvle

The percent of participants that scored above S0% comect versus the percent that
scored 50% or below on the tutorial for each MBTI preference is shown in Figure 13. Less
than half of the participants with Extraversion preferences (47%) averaged above 50% on
the tutorial while threc-quarters of those with Introversion prefercences (75%) averaged
above 50%. Three-quarters of persons with Sensing preferences (75%) averaged above
S0%, less than half of those with iNtuition preferences (47%) averaged above 50%. The
percent of participants with Thinking preferences (67%) who averaged above S0% was far
above those with Feeling preferences (20%). Similarly, more participants with Judging

preferences (80%) averaged above 50% than those with Pereeiving preferences (38%).
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Figure 13. Relationship between Task Performance and Cognitive Style
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Discussion
After reviewing the resulls, the hypotheses were accepted and rejected as follows:
1. Therc is no relationship between level of computer anxiety and cognitive style, was

rejected.

9

There is no rclationship between level ol computer anxiety and method of problem-
solving for a computer-based lask, was accepted.
3. There is no relationship between cognitive style and method of problem-solving for a
computer-based lask, was rejected.
Although correlations were low, the decision to accept or reject hypotheses was
made on the basis of results and previous literature. Details of the {findings are discussed in

the following paragraphs.

Relationship between Participant Demographics and Level of Computer Anxiety, Cognitive
Style, Method of Problem-solving, and Task Performance

The only trend present when the demographics were sorted by computer anxiety
level was that participants who reported having more computer experience had lower
anxiety. When sorted by Myers-Briggs type, i1t was determined that four of the fifteen
participants with Extraversion preference were male and eleven were female. All
participants with Introversion preference were male. Females with Introversion preferences
were not represented in this study. This possibility was not controlled because the
participants were recruited without prior knowledge of their type preferences. This error
could be controlled by pre-testing subjects with the MBTI and recruiting an equal number
of male and female subjects for each preference. The other types had at least one male and
female for each category. No trends were present when the data were sorted by method of

problem-solving or task performance.



Number of Participants Exhibiting Each MBTI Preference

All eight preferences were represented by the participants. However, uncqual
numbers in each category could have caused some bias towards the under-represented
prelerences. The Thinking/Feeling preference was representcd the most unequally. With
only live participants representing the Feeling preference, one might want to test more

persons in this category before attempting to apply these results.

Relationship between Level of Compuiter Anxiety and Cognitive Style

The first hypothesis, which states “there is no relauonship between level of
compuicer anxiety and cognitive style,” was not suppericd. Although correlations between
computer anxiety and cognitive style were low, trends were present. The average level of
compuler anxiety was lower for participants with Extraversion preference (52%) than it
was [or those with Introversion preferences (60%). Also, there was a postlive correlation
(.20 (p=.37)) between Introversion preference and computer anxiety. Together, these
measures showed a higher level of computer anxiety being associated with Introversion
preference. No comparison was made between Extraversion/Introversion prelerences and
computer anxiety or ability in the reviewed literature.

Sensing preference (59%) was matched with a higher average level of computer
anxiety than iNtuition preference (52%). Similarly, there was a negative correlation
between Sensing/iNtuition preferences (.31 (p=.15)) and level of computer anxiety. A
lower level ol computer anxiety has been asseciated with iNtuition preference. These
results support those of W. Paul Jones in, “Computer Use and Cognitive Style,” where he
reports that persons with iNtuition preferences were more likely to purchase or borrow
hardware or software.

The average level of computer anxiety was shown to be substantially higher for

participants with Thinking preference (57%) than those with Feeling preference (46%).
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Additionally, there was a ncgative correlation (-.27 (p=.21)) betwecn Thinking/Feeling

prefcrences and computer anxiety. Participants with Feeling preferences were shown to
have a lower level of computer anxiety. These results are contradictory to Jones's. He
reported that persons with Thinking preference were more likely to experiment with a new
software application.

Participants with Judging preference (60%) demonstrated a higher average level of
computer anxiety than those with Perceiving preference (50%). Similarly, there was a
negative correlation between Judging/Perceiving preference (-.31 {p=.15)) and computer
anxiety. Perceiving preference was shown to be associated with lower levels of computer
anxiety. The relationship between Judging/Perceiving preferences and computer anxiety or

ability was not addressed in the reviewed literature.

Relationship between Level of Computer Anxiety and Method of Problem-solving

The second hypothesis, which states “there is no relationship between level of
computer anxiety and method of problem-solving for a computer-based task,” was
supportcd. The correlations between level of computer anxiety and the two distinct mcthods
of problem-solving, rcading (-.10 (p=.68)) and non-reading methods (.04 (p=.85)), were

very low. Also, no literaturc was found which addressed this topic.

Relationship between Cognitive Style and Method of Problem-solving

The third hypothesis, which states *“‘there is no relationship between cognitive style
and method of problem-solving for a computer-based task,” was not supported. The
correlations were low but some trends were supported by previous literature. Participants
vith Extraversion preferences (46%) averaged less of their problem-solving time using
reading methods. There was a positive correlation (.21 (p=.34)) between

= traversion/Introversion prefcrence and use of reading methods. Participants with
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Introversion preferences demonstrated a higher tendency towards the usc of reading
methods. The samce correlation coefficient was reported by Myers when testing 236
Wesleyan students on the Davis Reading Test. A correlation coefficient of .21 (p<.01) was
reported for the Extraversion/Introversion prefcrence (Myers and McCaulley ).

The data collected for Sensing/iNtuitien preferences conflicts. Participants with
iNtuition preference (49%) averaged a slightly lower percent of problem-solving time
reading than those with Sensing preference (52%). However, the correlation was positive
(.14 (p=.54)) and percent of problem-solving time spent reading increased with iNtuition
preference. The second finding is consistent with Myers’s reading level results [rom the
Davis Rcading Test. The reported correlation coefficient for Sensing/iNtuition preferences
was .34 (p<.01) (Myers and McCaulley ). The reading level increased with iNtuition
prcference. Myers and McCaulley allude to varying of differences between Sensing and
iNtuition prelcrences:

The size of predicted diflerences between sensing and iNtuitive types in reading

varies with the homogeneity of the samplc, but the data arc consistent and pose

important issues for educators. Since the majority of the general population are
sensing types and most learning activities require reading, the failure to learn good
reading skills in the early school ycars has signilicant implications in school
achievement, disruptive behavior, and school dropouts (Myers and McCaulley).

Participants with Thinking preference (54%) averaged a higher amount of problem-
solving time using reading methods than those with Feeling preference (37%). Similarly, a
negative correlation (-.01 (p=.95)) was reported between Thinking/Feeling preference and
use of reading methods. This finding is also consistent with Myers’s correlation coefficient
of -.04 1or reading level. Reading level decreased with Feeling prefcrence.

The average percent of problem-solving time spent reading was higher for

participants with Judging preference (60%) than for those with Perceiving prefercnce

(42%). There was a negative corrclation (-.07 (p=.75)) between Judging/Perceiving
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preference and use of reading methods. This conflicts with Myers’s corrclation coefficient

for reading level of Judging/Perceiving preference which was reported to be .14.

Relationship between Task Perfonnance and Cognitive Stvle

There was no hypothesis made about the relationship between task performance and
cognitive style. The results were documented in order to make a comparison between these
findings and previous literature about the relationship between cognitive style and computer
ability. Less than half of the participants with Extraversion preferences (47%) averaged
above 50% on the tutorial while three-quarters of those with Introversion preferences
(75%) averaged above S0%. Insignificant findings were cited in literature comparing these
preferences to computer ability (Bishop-Clark and Wheeler 358-370). Three-quarters of
persons with Sensing preferences (75%) averaged above 50%, less than half of those with
iNtuition preferences (47%) averaged above S0%. This finding is consistent with previous
literature where students with Sensing preferences were found to perform better on
programming assignments than students with iNtuition preferences (Bishop-Clark and
Wheeler 358-370). The percent of participants with Thinking preferences (67%) who
averaged above 50% was far above those with Feeling preferences (20%). However, in the
reviewed litcrature, the relationship between Thinking/Fceling preferences and computer
programming ability was found to be insignificant (Bishop-Clark and Wheeler 358-370).
More participants with Judging preferences (80%) averaged above 50% than thosc with
Perceiving preferences (38%). This is consistent with the reported finding that, “‘Judging’
students achieved higher programming averages than ‘Perceplive’ students” (Bishop-Clark

and Wheceler 358-370).



Summary

The Myers-Briggs Type Indicator has been used to rank participants along four
continuous dimensions; Extraversion/Introversion preference, Sensing/iNtuition
preference, Thinking/Feeling preference, and Judging/Perceiving preference. Along cach of
the dimensions, one of the preferences had significantly better performance completing the
tutorial. The preferences where more than 65% of the participants scored above S50%
correct on the tutorial were Introversion, Sensing, Thinking, and Judging. Figure 14
shows that these preferences demonstrated a higher level of computer anxiety and average
percent of problem-solving time spent using reading methods. Conversely, less than fifty
percent of Extraversion, iNtuition, Feeling, and Perceiving preferences scored above 50%
on the tutorial. These preferences also show a lower average level of computer anxiety and
higher percent of problem-solving tme using non-reading methods.

The relationship between individual differences in computer anxiety, cognitive
style, and method of problem-solving was clearly demonstrated when comparing the
Judging and Feeling preferences. Judging preference, which was associated with the
highest percentage (80%) of participants scoring above 50% on the tutorial, also averaged
the grealest percent of problem-solving time spent using reading methods. Inversely,
Feeling preference is associated with the lowest percentage of participants scoring above
50% on the tutonal and the highest percent of problem-solving time spent using non-
reading methods. Participants of cach preference demonstrated a level of task performance
depending on their method of problem-solving. Based on these results, computer interfaces
should bc designed to assist both reading and non-recading problem-solving methods.

Recommendations for achieving this goal will be set forth in the next section.
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CONCLUSIONS

Summarv

Although correlations were wecak, trends wcre present. Participants with
Introversion, Scnsing, Thinking, and Judging prefercnces demonstrated a higher average
level of computer anxiety. Conversely, participants with Extraversion, iNtuition, Fecling,
and Pecrceiving preferences had a lowcer average level of computer anxiety. Remarkably,
participants with Introversion, Sensing, Thinking, and Judging preferences also averaged
higher scores on task completion despitc their higher computer anxiety level. Participants
with these preferences averaged a higher percent of problem-solving tme using reading
mcthods. Conversely, participants with Extraversion, iNtuition, Feeling, and Percciving
preferences averaged lower scores on the tutorial and higher percent of time using non-
reading problem-solving mcthods. Recommendations were madc based on the finding that
participants with certain preferences read the manual less, which resulted in poorer
performance on the tutorial. The recommendations were aimed at bringing small amounts
of text to the computer screen in order to provide hints needed by the types of participants
who did not rcad printed manuals. All recommendations were deliberatcly general so that
they could be applied to other situations. The changes were demonstrated using the current

Infini-D computer interface.

Rccommendations

The results showed that participants who used certain styles of problem-solving
mcthods did not read the manuals provided. Instead, they clicked around the screen
randomly looking for hints. In this research, persons who used these types of problem-

olving had a lower success rate when completing the tutorial. Additionally, these uscrs

became frustrated and verbalized feclings of failurc. The researcher made the following
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recommendations in an attempt to bring small amounts of text to the computer screen. This
would provide hints needed by the participant preferences who did not read printed
manuals. The researcher made these recommendations deliberately general so that they

could be applied to other situations. The researcher’s recommendations and specific events

that highlighted the need are listed below.

Figure 15. The Original Interface



56

1. Only provide double-click options in the icon menu. Do not have additional options
available when double-clicking in the work space.

The researcher suggested that having additional options available when double-
clicking on a tool in the tool box would have worked. However, when [rustrated users
were clicking around the work space, they invoked ncw options by mistake. Participant 5
{ENFJ) double-clicked on his table top and encountered the “Primitive” dialogue shown in
Figure 16. He mistakenly changed his primitive cube to a cylinder and ended up with a
round table top. He could not figure out how he had invoked the dialoguc in the [irst place
and was forced Lo accept the change.

Lin ot

Figure 16. First Recommendation - Do Not Have Dialogue Boxes Invoked When Double-
clicking in the Work Space
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2. Have the cursor labeled as 1o which function or option is selected.

When attempting to lock the tablc legs, many participants forgot which tool was
selccted. They were trying to select an object with the locking tool sull selected. This
caused the computer to give an audible error message. They concentrated on the audible
message and did not check to sec which tool was selected. The researcher suggested that
the cursor should have had a default setung for a cursor label. This would have continually
reminded users which tool was selected as they moved around the screen. The researcher
maintained that the cursor also should have had an *off™ setting for advanced users who
would be working on complex models. In Figure 17, the “cube tool™ is selecied and the

words “draw cube” appear next to the cursor.

Figure 17. Second Recommendation - Labceled Cursor
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3. The cursor label should change color when it is passed over screcn items hat can be

edited in the selected function.

Many of the participants attempted to select the cube while the cube tool was sull
selected. The cube tool allowed users to draw multiple cubes and, therefore, continued to
draw cubes. The user had to select the “vertical plane tool” and then select the cube in order
10 delete it. The researcher maintained that if the cursor had changed its color to green when
it passed over an object that it could modify, then the cube tool never would have changed
cotor. This would have indicated that the cube could not be altered by the cube tool. This

recommendation is consistent with thosc in A Gujde 1o Usability: Human Eaclors in

Computing where it was suggested (o use a color that stands out from the screen when

highlighting (Preecc 70-77). The change is shown in Figure 18.

4:51 PM

Figurc 18. Third Recommendation - Cursor Change
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4. Always provide a status bar, which lists the selected tool, option, or function in

progress.

The researcher maintained that the icons did not provide enough information as to
the function of the tool. Participants verbalized their confusion and often guessed at which
icon to use. Only after attempting to use the tool did some participants rcalize its function.
The status bar would have provided information to the user while making selections in the
tool box. It would also have provided informaton in the work space if the cursor label was

turned off. This addition of the status bar is shown in Figure 19.

& Fite Edit Model Render Rnimation Windows 8:59 PM
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5. Avoid hidden interface options without a label.

The rescarcher maintained that the “panels” menu did not have a description as to its
function and subsequent menus. Some participants selected different settings from the
“panels” menu in an attempt to modify their model. They did not realize that the options
only affected how the model was viewed in the window. Also, users who did not read the
manual might not locate the window options if they nceded them. The researcher moved the
“panels” choice to the pull down list. The researcher also moved the “window options”
description to the top. Finally, the rescarcher suggests that the background color of the
menu change when the window is selected in order to add extra emphasis to the fact that

only one window at a time is active. The changes are shown in Figure 20.

Figure 20. Fifth Recommendation - Avoid Unlabeled Hidden User Interface
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6. If an object on the scrcen has been formatted or transformed, the change should be listed
in the status bar when the cursor is passcd over the object.

The locking of objects demonstrates the confusion as to whether or not an object
had been transformed. No participants could tell if the lock was successful unless they
moved the object. Once they moved the object that was unlocked, it was difficult to return
all components to their original positions. The researcher suggests that text describing the

transformation be displayed in the status bar. The cursor is green because it can modify the

objects that it is passing over.



7. Icons should be presented in the order of expected use and grouped by function.

Two of the participants attempted to draw cubes with the “Ray Trace Marquee
Tool™. They chose the ray-tracing tool to draw a cube because 1t was cube shaped and was
situated second from the top in the list of icons. The *“Ray Trace Marquee Tool™ can only be
uscd after objects arc drawn. In the original interface, the order of the icon from top to
bottom was: tools to sclect and move objects; tools to rotate, stretch, and shadc objects;
tools to draw the primitive objects; locking and unlocking tools; lighting and camera tools.
The rescarcher redesigned the tool box. The order is: tools to draw the pnmitive objccts;
Lools to select and move objects; tools to rotate, stretch, and shade objects; locking and

unlocking tools; lighting and camera tools. These changes are shown in Figure 22.
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8. Icons should be easy Lo diffcrentiate.

Many of the participants nceded (o look through the beginning of the tutorial
repeatedly in order to determine which icon was the “Vertical Plane Tool”. The “Horizontal
Plane Tool” and “Vertical Plane Tool” were so similar that participants needed to make a
direct comparison (o the directions. The researcher changed the icons so that they are the
samc icon rotated 90 degrces. The researcher believes that the change should clanfy their
functions. This recommendation, shown in Figure 23, is consistent with suggestions in A
Guide to Usability: Human Factors in Computing (Preece). In the text, it was maintained
that “when designing icons it is important to take into account: the context in which they are
used, the task domain for which they are used, the nature of the underlying object
represented and the extent to which one icon can be discriminated from other icons

displayed” (Preece 144).
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9. The “Undo” and “Delcte” options should be separate from other functions and easy to
recognize in any interface.

Three participants, P2 (ESTJ), P18 (ESTP), and P24 (ENTP), could not figure out
how to remove objects and chose to close the file and restart. In order to delete an object,
the vertical plane tool had to be selected first, then the cube had 1o be selected. This would
remove the cubc from the screen. The researcher maintained that a separate “DELETE”
button was necded which can delete objects in one step. She also suggested that the
“UNDQ?” button should have been the same size and in the same location. This would
allow the user to return the deleted object should the user delete the wrong item. The
researcher capitalized the words in order to draw attention to them. It was suggested in the
litcrature review that, “...conventional upper and lower case text can be read about 13
percent morc quickly than all upper case; uppercase characters are most effective for itcms

that need to attract attention.”(Precce 144). The change is shown in Figure 24.



Figure 24. Ninth Recommendation - Undo and Deletc Functions Should be Scparate [rom
Other Functions
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10. On-line help should be available for every software application.
Participant 7 (INTP) would have used on-linc help if it had been available. The
researcher maintained that on-line help should be available for every software application.

Thercfore, she suggests that the option “Help” should have been added to the end of the

pull-down menus. The modification 1s shown in Figure 25,
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Implications for Further Research

The findings from this rescarch could be cxpanded in many ways. The first
suggestion is to implement the recommended changes in the interface and repecat the
research with the same experimental design. Secondly, the study could be repeated with
changes made to the experimental design. One of the weaknesses of this research was that
the types were not equally represented. It might be beneficial to repeat the research with
equal numbers of males and females for each of the eight Myers-Briggs preferences.
Thirdly, this research could be repeated with the tutorial transformed into an on-line
document. The research could be repeated with the same design to detcrmine if persons
with varied preferences respond differently to on-line instructions.

Finally, a perfect correlation was found between task perfonmance and method of
problem-solving. The corrclation between task performance and percent of problem-
solving time spent using reading methods is shown in Figure 26. There was a correlation
of one betwecen task performance and use of reading problem-solving mcthods. Task

performancc increased as use of reading problem-solving methods increcased.
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Figure 26. Corrclation between Task Performance and Usc of Reading Problem-solving
Methods

The correlation between task performance and percent of problem-solving time
spent using non-rcading methods is shown in Figure 27. There was a correlation of
ncgative one between task performance and use of non-reading problem-solving methods.
Task performance decrcased as use of non-reading problem-solving methods increased.
The relationship was outside the scope of this rescarch. However, in future research it
might be beneficial to explore the relationship between task performance and method of

problem-solving using a different experimental design.
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28. Cover of the Revised Tutorial



The 30 World

Irdinar 1) ctesste o nysthetie 30 Wanld o on ok Geesving o e haweise aionmd the
2oaend ooy, Coinean, el et |gomt Vo we, s Loka Viesesalb appxea:
aettenatein s cas b gmse yor gt lnfinn Te B adetinges, Tnding 12 inchiahis b

10 lea oo ity othees e Views,

Relative Versus Absolute Movement

1 e podant ter unckeastand, Datoes yirs Begna, e Cresop4 o} iebilave vepaes
Ahsolnte axovenes

Alter pou select o ot Casid plares & ns thic 30 Wesld, yon van saedoad Qe e
yornal or Vedsezed Plese Tods, and nmeosa she obget along; Bue X, Y, woub 7 axes.
You will ootice, sia g 00ve o amdpect i o Vaew, that € antewves didieently an
e 1athierr Viewwa,

Thes 1% Iwce gerne 1 e iy nenye gelager ta et View, N7 dnolitely g
waredaicg? w tasin pase by o o penedn weainngg uz thea Car, et would be
waving Tedt ter eeghie for rishit ey ki 2 Bt 1o pesson Dehived be 1cun, i waoald
Appeen tor e pettingg sanlber s moved awee, k-8 alleavs v o mover il
olypeed sehaive Bt View yom aie ns Thive corsee )t will Inxonmie more dlegr s wvar

pates e thasinigls i feecon arkd e zest o dine Tutosiad

Selecting An Object in the 30 World

For sl t an obgatia 1he 310 Winld, mose tlwe

1

110088 Pewites 8o the olyect you want a selea
wavd ek once, A Blinkiog box will suntoun.d
e ohiject 1o indiente shat it i sclocred

1 yeme wanest o teeee o tewod, sediet ihie souf By,
e dalfeet the olgect an wlids yoss watat 1o
wear the foxd,

10 yrses weant 1o use e abens, seleer the

obsedt, theg sa bisa the sean aed twaa dens

PRE Watk (1 e sepxatan that you ket alie

H Gt beleas yoty seledt sonwen il

A siz-sided bouading box wiil blink araund selected objecls.

[ ® L J ] L
Caeasont F: Baelledire: co Sivnprdes Macied

Figure 29. First Page of the Revised Tutorial



The Faces of an Object in the 30 Warld

At you sedect an e, o Wishag: b wadl sitomsiel tine obgecr Ty box T
s sites, O “Faces " only rmie o tee of duse Lioes wall Tee veadle moany Vs

wisikone, lnbn 1) coaniea these *Taces® 1o amnguilate an <,

Manipulating an Object in the 3D World

Fhi sextion will eaplasthow o place and nuanipatate an olsea in 1lee s Wikl

aed ooy e wn aod et on the dilfenent axes

13llony e insarocons outhoed Iclow o cach step ol 1 piroeaeas:

Placing an Objcct in the 3D World

Selent thae Ceenerwe Penstitive Cotue an e Tonltsees
Move Ihe nesne poisier to te Top View ad dek onee 2o plaae
the culxe e the View.,

Moving an Object on the relative X/Y Axis

e - iy |

Mt thie Vet Plne (V Plane)
Tot

o> Jove the axars pomtes over the
ko ced coee @ ale Top View, hold
dorwn the meanes buttos, il Wi the
Ghpont e o lel/nght argion

Notaoe s as the cndac movas Lelt/Zright o tlue
Fop Virw, (he cabre moves Jeligds n ke
Fiven Yew, nwl aseay fron yonioawiaads you

e Binti Veew

Neaw naae dhe cdas s apddossa ks an e Top Veew
Nedtee 1hst vube now g ivay frean st iowanos voe g the
Paowgt Ve ew b gigghit kel s 10 fogshn Vs
Use the ¥-Plany Toal le tnove an objecl (el

righl. up 2nd down relanye to e view you
are werksnn

Porlieel Fr Pheaiiemant

Poacees AW

Figure 30. Sccond Pagc of the Reviscd Tutorial

83



LT R LI I PP T T 1het le 1w .

whdearipa g anssonglitls N te ) Pl frawd 1ea w, de b otc a0y

ol e ale e s ookt Ve el e aomig ehae

(IR XEL

Tt crghos sbpontod ocesy piene Do adebee ow oot 00 P Voo gy 1l R TRY IO
Wl swae iz e Cooeit N Tl b inaesiates the somios ga ol voanse ey wy e o
i el oo amamnt Eater e Was aleadass e ul 0 g e e B aeny o jeadds wee § I

womm th o iy e o B Ve e s b i

Moving an Object on the relative /X Axis

. Seles € thet Elowszomnsl Plaen Deaal

v Mowe treaiearss pognley fo e Jog Vo healel elonaan thas o
Teaattons, necd obiaasz tloe cdae o e s o on el guee 1o

TRTTOR TR | X1 IS [T F IS & TR PR P

e cafae wel’ e guee s o inG

vt o whol vess ek

fonvareds ot elanvey e prvos Taeta ! foa elas e

sath e I oz we 3 Plne Fosall avnd v o i iltege o0 A pes

Rotating an Object on the : v lap thow i
relative X Axis

o Nebenn gl Xorotatson
Tons|

Move thie neaae

b ettt 40 e Top
Vs Jealal eloswnr elee
nwngse ukiene, it
s e onse 23 an

updnan ayotsan

Ty o mevy sl 1o

omg tie gelanes N

ans. Tew Vet e ne < the X Ralalion Toal 1o rolate ar

ahee) Iowards ac away telahive ta the
VIPW Y Arg Walking Hi

Vel Jea s, g
10d Wb e s nw

fefaite g ghy Ve v
wCat e Minns ey Cond g deei bomthe s e cnt myl sl s oy

slovoyriyghar % Ase o Lol v e 11 e tfemg eene

[ 4 L J [ [ 4 L J
Colnnannn U faaelebengs e Niefrle Voo Frage )

Figure 31. Third Pagc of the Revised Tutorial



#olating an Object on the relative Y Axis

Seleer s Y Rotataon Ters!

Move 1the nginrae positer to the Top Ve Trakd adonwsy ihee s
Vit sonack chiagy shaes e wese sz leNZeapehis Aot o odigs o woll
votates aloagps e eelaine Y Axes Gt o ted ] Toe e inosveroene and
what you canm do wab thae ¥ fodatnon Jowd, 2eat tiy o ehiltsn ot

Ve

Rotating an Object on the reldtive Z Axis

Sehat the Z Reotateosn Jool

Move the mowes ponter 1o the Togs View, biohil donvsy e nlises

Lt ikt aove the phyect i a nphtAeit icdaoer e oly <

wil e sl e ndative 7 Axee Get a deel Tog the maovemran
l and what vou canndky with the 7 Restatwon Taaol, amb oy 0o

diicieat View..

Moving and rofating an Object around a face

il §o adlows, ser 1o consann ae nhyset ke Bk T dop sew

nx et aoly alen: anincpiiay axis

preapeermlicabar ts any of the Laces o tlae ol

A v e exanphe will Telpy you visustiee

this

selee Uil Veauct) Phoane Toed

Seden el cube i e Canena Vaaw
Hoh! down the STRET key and e k
) elrag o Ste et od e colme s
Pebyeakangs Dox 1o w0 fefe/aays bt ineteens.

L) L] L 4 [ J [ 4
fovfernd 1) P rekesvasel

J%treee 203

Figurc 32. Fourth Page of the Revised Tutorial

85



b Dh s alionvs ye s toocepradnma e traaan o€ e dyee T I seeing® “aremmd

sy L 2l W) 1Ose VA 0 de gt e D E T Lo g sngle g ae ad

Selist 3lie N A Rudatin Teasl
Seloser the cnd e sl Canpers View

Foled doawan she ST key acad ek ond dag aon the Laces ol tle
culre Blpnkige T in o apa/clawn nwstion

T enagert wall irwy sttt “aronnnd” tie sadesten | fae e

Scaling an Object
U the Lingfonn Seating Tood 20 anzke aa obpet Lbiyser o spxaller. It s anpodani

toy tswdenntand ttaat your chaage e acual soxt of 20t chpect wath this lool, “Fhas s
s oot st or faader ioway

very ddlenrat fro awwing tlie caaren t o
This concept wall Dxvonine ehea areselicn we disetins e Carest io Biler kessons

Prblow e pedavction, osdlieweed Indonn ee aree thie §ladors Seafe “Toal

e Sacbert thiae Uanfeasns Sl ten b
a  Move the sotse peetiter 1631 Top Viese arcd e lick a8 gt i
e o ubse, Monee 1l nusese e bettZegshit nwedeen

0L

Plosttces, That s year pwave the o, the size
Of the obyent clemgeer, e lisel $ow thie
szovenient e whas o o cka wath the
Uniloun Scde Toxd Yews cann iy this lowl in
e Views, Dt asll always ave thee saeee
e, saee 1 soades e ol e sane

weevsanat is all o son.

Use Ihe Unitorm Scale 100! le
progoritonatcly resize an objeck.

—r, e F we

Figure 33. Fifth Page of the Revised Tutorial

86



¥4quashing & Stretching an object
T Oftens yews will wae b seabe an obgeet monly ene dineasrn Ty sgoaan & Sttt
Boo) alkoves yox a b e diaszanive of e s Fisdepeadenly of it

insixin & ok

sl 4 the Squash & Meaach Toal 1| Clap ot T !
Move e e g o the
— Canweta View amwl e hick nd degs on
I m any face of the cutxe. Move: the inoise
ke T 100 2 Ieft/nght suotion Nossee taag ghe
[ odint will ewaly giowZadinnk aloag the

et of the adyes yom sekevte:d

Manipulating Other Primitives

Yo can asuupilate any of the aeher live penmive o the aawe msanikes ceea glacd
wl s sedction Sebv anashee pranitave, place e nvahie 3 Wosle, el 3ollowy e

Ay yonr pass ke,

Building A Mode!

Tlarwsan tens sl sl e thtrotipl e Stope o dankd bl wali e Ry

S0 by s e the st Bile wangs e CLOSE commad trenn
e HLE amecses tvenn cancave b d you wishy Tun 10 Dle sl yun

Iwe v g esed dlicer el NIXE frcunn las TILT ay e
Ulace g valie puomtsce s e Would ll m i
Thas cade swillzeve an e bl Sep bee )hie table o b |

e [ ] [ J [ ] [ J
teafeesi 13 Fertosviped

Figure 34. Sixth Page of the Revised Tutorial

87



Sizing the Table Top

Lon thaes =am g2, yon Wl i beew ravce 1he vaslse omy ki

Oifde topy Pelone oy nyanie ttoans vl o Jeeloawe

.‘\l'l(" L] |‘|" « |l|)"
Sedeet the CUBIECT INZ) comsniaaed s o MOTIEL socon
After s sake D OTIECT INT O e 4 SIent Infontuniam dhalogs
bax will appeear Ehiss Bras gt you o gdped gl pcosmeges of
Hie edpt
Entez the bollowing, settungs o aeare e gpbile o)
o wttle XY, ctawd A Vasition valtsex fe zevi )
< N1thee X, ¥, aerl Z Rotation valoes o sess Gn,
e Mttlee N, Y, ainl 7 Daveensagn veahees s followe:
X- 3 ¥ - 3072
v et Vindon Sole valte 1o 3.2,
Chck OK Yot buve neow Tone ahie carzeet elimensconse fon 2 wlste

o,
auyrit Infaimaimn
Nane Il nhe 71
1 rastlion Culrnfolion irheaston tentes
T A i
w lo \0 ] fosoe 4
tater the values above o ’ 3
these vamr bozes. | ° 1N GRS U
| o ares | E ! D.000 I
Unitpem Yoale: J
Apline®
| Finvtsidin | [t oace Botkfarm
' HOIET -hlq | | e Samdnuss
(o = [,
TTI_+ ] wera ;

m;ur;[ mm»LﬁTumi h
() 2

Alter clicking OK, youe lable
lop sthiould look fike tins,

Crareettsan Wl sk likee

Forsaewrs J- Reerlefiners w3 Nfenivlar Xesnded

Figure 35. Seventh Page of the Revised Tutorial

88



Thua e tews wall cxpliaisy Jeasy s Reates e fied e 6F Oher tihile, Poflow tlse

ovtizsctaons enstdined Te d s

Selexta eylisnies Loxn sl Usext Pristitives xextiesy ol tlxe
Toallxon,

Move The wowse poites m the Top Vaew sk phace the oplisder
0 the uppes el band comm el e Top View,

Scieer OURCT NGO St thee MODEL ehesesa and thae Ol t

falesonation ilakog box will seapyxar.

tater the Loliosying: setnmgss o cete the tihle Jeyy

e Serthe X, Y, arel Z P'oesson vabiaes as lollows:
X=~-27Y=25.7=-30

o Setite X, Y, 7 -Rotation  values i zevo ()

= St the XY and Z Drenson vahacs as foflows
Xefs Y =9, 7 ~ 51

Stk QR The st ubke dess s anw i postion on e tble e

1he exe san Hoar, yot wall
lesing Junw to creie the

~4mn.:|f§b}dr|

rusiien Rotation Hrocasion

&0 n

Eoler the values adove in
these valoe bnxes

2% u
3 [
T !

Aller ciicking OK, your
table should look like thiz.

Figure 36. Eigth Page of the Revised Tutorial



Creating the Remaining Table Legs

Thaa saxtaons will esphae how e v aeate e b pleoc e easotuags thase bty ord tinee

tilale

teaflene thes st me s melaned Tacfos o opegiv e ecmntay datile s

wr Netee s e Vestioal ane Tool froen the Tixolf» oy,

legs €10k ashajetct Wl ik tos <hune that sl T Baeean nebectind )
oot ihe MODIEL imenu o) selist DEPL AT

DUIPLEATY allows yert 1o ¢ it 30 exut copy ol dee scieled ataeer Teiibis cawe,

yens wall make a duphate of (e Gl dog you st created

After you saebect DUCLCATE, an idencal tabe legs will apyxear
nere Lo ahe fase tadske log:
The sexenut wlde legs shoakd De Dhaking:. badicatings tar o i

sadeeteed I s, movae te the Pt View avied o bic b o e ax onl

tble kg

Select QBIFCT INFO fosn the MOUEL revan aaxd sloe O
fufomuion dalog; box will reappear.
Mater e folloswing ssnngs toeplice the secomlabile ey
= Leaves ROWON i Dunesssnan e o
= St e XYL and Z Pesgtion vabies s Jothoae,
X=28Y~25/ -3

o Tey eremler legs thaeesey senae o the Foont Viewe ane Ot es 1w
b seed alvean by selent Tegs teo bl ann it amd e will Bk
Coos ter phaes SO L ihena aned sefeat DUPEICATE

Ar wlertieal Bege il apgieas aext e kg iwes et tie MDD
tnennn sepgantt, e secbof OTCCTTINIO) aeed tee O g Lisfonsis
taewn dlziboge Fox will reapaynear

[ ] L ] [ ] [ ] [ ]
resson d: dhailding o Shple Medol

Figure 37. Ninth Page of the Revised Tutorial

- Maowve the imotees pointes g she Frotg Viese cand ok on e sabils

90



Vawo 1 e ledloaerises < tlmien e ol alwe el robides by
o deave Cnprais o el Faneer oo tive e
et ile v Y and /A teearvabiue oo bt e
At LI Y S T
Fepmaan slae st gos vt acd abaosas o weate e basmle pelde- g
1ot e e dobhos et ety o place dae toanth eabsde b
w farane Ormen ation sl Sealisg sl citeas
= et e NOY il £ ey s v aleke e todl e

N2 121

Veur e aross Jeve atabbe swatts doon deps ez baoks Bk el ganie desvn

larlion

LH_ '~]  Cameo S

Your fimshed
table should Youk
like thes.

Locking The Model

Whest o vaspeeins buaihed s tabde | Twe o st cveates dbee ta b tege anbelee sy

o ponetedy amlaleys Godeas e wgeghioo s e meds s sthee Wy Givtemngs theen:
pyaditet, B o oo s e Sate gsto o o abile @ gecd b wesst Ll gpat e
ot b nengd Gebr Dregees svan e sonalad ey sccaloafic Liah o' 1le

Lo Gomad athovns et b bocdon she alipe o ahins esnedeB g tdnee <o gt wieae tons
e nn od e e b e e facds kments anoee vl e dads s
sktacpuhvel dadwece o s caigde e amd o e 1l i o neae "

b edmngrthe s selin e VoSl b

Figurc 38. Tenth Pagc of the Revised Tutorial

91



ol tfa evditos et wad e s e bl gl B3

o Lo e Vel Plaee ol Jean thie Lol

A v 2 Biales s o nnses fo e ¢ oisr amp v Voo L0l <ovdet 0 alih
e

1t yeann deve aonble sefestings o tabde 1o bes areas othes olyets e
123 Hies wav, seee B SEITCT OIECT avere wienny e e NOLL
LRI IIT]

Serles Al Law R tewd o e ooy

Alove the scaras porntee Iach t the Caarersy view andl e ihe
talde 10, Node that yosianust «elea s pan of the table 1op that
e oxat Bave tine redected alade B wealen i 1 von sedect (e
gl table by dhe Macintesds walk beeps 2 yon Cimee yort chek
onn ehie Labsbee taaps, e sl fon tlee Tegs o thae tabste top i
slirappwears The sedacates 1hs the s elyect Bave Deea lixcked
lopetlaer,

Hedd domwar e spuace Iae o meschied alye Vst al BLine Tiao)
Mewer Frack terdhies Cannera Views sad seleat o s ool tabike Tegsoy
N (e SELECTE OTRECT apenu atean ms de MOOLL e,

Attes xelecking a leg, choase Ihe Lock Toal
and click on the [abie top 1a tock the leg to
the kup. You will see 3 tie-tine shoal ttom

tbe Child objcct fa The Pareal object

° [ ] L ] L] L ]
Lessen Jo Macililing ca Singprlor Atendel

Figure 39. Eleventh Page of the Revised Tutonal



Nou e hudd dower e spaee o gyt (o ase it Vesiial PLove ool Releasing;

the e (g wll @estese you o the pueviosly sl o d

ftedeseie the spiacee Tag s the Taxk ol wall 1ve si~aleciext bl
the Gile top sgnn o bk the ool keys ol thae ahie o).
Repseut st step abaove ol all abe tabde bege, ane Tokexl wealy doe
table top.

‘Boo et e bk, seleet the Vertianl Plane Fool. Miove thee e
grnnter 16 the Fop View, clxk on the ""’.k‘ top b cleags 1%
mowse 10 an updbown nutioon. I whole tbie . Jocked tegethes,
® will nwave as one algpet 1 the obast &l completely ke Rexd,
one o e s wall bee befe beiod when yau atenyx o move
e Libsle

01t 1 thwe Gase, pros {ack o (he bepunmeg; of s scfion and iy agsain

NOTE

If yori 1y to ¢lrag one of the table ket will zeparate (v the ses of The able.
1has does mof enean that the dxck was it stevealul, fus o 2 cupentes e many
ways of gty Pt egntles fnails, sofews, and gdue,) Bl 1 provides yoa with
wany iforeng aypes of locks, A more detailed explsacron of what these focks anre
tixd why yoo can move ihe ahike oo sepaniely Trt e tie tallde top sl appear

1 thae Usert's Maowal,

L ] L] [ J L J [ ]
Iy I8 fini D Tuteorial

Figure 40. Twelfth Page of the Revised Tutorial

93



94

Saving The Mode!

ALl st create o sl vore weill sl Bosave ot Fulloan e sirdatetton . onstbe el
VY

Tdisn er st e aemocdel ot aseate Y arn gon lereatn,

Sebeet e B e
o> Sebyt MAVE and e Save Dulog wabappwear
Taterr 3 nantae foe tie Ble sneh as Tahde o8 “Labbe) or any naone
it ian sipmailicatee & yau
SeA EAAVIE wleens your are seady anied due sl will ber saved

)

£ tatyaded oo
N tessnn |

N irsann 2

N lesana §

{Y lezspn §
flessony
Name this tcone: [ sene )

fewe™ " | (tewer)

Use the Save Uialog to save your sccae lile 1a disk.

3| CMejo Hipe
A L)
(urwe )

Crmpraitdanonst Yo have stooessinlly ovpleted Pant e ol Bassan One

Hossen 3o Building o Seafrie Medo! Page 19

Figure 41. Thirteenth Page of the Revised Tutorial



APPENDIX B

Pilot Group Matcrials



96
INFORMATION LETTER

Dear Participant:

I am a graduate student under the dircction of Professor Michacl Kroelinger in the
College of Architecture and Environmental Design at Arizona State University. I am
conducting a pilot study entitled Human/Computer Intcraction. The purpose of the
rescarch is to study human/computer interaction. Your will not be expected to perform
any tasks that go beyond what is expected of a typical computer user (Using a mousc to
interact with the screen).

Your participation will involve completing the Myers-Briggs Type Indicator. ( the
Myers-Briggs Type Indicator will be recorded only by your participant number). Then
you will be asked to complete a survey recorded only by your participant number.
Finally, you will be asked to complete exercises on the computer. The entire process is
expected to takc 2 hours. The participant numbers arc only used to link the Myers-
Briggs Type Indicator, survey and computer exerciscs.

Y our participation in this study is voluntary. If you choose not to participatc or to
withdraw from the study at any time, it will not affect your grade or compensation. The
results of the research study may be published, but your name will not be recorded or
used. You will be known only by your participant number. Also a video camera will be
sct up to record the computer screen. You will not be videotaped, only your intcraction
with thc computer screcn and your voice. There are not right or wrong answers or time

limit, we arc only concerned with your interaction with the excrcises.

If you have any questions concerning the research study, please Icave a messagce for
Wendelin Geberth in the Design office: (602) 965-4135.

Sincerely,

Wendelin Geberth
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PROCEDURE FOR PILOT GROUP

1. Bring the participant into the testing room.
2. Ask the participant 1o lake a seat.

3. Hand the participant a copy of the Information Sheet and read it aloud.

Information Letter

Dear Participant:

| am a graduate student under the direction of Prolessor Michael Kroclinger in the
Collcge of Architecture and Environmental Design at Arizona State University. I am
conducting a pilot study entitled Human/Computer Interaction. The purpose of the
research is to study human/computer interaction. You will not be expected to perform
any tasks that go beyond what is expected of a typical computer user (Using a mouse to
interact with the screen).

Your participation will involve completing a test. ( the test will be recorded only by
your participant number). Then vou will be asked to complete a survey recorded only
by your partictpant number. Finally, you will be asked to complete cxercises on the
computer. The entire process is expected to take 2 hours. The participant numbers are
only uscd to link the test, sunvey and computer exercises.

Your participation in this study is voluntany. If you chouse not 1o panticipate or to
withdraw from the study at any time. it will not affect your grade or compensation. The
results of the research study may be published, but your name will not be recorded or
used. You will be known only by vour participant number. Also a video camera will be
sct up to record the computer screen. You will not be recorded, only your interaction
with the computer screen and vour voice. There are not right or wrong answers or time

limit, we arc only concerned with your interaction with the exerciscs.

If you have any questions concerning the research study, please leave a message for

Wendclin Geberth in the Design office: (602) 9635-4135.

4. Ask for guestions concerning the study.

5. Distribute the Computer Opinion Survey and a pencil, then read the instructions.
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Instructions for Computer Opinion Survey

This is a two sided test. Plcase answer all of the questions on the first side of the test
belore continuing to the second side, Please mark all answers on the answer sheet. Please
do not mark any of your answers on the question shect. Use the pencil that you were
given, make heavy black marks that lill the circle completely, erasc cleanly any answer
you wish to change, and make no stray marks on the answer sheet. This is simply a
computer opinion survey, therc are no right or wrong answers. Pleasc do not think 00
long about any one answer.
Do you have any qucstions?
Plcasc begin and tell me when you are [inished.

6. When the participant is finished, collect the survey and place it in the folder of testing
materials for that participant.

7. Distribute the Myers Briggs Type Indicator and a sharpened pencil, then read the

instructions.

Instructions lor the Mvers-Briggs Tyvpe Indicator

There are no “right” or “wrong™ an.wers to these questions. Your answers will help
show how you like to look at things and how you like to go about deciding things.

Read cach question carelully and indicate your answer by making an “X™ in the
appropriate box next to the response you sclect. Do not think too long about any
question. If you cannot decide how to answer a qucstion, skip it, and return later. [f you
make a mistake, do not erasc (because there is carbon paper between the sheets of the
test) instead, blacken in the hox marked in error.

Pleasc turn the booklet over and begin answering questions, there is no time limit,
pleasc tell me when you are [inished.

8. When the participant is linished, collect the type indicator and place it in the folder of

testing materials for that participant.

9. Direct the participant into the computer testing room and seat them at the computer.



10. TURN ON THE VIDEO CANMERA!!!

11. Explain the requirements for the verbal protocol analysis.

Verbal Protocol Analvsis

Today you will be asked to complcte part of a tutorial for the computer program

Infini-D. It is a three-dimensional modecling program. You must read all instructions and

directions aloud. Also, you must “think™ aloud. Do not worry about diffcrentiating
between instructions and thoughts. Say whatever enters your mind while you are working
on the tutorial, even if it is a thought tike, “I am hungry, or this chair is uncomfortable.”
Do not worry about censoring what you say.

Please do not mark or alter the tutorial booklet in any way. I will remain in thc room
to remind you to verbalize any thoughts and actions. Please do not ask me any questions
about the computer program because I cannot answer questions once the session has
begun. There is no time limit. When you are done, please tell me.

Do you have any questions?

Pleasc begin the tutonial and read and think aloud while working.

12. When the participant is [inished, di tribute the final questionnaire and read the

instructions.

Dircctions for the Questionnaire

Please fill out this questionnairc and tell me when you are linished.
13. When the participant is [inished, collect the questionnaire and place it in the folder of
testing materials for that participant.

14. Thank the participant and pay them.



QUESTIONNAIRE

Participant #

What is your current major?

100

What tasks do you use a computer for?
3 ncver used a computer
O use a computer only for word processing
O usea computer only for drafting or 3-D modcling
O use a computer only for desktop publishing
O use a computer only for spread sheets and accounting

use a computer for multiple uses (check all that apply)
O word processing
O 3-D modeling
O desktop publishing
O sprecad sheets and accounting

List the names of the computer programs that you use at least once a month?
nonc
word processing:

3-D modecling:

desktop publishing:
spread sheets and accounting:

aaaaaaqa

Other;

How long have you been using a computer.
00-6 months (6 months-1 year 1 year 2 years 3 ycars
OS5+ years

How comfortable did you fecl while completing this tutorial?
O very uncomfortable
O uncomfortabic
O comfortable
O very comfortable

What do you feel is the difficulty level of this tutorial?
O verydifficult
O difficult
O casy
O verycasy

04 vcars





