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. The objective of this research was to identify a relationship
A . . .
:; between psychological type and mode of presentation of information. The
N: type theory developed ty Carl Jung and operationalized by the Myers-Briegs
Type Indicator (MBTI) was used to identify psychological tvpe. The
Ll
L{ information presentation data were collected through an Information
1 Presentation Mode Survey.
c The population studied was graduate students at the Air Force
p
t{ Institute of Technology. The results of the MBTI were combined to show
 ’
Ny cognitive style. The Information Presentation Mode Survey gathered data
X
L; regarding accuracy, efficiency and preference rankings for seven diftferent
[
ib modes of presentation of data.
O
a& The statistical analyses showed no relationship between
'I
] personality type and presentation mode, however sample size made analysis
' difficult. Trends evident in the data suggested that personality tiype and
) presentation modes were related.
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MANAGEMENT INFORMATION SYSTEMS DESIGN IMPLICATIONS:
- THE EFFECT OF COGNITIVE STYLE AND

INFORMATION PRESENTATION ON PROBLEM SOLVING

o] I. Introduction

W Background

The Department of Defense spends increasing amounts each yearvon
A sophisticated hardware for information systems. Managers at all levels
' depend on these systems to aid their decision-making. This

nk sophisticated hardware allows users to more easily interact with the
information systems. However, more sophisticated hardware only’ '

iy partially solves the problem of how to effectively use these systems to
s ‘make decisions.

h To be effective, information systems must handle three distinct
‘: stages of processing. The first stage is raw data. The second stage
converts the raw data into information by grouping, consolidating, and
otherwise combining the raw data into logical parts. The third stage is

presenting the information to the manager in a way that optimizes the

- N
ALY, Y,

information’s use to the manager. This third stage acts like a bridge

between the computer and the manager, it involves both the capabilities

K of the computer in the ways of presenting information, and also the

“ attributes of the manager in the way the information is used and

)

"

Ky understood. This research deals with this latter portion of the third
. stage, the need to know more about humans as information processors.
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Mason and Mitroff proposed a format for future systematic
research in the area of Management Information Systems (MIS) that
included the observation.that

. . . an information system consists of at least one person of

a certain psychological type who faces a problem within some

organizational context for which he needs evidence to arrive

at a solution and that the evidence is made available to him

through some mode of presentation [Mason and Mitroff,

1973:475].
This proposed format theorizes a direction for research in information
systems that includes the idea of psychological type influencing the
effectiveness of information systems.

Psychological type refers to the specific individual differences.
While psychological types may be categorized in several ways, this
research uses cognitive style as a measure of type. This stance is
supported by prior research in the area of information systems and
individual differences, as found in the literature review in the second
chapter.

Mode of presentation is the way that data is presented to the
user. Due to the high cost of manually creating graphs and charts in
the past, the most convenient, easily understood, and often the only
available means of presenting data was tabularly (rows or columns of
numbers). With the computer came options. Computers can more easily
transform tabular data into various forms, such as bar charts, line
graphs and pie charts. Along with the options came questions. Wwhat
mode of presentation is the most effective? Is the most effective mode
the same for all users? Are different modes best suited for certain

different applications?

Is there an effective way to predict which mode
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P of presentation is best suited for an individual, if there are

" differences between users?

"

a . Research in the last ten to fifteen years has attempted to answer
d

o these and similar questions concerning the presentation of information.
R This research focuses on a specific aspect of presentation of

information, namely how individual differences (cognitive style) of

B users interact with the different modes of presentation (graphical,
N tabular, and combined modes).

\

) Research Problem

[ %

) There are many variables which the designers of information

)
): systems must consider. Some of these variables determine which mode of
- presentation should be used. Two of these variables are the type of

- problem to be solved and the psychological type of the users.

" Benbasat and Taylor realized “ne significance of the type of

o

: problem when they identified the possible benefits of each type of

'

presentation mode prior to their conducting their experiment. They

A summarized the following, given their type of problem:

. Tabular reports will assist in determining the optimum

. solution by providing the exact figures to calculate [the

solution]. Graphical reports will provide a quick

. understanding of the area where a good solution to the problem

9 lies as they display [information] by relationshig over the

' entire range of possible [information] [Benbasat Tayvlor,

A

. 1986:67].

!

_ Perhaps not all managers may use information the way Benbasat and Taylor
R

2 have summarized above.

As postulated by Mason and Mitroff, the psychological type of

individuals may also influence the usefulness of data. If this were
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true, managers should receive information in the way it is most useful
to them as unique individuals. Based on this, information should be
tailored to specific managers just as it is tailored for specific uses.
There are methods to transform information into graphics or
charts with computers and there are ways of measuring individual
differences (psychological type). If psychological type has an
influence on the usefulness of the different presentations of
information, then psychological type should be used to deiermine the wayv

information is presented.

Central Research Question

This research attempts to find out if there exists a
relationship between psychological type and the usefulness or
effectiveness of different methods of presentation of information in
problem solving.

The research question this study intends to answer is: Is the
psychological type of an individual related to the accuracy, preference,
or efficiency of problem solving when using different modes of
presentation of information?

The null hypothesis for the main research question is:

Ho: There is no relationship between the psychological type of
an individual and the individual’s accuracy, preference, or efficiency
when using different modes of presentation of information when problem

solving.
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The associated alternative hypothesis is:

Ha: The psychological type of an individual is related to their
accuracy, preference, or efficiency when using different modes of

presentation of information for problem solving.

Subsidiary Research Questions

In order to answer the central research question, the following
subsidiary research questions and hypotheses will be tested:

1. Do the subjects have different psychological types than the general
public?:

Ho: The subjects have the same distribution of psychological
types as the general public.

Ha: The distributions of types are different.

2. Are subjects more accurate using some modes of presentation when
compared to other modes?

Ho: Subjects have equal accuracy when solving problems using
different modes of presentation.

Ha: Mode of presentation and accuracy are related.

3. Is the psychological type of a subject related to the accuracy of
problem solving when using different modes of presentation?

Ho : .The psychological type of a subject has no relationship with
the accuracy of problem solving when using different modes of
presentation of information.

Ha: Psychological type and accuracy are related.

4. Do subjects prefer some modes of presentation over other modes?

Ho: Subjects have equal preference for all modes of presentation

of information.
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Ha: Subjects prefer some modes over others.
5. 1Is the psychological type of a subject related to the preferred mode
of presentation of information?

Ho: The psychological type of a subject has no relation to the
preferred mode of presentation.

Ha: Preference and psychological type are related.
6. Are the preference rankings of presentation modes related to their
accuracy in problem solving?

Ho: The preference for mode of presentation of information is
not related to accuracy.

Ha: Accuracy and preference are related.
7. Are subjects more efficient using some modes of presentation when
compared to other modes?

Ho . Subjects have equal efficiency when solving problems using
different modes of presentation.

Ha: Mode of presentation and efficiency are related.
8. Is the psychological type of a subject related to the efficiency of
problem solving when using different modes of presentation of
information?

Ho : Psychological type is not related to efficiency of problem
solving using different modes of presentation.

Ha: Psychological type and efficiency are related.
9. 1Is there a reidtionship between accuracy and efficiency when solving
problems with varying modes of presentation?

Ho: Efficiency of problem solving is not related to accuracy.

Ha: Efficiency and accuracy are related.
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Scope and Limitations

This study will compare the effectiveness of graphical, tabular
and combined presentations of information in assisting persons of
different psycholpgical types to solve problems. The research deals
specifically with the Myers-Briggs Type Indicator (MBTI), Form G, in
determining the psychological type of the participants. Statements
regarding psychological type are limited to preferences indicated on the
MBTI, Form G, and no other instrument.

The population surveyed was graduate students at the Air Force
Institute of Technology (AFIT), Wright-Patterson Air Force Base, Dayton,
Ohio. The students were all military officers and government-employed
civilians of comparable grade.

- The instrument, in the Appendix, used to survey information
format was a photocopy of text and computer designed graphics produced
on a dot matrix printer. This research is nét designed to measure the
influence of differing the quality of information presented, therefcre
all data presented in the survey are of comparable quality - all
originals are from the same dot-matrix printer.

This research also does not attempt to study the effect of
subjects with different psychological types solving different types of
problems. The constraints and assumptions of all the seven problems
used in the survey are identical, the only changing variables between

the problems are the numerical amounts of the data and the mode of

presentation of the data.
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Summary

This chapter discussed the idea of individual differences
influencing the effectiveness of different modes of presentation. The
research problem and related research questions with hypotheses were
presented. The scope and limitations for the study were given. The
next chapter gives a review and discussion of psychological type and

Management Information Systems and how the two issues are related to the

mode of presentation of information.




) >

e k-
¥ )

‘e

- -

X ]

-
‘-

MY R W

I e

2 0ha'Rad 2 TN ‘2a.m’ - TV Y ‘A arh a°g > - v “ahBan- ¢, Sal Sal dal ek tat a8 sal ‘ab AR VAl tat el Al alo aby gl |

II. Literature Review

This chapter starts with a description of psychological types as
theorized by Carl J. Jung. Jung’'s theory provided the basis for the
formulation and interpretation of the Myers-Briggs Type Indicator
(MBTI). The MBTI is then discussed with attention given to the type
categories, and a description of types pertinent to this research.
Management Information Systems (MIS) is then defined, with emphasis
given to the issue of human-computer interface. Lastly the use of the
MBTI in MIS research is discussed, with support for its exclusive use in

this type of research cited.

Jung’s Theory of Psychological Type

Jung put forth a general description of psychological types in
his writings. He not 6nly identified the groupings of psychological
types, but also the interactions of the different tendencies found in
each individual. Jung’s typolégy is based on his years of ~<linical
research and personal observations (Jung,1923).

Jung obse?ved that péople were similar in some ways and different
in others. He felt that the differences were due to more than mere
chance. His observations led him to believe that people differ in three
general areas - orientation, perception, and evaluation (Jung,
1923:178-180).

The area of orientation is characterized by the way a person
prefers to focus or direct their orientation. An individual’s

orientation may be internal (subjective) or external (objective).

g \"'f WIS ey L R I A T P P N A A AT
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Persons with a predominately external orientation (extravert) will allow
the environment to influence their views more than a person with
internal orientation (introvert). Conversely, to a greater extent than -
extraverts, a person with a preference for introversion will make Y
decisions, perceive things, and act in a way that is influenced by their
own feelings and views. An extravert prefers to act on stimuli from the Q
senses, while the introvert prefers introspection. Jung stressed that é
none of the types are "fight" or "wrong", just different from each other
{Jung, 1923:182-183,229-234).
The second main area of type identified by Jung is perception.

Perception can be thought of as the way a person views objects.

(] B

Perception, like orientation, is divided into two categories - sensing

»

and intuition. An individual who prefers sensing uses information

gained through the five senses to perceive objects in the environment.

A sensing person sees things "as they really are"” and takes things at 3
.
“"face value”. Whereas a sensing type may see something as it really is, .
an intuitive type will perceive the same thing as it might be. An :
intuitive-dominant type will see beyond the facts and extrapolate into i‘
the hypothetical. A person who prefers intuition will temper what is ;
) t
seen, felt, or heard with an innate "gixth sense". A sensing type may r
be seen as "realistic"” while an intuitive may be labeled an "innovator”. ;
Jung recognized that everyone is, to varying degrees, a combination of ;
all types - even the strong sensing type will possess and even
demonstrate some intuition, and the same is true for other types (Jung, E:
1923:215-217,220-222,252-255,258-261) . 3
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The third main psychological function identified by Jung is

I K R

judging. Judging refers to how a person prefers to judge or evaluate

objects and events (Jung, 1923:212-213). Judging, too, is a dichotomy

R )

of categories - thinking and feeling. An individual who prefers

L.

thinking tends to be logical and impersonal when making conclusions.
Y The thinking individual may appear detached and without emotion to a
feeling person. A person who prefers feeling will interject a personal
evaluation when judging. This manifests itself in decisions slanted by
Ny subjective overtones. Events and objects will be good or bad, pleasant
‘P or unpleasant to a feeling person, as opposed to the thinking person's
logical and impersonal findings (Jung, 1923:192-215,237-252).

Jung’s typology uses dominant traits in each of the three main

Sl -

psychological functions to develop a heuristic model for predicting and
observing the behavior and attitudes of persons.

. ' Extraversion/introversion, sensing/intuition, and thinking/feeling are

A the three dichotomies of traits Jung identified. Every person has all

the traits present in their emotional make-up to some degree, but it is

the dominance and interactions of types that make a'person’s behavior

o predictable (Jung, 1923:178-187,229-237).
)
a' Myers-Briggs Type Indicator (MBTI)

i Jung's theory of type is put into practice with the Myers-Briggs
Type Iﬁdicator (MBTI). The MBTI expands and operationalizes Jung’s work
on psychological type.

The MBTI is a questionnaire that measures preferences. The
questionnaire was researched and developed by Isabel Myers and her

mother Katherine Briggs. Inspired by the works of Jung and the

-y
S
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teachings of her mother, Myers compiled an extensive data base of
answers to various questions. This task culminated in a workable way of
putting Jung's typology to practical use (Myers, 1980:xi).

The MBTI measures the three main dichotomies theorized by Jung, and adds
a fourth, judgement/perception (Myers and McCaulley, 1985:13).

This fourth dichotomy is not explicitly addressed by Jung in his
"Psychological Types" treatise (Jung, 1923:178-269; Myers and McCaulley,
1985:11). Although not explicitly cited by Jung, this fourth main
function does help clarify how a person deals with the outer world and
identifies the dominant function (Myers and McCaulley, 1985:13). The
person that prefers judgement will tend to shut off the inputs from the
outside and make a decision on the evidence received thus far. An
individual who demonstrates the judgement trait will see time as a
resource to be controlled and set into order. In contrast, individuals
with a preference for perception sees time as more of a hindrance and
live life more spontaneously (Campbell, 1987). A person who prefers
perception will seek to understand life and keep an open mind when
possible. The perception individual will prefer a flexible lifestyle,
while the judgement person will prefer order (Myers, 1980:8-9; Myers and
McCaulley, 1985:13-14).

There are situations in life that demand judgements to be made,
and some which force perception - both judgement and perception dominant.
individuals are able to react appropriately. The difference in the
preferred dominant traits occur when the situation allows a choice
between judgement and preference to be made (Jung, 1923:266-267).

Myers discussed the prevalence of dominant types in individuals by
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explaining that a preference for one type over anoth~r develops early in
life and becomes more developed than the neglected, opposite trait
{Myers, 1980:4). Preference for types comes from continued use,
reliance, and success with a dominant type over time.

For the purpose of this research the psychological types used in
the statistical analysis will be combined into four groups. This is
accomplished by using the inner dichotomies ~ sensing/intuition (SN) and

thinking/feeling (TF). This grouping is done because these two inner

dichotomies sufficiently indicate the problem-solving style of the

subjects (Mason and Mitroff, 1981:113).
Paul Nutt summarized the influences on problem solving of the SN
and TF groupings in his recent paper on decision style:

These scales determine an individual's preference for types of
data and ways to process the data to reach decisions. Either
sensing or intuition can be used to acquire information. A
sensing (S) individual prefers hard data that deals in
specifics wheras the intuitive (N) looks for holistic
information which describes hypothetical possibilities and
accepts qualitative and subjective information. The sensing
person decomposes while the intuitive looks for the gestalt.
Thinking and Feeling approaches can be used to reach a
decision. . . Thinking generalizes and feeling personalizes
[Nutt, 1985:2-3].

A full description of the four type groupings are presented in the next

section.

Descriptions of Groupings of Psychological Type

By using only the inner two dichotomies to describe the data,
four groups are formed: ST (sensing plus thinking); SF (sensing plus
feeling); NF (intuition plus feeling); and NT (intuition plus thinking).
Each combination is unique, yet each shares some common attributes with

combinations that share one of the same preferences. The interaction
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between preferred ways of perceiving and judging make each group unique
(Myers, 1980:4).

Sensing Plus Thinking (ST). The ST individuals gather data
mainly from their senses (S) and judge by thinking (T), they can be
described as the practical, matter-of-fact types. The main focus of ST
types are facts, and they act on these facts with impersonal,
step-by-step analysis. Persons preferring ST are more scientific in
approach, and attend to details more than the other groups (Mason and
Mitroff, 1981:113; Myers and McCaulley, 1985:33; Myers, 1980:5).

The characteristics of type preference can be explained further
by comparing the percentages of type found in the general population
with percentages found in particular jobs. For instance, approximately
56.3% of males and 27.5% of females of the general population are ST
according to the SRI International Values and Lifestyles (VALS) Program
sample of a cross-section of Americans (n=1,105). Comparing those g
percentages with ST types in particular chosen occupations: 50.5% of
bank officers and financial managers (data oriented); and only 7.21% of
writers, artists, entertainers, and agents (non-data oriented)
{McCaulley and others, 1985:6~7; Myers and McCaulley, 1985:253-255). A

Sensing Plus Feeling (SF). Those preferring SF rely on their
senses (S) to get information and act on the information with feeling
(F), these individuals are usually the sympathetic and friendly types. .
Facts are the main focus of SF types, judged with personal warmth.

These individuals tend to be humanistic about particulars, and attend to

individual concerns (Myers and McCaulley, 1985:33-34; Mason and Mitroff,

e v

1981:113).
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The SRI VALS sample had 16.6% of the males and 50.5% of the
females showing a preference for SF. Of those individuals sampled from
the sales and customer relations field (helpful), 81% were SF types, and
only 5% of éollege science students (data and logic) were SF (Myers,
1980:159; McCaulley and others, 1985:6,7).

Intuition Plus Feeling (NF). Those preferring possibilities over

facts and handle them with personal warmth are NF types. People
preferring NF may be considered the enthusiastic and insightful types.
The NF individual seeks to understand relationships and interactions,
Qith the focus on people. They are interested in the patterns beneath
the immediate facts, with their judgement dominated with feeling
(Keirsey and Bates, 1978:66; Myers and McCaulley, 1985:35).

The SRI VALS sample shows 8.7% of males and 15.5% of females as
preferring NF type. Sixty-five per cent of the creative writers
(insightful) sampled were NF, while only four per cent of the
accountants (data oriented) Showed a preferrence for NF (McCaulley and

others, 1985:6,7; Myers, 1980:159-160).

Intuition Plus Thinking (NT). Persons who prefer NT gather
information primarily through intuition (N), and prefer to be logical
and thinking (T) when judging. The NT types tend to be logical and
ingenious. They focus on the possibilities and patterns, andg analyze
with impersonal logic (Myers and McCaulley, 1985:35).

The SRI VAL sample showed 18.4% of the males and 6.5% of the

females preferred NT. Of the research scientists sampled (logic and

A A A By 9

intuition), 77% were NT types, and only 9% of the accountants (data)

(McCaulley and others, 1985:6,7; Myers, 1980:153-160).

- 15 -

) AL et e v g A pr g PR A R e B b et A At .
R R N W N NI RV dC P PRt o d 2L o "s‘f-.'---~'$f\’ PESAT/COIN RS LU N"\"‘\’w.- ‘('\’-'V’ AN A

&



The four groupings of type described here will be used to analyze
the data from this research. The groupings represent uniquely different
cognitive styles, each with its own method of approaching problem

solving.

Management Information Systems

The term Management Information Systems (MIS) refers to all
processes, usually confined to an organization, that collect, measure,
categorize, store, and report information. Under the umbrella of MIS
fall the obvious, such as computer systems, and the not-so-obvious, such
as the vast informal communication networks between employees. As noted
in the introduction, this research focuses on the idea of managers as
information processors. This particular stage of the MIS involves the
format used to present information to the manager and the use of that
information by the manager to make decisions.

Previous research in the area of information presentation with
respect to MIS has focused on comparisons between written and computer
monitor presentations of information and decision style and how they
interact to affect decision-making (Lucas, 1981) and the study of how
the use of color interrelates with the ways of presenting information
(Benbasat and Dexter, 1986). There has been a study by Lusk and
Kersnick (1979) which touched on the essence of this study, its methods
and findings are discussed here.

The Lusk and Kersnick study classified persons as being either
high or low analytic based on results from the Embedded Figures Test.
The information was then presented in five different forms - raw data,

tabular report, and three different graphical representations of the
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data. The Lusk and Kersnick study concluded with three MIS design
principles: 1) Personnel selection and task assignment functions are
crucial to the success of a MIS deéign regardless of report format used
- the results showed that certain psychological types were more
efficient at solving the problems given, regardless of the method of
presentation of the information; 2) Performance will not improve if
different reports are given to the individual difference groups - the
study showed no significant correlation between psychological type (as
measured by the Embedded Figures Test) and the method of presentation of
information; and 3) Report formats do affect performance and the format
which is perceived as least complex is best -~ The study required the
subjects to rank the presentation methods in order of perceived
complexity, this order did correlate with the effectiveness of the use
of the different methods of presentation (Lusk and Kersnick, 1979).
These conclusions, especially the second stating there is no

correlation between report format and psychological type, seem to
disagree with the hypothesis from Mason and Mitroff stated earlier in
this stu@y which said that managers could benefit by tailoring data to
their psychological type. Mason and Mitroff specifically suggested the
following as a principle to be used as a guide for subsequent research:

Managers need ’'information’ that is geared to their psychology

not to that of their designers. This places a heavy burden on

the designers of MIS. They must not only find out what

information the manager actually needs, but the designers must

also find out which mode of displaying the information is most

amenable to the manager’s psychology [Mason and Mitroff,
1973:pg 485].
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Lucas agreed with Mason and Mitroff, as opposed to Lusk and Kersnick, in
the conclusions of his experiment in computer based graphics (Lucas,
1981:767) .
Lucas divided his subjects into two groups according to their i
"... predominant approach to problem solving” (Lucas,1981:762). The ’
test Lucas used grouped those subjects who tended to look at entire :
problems and labeled them as heuristics. Those who focused most on i
details were labeled as analytics (Lucas, 1981:760). Lucas studied
middle to upper level managers on their preferences and effectiveness E
when presented different types of information. There was a significant i
-
correlation found between decision style and success with different %
types of information. The heuristic decision-makers were more accurate ;
with graphical data when compared to heuristic types given tabular data. ?‘
There was no significant differences noted for the analytic types f
(Lucas, 1981:766).
Several researchers of MIS have recommended additional studies be E;
done in the area of individual differences (thru cognitive psychology or 7
otherwise) and how they affect decision-making efficiency (Benbasat and E:
Dexter, 1986; Card and Newell, 1983; Dickson and others, 1977; Ives and iz
others, 1980; Jarvenpaa and others, 1985; Lucas, 1981; Lusk & Kersnick, ?
1979; Mason & Mitroff, 1973; Zmud, 1979). One way of identifying ﬁf
individual differences is through identification of cognitive style.. ;
Decision-making relies heavily on the cognitive processes. ?
Managers must process symbolic information (perception) and then use the :
information to solve problems and reach decisions ({judgement) (Card and Ef
Newell, 1983:15), A
- 18 - =
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Management Information Systems are used to aid decision-making.

The way that information is presented to the decision-maker influences
the effectiveness of the decision. This research attempts to make a
correlation between the personality type of the decision-maker and the
varying effectiveness of different methods of presenting data. The
following section will examine the connection between MIS research and

personality type research.

Personality Tvpe and MIS

As the Lucas study cited in the previous section points out, there
seems to be a correlation between personality type and the mode of
presentation of data used for decision-making. The Lucas study measured )
personality type by classifyving individuals according to problem solving
style. The study by Lusk and Kersnick used the Embedded Figures Test to
measure type. The question arises: 1Is there a single personality-type
measuring device which should be used in the area of MIS®

Newell and Card suggested that the more technically oriented
computer science will tend to drive out the science of psychology in the
area of human-computer interaction research {(Newell and Card, 1983:209,.
They theorize this is happening because the "qualitative factors are left
aside when they do not fit into the technical analysis” (Newell and Card,
1985:211). Ip order to overcome this paradigm (psychology is useful, but
it doesn’t always fit in the models developed), the tools used to measure
psychology must be more precise to compete with the qualitatively-

oriented computer science.
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In a paper presented to the Second International Conference on
Information Systems in 1981, Keen and Bronsema make a strong proposal
for the exclusive use of the Myers-Briggs Type Indicator (MBTI) in MIS
research. Their work traced the history of cognitive style research in
MIS from 1964 to 1981 and concluded that the MBTI reasonably meets all
tests of va}idity (Keen and Bronsema, 1981:21). The Jungian typology
and particularly the MBTI has been recognized as ". . .the most
suggestive of research hypotheses. . ."” for study in the MIS field in
connection with psychological types and individual differences (Mason
and Mitroff, 1973:476).

Based on the four types described earlier, certain general
hypotheses can be made regarding the interaction of type and
presentation of information within an MIS. The ST type of manager will
most likely excel when the problem calls for a logical, impersonal
judgement and the facts are explicitly laid out. The SF manager will
also prefer to have the facts available for analysis, but this manager
will excel in problems presented with a personal view. The impact the
decision has on the individual will dominate the judgement.

The manager preferring NT will search for the patterns or
possibilities in lieu of the bare facts, and will follow a logical,
methodical pattern to arrive at a decision using the perceived patterns
found in the data. The NF manager will also excel when data is
presented in a way that patterns and possibilities are evident, but will
take a more personal view when solving the problem, using feelings and

morals to decide the answer.
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Summary

This chapter explored the Jungian typology as the basis for the
MBTI. The particular aspects of the MBTI were then discussed with a
description of the types pertinent to this research. Management
Information Systems were then discussed, with the emphasis on the
previous research conducted in the area of individual differences. aAnd
finally the support for the use of the MBTI in MIS research was given.

The next chapter will discuss the methodology used in testing the

research problem.

- 21 -

AL

\

e e e N
y y by () ‘




III. Methodology

This chapter discusses the methodology followed in the research
to answer the central and subsidiary research questions and test the
hypotheses. The chapter begins with a description of the population and
research design. Next, the surveys used for data collection are
discussed. The main statistical tests used-are presented. The chapter

ends with a discussion of the modeling procedure followed.

Population and Research Design

The population used in the research was graduate students trom

‘the classes graduating in September and December of 1988 from the Air

Force Institute of Technology. The students attend the 15-to-18 month
program in-residence and then return to mid-leve] management positions
in the government.

The population was tested for psychological type using the
Myers-Briggs Type Indicator, Form G. The information presentation data
was collected using a survey designed for this research. A description
of the surveys and the methods used to administer the surveys are

discussed in the following section.

Surveys

Two surveys were used in this study, the Myers-Briggs Type
Indicator (MBTI), Form G, and the Information Presentation Mode Survey
(IPMS).

The Form G of the MBTI was given to the subjects following the

general guidelines from Manual: A Guide to the Development and Use of
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the Myers-Briggs Type Indicator (Myers and McCaulley, 1985). The
preference results of the MBTI are spread among 16 categories in a Type
Distribution Matrix. Some cells are likly to be represented in the
sample, while others may be empty. In order to obtain results of
statistical significance, the Type Distribution Matrix was condensed
according to the S/N and T/F dichotomies (ST, SF, NT, NF). Each
subject’s sex was also noted, to better compare the sample population
with a type population representing the general population.

The Information Presentation Mode Survey (IPMS) was developed
specifically for this research to gather data regarding mode of
presentation of information. The subjects were asked‘to compute answers
to seven problems. The problems included different data values and
consisted of the following presentation formats: 1line chart, line chart
with tabular data, bar chart, bar chart with tabular data, pie chart,
pie chart with tabular data, and tabular data alone. The order of the
problems varied randomly, in order to minimize any learning curve
influence. The éubjects also ranked their preferences for the way

information was presented.

Modeling

Data collected from the two surveys were analyzed using the
computer software package Statistical Analysis System (SAS) as
implemented on the VAX/VMS computer. The main procedures used in
examining the relationship of the two pertinent factors (personality

type and mode of presentation) were the F statistic, Chi-square analysis

and Duncan’s Multiple Range Test.
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All hypotheses and statistical analysis were tested to an alpha
of 0.05 in order to minimize the likelihood of commiting a Type I error

(rejecting the null hypotheses when it is true) to 5 per cent. 8,

Summary '
This chapter outlined the method used to complete the research. fyt
The general outline of the survey instruments, modeling and statistical

analysis followed.

The next chapter analyzes and discusses the results of the s,
statistical analysis performed on the collected data. -3
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IV. Data Analysis and Discussion

This chapter presents an analysis and discussion of the data
obtained for this research. The nine subsidiary research questions and

their corresponding null hypotheses are discussed and analyzed.

Subsidiary Research Question 1

The first subsidiary question asks if the sample type
distribution is different from the general public. The answer to the
question identifies whether the sample is unique or not as measured by
the Myers-Briggs Type Indicator (MBTI). The first question is:

1. Do the subjects have different psychological types than the general
public?

The answer to this question will identify type biases of the
sample.

For thé first subsidiary hypothesis the sample type distribution
was compared to a type distribution representing the general public.

The SRI Values and Lifestyles (VALS) sample type distribution was chosen
for this comparisen (McCaulley and cthers, 19835), The reasons this
distribution was chosen for comparison are discussed below,

The VALS type distribution is from a population of over 1,000
people gathered as part of an ongoing nationwide research project.
According to McCaulley, Macdaid and Kainz the VALS distribution is based
on a sample that ". . .is the closest currently available on a
nationwide random basis, but is somewhat biased toward more affluent

groups, since the data are used for marketing survess” (McCaulley and
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than 34% (female).

others, 1985:5). The alledged bias should not confound the comparison
with the research sample’s type distribution, since the research sample
subjects are all currently employed in government middle management
positions similar to the VALS estimate of the general population.

The VALS distribution for male and female are found (rounded to
the nearest whole number) in Table 1.
percentages are shown because the figures for the total population are
dependent upon the relative mix of genders. For example, if the sample
consists of more male than female, then it is likely that the percent of

the total population that prefer Thinking will be closer to 75% (male)

TABLE 1

TYPE DISTRIBUTION OF VALS SAMPLE DIVIDED BY GENDER
AND MAJOR DICHOTOMIES

Notice that male and female

% Male % Female
Extraversion: 36 43
Sensing : 73 78
Thinking : 75 34
Judgement : 70 64

% Male % Female
Introversion: 64 57
Intuition : 27 22
Feeling : 25 64
Perception : 30 36

VALS have been adjusted.

To compensate for this potential bias, the total percentage
figures used to compare the research sample’s type distribution to the

The comparisons have been mathematicall-

(McCaulley and others, 1983)
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,5 adjusted to conform to the relative mix of males and females found in
Y

LS

the research sample (85.9% male and 14.1% female). 1In the actual VALS

."

L}

N sample there were 59.6% female and 40.4% male respondents (McCaulley and
A

\‘ -

1 others, 1985:5).

)

¥ Comparison of the VALS and Research Sample Type

R

i: The type distribution table must be measured for the sample in

Y,

¥,

s order to begin to answer this question. Data for this discussicn were
» gathered using the Myers-Briggs Type Indicator (MBTI), Form G. All

t .

2 subjects were volunteers. Sixty-four students who completed and

:Q returned an MBTI participated in the study. (64).

& Due to the design of the MBTI, the letter score is considered the
&

A most important aspect of the testing results. The MBTI was designed so
5]

s ,
: that values are most accurate when measured near the center {close to
x' zero) rather than at the extremes of each index (Keen and Bronsema,

e

?* 1981:33). This type of construction and reliance on the letter rather
:b than the numerical score make parametric statistical analvsis of limited
s use, unless type is used to group like subjects. Keen and Bronsema

A

‘: stated that most research has relied on showing observed to expected

1%

?2 frequencies based on large samples and many studies report no tests of
- significance (Keen and Bronsema, 1981:33). Therefore, subjects are

A

e grouped by like type for this study, and tests of significance are

2 .

* calculated when appropriate.

a The MBTI preferences for the 64 participants in the study

" )

4% )

< resulted in the full type distribution matrix shown in Table 2. The

i following is a discussion of the relevance of the data presented in the
o table.
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Table 2 is the research sample frequency distribution by male and ;a:
female categories. Referencing the table reveals that two cells have 3~
zero observations and two cells have over ten. This uneven distribution E:
within the table makes the effects of the over-represented cells f'
overwhelm those cells that are under-represented. For instance, if the :
individuals who prefer S (the left two polumns of Table 2) show a E
preference toward facts and numbers, and the N types (the other half of :;
the table) prefer graphs that show the whole scenario, then the :
distribution as a whole will show a strong preference toward facts and E‘
numbers. This is true since the S types outnumber the N tyvpes by over E
two to one ( S=43 , N=21 ), ?f
Some generalizations that can be made about the relative E?
distribution pf types in the research sample are as follows. Since the :S:
S type outnumbers the N type, the population will be less introspective e
and prefer to gather information from outside facts. The relative lack gg
of F types ( F=14 , T=50 ) will result in more preference for ;;
logical and impersonal judgements. The over-represented J population :f
( J=43 , P=21 ) will mean the population prefers order in contrast 2?
to flexibility. :
The distribution of the research sample is shown condensed into 3.
the four relevant groups representing cognitive style in Table 3. 1In ;j
reviewing Table 3 it can be seen that the groups are not equal. The E%
Sensing-Thinking group accounts for over half (51.5%) of all subjects T'
and the Intuitive-Feeling group less than 7% (6.3%). {;
:
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Table 2

AFIT MALE AND FEMALE MBTI TYPE DISTRIBUTION

=64

{Male: 55; Female: 9)

ISTJ ISFJ INFJ INTJ
Male 10 4 - 4
Female 3 - - -
Total 13 4 0 4
ISTP ISFP - INFJ INTP
Male 6 1 1 6
Female -~ - -
Total 6 1 1 6
ESTP ESFP ENFP ENTP
Male 1 2 - 1
Female 2 1 -
Total 3 3 0 1
ESTJ ESFJ ENFJ ENTJ
Male 11 . 1 2 5
Female - 1 1 1
Total 11 2 3 6
- 29 -
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TABLE 3

I\

AFIT TYPE DISTRIBUTION BY COGNITIVE STYLE §~

A

Type Group _n_ Percent =

Sensing-Thinking (ST) 33 51.5 g
Sensing-Feeling (SF) 10 15.6 N
Intuitive-Thinking (NT) 17 26.6 X

>

Intuitive-Feeling (NF) 4 6.3 -

:

A

TABLE 4 >

S

]

AFIT TO VALS COMPARISON OF COGNITIVE STYLE BY EXPECTED -

AND OBSERVED NUMBERS 2

Type Group Expected n Observed n <

ST 33.5 33
SF 13.7 10 b
NT 10.7 17 o

e
NF 6.2 4 4

R

e

The expected values of ST, SF, NT and NF were calculated and compared N

‘T\ \l

with observed values. The expected values were computed by taking the -
research sample size (64) and multiplying it by the VALS total percent for ,E:
each of the four groups (after compensating for the difference in gender El
percentages). The results are shown in Table 4 above. 1t can be seen that jf:
‘)
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the SF and NF are under-represented in the research sample and the NT
group is over-represented.

The Chi-square statistic was used to compare the expected values
and the observed values with a statistical significance. The Chi-square
statistic uses the differences between the corresonding expected and
observed values to arrive at a test statistic. The following formula was

used in this study to arrive at a Chi-square test statistic:

(fo - fE )2
X =

fe
where X2= Chi-square test statistic

fo

observed frequency

fe expected frequency

This test statistic is compared to Chi-square values at given
significance levels and degrees of freedom. If the test statistic is
smaller than the Chi-square value, the null hypothesis being tested can
be accepted (McClave and Benson, 1985:790-794).

The Chi~square analysis was performed for the null hypothesis:
Ho: The subjects have the same distribution of psychological types as
the general public.
The test statistic, 5.49, was compared at a .05 alpha level of significance
and 3 degrees of freedom. The test statistic was found to be inside the
acceptance region of X2 < 7.815 . Therefore, the null hypothesis that the
two distributions are the same is not rejected. This finding must be

caveated by stating that the Chi-square computation assumes a minimum cell
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y size of 5. The observed n of 4 in the NF cell makes the results suspect of
-
" possible error. However, the strength of the statistic may tend to
'
LA
A overshadow the possibility of error.
A
By .'
:: Another comparison of the type distribution is made on the basis of
. the Selection Ratio (SR). The SR for each group represents a ratio of the
"
5’ percentages of the two distributions, the closer the SR is to one, the
% nearer the two distributions are to being equivalent. [f the SR is over
one, the group is over-represented. Under-representation is indicated by an
N SR less than one. Again, the SR has been computed based on equivalent
)
ﬁ percentages of males and females for each distribution, the results are
e found in Table 5.
.
®
I TABLE 5
K AFIT SELECTION RATIOS DIVIDED BY COGNITIVE STYLE
[/
:
" AFIT Group
0 Type Group SR
[
R !
ST - .998
)
" SF . 729
1
. NT .649
X NF 1.59
fj In reviewing the Selection Ratios, note that the ST group is closest
. to the value of one and is more representative of the expected amount. The
NF, NT and SF type groups show less similarity to expected distributions,
, - 32 -
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These differences should therefore be taken into account in all analysec iud

conclusions.

Subsidiary Question 2

Subsidiary Question 2 concerns the relationship between accurately
computed solutions and particular modes of data presentation. In order to
show that a relationship exists, the accuracy of answers must vary.

The second subsidiary question is:

2. Are subjects more accurate using some modes of presentation when comparesi
to other modes?

If this relationship is shown to exist, the null hypothesis would not be
accepted.

The null hypothesis states:

Ho: Subjects have equal accuracy when solving problems using different modes
of presentation.

The data used to test this subsidiary question were gathered using the
Information Presentation Mode Survey (IPMS) (See Appendix). The IPMS was
developed specifically for this research using the "Brand Manager's
Allocation Problem” as a basis for the problem type (McIntyre, 1982; Benbasat
and Dexter, 1986). The task asked the subjects to attempt to maximize total
profit by allocating 20 stores among 3 cities for each of 7 problems. Each
of the three cities were represented by showing the relationship between
profit and the number of stores (1 to 20) allocated to the city. Seven
problems were given to each subject. All assumptions and scenarios were the
same for each problem, with the exception of the varied information

presentation format and profit to number of stores relationships.
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The subjects received seven different presentation modes each. The

order the problems were arranged was varied randomly:

Line graph

Line graph with equivalent numerical data

Bar graph

Bar graph with equivalent numerical data

Pie chart

Pie chart with equivalent numerical data

Numerical data

The graphical data cbrresponded to the ﬁabular data on a one-to-one basis,
except with the pie charts, which are based on intervals of two. The tabular
data contains exact values, which must be approximated in the graphical data.
The combined réports contain all the information found in each mode of
presentation in identical formats (see Appendix for a copy of the IPMS).

The SAS statistical subprogram used for subsidiary questions two thru
nine was the General Linear Models with Repeated Measures Design. >This
subprogram allowed the data to be grouped into classes (by psychological type
or mode of presentation), and then sample multiple coefficients of
" determination, R?, and/or F valueé were used to show relationships. If the
R? and F values were not meaningful, the post-test of Duncan's Multiple Range
Test was computed. An alpha of .05 level of significance was used.

The sample multiple coefficient of determination, R?, is the fraction
of sample variation of the independent variable(s) attributable to the
dependent variable(s). Thus, an R? equal to 0 means there is no relationship

between the variables, and an R? of 1 means that there is a one-to-one
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relationship between the two (McClave and Benson, 1985:167-469). In addition
to the R?, the F value is used to show relationships in this study.

The F value is based upon a comparison of variances. A subject’s
score varies from the mean (average) for two reasons: Variation due to the
fact the subject is an individual; and variation due to the group which the
subject is a member (this variance is shared by all members of the group!.
The F value is computed by dividing the variation due to subject differences
by the variation due to group differences. If the variation found within the
groups is large when compared to the variation between the groups, the F
value will be large. The null hypothesis states that the means of the groups
are the same would be more likely to be rejected (depending on the level of
significance) (Cody and Smith, 1985:95-}00). In order to determine the level
of significance, the probability of obtaining an F value larger than the one
computed is determined.. This probability is the level of significance for
the F value.

If the R? and/or the F value show no significance, Duncan's Multiple
Range Test (Duncan's Test) is used in this study as another test for
relationships. The Duncan’s Test statistically shows if the ranges between
the means of all possible pairs of variables are significant. Each mean is
first compared with the largest mean to see if they fall inside a significant
range, then all the means are compared to the next largest, and so on until
all possible pairs have been tested. If means are close enough to be
related, given a certain level of significance, then the variables are shown

grouped together by sharing a common vertical line to their right. This test

controls for Type 1 (experiment) error and may be used to prove the




non-acceptance of the null hypotheses that state that a set of means are
not related at given significant levels.

In order to test if there was a relationship, accuracy was measured by
the number of dollars difference between the subject’s answer and the optimal
profit for each problem. For example, if the true maximum profit determined
for the problem was $1,000 and the most profit the subject could come up with
was $800, then the error is $200. This error is inversely related to
accuracy, that is, when error is very large, the answer is least accurate.

The error was modeled against the problems using the F value and
Duncan's Multiple Range Test. The relationship between accuracy and
presentation mode was determined by modeling the error against the problems.
Error, as explained above, is negative accuracy. The presentation mode of
data was the only dependent variable changed between the problems, so any
variation in accuracy between the problems is due to the changed mode of
presentation.

Computation of the Relationship Between Accuracy and Presentation Mode.

The F value computed when accuracy (the dependent variable) was modeled
against the problem (the independent variable) was 3.08 (with 6 degrees of
freedom). The probability of obtaining an F value greater than 3.08 is .059.
This means the F value is outside the .05 level of significance being used for
this study. Therefore on the basis of this test alone, the null hypothesis
can not be rejected. To further test the relationship between accuracy and
mode of presentation of information Duncan’s Test was performed at the .05
level of significance.

The results of the Duncan’'s Test are shown in Table 6. The mean error

(average negative accuracy) for each of the problem types is noted. The lines
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«
;:: beneath the Duncan’s Grouping show the relationships between the means of the
o error for the different problems. For example, the first and third methods of
N, presentation are not significantly different (they share the same line), while
N the third and last methods are different (different lines).
Y
L)
"
l'
b TABLE 6
i': COMPARISON OF ACCURACY AND METHOD OF PRESENTATION USING
' DUNCAN'S MULTIPLE RANGE TEST WITH MEAN DOLLAR ERROR
N
)
R
- . Mean Dollar Duncan’s
;:: Method of Presentation Error Grouping
d Line Graph Alone 133.30 '
0 !
5 Line Graph with Tabular’ 130.02 '
¢ Bar Graph with Tabular 124.05 :
':‘, Tabular Alone . 101.64 N
b b
0 Pie Graph Alone 90.30 H i
pd Pie Graph with Tabular 78.03 !
1\ '
b Bar Graph Alone 73.72 !
Ll
te
’ Overall the subjects were most accurate with the bar graph alone. The
&
K mean error of ¢ 73.72 indicates the highest level of accuracy when the bar
j graph was used for problem solution. There is a significant decrease in
Y
3 accuracy when tabular figures are used to supplement the bar graph and line
D
v graph. Mean errors increase when tabular data are introduced. The subjects
K\
)
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were least accurate using the line graph alone for problem solution as noted
by the largest error mean $ 133.30.

The analysis shows that a relationship exists between accuracy (as
measured by mean error) and the method of presentation of information.
Accuracy is least with line graph and greatest with bar graph. Tabular data

alone is shown as mid-range in accuracy, while pie graphs are at the upper

region of accuracy. When tabular data are combined with line and bar graphs,
accuracy decreases. Tabular data is seen as having a positive affect when

combined with pie graphs.

Subsidiary Question 3

The third subsidiary question asks if psychological type is related to
accuracy. For a relationship to exist, the accuracy must vary by type.

The third subsidiary question is:
3. Is the psychological type of a subject related to the accuracy of problem
solving when Qsing different modes of presentation?
In order to show that there is a relationship between accuracy with certain
presentation modes and psychological type, it first must be shown that
accuracy varies between presentation modes. This relationship is evidenced
in the previous section. Given that accuracy varies between presentation
modes, the question is does type influence the variance in accuracy.

To test for relationships, accuracy (error) was modeled against type
alone and the combination of type and problem. This procedure isolated the
varying accuracies each type achieved on a given problem and compared it to

other types. The null hypothesis was then tested.
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The null hypothesis states:
Ho: The psychological type of a subject has no relation to the accuracy of
problem solving when using different modes of presentation of information.

When the null hypothesis was tested an F value of 0.87 was found with
27 degrees of freedom, this F value is significant to the .6583 level. Since
this exceeds the .05 level of significance, the null hypothesis of no
relationship may not be rejected. Furthermore, the R? statistic showed onl:
5.28% of the variation in accuracy could be attributed to the model.

Additional statistical tests were run using SAS to find any
correlation for individual types and the problems which they were most and
least accurate. However, no significance could be drawn. These results
could occur for two possible reasons. The first reason is that there is no
relationship between the variables, in which case it is correct to accept the
null hypothesis. The second reason is that the small sample size may be
limiting the strength of an existing relationship. It is not possible to
tell which is the correct reason, given the current data.

The means in Table 7 are shown for cursory analysis of trends found in
the data, and are offered for informational purposes. No statistical

significance has been associated with the data in Table 7.

Subsidiary Question 1

The fourth subsidiary question concerns the relationship between
preference and moje of data presentation. The answer to this question will
show if there are significant differences between the preference ranks of the

seven different modes of presentation.
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TABLE 7

AFIT MEAN DOLLAR ERROR AND RELATIVE RANKINGS BY TYPE
DIVIDED BY MODE OF PRESENTATION OF INFORMATION

MEAN DOLLAR ERRORS / RANK

Method of Presentation ST SF NT NE

Line Graph Alone 178/7 98/7 69/3 124/5
Line Graph with Tabular 166/5 48/3 134/7 20/1
Bar Graph Alone 85/1 35/1 59/1 146/6
Bar Graph with Tabular 171/6 77/6 79/5 50/2
Pie Chart Alone 90/2 55/4 93/6 170/7
Pie Chart with Tabular 100/3 40/2 64/2 51/3
Tabular Alone 132/4 62/5 75/4 62/4

The fourth subsidiary question is:
1. Do subjects prefer some modes of presentation over other modes”
If this relationship is proven to exist, the null hypothesis will not be
accepted.

The null hypothesis i10r this question is:
Ho: Subjects have equal preference for all modes of presentation of
information.

The data used in this subsidiary question came from the Information
Presentation Mode Survey (IPMS). The subjects used each mode of presentation

in problem solving and then ranked their preferences for the modes from best
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to worst. The numbers 1 to 7 were used to indicate preferences, with each
number used only once. This procedure ensured each subject ranked all seven
modes, and that each mode received a different rank for a given subject. The

number 1 was used to indicate most preferred; 7 indicated least preferred.

The data were filled into available spaces by the participants (an
example of the IPMS can be found at Appendix) and was hand-transferred into
the computer for statistical analysis.

The means of each problem’s total preferences were compared todgether
to determine if the means were the same. If the means are the same for all
problems, then there is no difference between the preferences of the
problems. For example, if the 64 subjects gave an average preference rank of
5 to line graphs, and an average rank of 2 to bar graphs, the difference
between the two means would indicate if the preferences were the same or not.
A difference of 3, as in this case, would be an indication of varving
preferences between line graphs and bar graphs.

Table 8 shows the means and relative ranking of each of the problems.
The closer to one the mean is the more it is preferred, and the closer to
seven it is the less preferred it is. By reviewing the data, it can be seen
that the most preferred mode is line graph with tabular, with a mean
preference of 2.33. The least preferred mode is pie chart at a mean value of
‘5.84. The addition of tabular data to every graphical mode increased the
preference, and all combined modes were more preferred than tabular alone.

The means from Table 8 were used to make paired comparisons. Each
possible pair of means was tested against the hypothesis that their means
were the same. This hypothesis was proven false at a .05 level of

significance for 18 pair and true for the following 3 pair: tabular
- 41 -
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alone/pie graph with tabular (.59), line graph/bar graph (0.15), line graph
with tabular/bar graph with tabular (.07). This comparison testing shows
that nearly all the modes are preferred differently from one-another,
therefore a relationship does exist between preference and mode of

presentation of data.

TABLE 8

AFIT MEAN PREFERENCES AND RELATIVE RANKINGS
DIVIDED BY MODE OF PRESENTATION OF INFORMATION

Method of Presentation MEAN PREFERENCE RANK

Line Graph 4,36 5
Line Graph with Tabular 2.33 1
Bar Graph 4.83 6
Bar Graph with Tabular 2,92 2
Pie Chart 5.84 T
Pie Chart with Tabular 3.61 3
Tabular Alone 3.78 4

Subsidiary Question 5.

The fifth question asks if the psychological type of a subject is

related to the preferences chosen for the different modes of presentation.

For a relationship to exist between psychological type and preference,

preference must vary by type.

The fifth subsidiary question is:

5. 1Is the psychological type of a subject related to the preferred mode of

presentation of information?

...........
.......

........
------------
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The previous section showed that preference rankings do vary between
presentation modes. The analysis for this question will show if any of the
variance of preference can be shown to exist due to differences in
psvchological type.

To test the null hypothesis, preference (by presentation mode) was
modeled against type. By combining preference and presentation mode, the
influence of presentation mode alone will not influence the results.

The null hypothesis states:

Ho: The psychological type of a subject has no relation to the preferred mode
of presentation.

When the null hypothesis was tested, an F value of .84 was determined,
with 47 degrees of freedom. The significance of the F value was 0.768, which
falls outside the rejection region of .05. The R? statistic showed that 8.96%
of the variation of the preference could be explianed by the differences in
type.

To further test the relationship for significance, Duncan’s Test was
performed. At an alpha of .05, no differences were found.

The results of this phase of the analysis shows the variance of
preference rankings found in the sample is due to something other than

psychological type.

Subsidiary Question 6

This subsidiary question is designed to find out if accuracy and
preference are related. The subject’s ranked preference for a particular mode
of presentation is modeled against their success at using the mode in solving

problems.

- 43 -

RN N

YRR

ro e TAtRTN TR te T -~ A . ny ~ At ] . . a_v '« e w e
AT I Oy . NN W N BT NS T

Wy 80 3 7 ¢



r‘fc;\.'\_.r,hr‘_.r,\'.-\-".-.-,_{ OO 1, S PR A
¥ O LY. P ALY, 08 M.

The Subsidiary question is:

6. Are the preference rankings of presentation modes related to their
accuracy”’

To be able to prove that there exists a relationship between preference and
accuracy with respect to problem type two relationships must be shown to
exist. First, there must exist a variation in accuracy among the presentation
modes. This relationship was shown to exist in subsidiary question two.
Furthermore, preference must be shown to vary among the modes of presentation.
This relationship was shown to exist in subsidiary question four.

The null hypothesis states:

Ho: The preference for mode of presentation of information is not related to
accuracy.

The null hypothesis was tested by modeling accuracy against preference. The F
value computed from the model is .64 with 47 degrees of freedom. This F value
is significant to the .969 level. Because the significance is.greater than
this study’s .05, the F value does not show the null hypothesis to be
rejected. The R? statistic shows that 6.99% of the variation in accuracy is
due to preference.

Because the F value failed to reject the null hypothesis, Duncan’'s Test
was run. Duncan’s Test failed to show any differences between means at the
alpha = .05 level.

The analysis for this question shows that a high or low preference for
a mode of presentation does not mean that the accuracy will also be high or
low. As in the previous question, the research fails to show what, if

anything, besides method of presentation of information is influencing the
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rank preferences. As noted in Taylor and Benbasat's critique of cognitive
style research, there are other probable explanations for the effects
attributed to cognitive style. A subject’s age, sex, and experience may act
as confounding variables to influence the outcome of the research (Tavlor and

Benbasat, 1980:86). These affects may be present in this research.

Subsidiary Question 7

The seventh subsidiary question asks if there is a relationship
between efficiency and presentation mode. For a relationship to exist,
accuracy must vary between types of presentation modes.

This subsidiary question is stated:

7. Are subjects more efficient using some modes of presentation when
compared to others?

This question requires that efficiency be measured and compared between
presentation modes. This was accomplished by assigning time as a measure of
efficiency. The IPMS had the subjects self-report the time beginning and
time ending for each problem. The number of minutes it took for each problem
was then determined and recorded. The minutes were rounded to the nearest
minute, with any time less than one minute being recorded as one minute. The
number of minutes recorded to complete individual problems varied from 1 to
10.

The null hypothesis states:

Ho: Subjects have equal efficiency when solving problems using different
modes of presentation.

The null hypothesis was tested using F values, R?, and Duncan's Test. The
model tested was minutes against problem types, with the number of minutes as

a negative indicator of efficiency. The greater the number of minutes it

S, ..-, e e et
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took a subject to complete a problem, the less efficient the mode of

presentation found in the problem was for that subject.

The F value computed from the model was 2.00 with 6 degrees of

Ao -

freedom. The level of significance shown by the F value was 0.0633. Since
0.0653 is slightly greater than the .05 alpha used in this study, the F value
alone can not accept or reject the null hypothesis. The R? computed for the
model was 0.381, which means that 38.1% of the variation of minutes is duc ro
the problem type. That seems to be a significant amount, but the R?
statistic does not have a measure of significance, so the Duncan’s Test tas
conducted.

The results show that there are relationships when using the Duncan's
Test. Table 9 shows the relationships found at a .05 level of significance.
The lines under the Duncan's Grouping show the relationships bepween the v
means for the different problems. For example, the first and fourth methods

of presentation are not significantly different, while the first and last

P o s L}

methods are different.

First, looking at the mean minutes, the data shoswis the most overall
efficient method for presenting data as the line graph alone, with an average
of 2.3125 minutes. The most inefficient for the subjects was the tabular
alone with a mean of 3.5938 minutes. Note that when tabular data is used in
conjunction with graphical, it increases the time spent over graphical alone.

The data suggests that each combined presentation is related to it's
graphical-alone counterpart. For example, bar charts and bar charts with
tabular are related. Also note that the pie chart alone is not related to
any other graphical-alone presentation, the only single-mode presentation it

is related to is tabular alone. [
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TABLE 9

COMPARISON OF EFFICIENCY AND METHOD OF PRESENTATION USING
DUNCAN'S MULTIPLE RANGE TEST WITH MEAN MINUTE ERRCR

M LA
DAL M O

level.

Mean Duncan’s
ﬂetbod of Presentation Minutes Grouping
Tabular 3.5938 E
Pie Graph with Tabular 3.3438 E ‘
Pie Graph 2.9063 ; ;
Bar Graph with Tabular 2.7656 ; 5
Line Graph with Tabular 2.4844 ;
Bar Graph 2.4688 ;
Line Graph 2.3125 E

The variance of efficiency has been shown to exist at a significant

effeciency is related to psychological type.

Subsidiary Question 8

psychological type and efficiency.

The next subsidiary question asks if perhaps some of the variance of

The eighth subsidiary question asks if there is a relationship between

efficiency that can be related to psychological type.

The analysis checks for any variance in

The relationship must

be significant at the alpha = .05 level to prove or reject the hypothesis.
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This subsidiary question states:
8. 1Is the psychological type of a subject related to the efficiency of
problem solving when using different modes of presentation of information?
The variance of efficiency must be proven prior to showing if psychological
type has an influence on the variance. This variance has been proven by
subsidiary question six.

‘To test if type and efficiency are related, minutes (negative
efficiency) has been modeled against cognitive style (a measure of
psychological type). The null hypothesis was then tested.

The null hypothesis states:

Ho : Psychological type is not related to efficiency of problem solving using

different modes of presentation.
When the null hypothesis was tested, an F value of .72 with 3 degrees

of freedom was calculated. The level of significance associated with the F

value is .5382. Since .5382 exceeds the .05 alpha level this study has deemed

significant, the null hypothesis can not be rejected on the basis of the F

value alone. The R? statistic for the model is .0049, which means that 0.49%

of the variance in efficiency can be attributed to type. Since neither the F

value or the R? statistic shows significant relationship, Duncan’s test was
run.
Duncan's test failed to show any differences between the means at an

alpha of .05.

Again, the statistical tests failed to reject the null hypothesis. The

efficiency has been shown to vary among presentation modes, and yet the

psychological type does not significantly influence this variance. Perhaps
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the accuracy and efficiency are related. It is this question that the next

section will address.

Subsidiary Question 9

This question is concerned with the variances in both accuracy and
efficiency. For a relationship to exist, the variances of efficiency and
accuracy must be statistiéally related at the .05 level or less.

The ninth subsidiary question is:

9. Is there a relationship between accuracy and efficiency when solving
problems with varying modes of presentation?

In order to show a relationship between accuracy and efficiency variations,
one or both of the variables must have been shown to have significant
variance. Accuracy was shown to have variance in the analysis and discussion
of subsidiary question two. The efficiency was shown to have variance in the
seventh subsidiary question. This question is designed to show if the two
variances are related.

The null hypothesié states:

Ho: Efficiency and accﬁracy of problem solving using varying presentation
modes are not related.

The null hypothesis will be tested by modeling accuracy against efficiency.
The model will be tested at the .05 level of significance.

The F value computed for the model was 3.05, with 17 degrees of
freedom. The significance associated with this F value is .0001. Since .0001
is smaller than .05, the null hypothesis ﬁay be rejected. This shows that
there is a relationship between accuracy and efficiency when problem solving
using varying modes of presentation of information.

The strength of the F value shows that, even though both variables vary
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vary among different modes of presentation, they have common variances as

well. ’

Summary
This chapter outlined the research questions and discussed the data

associated with each. In addition to the discussion, the analysis of the ;

data was presented. y

The next chapter discusses the éonclusions based on the discussion and

analysis of the data. Also covered in the next chapter are recommendations

regarding the research. | -
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V. Conclusions and Recommendations

This chapter presents the conclusions reached as a result of this
research and recommendations concerning the findings. First, the conclusions
for the nine subsidiary questions and the central research question are

discussed. And last, recommendations are made.

Conclusions

The answer to the central research question is determined by the
results of the subsidiary questions.

Question 1. The hypothesis that there is no difference between the
type distribution of the sample and the general public is accepted. Wwhen
compared t, a type distribution of a random sample of Americans, no
signifioant {1 fferemeqg were found.

™ee “at "hm* che twe type distributions are statistically similar

merns that 0 - g wsitase o generalize the findings of the research to the
Herwersa wqs e . should e done only with caution, however, due to
the: amp. . wump ¢ "' ' as cesearchesi. The sample size (64) and particularly

the amni. <« t e copes tend oarkd observed NF otvpe (1 expected = 6.2
sbmery end 1 ity reenses the potential for error when generalizations are
madde

Question <. The hypothesis that accuracy will not vary when using
different modes of presentation 1s not accepted. The results of the analysis
show a significant difference among two groups of presentation modes. Wwhen

subjects uged line graphs, line graphs with tabular and bar graphs with

tabular their accuracy was significantly less. The opposite is true of pie
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graph with tabular and bar graph alone. Accuracy with these two presentation

types was significantly better.

The findings of the relationship between mode of data and accuracy has
definite design implications for Management Information Systems (MIS). For
the type of problem used in this research the information given to a
decision-maker should be as a pie graph with tabular data beside or as a bar
graph alone. If accuracy (as opposed to speed) is the goal of the decision,

then line graph alone should be avoided.

Question 3. The hypothesis that psychological type has no relation ro
accuracy is accepted. Based on the analysis of data, the variation of
accuracy can not be attributed to psychological type. The statistical data
ana}ysis does not show a relation between accuracy and type. However, the
utility of statistics is lessened with smaller sample sizes. This is
especially true when the sample is further divided into groups as with this
research.

Some trends were noted when SOphisticatéd statistical analvses sere
disregarded and a cursory analysis was performed. Three of the type groups -
ST, SF, and NT were most accurate with the bar graph alone, while the \F
group scored next-to-worse with the same mode. Also, the ST group pertormed
relatively well with pie charts (second-most accurate mode for STs) while the
other three type groups performed poorly with them (NFs were least accurate

with pie charts versus other modes). This trend information has design

implications for MIS applications.
If the audience for the information is ST or primarily ST, the MIS

should be designed to provide data as a bar graph or pie graph «ith no
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tabular data. However, the same data given to an NF audience should be put
in line or bar graph form with tabular data available.

Question 4. The hypothesis that preference will not vary when using
different modes of presentation of information is not accepted. The anal:ses
of the preference rankings revealed that line graph with tabular and bar
graph with tabular were most preferred, while the pie chart and bar graph
were the least preferred.

The results are biased by the large number of STs in the sample, the
results mirror the ST preferences. But even if the audience type is unknoin,
the MIS designer should determine if the audience has preferences for
particular data presentation modest It is likely that preferences for some
modes over others exist.

Question 5. The hypothesis that psychological type has no relation to
the preferred mode of presentation of data is accepted. There was no
indication from the statistical analysis that the variation of preference was
related to psychplogical type.

Even after cursory trend analysis,'differences between the tipe srovp
preferences were not evident from the data. This finding means that the

modes of presentation shown to be preferred in the conclusions of questicn

four are made regardless of the type structure of the audience. Further
analysis is necessary prior to making recommendations based on this finding.
Question 6. The hypothesis that accuracy and preference for
presentation mode are not related is accepted. The statistical data analysis
showed no significant relationship between the preference rank given modes of

presentation of data and psychological type.




Cursory trend analysis shows that managers don’'t always like what i

most accurate for them, or the opposite - managers may like the mode, but do
poorly with it. It appears the former is more the truth. The
non-statistical analysis reveals that most subjects did not prefer the pie N
chart, yet many were very accurate with it. This shows that if the users of

a MIS strongly communicate a preference for a particular presentation mode,

this may not indicate they will perform better when they use it.

Question 7. The hypothesis-that efficiency is the same for all tiypes :
of presentation of information is not accepted. Efficiency, as measured by
time taken to complete problems, varied depending on the way information sas -
presented. Subjects took the least time to answer questions when presented
data as line graphs and bar graphs. The least efficient {most time used)
were tabular and pie graph with tabular. The data revealed that whenever
tabular information was added to the problem, efficiency decreased. However,
all graphs and all combinations of tabular and graphs were more efficient >
than tabular alone.

The MIS designer should realize that when speed of decision-making i~
desired, certain presentation modes should be used. 1In general, pure data in «
the form of tabular columns requires more time. While this may present all
the data, the sbeed which an MIS user can solve problems with the data is

slower than the other modes. If the data lends itself to graphical 5

representation then it should be graphed. Users of MISs often need to make

.
quick management decisions, so the MIS should easily and quickly convert data ‘
to graphical form for best -- faster -- use. :
’

4
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Question 8. The hypothesis that psychological type and efficiency are
not related is accepted. The analysis showed no relation of type to
efficiency.

The data shows no statistical relation, but trends are evident from
further non-statistical analysis. The data showed NFs to be more inefficient
with line graphs than any other type. NFs were least accurate when they used
line graphs, but the other types ranked first or second in accuracy when they
use line graphs. Assuming a relationship does exist as the trends suggest,
the MIS designer should know the personality type of the eventual user. If
fast decisions are to be made, the STs, SFs, and NTs should be allowed to use
line graphs, while the NFs would do better to use bar graphs.

Question 9. The hypothesis that efficiency and accuracy are not
related is not accepted. Efficiency and acéuracy were shown to have a strong
relationship.

This relationship shows that a problem solver may use more time on a
problem, but the time problably pays off with a more accurate answer. The
implications for MIS design are that if the MIS user needs more time to solve
a problem, the system should be flexible enough to allow the éxtra time in
order to maximize the accuracy. More research needs to be accomplished in
order to show if there is a point of diminishing returns. That is, see if
there is a point where thé more time the subject uses, the less accurate the
answer becomes.

Central Research Question. The hypothesis that type is not related to

mode of presentation is accepted. On the basis of the statistical analysis

of questions 3, 5 and 8 the hypothesis of no relation is accepted. Even

though the statistical analyses show no significant relation, the trend

el




analyses show some very strong implications that relationships could exist,
if the sample size were larger.

These trends evident in the data do not support the hypothesis that
there is no relationship, but in fact there is a real connection between type
and presentation mode. If these trends are assumed valid, the MIS designer
should become aware of the correlations between type and success at problem
solving using different modes of presentation. Take for example the tipe
most evident in the population - ST. If MIS designers need a template for
which mode of presentation to use, the ST would be a good choice.

First, the designer would look at what purpose the data will serve.

If the problem demands accuracy, data should be presented in bar graph or pie
graph form. However, if the data has to be preferred to be useful, pie
charts should be avoided in favor of line graphs or bar graphs, each with
tabular data. Still another possible use may be efficiency - if this is the
main design characteristic, data should be in line graph form, with or

without tabular data as a supplement.

Recommendations and Applications

These findings have potential application in every MIS design
initiative. The designer is faced with the choice of which way to have the
system present the data to the user. Should the user be allowed to pick
which mode to havé? The resuts here indicate no. Preference for and success
with presentation modes are not significantly related. Trends indicate that
preference and success may even run counter to one-another.

The designer should choose which presentation mode will be used in the

majority of situations. How can this choice be made? It would not be

effective for the designers to pick which mode they most prefer. If
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preference and success were positively related, the type of the designer is

likely different than the type of the intended audience.

How, then, should designers choose which mode to use? By looking at
the eventual use of the data and the type of the user. The results show
trends which will benefit in finding the proper data-mode/user-type fit.

There are many factors which can confound the results of this type of
study. Recommendations made for future research are concerning control of
variance due to demographics, problem selection, and sample size.

There are going to be some background noises which may affect the
reliability of the results in an experiment regarding psychological type.
Some of the potential noise may be contained in the use of demographics to
represent independent variables. Demographics in this case refer to a
subject’s age, sex, experience and other factors. These factors, while not
the main focus of this research, may have an effect on the results of any
similar research, therefore their influence on the independent variables
should be measured. Another influential demographic factor may be background
experiences. This same study should be performed on non-government and
non-academically affiliated groups in order to further validate the result:
for the general population.

The problem type is of central importance to the results of this
study. While this study did not measure the influence of problem type, this
is a factor which needs more study. The problem could be varied from a
profit-oriented scenario to a personnel-oriented scenario in order to
possibly differentiate between the psychological type preferences. Thinking
types may prefer the data and profit orientations, while the feeling types

may be shown to prefer more personal issues.




The study conducted here should be replicated in order to further
substantiate the results and to statistically analyze noticeable trends. The
small sample size of the research makes statistical analysis and significance
of results difficult to ascertain and evaluate. A follow-on study which uses

an even distribution of type should be considered.
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) Appendix: Information Presentation Mode Survey !
N
.L
! .
y For each of the following 7 problems (A thru G). assume you are the regional director
] of a national pizza chain - "CHECKERS" - and vou bave a decision to make. The national
; beadquarters of CHECKERS has determined that you can open twenty new stores this year in
’, your region. You bave conducted an exteusive market gurvey., which is highly reliabdble. and
M you have narrowed it down to three candidate cities in each problea. Evervtbing else
(A : between the three cities being about equal. you are going to use profit amounts to decide ‘
) the nuaber of stores in each city. The market survey gave vou weekly profit figures for !
M the nuamber of new stores opened in each city. j
. Do _your best to maximize your profit for each problem whesn you choose how to spread )
. the 20 new CHECKER stores for that problem among the 3 cities. TYou can allocate froa zero :
N to twenty stores to any one city. !
] Basic constraints and assumptions are the same for all five problems, however each of '
' the five prodlems have different data sets. so the number of new stores that are given to
’ CITY 1 1o PROBLEN A will probably differ from the number given to CITY 1 {n PROBLEN B.
The TIME START and TIME STOP notations may be noted as times of dav to show elapsed time.
¢; Some of the problems have the information graphed. some in lists of nunmbers and some
bave both - below 1is an example of all the types of information with three possidle wavs
W of spreading the 20 stores among the 3 cities:
-
<
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BOTES FOR PIE CHARTS:
: - The total prorit at 20 stores may differ for each citv
* - The percent shown represents the additional profit when
. the two stores indicated are added.
]
K THREE POSSIBLE NIXES:
. Jo. of 1 Jo. of § Jo. of
j Stores Profit I Stores Profit i Stores Profit
i 1 [} | 1 1
AN CITY1: 7 18241 RCITY1: 4 §8$195 FCITYL: O s O
CITY 2: S 1 379 1 CITY 2 4 1 341 1 CITY 2: 10 508
CITY 3: 8 1 583 1 CITY J: 12 1 __ 654 & CITY 3: 10 & _ 6822
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- Totals 20 $1203 1iTotals 20 $1190 [ETotals 20 $1130 ‘
' i
¥ stz REMEMBER: }
=~ ATTIENPT TO MAXINIZE PROFIT [N EACH PROBLEX |
’ -- USE ALL 20 STORES 1B EACH PROBLEN ‘
- -- WRITE DOVN THE TIME START AND TINE STOP FOR EACH PROBLEN '
[ ,
BN
gl
i ., - 59 -
k)
‘g

-l‘-"-n"l‘-

4 I e

"\(I-

), .;ﬁ"-". \,‘-"), _.“v'n., _\.;\' .‘1,'-_\- .rf_r.r.,r a\"\’k"‘ 1'\.- J-V( ./-" Ty -"\\," '-""‘"’.\\w. .(\,(-




TIME START

Py it A . O LSRN LRI P Ffu-.(.l.;-t-nr&. el P Y NN ....... ag s

00 |0 ' -
i = w® — -
|- - _—s
— it — it —wite
|__«ito | -0 |0
we —_ ™ Tcs " — it
> - ¢ - ¢ |
L - ¢ -t L -t
vo — i v0 et vo it
" A -y
- —-ity ¥ - —witd 0 -0 [~y 0
° | - W ° | el W ° | il W
e ™ Le ™ L ™
oo ~w® O 80 —w® © 80 —w® ©
e —_— - '
a o o L Y3 " " "o o m
~ o -y — -y —o c
X8 | _ Y. | X8 | &
vt ™~ ot e vl ™~ m .
v3 o o3 —0 o3 —o
Iz | Iz | Iz
n - n (] N ()
— p— -
\ 3 > ¢ > < >
—0 - ™ M -
/rlf L - ,./ - [ L .
- N o \ N 8 o :
R o BN RN o B R o B O P s
R Rt Bl ot R B Bl asl Tt Bt o Rt e | (Tl ol Bl o B el Bt | ”
e 8 © © © e © o o e e © © © o m o
o N © n e e N O v @ e N © n e e
© &~ v o © ™~ " W e ~ 1N « ) ”
“« w0 @ @ “ ® e e “« n e e - A
" AXOL » QO ™ AXOL =

No. of Stores No. of Stores No. of Stores
for CITY 2
G

CITY 1
-




A O =

R
o n ©

$ 9

« (] [.X. 1. O
mMmmmummmmmwwmm&&awm@m
mMmmmwwmmmmmmmmmmmmumm

mMmmmmammmmmmmmm@wmmwu

“
mm1234567s9wuuumuwnm ]

)
>
[
-
Q
|

ma
;

for CITY 2

No. of Stores No, of Stores
for CITY 1

-t et
J‘\-‘\- \.“

TR

»
-
o!

S .
L
B

W

.(.“\d_

o+,

. \{‘h".\

P P

'v‘pf‘-'ﬁ
Mot P )

e




R ] A P S e, B ' - \,.'w. .Aﬂ\ - K T L L XN -.-\..T\N-—l,.
PRLURENENE § LA A rd: - AR P P RS Rl SO P A i AL S Pt N 4 ) >, [ Wi &

A..

nm
.

¥

s o

TDME START

e a'a Ala A'ndta d'ad's £'ad's 8¥a 4'2.4" 4 2 A"

'.’DIII--V'_-'..-I
R ORI ST SR

STORES
TDE STP

- 62 -

NWNQCRE

-
. W

???pgﬂﬂﬂﬂﬂﬁﬂﬂﬂ
123 45 6 78 93 1 44 11 1 31 &2
wciTe 4 STORES
Roabed 6%°8ilcds:
. .j
1Hi
'l' L
T
123 45 6 78 94 1 44 L1 & 34 42
aciTe 2 STORES

HBCITY 3
of Stores
or CITY 3
.I .l “‘-
"

$10600

No. of Stores
for CITY 2
:;:.ENQ”;“’ &]“..{y i




TDME START
W
N

$1600

$7T30-

560
250

L]
QA=

$

|

£ -]

N ND
- -0
-0 -0
-t~ «>
-0 — - —— — =
. i iian
- (0] ] 1 -0
T 26 -
i -
- ¥O -y
-ty T -

2] - 0
—wiwt W (-] i W
— o L. [+ 4

w® O 6o -“0 O
N = N -
] a6 L
] ] ] ]
S ¢ | I
("] [} - 0
Iz T
n - n N
< ias DS
> >
(] - [x] -
7] - i ¥ IR |
Q @
-« B <« 0
e el bt B T Bt Bt Rt
Q [-] [ Q [
o n -] n ©
] i~ n y']
- » " "
o o LUl
- b 4
P IR T EELEEREY:
~ Y

MWmmmmmm@mnmwmmammm@w
GiRrcrsrssssBaEssasans

d
g§dmenormoganganeneeg

$160060

STORES

|SMCITY 3

g
BALERLTS
W)

e

WA '\":\

"o

RSRS

-

S AN

o .‘q' .\'-'

"

s
s
f\ d
-‘

‘!- LY '\.~.'v' ~"

»

T -’\*-‘ o«

-~
L)

TR
‘--..lq'

AT

R




et

TIME START

Profit at

= $463

290

ATV

Percent

STORES

ANONOTOON -
*3é§f?33
4408785443
et

NTONO
Qwlwiwinity
NTOo-

135?911111
ﬂBCREhﬂIJ

- o

" .:l‘\y.-vnqul
-l

(-

")

[ ]

L}

(-]
N

v

"

- ¥
"

> -
= 0
Lo 2
[AN N

pb. M

Percent

STORES

MIT-0OON-MY
DODONNOHO =

NOHDOTOMONN
=t

CITYy 2

AU LIS . § SR AR T

28 = $791

Profit at

TrArALPFRA

Percent

STORES

NATDADHOTR
3560824718

2355&351
[ L]

CITWOE0

m~->-f~ 1#. ‘- e s, ---

LN s.hnh.

- 64 -

P %

Ty

v W AT "
' 0%

.
At 0,

Lt

LRE AL 3 W
ATDGOOOU Wt o

™

0
8,0, 59, %,

A . A
RIONOGL O

1)
.



TDE START

$339

Pro;it at 290

Percent

STORES

D=0 0-000
=T OO0

KON TN
bt

NTOOD

CiTy 1

..... B | 3 s E

v MTTTSYTTOTD

M WOOINOOTNNM

v QONNTTOCXC

" N

[ % NTOOO

O wlwiwi=ity

[ NTOO- -l
7] (1) aJededoded )
7] W eJoJasoded ol
(1) -4 Ly sl (7]
" m 1357911111 .

[17] ﬂBCDEFBHIJ
[ <] [ +]
N 4
v v
N [}
v v
e -
L ™
-] Q
[N (X
. e
<

™
Edkases $HRTIELRNRIRRERR

Efhessresanarasynsysss
Elrsrnansnananennzanay

bglzsaseja9muuumumnmwm

. of

al

Percent

STORES

DT NADHOTH
3580823‘§
53235430&&1
[yelx' L]

CITO0N0

Owdefedeity
IO~

Raliel'e o]
1357911111

ﬁBCDEFGHIJ

No. of Stores No. of Stores No. of Stores
for CITY 2 for CTTY 3

for CITY 1

aabef LENE NI

- 65 —

.ffr

, Voere
PR O,

1

RIS

AN, T

-

Aty

-

AT NN
A R

[}

2.

A avey

R

n




N
q.
.
i
"
at
PROBLEX __ G ___ TINE START )
A
L)
LY
No. of Stores CITY 1 Profit CITY 2 Profit CITY 3 Profit }_
1 s 50 s 2%0 $ 100 ; -
2 140 313 573 !
3 172 346 606 f 1
4 195 371 626 .
5 213 392 639 -
] 228 410 649 N
? 241 426 657 .
8 252 440 663 ~
9 262 452 669 Ny
10 272 463 674 0
11 . 280 474 678 Kx
12 288 483 _ 681 T
13 295 492 685
14 302 500 688 :
15 308 508 690 e
16 314 515 692 -
17 320 8521 694 p
18 325 528 896 o
19 300 533 698
20 335 539 700 - -
9t
™
:rA
¥o. of Stores ¥o. of Stores FRo. of Stores -
for CITY 1 for CITY 2 for CITY 3 It
S E————— —— .'.
N
TINE STOP -
-
-
- 66 - (-ﬂ
5
..‘1
A
.'l

7, A P I D B LN R B e N N g o a S R TR A ) Gh A R N



- e .

- -

Now that you have completed all seven prodblems, please rank order
your preference for the ways information was presented to you in this
survey. Use the numbers from 1 to 7 to indicate how you preferred the
information to be presented, with 1 being your most preferred - om down to
7, your least preferred mathod.

RANK XETHOD
—— Line Graph Alone "'_:
—— Line Graph with Columns of Figures -

"Wﬁ;:'_gh'l'd\l

--ve &

Bar Chart Alone

— Bar Chart with Columns of Figures
— Pie Chart Alone

a— Pie Chart with Columns of Figures
—— Columns of Figures Alone

Please answer one of the two questions below i{f unable to rank preferences:

— Prefer all methods of presentation equally well
— Don't prefer any of the methods of presentation
- 67 -
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First Lieutenant Eric A. Thomas was born on 19 May 1960 in Salem,
Oregon. He graduated from high school in Dallas, Oregon in 1977 and
attended Oregon State University in Corvallis, Oregon. He received his
Bachelor of Science in Business Administration in 1981. Upon
graduation, he moved to Honolulu, Hawaii and was the sole owner and
proprietor of a tax and accounting services business. In 1984 he was
accepted for admission into the United States Air Force Officer Training
School at Lackland AFB, Texas. He attended and received his commission
in September of that same year. Upon receiving his commission,
Lieutenant Thomas attended Administration Officer Coursé at heesler AFB,
Mississippi. He qualified as an Honor Graduate from the Administration
Officer Course and then was assigned as the Adjutant to the Commandant,
United States Air Force Fighter weapons School, Nellis AFB, Nevada.
Lieutenant Thomas served as Adjutant until May 1986 when he entered the

Air force Institute of Technologyv School of Systems and Logistics.

Permanent Address: 233 NW Denton Ave
Dallas OR 97338
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