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ABSTRACT

This thesis provides a structured methodology for obtaining, evaluating, and
portraying to a decision maker, the opinions of players of Technology Base Seminar
Wargames (TBSW). The thesis then demonstrates the methodology by applying the
events of the Fire Support Technology Base Seminar Wargame held in May 1991.
Specifically, the evaluation team developed six surveys, each survey capturing 6pim'ons
using the categorical judgments technique. The subject of each of the surveys comes
from characteristics and systems within six major Fire Support areas of interest, target
acquisition, weapons and munitions, command and control, support and sustainment,
fundamental principles of future combat, and technologies and systems. These areas
of interest were provided by the United States Field Artillery School and United States
Army Laboratories Command, co-sponsors of the TBSW. These surveys were
administered at the Fire Support TBSW in May 1991. The results are calculated using
a scaling method and are displayed in a manner that illustrates the strength of
preference for each of the characteristics and systems, the interval between each
characteristic of system, and the category in which they fall. Using these easily
readable, graphical results , the decision maker can now use the findings of TBSWs,

a previously unattainable task.
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THESIS DISCLAIMER

The views expressed in this thesis are those of the author and do not reflect the
official policy or position of the Department of Defense or the United States
Government.

The reader is cautioned that computer programs utilized/developed in this
research may not have been exercised for all cases of interest. While every effort was
made, within the time available, to ensure that the programs are free of computational
and logic errors, they cannot be considered validated. Any application of these
programs without additional verification is at the risk of the user.

Unless otherwise stated, whenever the masculine or feminine gender is used,

both men and women are included.
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I. INTRODUCTION

The 100-hour war between the United Nations alliance and
Iraq was one of the most overwhelming military operations of
all time. The total surprise after movements of thousands of
men and pieces of equipment, the great distances covered, the
harsh environment on which the scene unfolded, and the
accuracy and lethality of the United Nations alliance force
all made the operation uniquely spectacular. And what were
the causes of this overwhelming victory? There were many, but
the superior United States (U.S.) technology has to be one of
the top items on the list.

Now look to the future. Assume that the U.S. wants to
maintain its technological edge, a fair assumption considering
the results in Irag. With the time interval from conception
of a new system to fielding the system being as much as twenty
years, some of the new systems used in the Irag campaign were
being conceived in the early 1970's. Therefore, systems
needed for the year 2010 and beyond must be conceived today.
But how are these systems conceived? One method used by
United States Army Laboratories Command (LABCOM), is to gather
technologists (those that build the systems) and tacticians
(those that use the systems) at one location, focus them on
one issue such as fire support or logistics, and have thenm

interact in seminar wargames with possible scenarios which




might take place 20-25 years in the future. LABCOM has
conducted several of these Technology Base Seminar Wargames in
the recent past. Certainly no one can see the future, but one
hope is that through an analytic synthesis of evaluations from
experts in technology and tactics, proposed systems can be
examined and the most meaningful technologies for the future
selected and developed. Such wargames bring technologists and
tacticians together so that each develop a better
understanding of the other's difficulties and problems. One
of the problems with seminar wargames, however, has been the
collection and assessment of results. During the seminars,
participants gain a great knowledge of the technological
requirements seen to be successful on future battlefields, but
the Army's decision makers may gain maximum benefit from the
process because of a limited analysis made in assessing
wargame results. Unfortunately, after each of these wargames,
the three of four days of thought from upwards of 100 experts,
the money spent on bringing them together, and most
importantly, the knowledge and understandirg generated on the
proposed systems and concepts are not captured in an
analytically meaningful way. In more recent seminar wargames,
there has been an attempt to compile summary findings, but
these attempts were the observations of one or two people who
tried to capture the opinions of all participants just through
listening and watching the proceedings. Needless to say, this

method has many drawbacks as the summarizers cannot be 1in




every seminar all the time, they may already have an
established bias on many issues, and cannot remember all the
relevant ideas that occurred over the course of three or four
days. Basically, at the end of the seminar wargame,
participants walked away with a increased personal knowledge,
the Army got little readily usable output or the perhaps
biased opinion of the report compilers, and the taxpayers
received a bill for hundreds of thousands of dollars. These
observations motivated the need for this research.

The genesis of this thesis was a request from LABCOM to
TRADOC Analysis Command (TRAC) Monterey. The request was for
a methodology to incorporate the findings and conclusions
generated in LABCOM's ongoing series of Technology Base
Seminar Wargames that can be readily used in a decision making
process. This decision making process is typically for
technology investment in many areas, from target acquisition
systems to munitions systems to logistics systems. As part of
the TRAC - Monterey team, the author used the methodology at
the Fire Support Technology Base Seminar Wargame at Fort Sill
Oklahoma in May 1991. The scope of this thesis focused on
capturing the essence of opinions of wargamers from the Fire
Ssupport Technology Base Seminar Wargame to assist decision
makers better invest in future technologies and systems.
Developing the methodology required accomplishing three tasks:
constructing a meaningful opinion measurement instrument,

analyzing the results of the measurement instruments, and




portraying the results in a manner that assists a decision
maker to quickly see the the strength of preference of the
systems and characteristics.

Once given the task to develop the methodology, the three
agencies involved (USAFAS, LABCOM, and TRAC Monterey) used the
following process to complete the task (Figure 1). First,
they decided on the conduct of the wargame with its scenarios,
systems, and participants. Then the evaluation team designed
the survey. 1Individuals from the RAND Corporation were also
instrumental in this phase. They suggested a method of
combining characteristics and systemé in an hierarchy that
provides a systematic approach to data gathering. Next, the
team administered the survey at the Fire Support Technology
Base Seminar Wargame at Fort Sill, Oklahoma in May 1991.
Following survey

administration, the responses

were recorded ind analyzed at

THE PROCESS

Finally, the team presented oevELoe
VARG AME

TRAC Monterey in June 1991.

the results in a graphical

[ {1 1] ADMINISTER ANALYIE
form to representatives of wvey | P sy | P | neeromeee

the Field Artillery School in

July 1991.

Figure 1 The Process




The thrust of this methodology is not to be a panacea to
answer all gquestions that deal with investing in future
technologies and systems. This is, however, more than just
another tool! The seminar wargame uses experts in two fields,
tactics and technology, places then on actual terrain with
realistic future missions, probable future threats, and
proposed future systems and lets them simulate battles against
each other. The methodology collects and analyzes these
expert opinions, and then measures these strengths of
preference. This accomplishes much more than a simple and
perhaps unintentionally biased summary. There are, however,
some disadvantages. By the nature of the wargame stricture
the results portray nothing about scenarios that are not
played, and by the questionnaire structure the results portray
nothing about technologies or systems that are created by the
players during the seminar wargame.

There have been many attempts to predict the future, but
this thesis is unique in that it is the first systematic
method for analyzing TBSWs which try to forecast future needs.
The following chapters lead the reader through a discussion of
exactly what a Technology Base Seminar Wargame is and does
(Chapter 1I), development of the data collection surveys and
an explanation of the analysis methodology (Chapter III), a
graphical presentation of some of the results of each survey
(Chapter 1V), and some concluding remarks on individual survey

results and the overall methodology (Chapter V). Appendix A




is added to walk the reader through one example of the
analysis methodology. Apppendix B shows the participants and
the breakdown of the actual Fire Support Technology Base
Seminar Wargame. Appendix C lists the abbreviations used
throughout the thesis and in the surveys. Appendix D provides
the computer programs used to conduct the analysis. The last
two appendices, Appendix E and F, portray the results and the

surveys, respectively.




II. NATURE OF THE PROBLEM

Obtaining and analyzing data from technology base seminar
wargames is unlike gathering and analyzing data from most
other wargames for several reasons. First, the wargames are
not computer assisted. Since all the systems portrayed in the
wargame are proposed systems, and many systems are created
during the discussions, there are no constant parameters for
the systems. Therefore the systems cannot be programmed into
a computer to be used during the wargame. Without the
computer assistance there is really few ways to keep track of
results except by someone acting as a scribe. The purpose of
conducting the wargame in a seminar is to have a relatively
free flow of ideas and the requirements of a scribe would
detract from this process.

Second, while the game is as realistic as possible (the
game is played on a map of actual threat areas, one group
plays the Red force and the other plays the Blue force, and
each force has a mission), there are no game pieces, system
parameters, or time periods to constrain the participants so
the game is much more free flowing than a traditional wargame
which has game turns, defined systems, and game pieces. This
seminar process creates much discussion and many new ideas
which is what is desired, but it does not provide any

mechanism for tracking results or measuring effectiveness.




Third and last, because of the high cost of bringing
approximately one hundred experts together from across the
country for a one three day period, data gathering in the
technology base seminar wargames is a one-shot deal that
cannot be conducted again and again like most of our current
wargame models. Therefore, the data either are gathered the
first time around or are lost forever. Data lost forever is
exactly what happened in past Technology Base Seminar
Wargames. For the above reasons a new method of gathering,
analyzing, and displaying the data had to be developed.

Before explaining the methodology, the following
paragraphs detail the purpose, conduct, and participants of a

Technology Base Seminar Wargame,

A. PURPOSE
"The purpose of these games is to bring material
developers and users together to assess the value of
technologies on the future battiefield. The results of
these games are information sources for determining the
Technology Base Investment Strategy [Ref. 1: p.1].

The above stated purpose is really a combination of three
goals. First, technology base seminar wargaming provides
technologists (those that create the systems) from the
different Army laboratories and Army tacticians (those that
fight the systems) a meeting ground so that technologists can
see what is needed and tacticians understand what is feasible.
Secondly, the participants assess currently proposed systems.

Tacticians change them as needed and technologists change them




as feasible. During the wargame better systems are developed,
and all players better understand the combat value of each
proposed system. Finally, the results are supposed to be
"information sources" for technology investment decisions.
The first goal has been achieved during each seminar wargame,
.and this has made participants "feel" good, but has done very
little directly for technology investments. The last two
goals are probably much more important as far as dollars, or
in the lives of American soldiers, and so far the process has
been severely deficient in these two areas.

The three goals Jjust listed define what the wargame
accomplishes, probably just as important are the limits of
each game. These limits include the following. There is no
discussion of the monetary cost of each system, of the
technological uncertainty of developing the system, or of the
monetary cost of developing the system. All three limitations
of the competing systems are considered equivalent, and
therefore do not weigh in any decision making during the

wargame.

B. THE ORGANIZATION

The number of participants varies for each wargame, but
the figures here are representative of past and projected
wargames. A total of 106 individuals participated in the
technology base seminar wargame of which 97 participated in

the data collection by answering at least one survey. Figure




TEST PORPULATION
# OF SURVEYS ATTEMPTED

PRACTICE

SURVEY 1

SURVEY 2 (WEAPONS)

SURVEY 2 CMUNITIONS)

SURVEY 3

SURVEY 4

SURVEY 5

SURVEY 6

S0 60 70 80 a0 100

Figure 2 Surveys attempted

2 displays how many surveys participants answered.

The participants represent the six Army laboratories
(Ballistics Research, Harry Diamond, Human Engineering,
Atmospheric Science, Avionics, and Engineer Topographic),
eight Army centers (Chemical Research and Development,
Aberdeen Research and Development, Foreign Science and
Techology, Logistic Management, Signal, Infantry, Belvoir
Research and Development, and Night Vision Electro-optics),

eight different Army commands (Training and Doctrine,

10




Material, Natick Research and Development, Missile,
Communications and Electronics, Laboratory, Tank Automotive,
and Medical Research and Development), and seven Army schools
(Field Artillery, Air Defense Artillery, Infantry, Armor,
Aviation, Command and General Staff, and the Air University).
The Army was also represented by ranks CPT through MAJ General
and by many branches to include Infantry and Armor officers
from Combat units, and Field Artillery, Aviation, and Engineer
officers from Combat Support units. In this particular
Technology Base Seminar Wargame the actual wargame players
from the technologists and tacticians were divided into three
groups of approximately twenty-three each, half technologists
and half tacticians. Each of these groups concentrated in one
of the following regions; desert, <tropical, or northern
continental. These three regions were chosen as the most
likely representative threat areas by the USAFAS. Each of
these regional groups was then divided in half in order to
evaluate the two different types of fires, long range or close
range. The two different types of fires were chosen because
of the USAFAS's long running concern for the different effects
and requirements of close and long range fires. Finally, each
long or close range fires group was divided into Red and Blue
teams to portray opposing sides during the wargame. The
creation of opposing sides added an air of competition that

theoretically motivated more creative options. Figure 3 shows

11




how the participants were organized. A 1list of all the

participants in their groups is enclosed in Appendix B.

THE PARTICIPANTS

TECHNOLOGY
BASE

SEMINAR WARGAME

DESERT TROPICAL NORTHERN
CONTINENTAL
CLOSE| [LONG CLOSE| |LONG CLOSE| [LONG
FIRES| |FIRES FIRES| |FIRES FIRES| |FIRES
| BLUE |BLUE  |BLUE |BLUE |BLUE |BLUE
|RED | RED |RED | RED | RED | RED
Figure 3 The Participants

To further add realism to the wargaming, each regional

group was assigned advisors in weather, 1logistics, and

chemical/smoke effects. Lastly, each regional group was

assigned two wargame advisors (one for long range fires and

12




one for close range fires) that acted as facilitators to

encourage discussion and ensure events ran in a timely manner.

C. PROCESS

Each Technology Base Seminar Wargame has its own
individual quirks, but the basic process is the same in each.
This Technology Base Seminar Wargame process began with all
participants gathered together in a main lecture hall. They
were briefed on the following; the purpose, the groupings, the
future scenario, and the data collection method. The purpose
and grouping briefings provided the motivation to do a
thorough job and the organization with which to do this,
respectively. The future scenario briefing described possible
future situations the Army considers possible. This ensured
all participants had a common starting ground for
understanding the United States Army future missions, probable
enemies, possible terrain, and troops avaiiable (future
systems and their effects). The data collection briefing
described the surveys and ensured all participants received
the same instructions in an effort to reduce any bias caused
by differing instructions. The participants also filled out
a practice survey to familiarize themselves with the survey
completion process and to avoid misinterpretations later in
the process.

After the initial briefings, each regional group retired

to their own room where two mapboards surrounded by chairs

i3




awaited them, one for the close fires group and one for the
long fires group. Initially and within each close and long
range fires group, the Red and Blue groups independently spent
time discussing how to use their systems and technologies.
Then each Red and Blue group pairing came together to discuss
strengths and weaknesses of their own systems and technologies
against the opposiny force's systems and technologies.
Finally, each close and long range dgroup independently
discussed what technologies and systems not present were
needed and which technologies and systems present were not
needed. These observations were captured by two methods; a
briefing prepared by each regional group and presented to all
the regional groups, and in a survey. This process was
repeated four times over the three days. Each repetition had
the following different focus; target acquisition, weapons
systems and munitions, command and control, and finally,
support, sustainment, and deployability. Because of the four
different focuses, each survey was different in that it asked
questions of systems that were specific to that repetition.
At the conclusion of the four repetitions, all participants
gathered for an outbrief and two final surveys. These surveys
questioned overall trends that emerged throughout the four
repetitions. Table 1 portrays the six different surveys with

their corresponding area of focus.
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TABLE 1. SURVEY DESCRIPTION

Survey # Area of Focus
I Target Acquisition
II Weapons Systems and Munitions
III Command and Control
v Support, Sustainment, Strategic

Deployability, and Tactical Mobility

v Combat Power and Battlefield Operating
Systems
VI Emerging Systems and Technologies

15




III. EXPERIMENTAL DESIGN
"The objectives of technology seminar war gaming are
creative stimulation and idea collection, rather than
finite measures of effectiveness among competing weapon
systems and tactics" [Ref. 1l:p. 2].

In previous seminar wargames, participants verbally
expressed their views where the strong personalities (not
necessarily the majority or the most informed of the group)
could express their views the loudest. Ideas were summarized
in a report which was one or two individuals' interpretation
of the events. With the events often taking place over
several days, and despite the best intentions, it was easy for
this person or people to forget, misinterpret, express the
opinions of only the vocal members of the group, or advance
their own conclusions rather than advance the opinions of the
whole. It is 1likely that many usable ideas were never
expressed or were expressed only briefly before suppressed or
forgotten in order to move on to other points of interest.
For this reason, LABCOM contacted TRAC Monterey to develop a
methodology supported by a survey to collect, analyze, and

portray results of Technology Base Seminar Wargames and

specifically the Fire Support Technology Base Seminar Wargame.
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A. DATA COLLECTION
1. Purpose of the Survey

The principle data collection tool is the survey of
wargame participants. The survey satisfies the objectives of
two different proponents, LABCOM and USAFAS. The USAFAS wanted
to investigate and evaluate proposed systems within the Fire
Support arena with the brain power that was assembled at the
seminar wargame. LABCOM wanted to be creative, to conjure new
systems and determine important technology characteristics
across the broad spectrum of warfighting. USAFAS knew what
questions they wanted answered, however, LABCOM did not.
LABCOM recognized that there were much data lost at each
wargame and did not want this repeated.

2. General Design Development

Satisfying USAFAS's agenda became relatively straight
forward after a conversation with Mr. Bruce Goeller and
spending considerable time with Dr. Kenneth Solomon, both of
the RAND Corporation. The approach suggested by both calls for
determining the important characteristics or capabilities
needed to conduct the required task, and then evaluating the
proposed systems with those important characteristics. For
example, the proposed target acquisition systems are evaluated
with key target acquisition characteristics. By first
assessing the value of the characteristics/capabilities and

then assessing the value of each proposed system within each

17




characteristic, the methodology provides excellent results to
the USAFAS of the instance (system or characteristic) values,
the interval between the instances, and the category bounds.

Determining the survey design for LABCOM was the tougher
design problem. Because they wanted to capture the important
characteristics and systems developed during the wargame, a
fill-in-the-blank design was needed. Since they also wanted
to Xknow the importance of different
characteristics/capabilities of future combat, the evaluation
team generated a methodology that would provide instances,
intervals, and bounds as above.

In order to accomplish all ¢tasks (instance values,
intervals, and bounds for USAFAS, fill-in-the~blank, instance
values, intervals, and category bounds for LABCOM), six
different surveys were designed. The first four surveys were
administered after each of the four types of waryame, the four
types being target acquisition, weapons systems and munitions,
command and control, and support and sustainment. Each of
these surveys had the same basic design. The first stimulus
and response measured the important characteristics of the
type wargame. The next group of stimuli and _—-esponses
measured how well each system did in each of the
characteristic areas. The last stimulus and response measured
all the systems regardless of characteristic. The final

portion was a fill-in-the-blank question to capture new ideas

18




before the participants left the area.

four areas of each of the first four surveys.

Table 2 depicts the

TABLE 2. SURVEY STIMULI FOCUS
Stimulus 1 2,...,n-2 n-1 n
#
Focus of | Character Systems Systems New
Stimulus -istics measured measured ideas
against each against all (£111 in
characteristic character- the
istics blank)

Each of these surveys gathered the data needed to
accomplish the USAFAS task of evaluating the proposed systems
and characteristics. These surveys also satisfied the LABCOM
task of capturing the creative new ideas that were generated
in the seminars. These surveys did not, however, rank
characteristics of a broader nature that LABCOM also required.
To accomplish this task, the evaluation team designed two
final surveys that measured these broad characteristics.

3. USAFAS Requirements

USAFAS identified the proposed systems for the
wargame. These systems and their abbreviations are given in
Appendix C.

For the TBSW, USAFAS and TRAC Monterey developed

characteristics to measure the desirability of these systems

19




since specific characteristics for target acquisition, weapons
systems and munitions, command and control, and support,
sustainment, and deployment were not available. The original
lists of characteristics for both the target acquisition
survey and the weapon systems and munitions survey came from
the Army's tactical bible [Ref. 2:p. 13], the list for command
and control came from a British Field Manual [Ref. 3:p. 69],
and the 1list for support, sustainment, and strategic
deployability and tactical mobility came from adjectives on
the description of proposed combat service support equipment
in an Army draft manual [Ref. 4:p. II-H-7]. To ensure complete
and correctly worded 1lists, <the USAFAS reviewed the
characteristics. During the review, the characteristics
changed dramatically. These changes ensured the proponent
agencies the most usable data possible.
4. LABCOM Requirements

LABCOM wanted generic characteristics that spanned a
broad spectrum of weapon systems. To accommodate this
spectrum, the evaluation team considered the Principles of War
(Ref. 2:p 173], the four characteristics of Combat Power [Ref.
2:p. 11), the Battlefield Operating Systems (BOS), and
previous TBSW reports. After much consideration, the
evaluation team dismissed the Principles of War as too
nebulous for the seminar wargames. The evaluation team also

reduced the four characteristics of combat power to three as
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the characteristic of leadership was not an integral part of
a "technology base" seminar wargame. They also reduced the
seven BOS to only one, the system of Fire Support, as the
others were not substantially addressed at this Fire Support
wargame. The team also added two other lists taken from
previous TBSW results, emerging technologies and emerging
systems.
5. Specific Survey Design
After consultations with LABCOM, USAFAS, and TRAC
Monterey, two requirements for the analyzed data became
apparent. The methodology needed to measure the strength of
preference participants had for the instances (characteristics
and systems) and the interval between the instances. Several
methods of gathering responses were considered for these
tasks. A brief description of each follows.
a. Paired Comparisons
The method of paired comparisons requires each
instance be compared to another. Therefore, if there are n
instances, there are n(n-1)/2 judgements. With the following
number of characteristics used in each of the first four
surveys, 18, 16, 19, and 17, each participant would need to
make 153, 120, 171, and 136 judgements, respectively, on the
first question of each survey. When all the questions from

all the surveys were included, the number of judgements for
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each participant was considered too high to be used for this
research [Ref. 5:p. 166].

b. Graphic Rating Scale

The graphic rating scale requires participants to

indicate their judgements by marking a point on a line [Ref.
6:p. IV-D-p2]. This method allows for fine discrimination but
can be hard to score. Because of the 1large number of
responses and the difficulty in scoring, this method was
discardead.

c. Categorical Judgements

This technique requires participants to select the
category for each instance that best mirrors their opinion.
Then the categorical ratings are used to construct an interval
scale. The scale shows the location of the instances, the
interval between instances, and the category bounds. The
evaluation team chose this method because it provided
categories that the other methods did not and it was easy to
score. [Ref. 7:p. 1].
6. Stimulus Design

For ease of answering and scoring, the evaluation team

designed each the same. The stimulus is divided into four

parts and an example is provided below for reference.
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Given a fixed budget and assuming that maximizing accuracy
will win the war, indicate with what probability you would
allocate funds to the following systems.

Each of the four parts of the stimulus has a different
origin. The first part of the stimulus incorporates the
phrase, "Given a fixed budget". The objective of the phrase
is to discourage considering "everything" as equally important
and encourage discrimination between instances. The phrase
"assuming that maximizing accuracy" provided the answering
participant a common mental yardstick with which to measure
his response. This phrase attempts to preclude participants
from mentally choosing different yardsticks and undermining
the results. The phrase "will win the war" left no doubt in
the participant's mind about the ultimate purpose of the
question. The word "probability” was used vice words such as
"importance®™ or "value" because of the ability to quantify
probability. The unquantifiable words do not have the same
meaning to everyone and destroy the precision in the test.

7. Response FPield Design

The response field design can best be discussed in two

parts, the category descriptions and the instances.
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a. Category Description

The evaluation team designed each stimulus with
seven response categories. The literature indicates that
between 5 and 9 response categories are best depending on the
situation [Ref. 7:p. 57, Ref. 6:p. IV=-E-pl]. The number 7 was
chosen for several reasons. The odd number provides those
participants with a neutral opinion an obvious answer, the
middle response category. Five was discarded as not providing
enough precision in the answers. The evaluation team
discarded nine as too many categories that made the answering
process excessively difficult for the participants.

The team also described each category in two different
manners, one being numeric and the other being verbal. The
verbal descriptions came mainly from the Questionnaire
Construction Manual and consisted ¢f the following categories;
very small, small, not great, borderline, reasonable, high,
and very high [(Ref. 6:p. VIII-D-pl]. The numerical range came
from the article "How Probable is Probable" in the Journal of
Forecasting. The results of this article were that numerical
probabilities showed much 1lower variability than verbal
probabilities, however, participants are much more comfortable
with words than numbers [Ref. 8:p. 258]. Therefore the
suggestion of the article and the method used in this survey
was to include both verbiage and numerical probabilities in
the category descriptions. The numerical categories from the

article were separated as follows:; 0-14, 15-28, 29-42, 43-57,
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58-71, 72-85, and 86-100 [Ref. 8:p. 262]. The verbiage and

the numerical probabilities were incorporated as follows.

Verbal expression very small not border- reason- high very
of Probability small great line able high

Numerical Range 0-14 15-28 29-42 43-57 58-71 72-85 86-100

b. Instances

All instances (characteristics or systems) for the
first four surveys came from the list of systems provided by
the USAFAS or the list of characteristics generated by TRAC
Monterey and subsequently reviewed and revised by USAFAS. The
response descriptors for the final two surveys were also from
a list generated by TRAC Monterey, but LABCOM reviewed and
revised these. There was a conscious effort to keep this list
of instances for each question less than ten, thus allowing
the participants to make better judgements between the systems
[Ref. 6:p. IV-E-pl]. The evaluation team had fair success
with this approach in the systems questions of the first four
surveys. The teanm, however, increased the 1list of
characteristics for each survey considerably, as the needs of
the sponsoring agency outweighed the desire to keep the list

small. The surveys are included as Appendix E.
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8. Survey Administration

The evaluation team administered seven surveys to the
wargame participants over the three day period. The first
survey was a practice survey administered during the opening
session of the first morning. This introduced the participants
to the survey structure in a common setting so that all
received the same instructions and reduced the possibility of
instruction induced differences. The next four surveys,
Target Acquisition, Weapon Systems and Munitions, Command and
Control, and Support and Sustainment and Strategic
Deployability and Tactical Mobility, were administered in the
regional group rooms around the map board during the seminar
wargame process. The purpose of each of these surveys was to
assess the instance values, measure the interval between the
instances, and categorize the instances.

The team administered the final two surveys when all
participants were gathered at the conclusion of the seminar
wargames. The purpose of the final two surveys was to gather
data on characteristics influencing future combat and to
assess the strength of preference of emerging technologies and
systems that were important in previous TBSWs, the interval
between the strength of preference, and the category of each

preference.
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B. ANALYZING THE RESULTS

LABCOM recorded all the results from the fill-in-the-blank
questions for further study and will not be dealt with further
in this thesis. The evaluation team analyzed the data
collected from the categorical judgements with a method used
on research projects of this type at the Naval Postgraduate
School. This method produces a scale that portrays the
instances, the interval between the instances, and the
category boundaries [Ref. 9:p. 1]. Because of the need to
provide the scaled instances and the interval between the
instances, this method ideally suited the analysis. More
than Jjust seeing the instance values and intervals, the
decision maker also sees the category bounds.

Five APL (A Programming Language) functions (Appendix C)
were used to manipulate the numbers, four of these were
developed by Professor Glenn F. Lindsay, an Operations
Research Professor at the Naval Postgraduate School. The fifth
function combined the results of the first four to provide the
bounds, the instance value, and the interval between instances
on the same scale.

The method used requires four assumptions and they are
listed below [Ref. 9:p. 6].

1. A participant's "opinion™ about the scale value of an
instance (characteristic or system) i is a normally

distributed random variable with mean u; and variance
0,2
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2.

3.

Participants view the continuum of values for
instances as being broken into successive intervals
called categories.

A participant's opinion about a category upper bound
is a normally distributed random variable so that for
category 3j, the upper bound would be normally
distributed with mean p; and standard deviation o,2.

All category bounds have the same variance, so that
for all j, 0 = c.

1. Step By Step Procedure For Obtaining Scale Values

The following are the steps from Professor Lindsay's

paper for obtaining scale values and category bounds.

a.

d.

Arrange the raw frequency data in a table where the
rows are the instances and the columns are the
categories. The columns should be in rank order, with
column 1 representing the least favorable category.

Compute relative cumulative frequencies for each row,
and record these in a new table. The last column of
this new table will consist of unit values, and is
omitted.

Treating these values as leftward areas under a Normal
(0,1) curve, go to a table of the normal distribution
and find the z values for these areas. Record these
in a new n by (m~1) table. This is the 2z,; array for
the following computations.

For each row i1 in the z,; array, compute the row
average, z,.

For each column j in the z,, array, compute the column
average. Call these column averages b,, and note that
b, is the value of the upper bound of category j on
the scale.

Compute a grand average of all the values in the 2,

array. This is readily done by simply averaging the
column averages. Call the grand average b.
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g. Compute
m-1
B=Z (bj-B) 2
M
h. Compute for each row
m-1 _
Ai=; (zij"zi)z
=1
i. For each row, compute -ﬁi . This is an
1
estimate of 6Z,+c -
j. Finally, for each row (instance) compute
— ! B
S,=b-z, | -=
1 Wz

1

These are the scale values of the instances, and they are
on the same interval scale as the category bounds b;. Now use
any linear transformation, y=a+B8x, B>0, to move the scale
where it is needed. The APL function "RAW" in Appendix C uses
this linear transformation.

2. Incomplete z,; Arrays

The one problem with this method occurs when there is
an incomplete array. An incomplete array is one that has
values < .02 of the row sum. This may happen for many reasons
such as low variance between the participant's opinions, high
or low opinion held by all or most judges, or even a bimodal

distribution. There are three techniques that fix the
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problem. The evaluation team used the following procedure in
this project.

Separate any incomplete array into several smaller
complete ones. Make the smaller arrays complete by collapsing
columns as needed. Then scale these arrays on the
corresponding values of the largest array to ensure the
scaling is consistent. This technique insures that no
instances or boundaries are unscaled.

3. Example Problem

An example problem is provided in Appendix A to show
the reader how the evaluation team used Professor Lindsay's

technique.
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C. MAKING THE RESULTS "FRIENDLY" TO A DECISION MAKER

{ This step required plotting the instances and the

| categories on a simple line graph depicted in Figure 4.

TARGET ACQUISITION
SYSTEMS
CATEGORY SYSTEM
VERY
HIGH FUAV (104)
100
HIGH
78.48 ATACS (78)
FORTAS (74)
REASON- ASEMA (71)
GROUND SENSOR (70)
/}EL.F QUARDRAIL (69)
_ RECCE SHELL (60)
BORDER- LBSR (67)
LINE — VIP (56)
50
| NOT S TETHERED BAL (41)
' GREAT

Figure 4 Example Results

31




Iv RESULTS

The goal of this methodology was to portray the instances,
the intervals between them, and the categories on the same
scale. This methodology accomplishes this goal. The results
of every question display all three items mentioned above.
Since there is one figure for every question, there is the
potential for 116 figures. When the different categories such
as Long and Close Fires and Desert, Tropical, and Northern
Continental scenarios are considered, there are many more
possible figures. Displayed here are only the most
interesting figures of each survey, along with one figure
showing the difference in preferences in weapons systems in
the Close and Long Fires scenarios, and one figure showing the
difference in preferences in munitions between the Desert,
Tropical, and Northern Continental scenarios. All other

results are in Appendix E.

A. SURVEY 1 (TARGET ACQUISITION)
The following figure (Figure 5) depicts results from the
stimulus requiring participants to assess target acquisition

systens.
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CATEGORY

VERY
HIGH

100

TARGET ACQUISITION

SYSTEMS

SYSTEM

FUAV (104)

HIGH

78.48

ATACS (76)

REASON-
ABLE

62.27

FORTAS (74)

ASEMA (71)

GROUND SENSOR (70)
GUARDRAIL (69)

LINE

60

BORDER-|__

RECCE SHELL (60)
LBSR (57)
VIP (68)

NOT
GREAT

TETHERED BAL (41)

Figure 5 Target Acquisition Systems

These results quickly show that the FUAV is not only

considered the best system,

removed from other systems.
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B. SURVEY 2 (WEAPONS)
Figure 6 shows the results of response 18, the stimulus

requiring participants to assess the proposed weapon systems.

WEAPON SYSTEMS

CATEGORY SYSTEM
HIMARS (85)
HIGH | S— AFAS (84)

s I MLRS (80)

REASON- | ___  irwrsson
S NLOS (70)
ABLE I LONGFOQ (87)
8.0
BORDER- EMG (81)
. F282 (81)
LINE

Figure 6 Weapon Systems

There appear to be five winners, with three in the "high"
category and two others very close. The EMG result, however,
was the interesting result. With all the talk about the EMG

recently, it was a surprise to see it ranked so low.
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C. SURVEY 2 (MUNITIONS)
The following figure (Figure 7) shows the results of the

munitions assessments.

MUNITIONS

CATEQORY MUNITIONS
HIGH I FUT SMART MUN (75)
74.11
— SADARM P3t (73)

A SMART/BRIL MINE(68)
DEEP ATTK SMART(67)

REASON- RFAM (83)

ABLE |— ENHANCED BLAST (63)

GLTR (59)

MSM KILL MUN (56)
LONGARM (54)
LONGQFOQG (64)

NLOS (54)
0.0 HICAP (53)
BORDER-
LINE

Figure 7 Munitions
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The Future Smart Munition is the best here, but it is just
barely in the "high" category. All other systems are in the
"reasonable category", which seems to imply that there are
many differing views on which system will be needed in the
future. The scenarios comparison sheds 1light on this

observation.
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D. SURVEY 3 (COMMAND AND CONTROL)

Figure 8 displays how the participants assessed the
systems on the last stimulus of the survey. This stimulus
required participants to indicate their strength of preference
for proposed command and control systems discussed in the

wargame.

COMMAND AND CONTROL

CATEQORY SYSTEM

L —— WIDE AREA COM 8YS(84)

HIGH DIST IEW FUS 8V8(89)
FEaCCA(7S)
REASON- AFATDS(77)
ABLE

FORCE LEV KNOW 8Y&(73)
LOW ECH KNOW 8YB(73)

Figure 8 Command and Control Systems

Aside from the displayed winners and losers, the figure
shows that continued investment in the two Knowledge Systems

appears pointless (both anchor the bottom of the scale).
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E. SURVEY 4 (SUPPORT,SUS