—
—— — = —

r AD=A076 977 AIR FORCE INST OF TECH WRIGHT=PATTERSON AFB OH SCHOO==ETC F/6 S5/1
POLICY CAPTURING OF MANAGEMENT PERSONNEL THROUGH PROJECT=SELECT==ETC (U)

SEP 79 T L BROOKS
UNCLASSIFIED AFIT/6SM/SM/795-1




— -

- =T )
! ik . S I S Sae o ha -!an?lﬂ-,..)u.u e - :
:/ ! = . : £

‘ : . !

| _ i a E | ~J i

p , \ ! | ‘s _ ) .

o b O " e - i £ e 3

: ~ - L ] \ S v © |

iy ../ C .. { " 4 M ] i ) > . n

! i —— - ! - J i

. t LW e — R e b
-t \ : ‘ 2f :

- @ s /,J/J | : - _ - - : , 5

. y o : e } -t | A = {

< (O * 9! e . “

] L I w } \ ; .‘ A vl. w

1 ¢

n

/
\
¢ Yel
or, oA
'

)

3

+
P d
NQ'

l\l'
!
‘
-

W >
YORATORY o

1
-~

PL.OFR
%
!

"

ik $orci
‘ eNT t
SUS————— T

v

MANAGEMI

- T e 4
. : : )
"1 ’)IA “‘4 ﬁ 5
e - SO
) (£3) sl P, 8
= ' - —
o <€ U b ¥ .
. | w s - 6‘1.&
- P ol L2 : :
- -

-
S

i
J
N
2\
o R
~
o
‘h
 * -
{
J
5
L3

Jeroni

e ey e e e
.

{
TN
™S

ATTURING

THROV
.
FOEARCH AND

'GSQ/SM//OS-L
3 l.\i’

-
1]
ICY

S
: '-'- ‘ ‘..
ve L
5 10N

AFT

K& ja6920VAS MO TN

S —

»

’




laboratory n AZEers. hese factors were Cost-denefit Ratio,
Technical Verit, Resource Avallability, Likelihood of
Success, Time Feriod, and Air Force Need. The jinstrument
required the managers to make 3? decisions concerning his/
her support or non-aupport of 32 hypothetical R&D projects,
The results were a positive indication of the success-
ful use of policy capturine technique, It was determined
that the simple linear model (the 0 additive factors) of

! the decision process was as representative of the individ-
ua) managers as the interactive model (the 6 additive
factors plus the 15 interactive terms). Therefore, the
simple model was used for the data analysis. Tecnnical
Werit and Air Force Nleed accounted for approximately 75 to
805 of indivicdual and group models. The 6.2 project man-
arement level models were determined to be the same, whereas
the 6.3 project manarement level models were different,

The 6.2 division models were different as were the 6.3 di-
vision models. In comraring the manacement levels and di-
visions of the projects, the lack of consensus was attrib-

i uted primarily to no more than three factors (Coszt-Zenefit
Ratio, Technical Merit, and Air Force Need). Also, the
individual iranagers of the projects ware unabtle to accu-
rately specify their per 1l models although they were

i msistent in their decis making tehavior., The sug-

itec employment of the Dalphi technique should bte more
affective in attainir con us among ‘tne management

! levels and di { the labtoratory.
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Abgtract

ﬂPolicy capturing was used in this research to model the
project-selection decision making btehavior of individual
managers in an Air Force K&D Laboratory environment, The
managers were partitioned by management level, division, and
type of laboratory project. Models were formulated for these
groups to determine if consensus existed among them,

The policy capturing instrument was constructed based
on six factors that were identified by interviews with the
laboratory managers. These factors were Cost-benefit Ratio,
Technical Merit, Kesource Availability, Likelihood of Suc-
cess, Time lFeriod, and Air Force Need. The instrument re-
quired the managers to make 32 decisions concerning his/her
support or non-support of 32 hypothetical R&D projects.

The results were a positive indication of the success-
ful use of policy capturing technique., It was determined
that the simple linear model (the 6 additive factors) of the
decision procesa was as representative of the individual
managers as the interactive model (the 6 additive factors
plus the 15 interactive terms)., Therefore, the simple model
wag used for the data analysis. Technical Merit and Air
Force Need accounted for approximately 75 to 80% of individ-
ual and group models. The 6,2 project management level
models were determined to be the same, whereas the 6,3 pro-

Ject management level models were different, The 6.2
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division models were different as were the 6,3 division

models, In comparing the management levels and divisions of
the projects, the lack of consensus was attributed primarily
to no more than three factors (Cost-benefit Ratio, Technical
Merit, and Air Force Need). Also, the individual managers
of the projects were unable to accurately specify their per-
sorial models although they were consistent in their decision
making behavior. The suggested employment of the Delphi
technique should be more effective in attaining consensus

among the management levels and diviasions of the laboratory.

ix



FOLICY CAFTURING OF NMANAGEMENT FEKSONNEL
THROUGH PROJECT-SELECTION DECISION MAKING
IN AN AIR FORCE RESEARCH AND DEVELOPNENT LABORATORY

Lo trod

One of the essential inputs for a modern manager, 8o
that he may perform in that role, is information, However,
in most cases the wealth of information can easily overwhelm
the manager., For example, the complex environment of a Re-
search and Development(R&D) manager involves search of that
environment for opportunities, generation of options (pro-
Jects), sequential evaluation at different levels of the
organization, project-selection, and implementation (Schwartz
and Vertinsky, 1977:1285). The project-selection decision
includes generating new alternatives, determining the ap-
propriate time to make a decision, collecting the data,
specifying constraints and criteria, and recycling, as well
as selection of projects and allocation of resources
(Baker, 19744166). This decision process depends on the

organizational framework,

Statement of Regearch Problem
The management of a particular Air Force R&D Laboratory

has indicated that there exist some problem areas in deter-

mining the selection of the specific R&D projects. The prob-

lem is the variation in the weightings for key factors
1




(attributes) that are used as inputs for the K&D project-
gelection process, These variations are encountered within
the organization as a whole, management levels, and divi-
sions. The laboratory has to do with two types of R&D pro-
Jects, 6.2 and 6.3, The 6.2 projects (programs) primarily
explore feasibility and practicability of proposed solutions
to specific military problems. These programs range from
studies and fundamental technical development to sophisti-
cated breadboard hardware, On the other hand, the 6,3 pro-
Jects are characterized by the fabrication of experimental
hardware to demonstrate projected capabilities by testing
under environmental or operational conditions (DoD Handbook
7045.7-H, May 1977).

The 6.2 project decisions are determined at all levels
of management {(Commard, Division, Branch, and Group; Figure
1-1), whereas 6,3 projects are determined only within the
upper echelons of the management structure (Command, Staff,
Division, Deputy Program Element Monitore(DEFEM), and Ad-
vanced Development Project Office Managers(ADPO); Figure
1-2). The inconsistencies can be noted on either 6.2 or 6.3
projects,

This research effort Investigates the weights for key
factore used by members of the various management levels
while pursulng declisions concerning the R&D project-selection.
In order to accomplish this type of research, the Jjudgement
policies of the members of the different management levels

regarding these declsions were identified using the research
2
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approach known as policy capturing (Keference Chapter I1I).

Objectiveg of the Regearch

The fundamental objective of this research effort was

to model R&D project-selection decisions at the different

levels of management within the organization., The empirical

data collected from the laboratory were used to examine the

following research hypothesasi

Hia

H21

H3

Hk

HS5

Managers combine the RAD project-gselection
criteria in essentially a linear fashion while
rendering a Jjudgement,

The average individual manager's R2 (52) is
higher than the st of the different levels
of management
RE>RE.PRE>RE>RE>RE>RE ). R
( Cs b D B G Tot""

a measure of the consistaency with which the
attributes are entered into the determination
of the overall decision.

2 is

C5 = Command Section
S = Staff
D = Division
B branch
G Group
Tot Entire Lauoratory

¥anagers incorporate available information in
their R&D project-selection decisions by uti-
lizing the selected RAD factors in the R&D
project-gselection decision process.

Each manajer places the same relative weights
upon the criteria used for R&D project-selec-
tion decigsions., (Judgement pollicles are homo-
geneous amony all managers, )

Each management level places the same relative
weight upon the criteria used for R&D project-
gelection decisions. (Homogeneity exists
among the levels of management,)




Fach division places the same relative weight
upon the criteria used for R&D project-selec=-
tion decisions, (Homogeneity exists among the
divisions.)

Managers accurately specify the relative
weighty they place upon the criteria used to
render the KAD project-gselection decisions.

Managers of both ¢,2 and 6,3 projects place
the game relative weight upon the criteria
used for R&D project-selection decisions,
(Homogeneity exists among the 6.2 and 6.3
manayers, )

NOTEs M1, H2, H3, 16, and 17 were tested for both 6,2 and
6.3 projects,

scope and Limitatjony of the tudy
This study was conducted among a selected group of in-

dividuals (an Air Porce K&DU Lavoratory). Therefore, it

would be very unlikely that generalization could be made
about all Air Force R&D labtoratories. As a result, caution
should be exercised before applying the findings of thie
study to other RAD laboratories.

The RA&D project-selection decision making exercise in-

cluded six attritutes that were molded into a decision making
ingtrument with 32 simulated projects by Drs. M.J. Stahl and
A.¥, Harrell (1978)., These attributes were determined by
perscnal interviews with the management personnel within the

R&D laboratory and it is assumed that these attributes are

representative of the information avajlable to the management
personnel during the decision making process in the labora-

tory environments,




=ubgegquent Chapterg
Chapter Il of this study discuusses goal congruence, con-
sensus, policy capturing, social judgement theory, and the
Delphi technique in conjunction with formulating a decision
model, Chapter III describes the research methodology, in-
cluding the instrument used, and the way the data were col-
lected and analyzed., The research results are presented in
Chapter 1V, and Chapter V summarizes the key findings and |

indicates the conclusions from the study. w




II. Extengive Literature Review

In order to understand the decision making process in

an organization through a technique called policy capturing, q
it {8 paramount to understand the inner workings of the or-
#anizational structure, OSrinivasan (1974) refers to this
organizational structure as goal-directedness, Goal-direct-
edness encompasses all aspects of purposeful system behavior

(i.e., adaptation, learning, and control).

In theory, organizations (systems) are considered to be
oriented toward goals and objectives (FPorter, Lawler, and l
Hackman, 1975:178). The goal set-up of this type of system
can be viewed in two ways: 1) The system operates towards
a definite goal. This goal requires the system to accept a
certain normative framework; however, this framework may be
re jected if a different goal is sought. 2) The system is
involved in an evolutionary process (dynamic organization). P
The organization is thus viewed as going through a contin-
uous process of goal-setting (problem posing) and goal-

seeking (problem solving) behavior (Srinivasan, 19741105~

106).

Importance of Orranizational Goals

Basically, goals are defined as desired future states
of affairs., The organizational goals serve several important
functions. The goals focus attention to the actions that

need to be carried out, They tell what “"should be" done.

8




A source of legitimacy is provided by goals in that there
exists Justification for actions or decisions, Goals in
conjunction with other measures serve as a standard for the
organizational member to assess his/her ablility to perform
his/her duties or carry out certain actions. The structure
of the organization and organizational goals interact, each
affecting the other, Additionally, goals provide clues
about the organization, In many cases, they are key parts
of an organization and essentially express what the organ-
ization is really like (Porter, et al., 1975178-79).

Expectation affects the perceptions and behavior of an
individual and others (Goldstein, 1962), Individuals expe-
rience the group atmosphere in individual ways, Therefore,
it would be reasonable to assume that goals and expectations
will affect an individual's group experience. Consequently,
the importance of finding effective ways of ldentifying
goals and expectations of the group, as well as an individ-
ual's perceptions of the experience, must be stressed

(McCanne, 19771534),

Claggification of Goald

Porter, lawler, and Hackman (1975) classify goals into
three categories: officlal goals, operative goals, and op-
erational goals, The official goals are the publicly stated
goals of an organization, These goals are found in the or-
ganizational charter, the official documents, the policy

statements of ite offices, and the like, Operative goals

9




provide the basis for organizatioral policy formulation,
operating decisions, develojment and application of infor-
mation and control systems, and other management functions,
Operative goals are considered to be in force whether or not
there exists a consclous organizational goal-setting pro-
cess, and they may be supportive of, indifferent to, or
directly opposed to, the officlial goals of the organization
(Manley, 1972:3). Goals are said to be operational when
there are "apgreed upon criteria for determining the extent
to which particular activities or programs of activity con-
tribute to these goals™ (Narch and Simon, 1958:1194),

The literature indicated that goals can be categorized
into three additional types. Hozeman and McAlpine (1977)
conducted an experiment to determine how certain attitudes
and strategles of individuals affect the cholices from a set
of controlled contexts representing a bureaucratic decision
environment, The main concern was the decision pattern in
which an individual strives to maximize an individual goal
to the detriment of organizational (bureaucratic) or mission
goals, The jndividual goal 1s related to the power and
prestige of the individual, whereas, the bureaucratic goal
is related to both the specified objectives of the organiza-
tion and the individual's perceptions of the organizational
goals, Finally, the miggion goal is related to the per-
ception of the individual as to the social mission of his/
her profession, The findings of the experiment indicated

that there was a significant association between professing
10




a team strategy of pursuing points for mission goals, and in
fact, behaving in a manner in which individual goals are
maximized,

The very fine line separating the definition of the
various classes and types of goals presents additional prob-
lems in the area of communication from the management level
to the worker level, The interpretation of goals in many
cases is inconsistent not only at the different levels of
management, but also amorg the different worker levels,

This inconsistency can and does lead to numerous problems
within an organization that is supposedly secking an attain-
ment of a specific set of goals or objectives. Therefore,

a greater undergtanding of this goal-congruent behavior

would be a definite aid to "managers.®

Goal Conpruence

A primary concern of goal congruence is the need for a
measurement scheme for the performance of the executives
and subordinates which will induce goal-congruent behavior

under uncertajnty (Itami, 1975:174-75). The ultimate crite-

rion used in selecting a performance measure has been whether
the measure induces the action of the subordinates while,

at the same time, leading to better overall performance,
Howaver, this measure is invalid with the introduction of
uncertainty (i.e., environmental factors). Therefore, the
congruence of attitudes toward risk may be one of the cru-

cial factors in the discussion of goal congruence, especially

11
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in a decentralized decision making situation under uncer-
tainty, As a result, the problem ~f goal congruence is com-
plex and involves numerous factors such as organizational
structure, uncertainty in environment, incentive schemes,
and personal goals of members of the organization,

Another view of goal congruence is that goal congruence
plays a key role in organizational and small group processes
(Kochan, Cummings, and Huber, 19761528). As an example, the
leadership process will not occur if the parties do not share
a common goal, If common goals exist, then compliance can
be achieved without the power process, Otherwise, conflict
occurs, The theories of conflict have centered on the dif-
ferences in the goals as the major antecedent to conflict
within the organizations (March and Simon, 1958).

The literature on organization behavior is continually
fFrowing, A deeper understanding of the role of goals in
organization behavior is inevitable for those researchers
uging decision making processes as their central focus

(Kochan, et al.., 1976:1528-529),

Congensus

Collective decisions are the most common type of deci-
sions that individuals are faced with in soclial systems.
However, this type of decision analysis has two basic faults
as pointed out by Coleman (1966), The problems of collective
declisions are based on one specific assumption that each in-

dividual is a purposive agent with some goals or purposes in
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mind, The first problem relates to an individual faced with
certain alternatives. The individual will chocose the out-
come that has the highest utility., The second problem of
collective decision concerns a group of individuals (two or
more) faced with a number of alternatives, In some in-
gtances, an alternative may be preferred by all; therefore,

it is chosen, Ilowever, in most cases an alternative will

not be preferred by all individuals concerned; consequently, i
the theory breaks down, The basic problem is the absence

of consensus for a choice, As a result, there is a falilure

to predict the outcome.

El-Hakim (1978) conducted a study on decision making by
consensus, The most striking feature of the consensus deci-
sions was that each decigion critically depended on the
achievement of an informal unanimity by the group before any
positive decision could be reached. The emphasis on una-
nimity implied that a minority (a single person) could veto
any collective action., The decisions were made when there
wag no expressed disagreement (consensus)., If disagreement
rersisted, no decision was made, The major disadvantage to
the congensus decision process that this group used was the
fact that one {ndividual's decisions could help a majority
form a certain action, However, this particular group ex-
changed control among the villagers, in that, if an event
did not interest them, then they would not veto the event in

exchange for support on an event that was of groeater interest

to them (El-Hakim, 1978:155-64).
1)




Souder (1975) conducted an “"impact procedure® (similar

to the Delphi technique) in which four organizations were
tested for shared values and organizational consensus, The
results indicated that two of the four organizations elic-
ited high consensus, The two organizations which did not
achieve global consensus lacked legitimized formal leader-
ship and clear statements of the larger needs of the total
organization, Another indicator of consensus that resulted
from the study was the degree to which the participants were
willing to engage in open conflict. In this case, the more
open the conflict, the higher the degree of consensus at-
tained (lSouder, 1975:1680),

Fredjctive Congengug Technjgueg. There are various
methods that can be used to predict consensus (Helmer and
Rescher, 1900:146-47), The following list is representative
of the procedures available for predicting consensus:

1) The simplest method is to select one favored expert and
accept his/her sole judgement. 2) Various expert valuations
could be pooled into an average or a mean weighted technique
to reflect past predictive success. 3) several experts
could be used to act as a single group in which a decision

is made after the discrepancies have hbeen eliminated,

4) Again, a group of experts could be uged, but in this case,
the experts include their best second guess probabilities,
The result is that the influence of the most influential
group member ls diminished, S) Another consensus measure

is the Delphi technique. This technique is a method for
14



the systematic sollcitation and collation of informed judge-
ments on a particular topic (Turoff, 19701149),

Although these techniques are representative of the
ones avallable to measure congensus, it is important to note
that no one method is universally the best technique. How-
ever, the Delphi technique is being studied more and more to

determine the validity of measurement for this method.

The Delphi{ Technigue

The Delphi procedure is one method of producing fore-
casts of future events. Delphi was developed by Helmer and
Gordon at the Rand Corporation in the early 1960's (Martino,
1968:139). Delphi forecasting is one of tne most popular
forms of deriving reasoned axpectation about the nature and
consequences of emerging developments. “The forecast can be
represented as a group judgement situation in which a number
of individuals from various disciplinary backgrounds, with
irput relevant to the forecasting topic, judge the probable
occurrence of events and provide supporting rationale for
their Jjudgemants®™ (Salancik, 1973:1243)., For any decision,
there is a crisis of concepts, ldeas, alternatives, diagnoses,
foresight, and planning. Delphi is an attempt to deal with
all of these (Coates, 19751193). “This mode of controlled
interaction among the regpondents represents a deliberate
attempt to avoid the disadvantages associated with more con-
ventional use of experts, such as round-table discussions or

other milder forms of confrontation with opposing views*
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(Dalkey and Helmer, 19631459),

Delphi is characterized by three features: anonymity,
controlled feedback, and statistical response., Anonymity
means that the members do not know who else is serving on
the committee, The individual is also unaware of any prior

knowledge of questions, the origination of these questions,

forecasts, or any issues that are being considered. Con-

trolled feedback means that the exchange of ideas and com-
ments are routed through some type of control (director),
who screens out the extraneous material and consolidates

the remainder before presentation to the committee, These
precautions keep the committee members from reviewing irrel-
evant material., GStatistical response means that the commit-
tee does not necesgsarily have to reach a consensus or achieve
some majority position, and that all minority views are con-
sidered in the final result (Martino, 1972:¢37), 1In essence,
the Delphi technique enables a large group of individuals to
communicate meaningfully and rapidly with each other in gen-

erating group forecasts and in making policy decisions

(Turoff, 1971155-57).
Objective or Purpoge of Delphi. The Delphi procedure

is one method of obtaining an explicit forecast (Martino,

1968:138), In this type of study, the major purpose of the

investigation is to describe potential for future events,
To do thie, the Delphi technique attempts to obtain a con-
sensus of opinions from a group of respondents, This con-

sensus might be in terms of the timing of some future event
16
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in which an effort is made to describe the potential event
in such a manner that all respondents interpret the infor-
mation in the same way (Salancik, Wenger, and Helfer, 1971
65). Some other objectives of this technique are: 1) to
determine or develop a range of possible alternatives, 2) to
explore or expose underlying assumption or information lead-
ing to differing judgements, 3) to correlate informed judge~-
ments on a toplc spanning a wide range of disciplines, and
4) to educate the respondent group as to the diverse and in-
terrelated aspects of the topic (Turoff, 1970:4149). The
objectives or combination of objectives from this list can
cause the design of the summary and feedback procedures to
vary to some extent,

Network of D hi. OSince the Delphi technique is rel-
atively new, there is very little that can be agreed upon by
the numbers of practitioners who have experimented with it,
This disagreement is exemplified bty the following questions:
1) Is the resjpondent group completely anonymous among itse
own members, to the design team, or to the user body?

2) Should Delphi be used in conjunction with a committee on-
going study effort? 3) Must the design teams be knowledge-
able in the subject materisl or do they rely on the respon-
dents to fill out the pub ject material? &) Should the itera-
tions (feedback) be cycled to the same respondent groups
interacting serially or in parallel with one another? 5) How
many iterations are needed? and Why? 6) How do you evaluate

a consensus and are the respondents really using the same
17




definitions of terms and concepts? (Turoff, 19704150).

These are only a few of the key questions that must be con-
sidered before the formulation of the Delphi technique.
Although a number of different questions need to be an-
swered before the application of Delphi, there exists a rel-
ative amount of procedural harmcony among the various prac-
titioners., Basically, the first step in implementing Delphi
i{s the selection of the panel (group of experts) in the sub-
Ject area in which the study is to be made. The question
arises here as to “"where does the organization select the
experts?” (inside or outside of the organization). This
depends on the diversity of the experts available within the
organization, After the complex task of selecting the panel,
the second step is the initial stage questionnaire. Thls
questionnaire requests each panel member to list, for exam-
ple, the attributes or cues that he/she considers for select-
ing a research and development project, This portion is
usually deliberately phrased in as vague and unstructured a
way as possible to preclude inhibiting the panelists or re-
stricting their thinking, Finally, a number of additional
questionnaires (usually no more than three) are sent to the
panelists one at a time; each questionnaire contains statis-
tical information about the previous answers to questions
plus additional questions (Johnson, 1976:145-55), Martino,
196841138-144), When the questionnaires are returned, two
types of information are extracted from them prior to the de~-

8ign of the next questionnaire: structured responses and
18 %
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written comments, Usually due to a time constraint, a very
simple method is used for the questions (i.e., multiple-
choice questions)., In many cases, computers are used to aid
in the analysis process (Schnelder, 1972.:487),

The main issues in a Delphi study are the direct im-
pacts on the responses of the panel members. These issues
are: 1) the possibility of panel fatigue as the number of
topic statements becomes very large, 2) the consistency in
panel responses, 3) the change of responses as a character-
istic of the size of the Delphi studies, and 4) the early
plurality of panel responses on many questions, Plurality
refers to a number of respondents who have an immediate con-
sensus on the first set of questions (arbitrarily a 70%
figure is used in the literature). The larger the Delphl
(number of panel members), the more complex the procedures
become (Huckfeldt and Judd, 1974.476).

Uges of Delphi., Schnelder (1972) focused on five pos-
sible uses for the Delphi method, These were as follows:

1) This method has potential as an educational device. How-
ever, in order to use this technique as an educational tool,
one must ask if it is cost-effective. 2) It could poseibly
be used in the definition of both action and research pro=-
grams., 3) The technique may be of value to a continuous
planning concept because it offers a method of obtaining the
trends in the values or goals held by different constituents,.
4) This method would be useful in obtaining individual par-

ticipation in policy and goal formulation efforts. 5) Lastly,
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the technique could be used to serve political objectives,
However, the initiator should use caution in the political
arena because the technique could rapidly deteriorate in
such situations,

Judd (1972) pointed out that Delphi could be used in
conjunction with cost-effectivenecs and cost-benefit analy-
sis. Mowever, one obvious use is in the area of education
where a congensus of values or evaluations is determined,

On the other hand, Delphil has received its widest use in the
area of technological forecasting (Turoff, 1970:1150).

Advantare of the Delphi Technigue. Scheele (1975),
Nartino (19¢8), and Turoff (1970) agree that the main ad-
vantage of the Delphi technique is the elimination of the
principle bottleneck in the committee procedure, Committee
activity is completely excluded which greatly reduces the
bandwagon effect and the unwillingness to abandon publicly
expressed opiniong., The direct debate approach of the com-
mittee activity is replaced by a carefully designed program
of gequential questionnaires, intertwined with information
and feedback derived from earlier questionnaires of the pro-
gram, In essence, the use of the Delphi studies "allows for
the opportunity to get opinions from a broader group of peo~
ple than could be assembled in a single place without great
difficulty” (scheele, 1975:1215).

In addition, Helmer and Gordon (1964) state, "No claims
are made, or can be made, for the reliabllity of the Delphi

predictions. However, in as much as they reflect explicit,
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reasoned, self-aware opinions, expressed in light of the
opinions of associate experts, such predictions should less~-
en the chance of surprise and provide a sounder basis for:
long-range decision making than do implicit, unarticulated,
intuitive judgement,®™ Therefore, without substantial evi-
dence that Delphi is unreliable, it can be concluded that
it exhibits a predictive characteristic that is just as
powerful as any other technique that is availabtle at the
present time, Johnson (1976) also indicated that the group
median obtained from the Delphi process is usually more
accurate than the median obtained from an individual re-
sponse,

Regultg Obtajned from the Application of Delphi. Suf-
ficient time has passed since the development of Delphi so
that the accuracy of the method can be sufficiently evalu-
ated, One study examined six different forecasts of comput-
ers and information procesasing technology in which Delphi
techniques were used, Martino (1672) compiled the results.
The findings indicated that of the 89 events forecasted to
occur between 1968 and 1972, 49 had occurred with the indi-
cation that there seemed to be a slight tendency for events
to occur earlier than forecasted., Another researcher, Judd
(1972), concluded that the use of Delphi in the college
areria proved that "a wilde range of possible goals and ob-
Jectives, evaluated by quite different publics, can be the
objective of a Delphi exercise.” Judd also noted that the

various illustrations made it apparent that Delphi techniques
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are very diversified.

Johngon (1976) noted that Delphi was a very powerful
tool for use in market studies. In this particular study,
Johnson determined that Delphi excelled in the following
three areas: 1) An excellent quantity of i{nformation was
extracted from many disciplines. 2) There existed strarnye
divergent opinions indicating a movement towards consensus.
3) The panel members who participated in the study were very
committed. A total of 90 percent of the panel members stayed
with the study from start to finish,

Brockhaus and Nickelsen (1977) inferred that "70 per-
cent of the respondents felt that the quantification of the
consensus of expert opinions in Delphi studies has consid-
erably enhanced the acceptability of the findings by the or-
ganization for which the study was conducted. The remaining
30 percent of the respondents felt that quantification did
enhance the acceptance of the results, but only to a slight
degree, "

The Delphi method has thus achieved a true consensus
without too much of a sacrifice of important opinion, while
at the gsame time, the impracticalities of a group discussion
are avolded. The expert i3 aided by the investigator who
reworded the questions to attain a consensus. On the other
hand, the experts are forced to help themselves toward a
consensus by rethinking through the problem by reviewing the
divergent estimates, Consequently, the results have indi-

cated a very guccessful process.
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criticismg of Delphi. Sackman (1975) points out users
should be suspect of the Delphi technique. He feels that

the practitioners have questionable motives., In addition,
Sackman interprets the name "Delphi”™ as a catchy term which
bears connotation of oracular insight. The biggest promotion
of Delphi is the regularity and uniformity that exists dur-
ing the implementation and use of the technique, but Sackman
indicates that in fact these procedures and techniques are

of a highly diverse collection,

Turoff (1970), from a more realistic standpoint, reviews
four potential dangers of the Delphi technique. The four
dangers are: 1) Individuals can misinterpret the intent of
the use of the Delphi technique, 2) Occasionally, the de-
signers of the exercise are accused of a blased viewpoint,
3) The designers of the technique must make the decision
maker(s) aware that once the process bveging there is no way
to control or guarantee a specific outcome. &) There is a
possible contention that Delphi is being used as a political
tool as opposed to an analysis tool. These dangers are good
indicators that the implementation of Delphi must be a care-
ful and cautious process which includes exploring numerous
underlying factors. In addition, a ten year study conducted
by Johnson (1976) for Corning Glass Works revealed other
criticisms, NMNore specifically, event questions in the dif-
ferent questionnaires were misinterpreted and in some cases
certain questions contained compound events. Also, other

problems were noted due to the complexity in filling out the
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questionnaires., Finally, Martino (1972) pointed out that
Delphi methods are based on data from the past and this data
cannot be used to predict something that represents a com-
plete break with the past.

These cited criticisms are the key to the future exist-
ence of the Delphi technique, If these criticlsms are over-
looked, the present results for the most part will be inade-
quate and this additional ald to decision makers will go

awry,

Regearch and Development froject-Selection 1

Aside from the Delphi technique which is a method for
measuring consensus and goal congruence, the literature on
Research and Development(R4D) abounds with formal procedures
and sophisticated models for project evaluation and selec-
tion. In many of these articles, the assessment of proba-
bilities is required. However, the subjective character of
these probadbilities entails two serious problems which may
have contributed to the low acceptance of these models:

1) The first problem concerns the reliability and validity

of the probability assessments (i.,e.,, their degree of asso-
ciation with the actual project outcomes). 2) The second
problem refers to the fact that subjective probabilities by
their very nature may vary from person to person and thus
lack uniqueness (Rubenstein and Schroder, 19774137).

In order to gain a more thorough understanding of the

R&D process, it is useful to investigate the various
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components of the selection process, Schwartz and Vertinsky
(1977) have focused upon environmental scanning in the pro-
cess of R&D project-selection, while Souder (1975) focused
his attentions upon the organizational problem of achieving
a consensus, oschwartz and Vertinsky (1977) have focused on
yet another component of the selection processs the forma=-
tion of individual preferences among R&D investment oppor-
tunities., Special attention was paid to the relationship
batween the characteristics of the executive, position and
function, the attributes of his organization, and the trade-
offs he was willing to accept in forming his judgements
(decisions)., Schwartz and Vertinsky (1977) also formulated
a list of 47 indicators or intrinsic attributes which exist
prior to any probvability assessment and independent of any
asgessor, After these attributes were rated by executives,
the list was shortened to the following: 1) cost of project
relative to total R&D budret; 2) payback period; 3) proba-
bility of technical and commercial success; 4) market share
impact; and 5) expected rate of return.

l'he cost of the project relative to the total R&D budget
of a firm is a measure of resource commitment, The payback
period refers to a measure of the time commitment to a pro-
Ject, The probability of technical and commercial success
is a measure of risk., The market share is often a subsid-
iary goal of firms, or from an economic view, it is a re-
flection of the competitive power of the company and of

market security., lastly, the expected rate of return i{s a
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measure of profitability in certain environments (Schwartz

and Vertinsky, 1977:1285-280),

The assessment of the probabilities of the attributes
for R&D projects may be conceived as being composed of four
phases, The first is the perception phase where the intrin-
sic project attributes are perceived by the assessor(s).

The second is the evaluation phase where qualitative judge-

ments begin to emerge, while in the third phase or trans-

formation phase, the qualitative judgements are transformed
into numerical values which are the assessor(s) subjective

probabilities. Finally, the review phase is where the as-

sessor(s) subjective probabilities are communicated, How-

ever, to complicate matters further, interpersonal differ-

ences can be found in each of these four phases due to per-
sonal, orgarnizational, and situational variables.,

The personal variables refer to the ability of the as-
gsessor to perceive and evaluate the attributes of a project
and transform these into a numerical rating. The organiza-
tional variables refer to the impact that the position of
the assessor in the company hierarchy and the reward system
employed have on the assessment process, while situational
variatles refer to the involvement of the assessor in the
project or the department of top-management interest in the
project (Rubenstein and Schroder, 1977+138)., As a result,
subjective probabilities suffer from inconsistencies in most

organizations in which this information is available.

Rubenstein and Schroder (1977) presented a study of
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organizational-situational variables that reviewed the im-
pact of the assessors' specific relation towards a project
and the impact of the assessors' hierarchical position., The
specific relation towards a given project was subdivided
into project responsibility and project idea generation.
The impact of the organizational-situational variables on
the assignment of subjective probabilities for R&D projects
can be summarized as folluws: 1) Both participation in pro-
Jec ~-1dea generation and prospective project responsibility
are likely to result in relatively high probability assess-
ments, 2) There is a tendency for higher ranked assessors
to assign lower probabilities than their subordinate due to
a tendency to fill the "knowledge gap"” with conservatism,
Another problem area concerning assessment of gubjective
probabilities with a given set of R&D projects results from
the dissimilar perceptions of organizational goals among the
individuals that make up the organization. Souder (1975) de-
signed an impact study to investigate four groups of individ-
uals with each group consisting of personnel from the same
organization, Each group had a combination of a president
(in two groups only), division managers, directors, and man-
agers, In essence, each group filled out individual paired
comparison instruments for the criteria they used in select-
ing R&D projects., Then, each group met and discussed the
number of criteria used and determined a single set of cri-
teria that should be used. This completed one cycle for the

individuals. After a week of normal duty, the second cycle
27
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was completed. Then finally, a third cycle was completed a

week later,.

In each cycle the same {ndividuals were assigned to the
same groups. The results of the impact procedure suggested
that this procedure may have general utility in many planning
and policy formulation situations in addition to the impor-
tant problem of R&D investment projects. Many hidden social-
interpersonal conflicts and leadership were revealed in the
#group discussions for each of the four groups. The success-
fulness of the experiment depended primarily on whether the
participants were willing to engage in open conflict, whereas
dissatisfaction was related to a clear avoidance of open
conflict (Souder, 1975:1669-680),

Meadows (1968) conducted an investigation on four KD
laboratories primarily in the areas of techrnical and commer-
cial success with respect to project-selection, The results
indicated that three of the four laboratories made no attempt
at all to rank products on the btasis of their technical suc-
cess or commercial performance, Meadows concluded that cur-
rent laboratory selection procedures typically expend more
than SO percent of the firm's development resources on pro-
jects that do not produce commercially successful products.
Also, there is a tendency for technically and commerciai.,
unsuccessful projects, as a group, to incur greater cost
overruns than comnercially successful projects which results

in unsuccessful projects costing more on the average.
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criticismg of Mgdel Formulatjons for R&D Project-jelec-
tion. Baker and Pound (1964) noted through interviews that

although a number of models exist, very few have received
testing with respect to feasibility and/or desirability.
Also very few of these models have seen even limited formal
use. The interviewers criticized models or methods primarily
in four different areas, Firstly, model construction re-
mains an ambiguous facet because R&D project-selection lacks
structure and definition of objectives., So far, R&D project-
selection has falled to be described adequately in a thor-
ough and detalled manner., Secondly, data availability and
reliability were criticized by personnel of organizations
that maintained historical records of decision analysis and
by those personnel of organizations without this information,
There seemed to be no application for the information in
models., Thirdly, acceptance 6f the models was criticized
due to a lack of detalled exposure to the mathematical and
statistical techniques veing proposed. There also exists no
clear demonstration that using a formal method is highly ad-
vantageous, Finally, implementation and use were mentioned.
Although the model {s accepted, the result ig a termination
of model use due to the sponsor leaving the organization or
due to the organization being somewhat unstable.

Many modele inherently are possessed with a number of
limitations, ©Dbaker and Freeland (1975) point out a few of
these, There is an existence of the lack of adequate treat-

ment of risk and uncertainty, of multiple criteria, of
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project interrelationships, and an inability to recognize and

treat nonmonetary aspects gsuch as establishing and maintain-

ing balance in the R&D program. Based on these limitations,

it becomes more apparent why decision managers refuse to im-

plement quantitative models for the R&4D project-selection

and resource allocations.

Exampleg of Models/NMethodg. A list of the models/meth-

ods follows which are identified by the name or names of the

originators:

1) Mottley-Newton (1959)-This is a decision theory approach,
Project proposals are rated with respect to a number of eval-
uation criteria. An overall score is computed and used to
rank the alternatives. Selection criteria are considered
with respect to constraints including research budget, risk,
and overall program balance (bBaker and Pound, 19641127).

2) Freeman (1960)-This i3 an operations research approach,

For each alternative project, an estimate is made of the
probability distribution of net value, Selection is accom-
plished by maximizing expected discounted net value subject

to constraints on the total budget, facilities, and personnel.
A linear programming formulation is used (baker and Pound,
196L4126).

3) Gargiulo, et al. (1961)-This is a decision theory approach,
Froject proposals are rated with respect to a number of eval-
uation criteria. An overall score is computed and used to
rank the alternatives. Constraints such as research budget,

skills available, facilitles available, and competitor
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efforts in the area are consgidered (baker and Pound, 1964
126).

4) Agher (1962)-This is an operations research approach,

For each alternative project, estimates are made of the dis-
counted net value of the project and probability of success,
Selection is accomplished by maximizing expected discounted
net value subject to constraints on the man hours available
and on the raw materials available. The optimal manpower
allocation is indicated by the result., A linear programming
formulation is used (Baker and Pound, 19641126).

5) Hegs (1962)-This is an operations research approach, For
each alternative project, estimates are made of the dis-
counted gross value as of several points in time. FProbabil-
fties of success are also estimated. Selection s accom-
plished by maximizing expected discounted net value sub ject
to a budget constraint for the first period. The optimal
allocation to each project is indicated for each period. A
dynamic programming formulation is used,.

6) PBaker-bound (1964)-This is a decision theory approach,
Project proposals are rated with respect to a number of
welignted selection objectives, An overall score is computed
and used to rank the alternatives. The budget congtraint is
considered,

7) Cramer-Smith (1964)-This is an economic analysis and op-

erations research approach, an application of portfolio se-

lection and utility theory to the problem of research pro-

Ject-selection, For each alternative project, estimates are
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made of net values and probabilities of occurrence, Utility
curves are also obtained. Projects may be ranked on the
basis of expected value or expected utility., Lack of pro-
Ject independence is also mentioned (Baker and Pound, 1964
127).

8) Nutt (1965)-This is an operations research approach, a

deterministic model which quantifies the value or technical
payoff of each research task. The model developed considers
~the world environment; the Air Force missions future weapons
systems configurations; laboratory technical objectives; and
the timeliness, complexity, and scope of each research effort.
The result consgists of recommended funding levels of effi-
clent tasks along with sufrested tasks for close scrutiny or
possible elimination-a modified linear program,

9) Wells (1966)-This is a decision theory approach to store,
track, and properly relate judgements concerning systems; to

ghow the impact of these judgements; to permit real-time it-

erations of planning problems to facilitate the assessment
and selection of system candidates for development., Criteria
are: threat, types of war, policy objectives, functions,
systems contributions, force structure, technical feasibil-
ity, schedule and cost, and budget (Cetron, Martino, and
Roepcke, 1967:17).

10) Dean-Hauger (1967)-This is an economic analysis and op-

erations regearch approach, an application of project-selec-

tion under constralned resource conditions., By using mathe-

matical models, computer programs, and available information
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concerning costs, uncertainties, and military values, it is
possible to obtain optimum solutions. The case study has
developed a mathematical model for handling the large number
of alternatives through the use of a series of simpler com-
puterized methods., There the results of one stage are used
in the succeeding stage. A dynamic programming formulation
is used.

11) Belt (1966)-This is a decision theory approach based on
quantified subjective judgements on the predicted value of a
successful laboratory project outcome, the likelihood of suc-
cess of the project in terms of its technological achiev-
ability, the specific plan of attack and the sulitability of
the proposed performers of the work, and the predicted cost.
This technique stops short of producing a single numerical
rating of project value, but gives the decision maker the
opportunity to select from a group of alternative projects
(Cetron, Martino, and Roepcke, 1967:17).

12) Cetron-Narting-Roepcke (1967)-This is an operations re-

search approach, Factors taken into account are importance

of military missions, criticality of technological effort to
mission, and level of technology required., Punds are allo-

cated among technical projects on the basis of maximum mar-

ginal payoff per dollar, with a budget total,

13) Watterg (1967)-This is a zero-one integer programming

i approach with a budget constraint in each of several future

time periods. Interesting features include the use of an '

objective function incorporating risk; probabilistic
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constraint rows; and the development of model equations for
the cases of project dependence and independence (Gear,
Lockett, and Pearson, 1971:68).

14) Keefer (1978)-This is a multiobjective decision analysis
carried out to help management of a major corporation's
Research and Engineering Division in plarning its allocation

among six "missions,"™ or areas of respongibility., The allo-
cation involves tradeoffs between competing objectives. This
analysis formally considers the uncertainties and multiple
objectives, yet has only modest data requirements due to its
use of approximations and its focus on mission rather than
on individual projects., This approach uses concepts, tech=-
niques, and results from decision analysis, particularly
from multivariate utility theory.

15) Aaker-Tyebjee (1978)-The concept of interdependence is
incorporated into this R&D project-selection and budget al-
location model. The model is termed INTERACT to reflect the
fact that {t was designed to deal explicitly with project
interactions and because its use will encourage the inter-
action of groups of people within the organization.

This list of models is not an exhaustive one but pre-
sents somewhat of a broad picture that researchers are at-
tempting to model. However, the majority of the models
listed are not considered useable out of the environment in
which they were originally designed, The researcher for this
study has chosen a newer technique referred to as policy

capturing in which the methodology is simpler and is easily
B
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modified to apply to different environments.

Policy Capturing

Policy capturing is essentially quantifying the process
used by a decision maker through which informational attri-
butes (cues) are weighted and combined resulting in a deci-
sion, Gooch (1972) defines policy capturing as "... identi=-

fication and quantification of the attritutes that are per-

tinent to a decision and the subsequent mathematical de-
scription of the decision policy for the evaluation of these
attributes, ™ Smith (1972) defines policy capturing a little
differently by referring to it as "..., the bulilding of a
model which, given the same information the individual has,
will accurately reproduce hig judgements tased on that in-
formation.® bLoth researchers are referring to the “actual
combination of the question and the desire to produce a
mathematical (or heuristic) model of the judgement making
process”™ (Jones, Mannis, Martin, Summers, and Wagner, 1976
' 18
| Folicy capturing 1s not a panacea but should be consid-
ered as an ald to decision makers if.
1. Externalizing and understanding the decision
process would enhance communications.
2, It is desirable to remove bias.
3. It is desirable to obtain consistency (goal
congruence),
4, There are a number of decision makers (con-

sensus ).
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5. Several factors influence a decislion, and if
there were weights for each, these welghts
would provide a basis for ranking or selecting
alternatives, or

6. A routine decision making process exists for
which automated decision making would be bene-
ficlal (Jones, et al., 197641, 2).

This research directly involves R&D project-selection in i
which all of the above 1list existed. Once policy capturing
has been decided on as the ald to use, the following 17

steps are helpful.

1. Identify the problem (project-selection for AF
R&D Laboratory).

2. Determine (if) policy capturing would be a use-
ful tool for addressing the problem (review
the abtove six statements).

3. ldentify and define the decision(s) to be
modeled (6,2 and 6.3 project-selection).

4, Identify the judge(s) whose decision(s) will
be modeled (“anagers-Command Section, Staff,
Division, branch or DEPEMs, and Group or
AD}FOs ).

S. Identify the organizational structure as {t
relates to the judge(s) and to the decision(s)
being modeled (levels of management within the

laboratory).

36




10.

11,

13.

14,

Identify the factors which provide the judge(s)
the information needed to make decision(s)
(review actual work environment in which de-
cisions are to be made).

Form a set of variatles (cues) from the fac-
tors previously identified (Cost-Benefit Ratio,
Technical Merit, Resource Availability, Like-
lihood of Success, Time Period, and Air Force
Need),

select an appropriate response scale and data
collection procedure (graphical scale from -5
to +5 including zero for R&D project-selection
support in a decision making exercise). Notei
see Chapter 111 and Appendix A for further de-
tails,

specify the type of case to be presented (hy-
pothetical R&D projects).

select a statistical design to yleld desired
information (linear multiple regression).
Consider physical aspects of the case presen-
tation (similar to actual environment),

F'ilot test experimental procedure and refine
the experiment (pretest instruments).

Present cue data, collect responses and record
pertinent non-formal remarks (See Appendix G).

Formulate models (See Chapter IV),
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15. Cross vallidate and/or validate the model(s)
(See Chapter I111).

16, Investigate irregularities, diversities among
models and unresolved conflicts for judgement
or organizational policy implications (See
Chapter V),

17. Utilize model results with appropriate control
(use caution in the implementation phase),

(Jones, et al., 1976136)
As a result of these seventeen steps, the amount of consensus
is measured and the determination is made as to whether the
organization is operating in a goal congruent environment or
not,

Reagong for the Use of Modelg. The philosophy under-
lying the studies involved with modeling is that man fre-
Jquently relies on information that is probabilistic in nature
when making decisions concerning the state of his environ-
ment. The model represents man's inference about his envi-
ronment (HEeach, 1967:276).

The bigrest problem concerning models developed through
policy capturing is the difficulty in passing along the path
from theory or model to application (Conrath, 1973:873).
Dawes (1971) pointe out the question of how can a model based
on an i{ndividual's bvehavior do a better job of what the in-
dividual is trying to do than the individual himself? “The

answer, by its very nature, is an abstraction of the process

it models; hence, if the decision maker's behavior involves
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following valid principles but following them poorly, these

valid principles will be abstracted by the model-as long as
the deviations from these principles are not systematically
related to the variables the decisiorn maker is considering.”
The paramorphic representation, a term introduced by Hoffman
(1960) which means the mathematical representation of the
judgement process, would not be affected by extraneous vari-
ables such as fatigue, headaches, and boredom, Therefore,

if these extraneous variables are not related to the relevant
variables, then the model will attach the correct weights to
the relevant variables,

A second ma jor reason for the use of models is cost-
benefit analysis which was presented by Goldberg (1970) and
Dawes (1971). In both studies, the researchers proved that
the use of judremental models is inherently less costly than
the use of human judges due to the fact that the judges who
ware used to derive the models were free to perform other
activities after the models were formulated. Another reason
for the use of models {8 a method for determining the amount

of consensus within an organization such as this particular

research,
Decigjon Making lrocegg. before policy capturing can be

completely comprehended, a brief description of the decision
making process i{s presented., Goldberg (1968) depicted the
role of the human decision maker as that of a sclentist who
is discovering or identifying new cues which will improve

predictive accuracy and determining new procedures to combine
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factors in increasingly more optimal ways., However, the de-
cision maker often encounters numerous problems. Slovic and
Hoffman (1969) and Einhorn (1971) indicated that the general
problem is understanding the process by which the decision
maker combines information to make evaluative decislions.
Hoffman (1960) in the clinical judgement research restricted
the clinical evaluation of patients in the following manner:
(a) the information available was reduced to a common set of
variables, (b) the information was expressed in a number of
categorical responses, and (c) each variable satisfied the
properties of at least the ordinal scale,

Other problems are also in existence. In many cases,
the individuals who are to participate in the decision pro-
cess to determine a model for a decision situation, refuse
to take part which results in situations that are not able
to be modeled, Also, the models that are formulated are
quite different for each individual indicating very different
decision making processes, Finally, the evaluation model
that gsubjects feel they use is often quite different and
more complex than what they actually use (Huber, Sahney, and
Ford, 1969.:4E8). For example, equally attractive choices or
alternatives will lead to a random choice, and when the al-
ternatives are of similar total value and different in qual-
fties, the individual will choose with a probablility of near
50 percent (Slovic and Hoffman, 1969:7). Taylor and Wilsted

(1976) also state that attempts by decision makers to de-

scribe thelr policy are often inaccurate and overstated in
Lo




complexity,

Aside from the individual decision making process,

groups are considered in many instances of the decision mak-
ing process. Holloman and Hendrick (1972) in their study
offered evidence that the quality of decisions made by groups
was positively related to the amount and quality of inter-
action among the group members., Easically, the more inter- L

action the better the quality of the final decisions. Al-

though consensus was attained by the group, it was respon-
sible indirectly for the interaction due to the differences
; of opinion,
| Although group decisions appear to be better than those
| derived by individuals, problems do exist, Examples of the
problems in the interacting groups are as followsg:
1. Members of interacting groups often attempt
to influence others in proportion to their
self-perceived relative competence,
2. Dominant personalities often lead to dyfunc-
tional solutions.
3 Interacting groups require time and effort to
majintain themselves,
L, More resources are required to create an inter-
acting group than a nominal group.
(Huber and Delbecq, 19721163)
Another step {n the process of decision making is the

choices which involve certain amounts of risk., Myers and

Melcher (1969) indicate in their study of decision making
41




that there are four factors that underlie the choices of

various risk pairs., First, the number of alternative choices
must be considered whether there are few or many. Second,
the planning horizon is examined in relation to its length
(short or long). Third, the past success rate of commit-
ments is reviewed. Finally, the expected cost-revenue con-
sequences (high or low) affect the strategy of the decision
maker(s).

In summary, the span of absolute judgement and the span
of immediate memory impose certain restrictions or limita-
tions on the amount of information that an individual or
group of individuals can comprehend and process, Bruner,
Goodnow, and Austin (1956) note:

"Where the nature of a task imposes a

high degree of atrain on memory and in-

ference, the gtrategy used for coping

with the task will tend to be less con=-

ducive to cognitive strain. To put |t

in terms of an analogy., {f someone has

to move a heavy weight, there is ...

likelihood that the mover will have re-

course to strainreducing techniques for

carrying out his task."”
Also, individuals experience a definite recoding process with
information during the decision making process, The general
consensus among researchers is that this process is an order-
ly set of relationships (Miller, 1956195-96)., Therefore,
the declision making process can be simplified to the follow-
ing statement.

"The whole trick is to decide what

variables to look at and then to know

how)to add" (Dawes and Corrigan, 1974
105).
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Brunswik leng Model. The brunswik lens model is the

basic framework for conceptualizing decision making.

Brunswik (1956) was the originator of this model of the

Judgement process (bBeach, 1967:1276)., A number of other re-

searchers have used the Hrunswik lens model in their studies

(e.g., Beach, 1967, Jones, et al., 1976¢; Hursch, Hammond,

and Hursch, 1964; Naylor and Schenck, 1966 1974),

Stenson,
The basic idea is that the real world decisions have to be

made concerning the criterion without direct knowledge qf

that criterion. In general, factors (cues) are determined

and used to measure the criterion. The judges perceive,

weigh, and combine these cues in a marnner which is referred

to as the decision process., Slovic, Fischhoff, and

Lichtenstein (1977) feel that this process can be descrived

by the use of a linear regression equation. (Refer to

Linear Modelg and Multiple Regregsion, p. 45, for further

discussion.)

The model below (Figure 2-1) i{s divided into the envi-

ronment and the judge's action (Jjudgement or policy). The

terms of the model can be described as follows:

value of the ith cue

the actual value assigned to the criterion
by the Jjudge

the prediction about the judge's action

criterion in which the judge 13 interested

o the bast predicted value of the criterion
that can be achieved from the given cues
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The following

model:

The task of the
trate the realm

inference atout

cue welights for the judge (utilization
woignts)

optimal cue weights for determining actual
criterion

predicted cue weights for the judge

optimal cue welghts for prediction of judge's
action

correlation (environmental predictability)
that measures how well the model (of reality)
corresponds to reality

correlation (regponse predictability) that
measures how well the judge can be predicted
by his model

multiple regression equations hold for this

+ > +

elxl bez‘z L * benxn
+ + -

rs1x1 rﬁRxE * sn*n
+ > +

bglx1 ba‘,x‘1 PR bansn

drunswik lens model is essentially to pene-
of uncertainty and make the best intuitive
the environment,

The first use

of linear models dates back to the time of benjamin Pranklin

(1787) in which

an aid in decision making.

referred to as "

he developed a system that he could use as
His mathematical approach was

moral or prudential algebra.® In 1923,

Vice-Fresident Wallace proposed the use of a linear model on
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the corn judge by regressing his ratings of corn quality.
Again, thirty-seven years later, Hoffman (1960) proposed
that a linear model could represent expert judgements (Dawes
and Corrigan, 1974195, 100), Since that time, a number of
authors have concluded that linear models are good paramor-
phic representations or good at capturing the policy of
Judges (Beach, 1967 Christal, 1968; Dudycha and Naylor,
1966, Naylor, Dudycha, and schenck, 1967; Goldberg, 1968,
Hammond, Hursch, and Todd, 1964; Naylor and Schenck, 1966,
wherry and Naylor, 1966; and Brehmer, 1969), Slovic and
Lichtenstein (1971) and Slovic, Fischhoff, and Lichtenstein
(1977) contain extensive bibliographies.

There exist opposing views concerning linear models.
Many researchers have conducted studies with the use of lin-
ear and non-linear models, Hoffman (1960) determined that
the non-linear model multiple R was approximately five per-
cent higher than the multiple R of the linear model, How-
ever, conslidering the factors of chance, this increase with
the use of non-linear models was insignificant., Brehmer,
Kuylenstierna, and Lil jergren (1974) presented results which
indicated that the learning associated with a linear function
is much faster than non~linear functions. Also, these au-
thors noted that the rules extracted from the subjects'
Judgements were much higher for the linear hypotheses than
the non-linear hypotheses. Goldberg (1971) designed an ex-

periment to investigate five models-Linear, Conjunctive,

Dis junctive, Logarithmic, and Exponential. His results
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indicated that the linear model provided a better represen-

tation of the subjects' Jjudgements than any of the other
models,

The question often arises, "Why do linear models work?"
Dawes and Corrigan (1974) through their investigations have
determined that linear models work because of the following
reasons:

1. VFtredictor variables have conditionally monotone
relationships to the criteria. In other words,
the variables can be scaled in such a way that
higher values on each predict higher values on
the criterion, independently of the values of
the remaining variables.

2, There is error in the dependent varliable,

3. There is error in the independent variables.

bk, Deviations from optimal weightings do not make
much difference,

Through the successful predictive power of the linear model,
& new term, "bootstrapping,” appeared in the literature.
This term referred to the phenomenon that the linear model
of the judge often does a better job than the judge himself.

Another area of conflict in policy capturing is whether
to derive the model through the use of linear models with
the multiple regression technique or equal weights, Dawes
and Corrigan (1974), Cattin (1978), Keren and Newman (1978),
and Doran and Drasgow (1978) were all regearchers exploring

the use of multiple regression and equal weightas. Keren and
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Newman (1978) summarized the present research in the follow- :
ing manner:

1. Equal weights procedures can only be Jjustified
after application and occasionally equal
weights will be slightly better or equal to
multiple regression. lowever, the equal welight
technique does not have any explanatory power
beyond prediction,

2., The formal statistical properties of least
squares estimate are neither necessary nor
sufficient condition for "good" estimators.
There is not a specific criterion to use for
what is a good estimator, This decision will
te dependent upon the particular situation.

3. Just because multiple regression (with sum of
sequares estimation) does not always provide
the ldeal solution, it is rnot sufficient reason
to advocate the use of equal welights,

L, The main advantage of equal weights is ite
simplicity, However, the price that must be
paid for this property must be carefully eval-
uated,

As a result, multiple regression is still the primary eta-
tistical research method used.
Social Judgement Theory. Brunswik (1956) indicated with

the lens model that individuals rarely have direct access to

the distal state that they must judge., Instead, the
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environment provides the cues upon which the judge must base
his inferences, Social Jjudgement theorists have stressed
the need to consider the nature of the environment outside
of the laboratory. The objectives of Social Judgement
Theory(SJT) are as follows:
1, SJT is intended to be life relevant,
2. SJT is intended to be descriptive as opposed
to law-geeking,
3. Social judgement theorists are interested in
creating aids for human judgement particularly
for those formulating social policy.

(Hammond, Stewart, brehmer, and Steinmann,
19751276)

Social Jjudgement theorists refer to zone of ambiguity
which can Le descrived by five parameters: (a) the ecologi-
cal validity of each cue, (V) the form of the function be-
tween each cue and the distal variable, (c) the organizing
principle of the task, (d) the provabilism inherent in the
task, and (e) the extent to which the cues are intercorre-
lated (Hammond, Rohrbaugh, Numpower, and Adelman, 1977i14),
Variations in these parameters of the zone of ambiguity make
generalization about the real world difficult, Therefore,
social Judgement theorists attempt to incorporate the vari-
ations so that generalization can bte made.

Empirical regularities that were observed in the labor-
atory are also obgserved in the real world, SJT research has

indicated the following conclusions:
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1. People do not describe accurately and com-
pletely their judgemental policlies,

2. People are inconsistent in applying judgemental
policies.

3. Only a small number of cues are utillzed.

4, Understanding another's policy is very diffi-
cult when observing his/her judgements or lis-
tening to his/her explanation concerning them.

5. Cognitive aids can reduce conflict and increase
learning,

6. Linear, additive organizational principles are
oftern adequate to describe judgement processes,

(Hammond, et al., 19751304-305)

In summary, the researcher has presented in this chapter

a number of empirical studies involving measuring consensus
and goal congruence, One of the most guccessful methods of
measuring consensus was the Delphi technique, Specifically,
this study was concerried with R&D project-selection and the
literature indicated a number of models used in this type of
environment, The researcher's experiment deals with a newer
technique for determining consensus called policy capturing.
The next chapter shows the methods by which this technique
was employed to determine if consensus existed in a large

Mid-Western Air Force R&D laboratory.
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I1I. Regearch Metnodology

Jdentification of the Key Factorg

The ldentification of the predictive factors (cues) was
the ma jority of the effort in developing the instrument, G5ix
factors were determined that were most commonly used by the
management personnel in the R&4D project-selection decision
making environment, Doctors Michael J, Stahl and Adrain M,
Harrell conducted interviews with the management personnel
of the laboratory (Command Section through Branch Chiefs)
and took a congsensus of the factors used by these individuale
in the decision process. The resulting six factors were as
follows:

1) Cogt-ftenefit Ratio. A comparison of cost required to

complete this project with the advantages to be re-
ceived because of its successful completion is ... *

2) Technical Merjt., The extent to which this project

provides a new or better technical capability to the
AAT Porce 18 ... *

3) Resqurce Availability. The availability of the per-
sonnel, equipment, facilities, and other resources

needed to complete this project is .., *

4) Likelihgod of Juccaegg. The likelihood that this

® NOTEs Specific information about the relationships of
this attribute was provided here. The factors were di-
chotomous (either acceptable or excellent), Refer to the
Decision Making Exercise in Appendix A.
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project will achieve technical success, given its
planned time and resource constraints, is .., *

5) Time Feriod. The amount of time that is needed to
complete this project is ,., *

6) ALr Force Need. The degree to which it has been
establisnhed that an actual Air Force need for tech-
nical capatility provided by this project is ,,. *®

The basic construction of the instrument was concluded with

the determination of these six factors.

The Design of the Instrument ’
The instrument was intentionally designed to be very

simple. There were two sections included in the instrument,

The first consisted of demographic questions establishing

the individual's management level and particular division,

The second section, then, contained 32 decisions referring to

R&D project-selection., In addition, the second section was

used to determine an individual's policy throughout the de-

cision making exercise.

Decision Making Exercise

The decision making exercise consisted of a #-factorial,
orthogonally-designed, randomly arranged sequence of R&D
project-selection decisions, The same deeign was used for

the 6.2 and 6,3 programa, Each project-selection decision

® NOTE+ Specific information about the relationships of
this attribute was provided here. The factors were di-
chotomous (either acceptable or excellent), Refer to the
Decision Making Exercise in Appendix A.
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contained information about whether each predictor variable

(6 cues mentioned above) was rated acceptable or excellent
where acceptable means “"barely meets minimally acceptable
value or requirement,” and excellent means “"considerably
better than minimally acceptable value or requirement,”

Since there were six predictors (R&D project criteria) and
two states for each criteria (acceptable or excellent), there
ware 26 = 64 possible combinations to consider, However, to
minimize the length of the decision making exercise only a
4-factorial design was used which resulted in 32 different
projects, The combination of the 32 predictor variable vec-
tors for the projects was determined by a FORTRAN program de-
signed by Dr, Charles W, Mchichols, The program was designed
80 that the combinations generated would be relevant for ex-
amining interactions among the factors up to and including
five-way interactions. Appendix F lists the sequence of the
32 cue-value combinations,

The R&D project-selection decision consisted of the in-
dividual recommending approval or disapproval of funding for
the project., FEach of the 32 simulated projects were unique
in that a mathematically orthogonal vector was representative
of a particular project, Therefore, there was no correla-
tion among the predictors in the regression. Consequently,
the uniqueness of such an instrument allowed for the assur-
ance of a simple determination of the importance an individ-
ual placed on the 6 R&D project criteria. This simple deter-

mination was based on the subject's recommendation for the
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project, The final decision of the exercise required each
individual to distribute 100 points between the 6 cues. In
other words, each individual provided his subjective weights
for the cues,

After the !nstrument was desigried, a final step had to
be completed., This step was to validate the information ob-

tained with the use of the instrument,

Validation
Nunnally (1978) described three types of validity:

1) predictive validity, 2) content validity, and 3) construct

validity, Predictive validity is of importance when an in-
strument is used to determine some form of behavior that is
external to the instrument itself, Content validity “"depends
primarily on the adequacy with which a specified domain of
content is sampled* (Nunnally, 1978:91). Finally, construct
validity refers to measurement problems in basic research in
the behavioral sciences. GSince variables are used to explain
other variables, regearchers must be sure that each variable
measures what {t was purported to measure (Nunnally, 1978
87-94),

Reliability is another key term used in conjunction with
validation of an instrument, The ease with which the mea-
surement error places a limit on the amount of validity ex-
hibited, results in reliability being a necessary but not
sufficient condition, In addition, internal consistency is

a measure of importance. It is the estimate of the
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reliability based on the average correlation among the {tems
in the test (Nunnally, 1978.i212).

Validity is not an "all or none" concept; rather it is
usually an unending process. The result is an instrumernt
which is considered valid only to a matter of degree, The
following quote emphasizes the complex process of validation:

"There is no way to prove the valid-

ity of an instrument purely by appeal

to authority, deduction from a psy-

chological theory, or any type of

mathematical proof™ (Nunnally, 1978:87).
In many cases the validation process is simplified by numer-
ous assumptions.

The basic agsumption made by previous investigators is

that models formulated with policy capturing techniques are

similar to those formulated under natural Jjudgemental condi-

tions. 3Brown (1972) was the first to attempt to valldate
the experimental conditions model as a replacement for the
real life model. FBrown's research was instigated by
Hoffman's works (1960). The models developed by Hoffman
were in question because the judgemental task was different
in several ways from the Jjudgement with which radiologists
normally use. by changing the real life judgement into a
contrived one and sufficient altering of the conditions, the

resulting decisions are likely to be unrepresentative of the

decision making process of the original judgement, Therefore,
Hrown's research with the Los Angeles Suicide Prevention
Center reflected a very similar atmosphere between the simu-

lated situation and the real world environment, The results
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of the experiment indicated that the assumptions made by re-

gearchers in past investigations with respect to judgemental
modeling are correct, More specifically, the models devel-
oped from the contrived settings agreed closely with the
models developed from natural settings.

On the other hand, two research efforts, Ebbesen and
Koneeni (1975) and Phelps and Shanteau (1978), have concluded
that the models developed from natural settings are different
from those contrived from experimental conditions., The first
study by Ebbesen and Koneeni (1975) involved a construction
of a ball setting model for judges based on certain factors.
The results of the experiment indicated that there was a dif=-
ference between the controlled laboratory research and the
natural environment, However, one key point was overlooked
in this study. That is, the factors used in the simulated
experiment were not the same as those in the natural environ-
ment, For example, the severity of the crime was eliminated
from the contrived conditions but was noted as one of the
five key factors in the natural settings,

In the second study by Phelps and Shanteau (1978), a
gimilar error was made, The purpose of their research was
to derive a model for judging livestock (specifically,
#ilts). The results of the experiment again indicated a
difference between the natural and contrived models, The
error was that the conditions of the natural environment and
simulated environment were not very similar. Therefore,

both sets of results attained by these research efforts were

56



invalid because of the drastic differences noted betwec¢n the
two environments,
Therefore, as stated above, an extensive effort was ex-

erted in determining the factors to use in this decision

making exercise., Hased on the congensus among the manage-
ment personnel of the laboratory concerning the six cues, it
was assumed that the simulated KiD project-selection exercise
was similar to the actual RAD project-selection environment,

Due to the design of the policy capturing instrument, the

reliability or k2 for each individual, as well as group st.
was also calculated,

In summary, two key polnts concerning validation are as
follows:

1. Validation always requires empirical investigation.

2, An instrument is not validated, only the use to

which it is put,

Collection of the Empirjcal Data

Due to the difference btetween 6,2 and 6,3 programs, sep-
arate subpopulations of the laboratory received the decision
making exercise, however, thnere was some overlap within the
upper echelon of management, The 6.2 program management per-
gonnel consisted of the Command Section, Staff, Division
Chiefg, sranch Chiefs, and Group lLeaders. On the other hand,
the 6,3 program manarsement personnel included individuals in
the Command Section, Staff, Division, DEFEMs, and ADPOs,

There were 120 and 49 R&D project-selection decision making
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exercise packages distributed by name to the management per=-

sonnel respectively in the ¢.2? and 6,3 programs. In the
package a return envelope was enclosed for the individual's
convenience, For the returned exercise to be considered
useable, each R&D project-selection decision had to be com-
pleted, The return rate was 58% for the 0.2 project managers

and 69% for the 6.3 project managers,

Coding of the Data

Upon return of the decision making exercises, the data
were then coded onto a gtandard Ib¥ card for each individual.
The format used is shown in Appendix G. In addition, a sep-
arate listing was maintained for those individuals requesting
feedback, An example of the lLetter used to assign the codes
and the compiled information sheet are included in Appendix

w

Lo

Regtructuring of the Data for Rer

Two problem areas were encountered due to horizontal
format uged in coding the data. Pirst, the regression algo-
rithm available to the researcher required that the regres-
sion variables to read line by line. This regression algo-
rithe was the Statistical lackage for sSocial scienceg(SksS)
by Nie, Hull, Jenkins, Steinbrenner, and bent (1978). The
second problem area was that the predictor variables were
not associated with the specific decisions of the individuals.
Therefore, another FURTRAN program, designed by Dr. Charles

W, McNichola, had to be used to eliminate these problem
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areas., This program computed each of the individual's st.

Beta Weights, and Relative Welghts as well as providing for
the option of storing the information on tape. After the
information was stored, the overall and group regression
models were formulated, (See Appendix C for the FORTRAN

program, )

Prelimirary Checkg on the Data

Iwo F-tests, one for the simple model and one for the
interactive model, were constructed and solved for Rz. The
regpective st found were the minimum values for which an R%
was considered statistically significant, If any individual
in the simple model calculations or interactive model calcu-
lations had an H2 of less than the calculated model st. then
the individual‘'s model was considered unuseable for data
analyses., In egsence, this test was used to measure the in-
ternal consistency of the instrument,

After the minimum acceptable values of the simple and
interactive model R?s were calculated, arnother test was con-
ducted in order to determine whether or rnot the iInteractive

model was significantly greater than the simple model for

that particular individual. Equation E-3 in Appendix b was

/\
used to calculate the (.2 .2 . Appendix E also includes
W~
the basic structure of the two models and the other equations

used for the above calculations.

Data Analygis Frocedureg
The Aeronautical Systems Division CDC 6600 CYBRE 70
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Computer was used for all the data analysis including the

preliminary checks discussed above, The specific types of
analysis used for this study were regression, frequencies,
F-test, and t-test,

The regression analysis was baused on the sum of squares
technique. tach group analyzed had the same forced fit re-
grescion model, so that the factors were common to the dif-
ferent groups. This in turn simplified the comparison pro-

cess, The output of the regression analysis was as follows:

b= (X'X)"! xvy (3-1)
where

b is a column vector of standardized regres-
sion coefficlents (beta weights).

X {5 the standardized matrix of all the values
of the orthogonal cues in the decision mak-
ing exercise,

-

is the standardized column vector of the in-
dividual decision responses,

(McNichols, 1978:4-27)
After the beta welghts were calculated, the relative
weights were computed for the overall and group models by the
uge of the following equation,

)2

i ! (for orthogonal (3-2)
2 predictor variables)

where

Rw1 is the relative weight for a particular
factor,

bi is the beta weight for a particular factor,
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o
R® 18 the measure of consistency.
(Hoffman, 19601120-121)

NOTEs The regression welghts were all relative
welghta,

The comparisons and hypotheses tests were conducted with ref-
erence to the specific relative weights of the factors in
each of the individual and group regression runs (Ward, 1962,
and Jones, et al., 1976).

The Chow's F-test was applied to determine if the model
formulated for one group was statistically different from
those of another group. The general structure of the test
equation was as follows:

e SSg* - JJhJ/((p-l)(k'l))

. (3-3)
JJEJ/(n-p(X'1))

Fp=1)(k+1), n-p(k+1)
where

53, * is obtained from a regression accom-
plished with all of the data combined.

5551 is the error sum of squares from the re-

gression analysis accomplished with the

Jth subset of the data,.

n is the number of decisions.
k is the number of factors.
p is the number of subpopulations,
(McNichols, 1978i4-56)
Figure 3-1 indicates the various regression runs accomplished.

The pnull hypothegig for the test was that there was no
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significant difference between the models formulated for the
different groups. The re jection of the null hypothesis, for
purposes of this study, indicated that the groups were sta-
tistically different in the decision making process used to

select the R&D projects. All calculations were based on the

.05 level of significance, In addition, frequency runs were
generated to produce various statistical information. Six
paired sample t-tests were used to determine if the individ-
ual subjective weights differed from the regression welghts
for any of the six cues. A two sample t-test was used to
determine which of the specific factors introduced differ-
ences among the groups, and also, to determine if the model
formulated for the ©.2 program differed statistically from

the model formulated for the 6,3 program.
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IV. Regultg

The analysis of the data is provided in this chapter.
Each of the eight hypotheses mentioned in Chapter I (pg. 5)
were explicitly examined with respect to the 6.2 and 6.3

programs when applicable.

Interna] Congigtency

Internal conslatency(kﬁ) was used as a reliability mea-
sure of this policy capturing technique. McNichols' FURTKAN
program (Appendix C) was used to obtain an R2 for each indi-

vidual. This program was used to derive the R?

8 for the in-
dividuals in the 6,2 program, simple and interactive models,
as well as the 6,3 program {ndividuals, simple and inter-
active models., The results are listed in Appendix D. Table
I lists the minimum R° values that were calculated for the

gimple and interactive models.

TABLE 1

Minimum Values of R2 (Calculated for the
Simple and Interactive Models)

Simple Model Interactive
Program > >
R~ Model RI
2
6.2 and 6,3* L 376 .853

o
® The values of Ri and R} were identical for each program be-

cause the same declision making exercise was uged for both
programs, kEquations -1 and B-2 were used to calculate the

respective Rzn (Appendix B).
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All of the individuals in the 0.2 and ¢.3 programs had sig-
nificant R® values for the simple model. However, approxi-
mately 7.2% of the individuals in the 6.2 program and 3.2%
of the individuals in the 6.3 program had interactive models
that could not be considered statistically different from

zero at the ,05 significance level. Table Il indicates the

average Rza of the individuals in the 6.2 and 6.3 progranms

for the simple and interactive models,

TASBLE 11

2

Average Individual K° Values

Simple Model Interactive

2 2
Be Model RI
-~

.826 . 930

. Bhs « 941

In addition, approximately 63% of the simple model st

for the 6,2 program and 65% of the simple model st for the
6.3 program were greater than .80, 0OUn the other hand, 96%
of the 6.2 program and 100% of the 6.3 program st for the
interactive model were greater than ,80. These very high
R?s indicate that the information provided by the cues was
used consistently by the individuals in the policy capturing
exercise, In summary, review FPigures 4-1 and 4-2,
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Hypothesis #1
H1s lManapgers combine the K&D project-selection
criteria in esgentially a linear fashion
while rendering a judgement.

Equation B-3 in Appendix B was used to determine if the
simple or the interactive model was significant for each in-
dividual., Approximately 8,7% of the individuals in the 6.2
program and 6,5% of the individuals in the 6,3 program had
an interactive model that accounted for significantly more
variance than the simple model. Therefore, the simple model
was used for the remaining data analysis. (KRefer to Appendix
D for the compiled listing of the results for this calcu-

lation, )

Hypothegig #2

H2s The averare individual manager's R

. (ﬁz) is

nhigher than the st ¢f the different levels
0of management

" 2 e 2 2 2 2
(R™ > Rpg > Rg > Rp > Ry, > Ry > Ryl
CS = Command Section
o = Staff
D = Divigion
B = Lranch
» = Group
ot = Entire Laboratory

This hypothesis was applicable to the 6.2 program in-
dividuals., Table II]l indicates the compiled results., The
results although different than those hypothesized were not
surprising due to the number of the staff section personnel
who indicated on the instrument that they were assigned to
the section because of an established job rotation program,

Therefore, the low R2 was indicative of the circumstances.
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TAbBLE 111

-

R Values

Co - D b G Tot

.826 . 794 « 534 .558 « 567 468 .510

-
In summary, the R® values were as high as compared to other

research efforts with similar policy capturing exercises.

iypothegig #3
H3s ~anagers incorporate available information in
their R&D project-selection decisions by uti-
lizing the selected R&D factors in the R&D
project-selection decision process,

The six factors listed in Chapter Il (pgs. 51-52) were
tested to see if each wag used by managers of the 6.2 and 6,3
programs in making their decisions, The results for the 6.2
and 6,3 programs are listed in Table IV,

The high values of t in Table IV were very positive in-
dicators that all six factors were used by the managers in

both the 6.2 and 6.3 project-selection decisions. Therefore,

all six factors were used in the data analyeis.

H!Echeﬁl “' E_‘_‘_ Ly

Hés Each manaser places the same relative weight
upon the criteria used for R&D oject-gelec-
tion decisions., (Judgement policies are homo-
geneous amons all managers.)

The Chow's F-test wag used to determine if the Jjudgement
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TRBLE 1V

T-Test of Factor Utilization by Nanagers
of the 6,2 and 6,3 Frojects

6.2 Froject Managers

Mean Regregsion

Factor Kelative Weight Variance -
Cost-Henefit 089 010 73.929
Ratio . . .
Technical q e
Merit . 2806 . 046 51,646
Resource -
Availability . 065 .008 67.491
Likelihood of .

success - 056 . 003} 155.057
Time . . ’
Period . 028 . 001 232.585
Air Porce o ,

Need 475 . 054 73,068

H «+ The regression relative welghts for each of the six
factors are not statistically different than zero.

Re Ject Ho if ¢ = ta,, at the ,05 level of significance,

t $sa anc ® 1P

n-1,a/2 "

6,3 broject Yanagers

Yean Regression

Factor Relative Weight Variance t
Cost=llenefit ” .
¥atlo 123 . 011 62.258
Fechnical a3

Merit « 295 . 040 34.103
Regource

Availability - 065 . 005 72,381



TABLE 1V (cont,)

T-Test of Factor Utilization by Managers
of the 6.2 and 6,3 Projects

6,3 Froj)ect Managers

¥ean Kegression

Factor Relative Weight Variance t
%1kelihood of . 061 . 006 56,606
Success

Time 049 003 90,940
Feriod g - .
Air Force 457 . 039 65,243

Need

H_ 1 The regression relative weights for each of the six
factors are not statistically different than zero.

Re ject Hy if ¢ = t /o &' the .05 level of significance.

/&

thel,a/2 ® %30,.025 = 1490

policies were homogeneous among all managers, The test was
bagsed on the sum of squares error associated with each indi-
vidual model and the sum of squares error which resulted
from the entire lavoratory resression model, The results
indicated that at leaagt one manager's model in the 6.2 and
6.3 projects differea from the remainder of the managers in
the respective programs. The largest difference was noted
with respect to the manager's relative weight of Technical
Merit and Air Force Need. Therefore, the models formulated

bty the managers were not homogeneoua in either the 6.2 or
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6.3 projects.

Hypothegig #9%

H5s Each manasement level places the same relative
weipght upon the criteria used for R&D project-
gselection decisions, (Homogenelity exists
among the levels of management,)

The resulting regression models for the management lev-
els are listed in Table V for the 6,2 projects and Table VI
for the 6.) projects. The Chow's F-test was used to deter-
mine if homoseneity existed among the management levels of
the respective projects,

The models formulated for the 6,2 project management
levels were essentially the same, Un the other hand, the
models formulated for the 6.3 project management levels were
determined to be statistically different,

A mean difference t-test was used to determine where
the differences among the management levels for the 6,3 pro-
Jects occurred. Aprroximately 86% of the Regression Weight
for the model formulated was accounted for by three factors
(Cost-kenefit Ratio, Technical Merit, and Air Porce Need).
Therefore, these factors were reviewed in more detail. The
results are listed in Table VII,

The results in Table VII indicated that the Staff and
ADFO management levels were the same while the other manage-
ment level comparisons were different with respect to Cost-
Benefit Ratio., Technical Merit caused the most differences

among all management levels., Alr Force Need, on the other

hand, resulted in 50% of the management level comparison
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TABLE VII

Comparisons of the Management Level Models
With Respect to the Factors (6.3 Frojects)

FPactors
{23:§Zmigzng Cost~Benefit ?ecﬁnical Air Force
Compared Ratio Merit Need
Com Sec/Staff DIFP DIFF SANE
Com Sec/Division DIFF SAME DIFF
Com Sec/DEFPEM DIFF DIFF DIFP
Com Sec/ADFO DIFF DIFF DIFF
Staff/Division DIFF DIFF SANE &
Staff/DEFEN DIFF DIFF DIFF
Staff/ADFO SAME DIFF SAME
Diviston/DEFEN DIFF DIFF SANE
Division/ADFU DIFF DIFF SANE
DEPEM/ADFO DIFF DIFF DIFF

SAME indicates

ferent with respect to that particular factor.

DIFF indicates

that the models were not statistically dif-

that the models were statistically different
with respect to that particular factor at the .05 level
of significance,

Com Sec = Command Section




being considered statistically different. (See Appendix I

for the t-test results,)

typothegly #©
H6s Each division places the same relative welight
upon the criteria used for K&D project-selec-
tion declisions, (Homogeneity exists among
the divisions,)

The resulting regression models for the different di-
visions are listed in Table VIII for the 6.2 projects and
Table IX for the 6.3 projects, Again, the Chow's P-test was
used to determine if homogenelty existed among the divisions
of the respective projects.

For both the 6,2 and 6.3 projects, the F-test indicated
that the models formulated for the divisions were different.
Afain, a mean difference t-test was used to determine the
specific division differences. Approximately B4% of the 6,2
project models was accounted for with two factors (Technical
Merit and Air Force Need). The results for these factors are
ligsted in Table X. 0Un the other hand, approximately B88% of
the 6.3 project models was accounted for with three factors
(Cost-Henafit Ratio, Technical Merit, and Alr Porce Need).
Table XI lists the results., The other factors not consldered
in this digscussion accounted for less than 12-16% of the
overall model.

The results of Table X indicated that the divisions
were completely different with respect to Technical Merit
and Air Porce Need. No combination of divisions was the

same for either factor., The results of Table XI indicated
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TABLE X

Comparisons of the Division Models
With Respect to the Factors (6.2 lrojects)

Factors
Divisions Technical Air Force
Seing Compared Merit Need
FX/PG DIFF DIFF
FX/FE DIFF DIFF
FX/PB DIFF DIFF
FG/FE DIFF DIFF
FG/FB DIFF DIFF
FE/FB DIFF DIFF

DIFF indicates that the models were statistically different
with respect to that particular factor at the .05 level
of significance.




"“"""""“"""""""""""""""""""""""'!!!!I!!!!!!!!!!!!l‘

TABLE X1

Comparisons of the Division lLevel Nodels
With Respect to the Factors (6.3 Projects)

Factors
221;§1°“° iost-:enefit Tecrnical Air Force
Compared atio Nerit Need
FX/FG DIFF DIFF DIFF
FX/FE DIFF DIFF DIFF
FX/F & DIFF DIFF DIFF
FG/FE DIFF DIFP SANE
FG/FE SAME DIFF DIFF
FE/FB DIFF DIFP DIFF

SAME indicates that the models were not statistically dif-
ferent with respect to that particular factor,

DIFF indicates that the models were statistically different
with respect to that particular factor at the .05 level
of significance.

NOTEs+ Division Fl was eliminated from the calculations be-
cause only one individual completed the instrument,
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that Divisions P35 and FB were statistically the same with
respect to Cost-Benefit Ratio. For Air Force Need, Divi-
slons FC and F& were the same., All division combinations
for Technical Merit were considered statistically different
at the .09 significance level. Division FI was eliminated
from these calculations because only one individual com-
pleted the instrument, (See Appendix I for the t-test re-

sults for both projects.)

Hypothesis #7
H7:+ Managers accurately specify the relative
weights they place upon the criteria used to
render the R&4D project-selection decisions,

The individual subjective weights and regression weights
were compared by using a paired sample t-test, Table XII
indicates the results of the 6.2 project and Table XIII the
results of the 6.3 project,

The 6.2 project managers' subjective weights were sta-
tistically different from the regression welghts for each
of the factors. The regression models formulated implied
that the managers actually use a different model than they
perceive.

As noted with the 6.2 project managers, the 0.) project
managers' sub jective waights were statistically different
frow the rersression weights, The 6.3 project managers also
use models for the selection of their projects that are dif-
ferent than they perceive. (.ee Appendix H for the calcu-
lation of the difference between the gsubjective and regres-

sion weights,)
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TABLE X11

Comparison of Individual _Jubjective
and Repression Relative Weights (€.2 lroject)

Factor t

Cost-benefit Katio 6.896
Technical Merit -2.858
Resource Availability 7:075
Likelihood of Success 11285
Time Period 5.447
Air Porce heed -8, 384

Hou Hg T MR *® 0 where pu . = subjective Weight and
by = Regression Kelative Welght

Re Ject ”o t /o 8t the .05 level of significance,

Hypothegis ¢8
HB8s Nanagers of the 6,2 and 0,3 projects place

the same relative weight upon the criteria
used for R&D project-selection decisions,
(Homoreneity exists among the 6.2 and 6.3
managers, )
A difference between means t-test was used to determine
the existence of homogeneity between the managers of 6,2 and
6.3 projects., Table XIV shows the tabulated results of this

test,

The results in Table XIV indicate that Time Period was
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TABLE XII1I]

Comparison of Individual Jubgective

and Regression Relative wWeights (6.3 Froject)

Factor t

Cost-Henefit Ratlo 3. 283
Technical Merit -2,802
Resource Availablility L,825
Likelihood of Success 5.419
Time FPeriod 4,383
Air Force Need -0,190

Wb e ™ Bg * 0 where p. = Subjective Weight and
2 [}

up = Regression Relative Weight
Re ject Ho 5 i ty/2 at the .05 level of significance,

= 2,048

th-1,a/2 ® %28,.025

the only factor in which the 6.2 and 6,3 project models sta-
tistically differed. However, this conclusion could be mis-
leading because this factor only accounts for a weight of
2.8% in the 6.2 project model and %,9% in the 6,3 project
model. Since this factor also has such a small variance in
each case, the probability of concluding a significant dif-
ference was very high, Therefore, the difference in Time
Period between the 6,2 and 6,3 projects would not be con-

sidered substantial. As a result the 6.2 and 6,3 project
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summary

The scope of this study was to investigate the possi-
bility of using the policy capturing technique to model in-
dividual members of a large “vid-wWestern Air Force R&D Lavu-
oratory and determine if consensus existed among the levels
of management and the divisions within the laboratory. In
80 doing, elght specific hypotheses were investigated:
first, to apply the policy capturing technique and determine
if the models were linear; second, to see if internal con-
sistency (Rz) has any set pattern among the different man-
agement levels; third, to determine if each manager uses all
available information in rendering a decision; fourth, to
determine if all manarers place the same weight upon the
factors) fifth, to determine if each management level places
the same weight upon the factors; sixth, to determine if each
division places the same welght upon the factors; seventh,
to measure the accuracy of an individual manager's subjective
welght (distribution of 100 points over the six cues) as
orposed to the regression welght (calculated relative weight
for the six cues as a result of the decisions); and eighth,
to determine if the managers of the 6,2 project formulate
the same models as those managers of the 6.3 project,

Methodglogy. Of utmost importance was the identifica-

tion procees of the factors to be used in the instrument.
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Through interviews by Drs. M.J. 5tah]l and Adrian M, Harrell
with the laboratory managers, six factors were determined as
the most important for the RLD project-selection decision
making process. These factors were: 1) Cost-Benefit Ratiog
2) Technical Merit; 3) Resource Availatility; &) Likelikood
of Successy 5) Time leriod; and, &) Air Force Need. A $§-
factorial, orthogonally desifned instrument was used with
these factors representing the informational cues in the de-
cision making exercise.

A total of 32 different K&D projects were rated with re-
gard to approval or disapproval of the project for funding,
Through the rating process of the project, the weirhtg that
each individual associated with the six factors were cap-
tured. Welght refers to the importance an individual places
on that particular cue.

Kesults., The high internal consistency (RZ) values were
a positive indication of the successful use of the policy
capturing technique in formulating the models for the indi-
vidual managers. Approximately 63% of the simple model st
for the 6.2 project and ¢5% of the simple model st for the
6.3 project were greater than .80, None of the individual
simple models were eliminated from the study for either the
€.2 or 6,3 yrojects, The interactive model added very little

to the analysis.

>
The R° values for the 6,2 project management levels did
not have the set pattern as suspected; however, the R2 values ‘

for the groups were as high as those of similar research
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efforts,

It was determined that all six factors that made up the
decision making exercise were used by the individuals of the
6.2 and 6.3 projects. The t-values were indicative of the
high significance associated with each factor. However, each
individual manager did not weight the factors the same in
either the 6.2 or 6.3 projects,

In the group comparisons, it was found that the 6,2
project management levels weighted all of the factors sta-
tistically the same, whereas the ¢,3 project management lev-
els weighted the factors statistically different, The key
interest factors were Cost-Benefit Ratlo, Technical Merit,
and Ailr Force Need. Differences were noted among the man-
agement levels in relation to Cost-Benefit Ratio, Technical
Merit, and Air Force Need. The other factors were not con-
sidered due to the small percent of the model accounted for
by them,

The 6,2 project division level models were determined
to be statistically different, The largest differences were
noted with respect to Technical Merit and Air Force Need.
The 6.3 project division models were also statistically dif-
ferent with respect to Cost-Benefit Ratio, Technical Merit,
and Air Force Need as the major contributors, Again, the
factors elimirnated from the above discussion accounted for
very little percent of the model,

The comparison of the individual subjective weights and

regression welghts resulted in significant differences among
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the individual managers of both the 6.2 and 6.3 projects.
This indicated that the managers as a whole were unable to
correctly specify the models they used in R&D project-selec-
tion.

Finally, the average individual manager models of both
the 6.2 and 6,3 projects were compared. The results indi-

cated that the models were statistically the same.

Conclugion

The results of this study were suypportive of policy
capturing as a technique capavle of modeling individual man-
agers' responses in an R&%D project-selection decision making
exercise, All of the informational cues were used by the
managers and were distinguishable across the management lev-
els and divisions of the 6.2 and 6.3 projects.

The two most important conclusions were that there wes
not a consensus in the decision making process among the man-
agers of the management levels of the 6.3 project, or the
managers in the divisions of the 6.2 and 6,3 projects., Also,
the managers of both projects did not use a decision making
procass exactly the same as that which they percelived,

Recommendations for Further Regearch. To attain more

of a consensus within the laboratory, if laboratory manage-
ment deems that advisalle, a follow on research effort would
be sugrested, This effort would introduce the technique

known as Delphi discussed extensively in Chapter 11, Brief-

ly, a desired decision making model should be made available
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to the individual managers. An instrument similar to this
one should be circulated to them. Then, the individual

models should be formulated and the data analyzed, If this
process is completed at least twice, a change should result
in that the more recently formulated models should then re-

semble the publicized models.
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APPENDIX A

The Instrument

The cover letters, instructions, and demographic ques-
tions for 6,2 and 6,3 projects are included in this appendix
followed by the R&D project-selection decision making ex-

ercise., The actual decision making section was used for the

6.2 and 6,3 projects.
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Ofice of the ( ommander

SUBJECT:

TO:

DERPARTMENTY QOF THE AIR FORCE

AR FORCE FLIiUMT DYNAMILS LABORATOAY
WHR O LHT-PATTEHRSON A M FLURCE BALE, UMIO 4%4))

30 Mar 79

R&D Project-Selection Decision Making Exercise

AFFDL Managcement Personnel

1. R&D project decision making {s a complex function. Many methods
have been tried to provide a systematic approach to programming and
budgeting. Recently, Capt Stahl from AFIT described a new decision
model ing process called policy capturing which {s based upon 1ntorma-
tion obtained from the decision makers themselves. I have asked Capt
Stahl and one of his students, Capt Brooks, to devise such a model
for AFFDL. You can provide the information they neced by completing
the attached "instrument." But first, a brief explanation. Making
decisions to accept or to turn down a proposed RSD propram {nvolves

a combination of factors and judgements based upon expectations

which cannot be verified at the time. The uncertainty surrounding
these decisions {s not unique to R&D. For example, supervisors

must make decisions about promotions and hiring, and loan officials
in banks must recommend acceptance or denfal of loan applications.
Policy cepturing was devised and applied with success {n determining
the relative fmportance of the key factors used for promotions and
making loans by certain organizations. The possibility for using
policy capturing as a tool to better understand RS&D program decision
making 1s belng explored with this exercise.

2. The measurcments will be based on an AFIT-developed decision
making exercise (instrument) that takes approximately 15 minutes to
complete. Using data already obtained from laboratory managers, the
exercise was designed specitically for management personnel whose
posfition requires R&D program selection decision making. The exer-
cise 1s composed of two parts. he first part of the exercise
requires you to fdentify your level of management so that decision
models may be formulated for these levels. The second part {nvolves
32 management decisions. Each decision should be answered with your
best opinion.

3. Your participation is strictly voluntary. If you put your name
on the exercise, you will be provided the decision model formulated
from your responses. A specific coding system will be used to
fdentify the decision models and the thesis student and his advisor
will be the only ones who know the code.
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4. When you have completed the exercise, place it in the addressed
envelope provided and drop it into base matl. A high response rate is
needed to bufld a representative decision model. Thank you for your
response.

(//“///f, 1 Atch

H 1. COLLIER Questionnaire
puty Director
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. r——

A FROJECT=3T . 2CTINI TES2EUL LALING SAERC1SE
POR CADASEELNT FERZONEL I TAE
AR FORZSE FLISal SINANICS LAZCRATLAY
813 13 30T & S TiTl AiZa: <t 18 a pro_e:t-selection decision

makine exercise %5 .nvestigste "Ow rarasers vare certain ¢, project-
selection declisicns. The data collected will support a research effort

requested by the ATFIL and s vaster's thesis at tne Air Force Institute of

Technoloe dut j will =g ka senXiZind in thg firgl Eatars. .our

cooreration is, trerefore, sinierel; requestec, LUl injput to this researcn

will be kept strictly gg-li<antiy

The exercise i3 divided into teo sectiors. -ectizn I involves two
questiong referring to sour orgari:ational level and _ection .{ involves

Froject-gselection decisiors with resgect t0 severa., atiritutes. {rere

are no “correct” or Tincorrect” arseers 30 picase resjord as candldly as

possible., Tre irforration provided t; sou ard other respordents will be

combined to statisticall/ test r_ potheses atout how [(nformation (s used

Oy Taragement jpersorrel ir ire ATTLL Y2 race certain project-selectlion

decisions, The Lns'rumert ajrears to te lergthy, however, we are only

asking you to mare 12 decisions.

¢ you woull like o receive (nformation atout your overill response
a8 covpared with those of yourl conterporaries. piease print your name ard
address in the svace jrovided at tre erd of t-e exer:iae. A sunmary come
parison will te =alled *o you in zonf{.Jdence aflter compietion of the study

Y3

(septester 1975
Flease return your comspleted exercise to AFIT/Cis (Capt. arocks,) via
tase distridbution., A Teturn enve.ope is enclosed for your convenience.

Thanxk you.
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Flease indicate your orvani:zatioral

arprorriate

——
—_—

{0 CRIZALIZATIONAL

space provided.

Command Section(cCC, CO,
Staf?f

Oivision 0ffice

3ranch

Jroup

<L VEL

level by checking thre

CA)

Flease check j,our two letter divisional symool

FA
rc
FE

F3
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DEPARTMENT OF THE AIR FORCE

AR FORCE FLIGHT DYNAMICS LABONATOMY
WRIGHT-PATTERSON AR FOUNCE BASE, OriO e34))

Office o] ibe Commander

16 MAY 1979

SUBJECT: 6.3 Project Selection Policy

TO: AFFDL Management Personnel

1. Recently, some of the management personnel within AFFOL partici-
pated In a rescarch etffort sponsored by Capt Stahl and one of his
thesis students, Capt Brooks, from AFIT. Thtis study has {nvolwved
the use of a new decisfon making process called "policy capturing.”
With the completion of phase I of the study we determined that AFFDL
managers probably use a simple decision making model for the pro-
Ject-selection of 6.2 programs. The results so far have indicated
that there s no ditference {n the models among the management levels
(Command Section, Staft, Division, Branch, and Croup); however, there
was a significant difference in the models among the specific divi-
sions (FX, FG, FE, and FB). The second and final phase of this
research {nvolves tormulating models for 6.3 projects. You can pro-
vide the {nformation needed by completing the attached exercise or
{instrument.

2. The decision making exercise is very similar to the form used

for 6.2 projects. The exercise is composed of two parts. The first
part of the exercise requires you to fdentify your level of management
80 that decision models may be formulated for these levels. The
second part involves 32 management decisions. Each decision should be
answered with your best opinfon.

_ 3. Your participation {s strictly voluntary. If you put your name on
the exercise, vou will be provided the deciston model formulated from
your responses. Your model fdentiffcation will remain completely

anonymous to other {ndividuals In the AFFDL.

4. When you have completed the exercise, place it in the addressed
envelope provided and drop it into base mail. [ am especially inter-
ested in Phase [l due to the significant results provided thus far by
Phase 1. Thank you for your response.

7 //’/f
A arars ;
SITH 1. COLLIER 1 Atch |
Deputy Director Decision Making Exercise
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A PROJECT-LE e CTIUN DECILIUN MAKING EAEKCISE

PUR MANAGEMEANT FeRoUNNE L [N Tne

AIR FUKCE FLIGHT DINAMICS LABUKRATUKY

Il 15 NOT A QUELTIUNNALRE. It 1s a pro)ect-selection decision
making exercise to Investisate how managsers makre certain 6,3 project-
selection decisjons. The data colilected will support a research effort
requested by the AFFDUL arnd a master's thesis at the Air Force lInstitute of
Technology, but you will not be fdentified in the final feport. Your
cooperation is, therefore, sincerely requested. Your input to thle research
will be kept strictly confliental.

The exercise ls divited intu two sections. osection | involves two
questions referrins to ,our oreanizational level and Lection Il involves
project-select.on decisions witlh respect to several atirivutes, There
are no “correct” or “inccorrect® arswers so please respord as candidly as
poseible. The information provided by you and other respondents will be
combined to statistically test hypotheses about how informatior. is used
Dy maragement jpersornel irn the AFFUL to make certain project-selection
decleione. The Instrument appears 'o be lergthy, however, we are only
agking you to make )2 declsione.

ALL ZXANMFLE PRUJECTS AKE 6.3 FPRUJECTS

If you would lixe to recelive irforgation about your overall response

a8 compared with those of your contesjoraries, please print your namze and
address in tre space prov.ded at the end of the exercise. A summary com-
parieor will te malied to y u in confidence after cozplietion of the study
(Septemner 1979¢).

Flease return your completed exercise to AFIT/ENS (Capt. Brooks) via

base distribution. A return envelope is enclosed for your convenience.
Thank you.
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I. ORGANIZATIONAL lEvel

Flease indicate your organizational level by checking the
appropriate space provided,
— Command Section(iC, CD, CA)
——— BEALT
— Division Office
— DElem

ADFU

Please check your two letter divisional symbol, if applicable:
FX
FG
Ft

FB
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FRIVA Y STATEMENT

In accordance with jparagraph JO, AFK 12-)9%, the following inforsation
is provided as required by thne Frivacy Act of 1974,

a. Authority
(1) & U.5.C. 301, [ejartzental Kegulations: and/or
(2) 10 U.5.C. H0-12, jecretary of the A{r Force, Powerp and
Duties, Delepation by.

b. Principal purposes. The survey is being corducted to collect
information to be used In research aimed at illuminating and providing
inputs to the solution of problems of interest to the Air Porce and/or
DOD.

€. Routing Uses. Thre survey data will be converted to information
for use in research of maragement re.ate! proviezs. HKesults of the research
based on the data provided, will te included {n written Master's thesis
and may also be included in puolished articles, reports, or texts. Distri-
bution of the results of the research, based orn the survey data, whether
in written fors or orally presented, will be unlimited.

d. Participation in thle survey is entirely voluniary,

e. No adverse action of any xind cay be taken against an individual

who elects to participate in any or all of thie survey.
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vy . T =3 .,y amm oy o w = apny e - - .
P FAICvoL l®acalv s av it LWl vwadiwnr AL 153 BASRCLISE L3 RUCTII03

This sec:lon consists of a pro‘ect-selec2ion decision making ex-
ercise. Turing the exercize, ou sn 11 assume trat Jou are responsivle
for recommendinz or disavproving rro ects. che only real differerces {n
these Droects are the extent 3 w'ich six <ey attritutes are irvolved
with each of the projects, Assume the projects do not differ on atrer
attridutes,

These six atiributes are descriced as ADZLUATI or Zalriioul. For
trlt ex rc&so ACTINATSE akang "BARZLZ 2273 alaiadadd a,__.‘A‘.- TALLE R
2EIUIRE Rt T WEKRE “CLLolITERAALY B3 AN A NLKALLL ACCEFTe
A-.. @IJUIREENT.® A sample project is shown below,

FROJECT 0

Yvaewa *

we_.Q3t=cenefiy 2310 A compariscn of the costs reguired to
. A ‘

complete thls rro ect ~ith tre aidvartases to be received
Secause of its successful COoRPIOION 8 (.ovwesvoconnensnance ‘_,e;:f.:
inforcation
==lgChricsl “eri%. The extent to which this project grovides acout the
@ New Or telter technical capaoility to the Air Force is .... relation-
ship of
The avaflatility af the perfscnnel, 1Trese
and other resources reeced 0 attiritutes
AE inad RN BRSNS e N CRTIE GBSO e
ainimally
1 5 Tre likelihood that this project acceptabdvie
will achieve tecnnizal success, given its planned time value oOr

&Nd THIOUTCH CONSEITHRAINRE, 1B coivevvavissovrssassnsnsnnserass TEGUire=
ment will
~=li>e Fariod. IThe zmount of tize trat (s needed to ve
CONPLIOtE this ProJect 18 ,sccsvisssnaisssnnssnsensivannssesss Pprasented
here.)

eafl= “orce ‘ised Tre desree 0 fich {2 Fas Deen estac-
disred trat s actual ALir Force reed for the technical
capability provided by this project 18 cisveswasscinssvesscss

Inticate below /our recormendation regarding approval or disapproval of
this project for funding.

-5 -4 -) -l -1 0 L) .2 v) -—." 05

atronely strorgly
Reccmmerd Recorrend
Disapproval Approval

Jou should circle the number that dest irdicates your recozaendation for
“his sercicular cro_ect. ‘axe each Jecision ore at a tize ard indepen=-
dently of the 3!:0?!. 2o not chande a lecision once sjou have made (t.

forfkx at a brisk Sut don't hurry sour decisions., cCoeplete I/IR! case,
A8 each case is
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CO3T-3EMNCF
TECHANICAL «ERIT
RESOURCE
LIKELIRQCD

OF 3UCCZSS

TIME FERIOD .ccsivsssnons

NEED ccvvesnee

AIR FORCE

. DI R et e
.. v e e

DR I S I R R .
Wessssens e e

P T

.

ACCEFTASLE
ACCEFTAZLE
ACCEITABLE
EXCELIENT

ACSEFTAILE
ACCEFTABLE

Indicate below your recommendation regarding approval or disapproval of
this project for funding.

-5 b =)
Strongly
Recormend
' Oisapproval
COST-BENEFIT RATIO ...

TECHNICAL 4ERIT ......
RESCURCE AVAILABILITY
LIXKELIHOCD QOF SUCCESS
PLNE PERIOD .y unennsss
AIK PORCE NEED .. vy

ZRIT

=$ -4

Stronely
1 Reccamenrd

=3

Olsapproval

TECHNICAL VERIT
RESOURCE AVAILABILITY
LIXELINOCD OP
TIGE FERIOD
AIR FORCE

P F
WEEY s i e

COST-BENEFIT RATIO ...

-2 ot | 0 *1

PROJECT s2

P I R R N N U R

R N A R A A )

BMOERNE TN EES O CREDES A ES SN

-2 =1 0 1

PROJECT ¢)

+*2

-2

5

*)

R

3
atrongly
Recomrend
Approval

EXCELIENT
ACCEPTARLE
EXCELLENT
ACCEFTABLE
ACCEFPTARLE
EXCELLENT

Indicate below your recommendation regarding approval or disapproval of
this project for funding.

* .5

Strongily
Recoamend
Approval

ACCEFTARLE
EXCELLENT
ACCEPTABLE
ACCEFTAZLE
EXCZLUENT
EACELIENT

Indicate below your recoamendation regarding approval or disapproval of
thies pro ect for funding.

-

-3

Strongly
Recoazend
Olsapproval

-3

-2 -1 0 .1
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el .5

Strongly
Recomzend
Approval




FROJECT g4

A= BERETEE TATIRN e ain = drs n v et e & s s s s u
JECMNICEE BERIR o ossannons®vis s sa dnedndhsidnie vt s wms s
RESOURCE AVAIIABILITY
LIKELIKOOD OF
TI4LE FERIQD

AIR FORCE )

EACELLENT
ACCEFTASLE
ACCEFTABLE
EXCELLEANT
EXCELLENT
ACCEFTASLE

Indicate below your recozmendatisn regarding approval or disapproval of

thir project for funding.

-5 e -} -2 -1 0 -1 2
Strongly
Recormend
Disapproval
PROJECT #»$
COST<BENEPIT RATIO .nccsisonse P R T T AT i
TECHNICEAL BERTT & s o vamants s s & ns Essae s vt e heas

RESOURCE EVATLABILITN vxoconsomnmaisanbseishetom sy
LIXKBLIROOD OF SUCCESIS o uvssvm v son v omsiesn s s e s e sredus
TINE FERIOD .i.o5nninns B R W N i R .
RER PORCE MERD a5 vis dh vs et ws Bodbe vl by Lo e ake ’

*D

.5

Strongly
Recomzend
Approval

ACCEFTASBLE
ELCELLENT
EXCELLENT
EXCELLENT
ELCELLEN?

EXCELLENT

Indicate below your recozsendation regarding approval or disapproval of

thic project for funding.
-5 3
Stroraly

Recommend
Disapproval

= -2 -1 0 " *°2

FROJECT #6

COST-BENEFIT RATIO

FRURNIGRD, MERLT i v niio 8 hnmmma w o b o 5 Favs S50 S v o
BESCURCE: AVASERNILITY soive eissneinadrsnsus sasents cans
LIXKELINOOD OF SUCCESS ivouvasrinesonnsonassncss .
TEME PEIRIOD o vivvunvavanvasnusvynsssssss ISR EEE e
NAR FORGE WEBE v aiiommevws wes vess fosid s mins bt ul T ‘e

in1lcate Selow your recossendation regarding
this project for funding.

" -J
Strorgly
Pecommsend
Oisapproval

- -2 -y 0 *1 .2
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*)

-~ +5

Strongly
Recozmend
Approval

SXCELLENT
EXCELLENT
EXCELLENT
ACCEFTABLE
ACCEPTABLE
ACCEFTABLE

approvel or disapproval of

- .5

Strongly
Recommend
Approval



FROJECT
COST-aENEPIT RATIO EXCELLENT
TECHNICAL 4RIT «s EXCELLENT
RESOQURCE AVAILAGILITY EXCELLENT
LIKELIHOOD OF JUCCESS EXCELIENT
TINE PERIOD .. « EXCELLENT
AIR FCRCE NEED ACCEFPTABLE

Indicate below your recozsendation regarding approval or disapproval of
this project for funding.
-5 -4 <) = -1 0 . .2 +3 LN +5
Strongly Strongly
Recozmend Reccmxend
Disapproval Approval

ACCEFPTABLE

EXCELLENT

AVAILABILITY EXCELLENT
ACCEPTABLE

TIME FERIQOD EXCELIENT
AIR FORCE NEED ., . ACCEFTABLE

Indicate below your reccamendation regarding approval or disapproval of
this project for funding.
-5 - -) 0 1 2 +) ~ .5

Strongly Strengly
Recozzend Recoazend

Olsapproval Approval

FRCJECT #9

COST-3ENEPIT RATIO evs+ ACCEPTABLE
TECHNICAL MERIT EXCELLENT

RESOURCE AVAILABILITY e ACCEFTABLE
LIKELINOOD OP SUCTESS ssesve ACCEPTABLE
TIE PERICD «xes ACCEPTABLE
AIR PCRCE NEED o ACCEPTABLE

Indicate below jyour recomaendation regarding approval or GXlapprovcl of
this project for funding.
-5 - =) -2 -1 0 *1 *2 *) - .5
Strongly Strongly
Recorzmend Recozzend
Disapproval Approval




FROJECT »10

COST-RENEPIT RATIO .ovevuwoannunsan R e T s ke R EXCELLENT
TECHNICAL MERIT ....... W R N KR R X SR A SR ke ACCEFYTABLE
RESOQURCE AVAILABILITY .v.vevne SAESRT SRS RS 0l e ssseass EXCELLENT
LIKELINOOD Q0P SUCCESS ..... bemaman B R S ssss EXCELLENT
TIER PERIOD v vascsvansismns, savans R B A A c«sss ACCEPTABLE
RIR FPOBCE NEED s vivvncanesssssnn yEra suma I nassae nsns  AECEFTABLE

Indicate delow your recommendation regarding approval or dlsapproval of
this project for funding.

-9 -h =) -2 -1 0 -1 *2 +) -~ .S
Strongly Strongly
Recozzend Recomazend
Olsapproval Approval
FROJECT ¢#11

COST=BENEFIT RATIO ¢ vuvinnn soastnssniiin o AN «eves  ACCEFTABLE
TECHNICAL KERIT . .coviuadsnpvmnnnan SN 0 [ 8 vasess ACCEPTABLE
RESOURCE AVATLEABILITY isisarsaivsannassnninses PR e« ECXCELLENT
LIKELINOOD OF SUCCESS ...covnevvocns » RS PR sakny AR IENT
T PERIOD v cine LTI R R & «ves ACCEPTABLE
AIN- PORCE NBED 55w vcuwo s mdid i 0 EXCELLENT

Indicate below your recommendstion regarding approval or disapproval of
this project for funding.

-5 - -3 -2 -1 o 1 *2 *5 -~ 5
Strongly Strongly
Recoazend

Recozrerd

Oisapproval Approval
PREQJECT 412
COST-BENEFIT RATIO ..... RSESS AT TR XS se B EeEE ACCEFTABLE
TECHNICAL WERIT covvivssas 3 4R NS A PEN NS O EXCELIENT
AESOURCE AVALTEABYELTY o oc o s ot dle i oy b s s sk vod EXCELIENT
SIRELINQGOD OF SUCCESS (sicosassnmsitnnosnsay PR R RO ACCEFTABIE
TIEE PFERIOD ..::ve. Fe i A s RN A0 VSR 4 e ACCEFTABLE
NER. TOREE. WEED & ok kv sw da i m st b e 5mm e R e R EXCELLENT

Indicete delow your recommendation regarding spproval or disapproval of
this project for fundirg.

«f b 23 & S @ WM W P W e

Strongly Strongly
Recomzend Recozmernd
Olsapproval Approval
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PROJEC?T

COST-BENEPIT RATIO
TECHNICAL CERIT
RESOURCE AVAILABILITY
LIKELIHOQD
TR PERIOD iiiscsvsannnny
AIR VORCE NEED ...sv¢o

OP SUCCESS

e e e e

EXCELIENT
EXCELLFNT
ACCEPTABLE
EXCELLENT
ACCEFTABLE
ACCEFTABLE

Indicate below your recomsendation regarding approval or disapproval of

this project for funding.

.2

-5 - -3 -2 =1 0 *1

Strongly
Recozzeny

Disapproval

PROJECT w10

COST<-BENEPIT RATIO . :iccoven vh By o Eesgsnen .
TECHRICAL EBRIT oo cnvmcwssas smsammn v s e N o .
REZOURCE A¥ALBABILITY iivviissvannesnmsasnrsaps .
LIKELINGQD OF SUCCESS ....... Beeeeee ke e . .
TIME PERIOD winsvecqsvosaonyss RV B o YRR PR .
AIR PORCE NEET ........ SRS A BN A S »

)

-~ *5
Strongly
Recozmend
Approval

ACCEPTAILE

EXCELLENT
ACCEFTABLE
EXCELLENT
EACELLENT
ACCEPTAZLEL

indicate below your recczmendation regarding approval or disapproval of

this project for funding.
-5 -4 <)
Stronely
Recomzend
Olsapproval

-2 w3 0

]

COST-BENEFIT RATI(

wVai

TECHNICAL YERIT

*]

2

*)

Al -5

Strong.y
Recomzaend
Approval

ACCEPTABLE
EXCELLENT
EXCELLENT
EXCELLENT
ACCEPTASLE
ACCEIFTABLE

Indicate Lelow your recozasndation regarding approval or disapproval of

thie prolect for funding.

-5 -~ -3 -2 -1 [}
atrongly
Reccepend
Oisapproval
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*2

*

-~ .5

Strongly
Recoanend
Approval




PROJECT #lo

GRS TBENEPET RATIO finsitnt v siains vhdnssian v amiesss EXCELLENT
R R A AR Y 5y 5 A s e D e oy o s T e e a o G i ST ACCE}TAGLE
RESOURCE ARATLABILITY oo umsad oo wea s s se s s esssnse EXCELILENT
LIERLINOOD OF SAECESE 15 s o a1 v a5 % 0 e 9 A ans i w oS oS 9 EXCELLENT
TR PERIQD ;onsnvans SRSy e WA B A R e T L o« EXCELLENT
KIR PORCE MEED yoos on v nesinsonvs sime o danwsssdsnhinssen +« EXCELLENT

Indicate below your recoamsendation regarding approval or disapproval of
this project for funding.

-5 - -3 -2 -1 o] .l *2 *) " +S
Strongly Strongly
Recozrend Reccamend
Oisapproval Approval

PROJECT ¢#17

COST-BENEFIT RATIO ...... SR e e R (8 R EXCELLEN

TRCHNICAL EBRIT (covcvcnnrosapsesnasvsas ¢snnenvursunas BAGELLENT
RESOURCE AVAILABILITY . .viescnsosanans R L i LT « EXCELLENT
LIKELINOOD OF SUCTESS ..... SIS e TR EIITY .+« ACCEPTABLE
TIE PERIOD ...vosuns NE AR N N T vasesvs OAIGELLENT
AIR FORCE NEBED . .iscciocnsvns seseans Canng s s nees e s «. EXCELLENT

Indicate below your recommendation regarding approval or disapproval of
this project for funding.

-5 - =) -2 -1 0 .l *2 +) .~ .5
Strongly Strongly
Recoxzend Recomzend
Disapproval Approval

FROJECT ¢l8

COST-SENEFIT RATIO susvsvescnunsssnsonnsssssnovssavesss ACCEPTABLE

PRCHITAL TERET o vc o nssie s inns s s shsusnsssswisan ACCEFTASLE
RESOURCE AVAILABILITY ...... Mot e S visaasevas  RCCEFTKAIR
LIXELINOOD OF SUCCESS ...... e L ROV TR TM R g -
AR TR0 v v n re ety Fee i e e i e e . EXCELLENT
KRN PORRE BEED. ;i vvvoncnrs et s dentin o ik DRy s EXCELIERE

Indicate telow your recoszendation regarding approval or disapproval of
this project for funding.

-5 - -1 -2 -1 0 -1 .2 +) e s
Strongly Strongly
fecommend Recomzend
Disapproval Approval
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SOST-9ENE

TECHXRICAL

RESOURCE

LIKELIKOC
TIME PERI
AIR FURCE

PIT RATIO
ERIT
AVAILARILITY

0 QP

A mT e
=vllza9

OB e e 506 R e W > oge

NEED <4/ ss

FROJECT »19

ACCEFTARLE
ACCERTASBLE
EXCELLENT
ACCEFTA3ZLE
EXCELLENT
EXCELLENT

Indicate below your recoamendation regarding approval or disapproval of
this project for funding.

=5

Strongly
Recozzend
Disapproval

COST-RENE
TECMNICAL
RESOURCE

C

R PORCE

-~ -7 -2 -1 0 -1 .2 *) - *S
Strongly
Recoznend
Approval
PROJECT #20
PIT RATIO sesvowose PRTE Ap RPN samaes e cvevs EECELLENT
L Ry e B % D : e ACCEPTARLE
AYASEABILTITY omxvivwnmuieanoanas e essssss «esxs BEXCELLENT
O OF SUCCESS ,.. TR Y T T T T ¢ ACCEFTABLE
DD iivaacans P b e R 2 ssesss EXCELLENT
NEED ... . R W s . esens MCCEPTABLE

Indicate telow your recoasendation regarding spproval or disspproval of
this project for funding.

-$

Strorgly
Recomrend
Disapproval

COST-BENE
TECHNICAL
RESQURCE

LIKELIHOC
TINE PERI
AIR PORCE

-3

Strongly
Re:omnend
Dicapproval

-9

PIT RATIO
MEREIY canvn
AVAIIABILITY
D OP SUCCESS

00 . iscissss

MEED .......

Indicate below your recoasendation regarding approval or disapprova.i of
thies pro'lect for funding.

-“ )

-2 -1

0

-1

FROJECT #21

-2 -l

0
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-1

.2

*2

*)

e e

*

- L)

Stronegly
Recomaend
Approval

ACCEFTABLE
ACCEPTAZLE
ACCEFTABLE
ACCEFTABLE
EXCELIENT

ACCEFTABLE

“w e

Strongly
Recozzend
Approval




PROJECT w22

COST=BENE®I? RATIO ciisvsscnnsnas SEwsena e 2w aie 8 m s EXCELLEZNT
TECHNICAL ERIT ........ A R R AR A BXCELLENT
RESOURCE AVAILABILITY .......ecs ssssaEnEvasha s ssnvess EXCELLEN?
LIKELINOOD OF SUCCESS ..... Y sua vy sessvsnees EACELLENT
BINE PERIOD ..ncovess 0 WS AR e s eeevess. ACCEPTABLE

ATR PORCK NEED oissusnscnsanennnsnnsnessvononsvsimeis DTICELLENT

Indicate below your recoamendation regarding approval or disapproval of
thie project for funding.

= -4 -3 -2 -1 0 . .2 *) ~ *5

Stronaly strongly
Recocaend Recomzend
Disapproval Approval

PROJECT #2)

COST-BEMEFIT RATIO (sivionsneasvnes sennasenusresiiasns DRCEIENT

TECHNICAL MERIT ..cvconus BN H AR RO ER VSRR S e . EXCELLENT

RESOURCE AVAILABILITY .iccenvevicsanvnssrusansesassese ACCEPTABLE !

LIKBEINO0D. OF SUCCESE & .vvbwuisomeasimaniws PR «« EXCELLENT {
I PERIOD «.voiivan W R R ssesssvness BXCELLENT !

AR FORER MEED o inyaaesbsnns srasssssivsn sesssnasnei s EXCELLENT

Indicate below your recommendation regarding approval or disapproval of
thies project for funding.

-5 - -3 -2 -1 0 .l 2 *) e *5

Strongly Strongly
Recoazend Reccmxend
Disapproval Approval

FROJECT g24

COST-BENEFIT RATIO covvvies PORNRUN SO T B R BN esvessves EXCELLEN?
TECHNICAL MEBRIT . civnsvnvanen sgemses AR EMS N PEETT ACCEPTABLE
RESOURCE AVAILABILITY ....ceveses CRABENb ST s T cssveses ACCEPTABLE
SAKELINOOD OF SUCCESS .. vcacovsvrnssasasavssnssnussss ACCEPPANIE
TINE PERIOD svevsavasnsassvas sesEv e s evessesessevssves BEBXCELLENT
AIR PORCE MNEED .i.covova TTTLLRILE SaavsnaswamEss eeees BECELLENT

Indicate below your recomsendation regarding approval or dlsapproval of
this pro ect for funding.

-5 e -3 2 -1 0 -1 .2 +) - *5

Strongly Strongly
Recoasend Recomsend
Cisapproval Approval




-
PROJECT #25
COST-BENERIT BATIO . oansscruriassns sseesevecssecsnsssces ACCEFTABLE
TECHRICAL MERIT ,csuvvscass B KK B 0 R «+o ACCEFTAPLE
RESOURCE ANAILABILITY . vivvmnonssnossesssonssnssesns EXCELLENT
LIKELIFOOD OF SUCCESS. . ciiaxnsinssnis esenss s ssinsors EXCELLENT
TIME PERIOD «uvsusssnasvisvnsens R e « EXCELLENT
AIR FORCE NEED ....coou0n0 PR AP PR AN ++ ACCEPTABLZ
Indicate below your recomsendatior regarding approval or disapproval of
this project for funding.
-5 -~ =) -2 -1 0 .1 *«2 +3 -~ *5
Strongly Strongly
Recozmend Recozzend
Oleapproval Approval
PROJECT v#26
COST=-BENEPIT MATIO covinsvcons S8 0 R EXCELLENT
TECHNICAL MERIT wovowcissseevns VAR R R SR S ACCEFTABLE
RESQURCE AVAILABIRITY ivcivcni oot ns vonviansesssnsse s ACCEFTAEBLE ]
LIKELINOOD OF SUCCESS ..vvveevoconcenenns W e e EXCELLENT
TIEE VERIOD oo iisvims siesinin vin £os oo v ah sk b6 bk s selvbie e ees+ ACCEPTABLE
Ee B M3 R S e U S e N NS I e EXCELIENT
indicate telow your recoazencation regarding approval or disapproval of
this project for funding.
-5 - =) -2 -1 0 -1 *2 *) - *S
Strongly Strongly
Recoamerd Recommend
Disapproval Approval ;
PROJECT 027
CUSTBENEFTIY BATID (covavasmumnasissasssrssseanssyseds ACCEFTABLE
SHEMBICAL: MBRIT ixivivovanas asndoseosnns sy sness s EXCELIENT
RESOURCE RVALLEBILITY .« oo cnsas o snis s a8 o aiessss s ACCEFTABLE
SIERLINOOD OF SUCCRAR . s somsrussid s osdes s snis oo EXCELLENT
TATIE WRIEARNE v 0 € 505 68 Bk 0B e 0, 0 0 00 e 0 1 ACCEFTABLE
RAR FORCE. TBED o oain ainm s ms s o6 3056 600 b 5w E 00558 seess EXCELLENT
Indicate below your recomserdation regarding approval or dlsapproval of
this project for funding.
-5 - =) -2 -1 0 . .2 +) ~ .5
Strongly Strongly
fe.carend Recommend
Olsapproval Approval
117




gl

Teaoaddy Teacadéwryg
pueEROd0y puUSTUOOe
AYPuoxis £1¥uoass

Se ~ (e Te Te 0 1= z- (- "= §-
‘Pujpuny 307 3oefcad syyy
30 Twacaddesyp JO TeACJUd® FUTPJIEFOI UOTIBPUSTILOD6I INC/S mOTEQ €3WDTpul

INTTITONT  frrctetteetotescetiesitieiiniiiasiisan C33% 30404 IV
TUEWILIOOY  trre ettt eteeteeseaeatieiisiiteitiisaanas 007434 ERIL
TEYIIzony e o o e L L S ST ce3390S 40 QOOMITIAIN
FTGVIGIOOY  trrrrerteeeeessiiaiienitiiaa ©o GITTIEVIIVAY 30MN0STE
FUEVLTOOY S ot et tetertetestietiiiiiai i a i ITETR TYOINKOEL
TIEVLLIOOY  trrrrereeeteeesiicaiseiiaas Cieer OLIVE 1143N3E-1502

oL 123iroud
Teaoaddy Teacaddesyg
puswwodey puswzOdey
At¥uoa3ys ATducais
Se "~ (e 2+ le 0 1= t 44 (- o S-

*Futpunj 30 io8foad sTuy
0 Teaczddesip Jo Twacadde FUTPIWIEI UOTIEPUETWOOEI JINOS mOTEQ eIEIJpU]

FIEVILTOOY S rtrrertteestaseaseiiiieiiiiaiaaias Q3IN 20802 K1Y
FIEWLITOOW  t e tereeeeaaeeiaiaieiaitiunei i Q01ETd Il
e { A P B ey (Rt Rt S e e L e $S320nS 40 GOOKITIAIN
TANTTTIAYT et rresseaceateenaiiaiaeiens SIITIEVIIVAY 30400036
TTEWIJIOOY et tttereteseescaceccecaiaianinens ITETA TYOINKOAL
FUEVLILFOON  *rrrrreereteseeniiesiiiiiiii e O1LVE L143NTE-1€0)
620 123r0dd
tTeacaddy Teacaddesyg”
puUITTOONY puewwCOey
fduons AY¥yucais

Se ~ (e Ze Te [0} 1- z- (- "~ S~

*Futpuny 303 32efoad syul
o Ywaozddesip a0 twacaddw FuUipIeFel UCTIWPUBWTOOEL JNOL mOTeg eIwITPU]

INTTIIONG  *ftrrrtrrrerrrer it Q33N Z0H04 HIV
FTIEYLATOOY i rreeteeiiiteieciiiiaiaiiiaiiiiies COT¥Id DIl
EIRTREBIOY | o A e Ao €S320NnS 40 QOOKITDIIT
Z1eVa430%y et te e et e e e ALITIEYIIVAY 32dN0S3E
INTTTIANG " eetresssersreenannssononntcasansn. 1165 TVIINKOEL
INTTTIONG *rrretessrrrteetonnnntiieiinniines 01dVd S143NIE-1S0D

g2# 1O3r0ud




PROJECT #)1)

EOSToBEIRT IT BEATIO o e o aiv 0066 %o 500 5080005 09 05400 WOE R B EXCILIENT
FBECMNICAR ERIT (. ssasassiginniasssaniasniBisnsnesdnss ACCEFTAC I
RISOURCE AVAILABILITY ...... PP AR WA R N e ACCEPTABLE
IERLINOOD QF SUETESS navnamaneniasas s s sdsensssss . ACCZPTASLE
THIE FERIOD (.c.vvionnsanssos ER AN SO R ACCEFTAZ L
IR FORCE BEED oo omen oo amwmaom s mnes s csesessmas ACCEFTACLL

Indicate delow your recommendation regarding approval or disapproval of
this project for funding.

-5 - =) -2 -1 0 -1 2 *) -~ *S
Strongly Strongly
Recozzend Recozmend
Disapproval Approval

PROJECT »)2

CORT=DENETIT BARIO ccviscsanrvssavennsssssanansussvenss EXCELLENT
NECRAE IS AL MERIT xvv o 5onci n o000 50 00 000 o R 2w S EXCELIENT
RESOURCE AVAILABILITY cvsasoarnanasamshasnamuwas onsesins ACCZEITABIE
LIKELINOOE OF SUCCESS ccvsvison s shoamussonsssssens ACCLETASLE
TR FERIDD ..ccco0ansasans PR e L g g BN EXCELLENT
AIR PORCE MBED & vccnnisnsinsvsbinenassy R L e .. ACCEFTAILE

Indicate beluw your recoazzerdation regarding approval or disepproval of
this project for fundling.

-5 - -] -2 -1 ] -1 .2 *) - *5
Strongly Strongly
Recompend Recommand
Dlsapproval Approval

119




A FINAL DEZI3ION

Please i{ndicate tne relative lmportance you believe you placed upon
the six sttridutes during the exerclse by distriduting 100 points azong
these criteria. The =208t {mportant attribute, as you perceive it, will
receive the most points, and so on.

l-wanq. « 171 B8 INTS
COSTRENEBTIY RATIO s censcumvaonns amsess s
TECHMICAL MERIT ccicvnns ek R S N T
RESOURCE AVAILABILITY ..... R e
LIKELINOOD OF SUCCESS ..ccossvinsccnccnnsnas
THE PERIOD ...i+s O S
AIP PORCE MEED .cocssvvnsnsss O
Total Fointe. 100

Again, thank you for your participation. Hesester, If you desire
a summary cospavison salled to you, Just print your namse and address here:
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AFPENDIX B

Procedureg of the Degien

This appendix includes the equations used for measuring
internal consistency and determining whether to use the
simple or the interactive model for the data analysis (also

includes the structure of the simple and interactive model).
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A.

These equations were used for the F-test to determine

the significance of Rzn

1. simple dodel, R°

. 2
P, o= (n-k-1)K (B-1)
k(l-Rz)
Fk.n-k-l
2. ve N Hz
2
Fo « (n=k=1)R (B-2)
k(1-R¢)
vt I"k.n--k-1

where in both equatlions

n = number of declslons (32)

k = number of predictor variables (6
for the simple model; 21 for the
interactive model)

(Jones, ¢t al., 1976:1133-134)
NOTEs In each of the above equations,
R? is the unknown,

s - 4 tive v ug Sim N

( 2 ,2)(n=-x,=-1)
s : (B-3)

2
(kx-ks)(l-Rl)

~ F
kI-kS.n-kI-l

where

n = number of decisions (32)

kl = number of predictor variables in the
interactive model (21)
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k. = number of predictor variabtles in the
oy simple model (6)

o
= the K° of the individual's inter-
active model

— o

= the maximum difference between R

— o

uin
-

and R? for which the simple mode
remains significant

NOTE s Hi is different for each individual.
B. This equation was used for the t-test to determine if a
difference existed between the two formulated models

(6.2 versus 6.,3):

(Yl"-s -(ul-ufx)
_1__+_L
i L

the sample mean relative weight for i
a particular factor in the 6.2 pro- {
Frams ,

(B-&)

where

ladl
"

i, = the sample mean relative weight for
a particular factor in the 6.3 pro-
frams

= the population mean relative weight
for a particular factor in the 6.2
programs

H1

= the population mean relative weight
for a particular factor in the 6.3
prosrams

n, = the number in the sample population
of the 6.2 programs

n, = the number in the sample population
of the ¢.,3 proframs

B, 2
=]1)5 =] )1Ss
2 = (n,=1) 1t (ny=1)55 (B=5)

n + n, = 2
S1 = the sample variance for the ith
sample I
(Mendenhall and Scheaffer, 1973:1285-287) i

e
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NOTE s

Models was:

S.

yimple Mode

Y + BX

g = By * B Ky,

tive Mod

Lol -

Yy = Bg * ByXy) * BoXy,

* PgXy6
* Retnatis !
* By 3XiaXyy
* BeXi%yu
MU ULITI
both models
x

where for

1l

xi“

“

A
13 variable

X i =
14 variable

3 = Two-wWay Interactive predictor
variables

variable

124

.

+

* BaXi1X40

Pokis

Pigtiyy "

’DK

B11%11%56
* BiyXiaXys

* Pyo¥iakys t

HyTuo = 0 for the test used

The general structure of the Simple and Interactive

%42 Y Byt BXyy

* BeXye

+ B8._.X

8%11%13 9

B12X42%43
* PysXioXs6
P18%i3%i6

BooXiukie * Bo1Xis¥ye

Time Period predictor varlable

(B-6)

u“xig + psxij

11%i4

(B-7)

= Cost-Benefit Ratio predictor variable
= Technical Merit predictor variable

= Heasource Avallability predictor

Likelihood of Success predictor

Air Force Need predictor variable

beta weight for the Lth predictor



AFPENDIX C

FORTRAN Regreggion Apalygig ltrogram

A complete copy of the regression analysis program used

to generate the st. Beta Weights, and Kelative Weights from

the individual decision responses is included in this appen-

aix.
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AFPENDIX D

This appendix includes a tabulation of the results of
equation B-3 in determining whether the simple or the inter-
active model is more representative of the population for

both the 6.2 and 6.3 projects.
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APPENDIX E

Code Agslignment letterg and Feedback

This appendix includes a copy of the letters used to
assign the gpecific code to the model associated with those
individuals who requested feedback and the results of the

6.2 and 6,3 individual and group models.
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DEPARTMENT OF THE AIR FORCE

AIR FORCE INSTITUTE OF TECHNOLOGY (ATC)
WRIGHT PATTERSON AIR FORCE BASE OMHIO 45432

agrLY Yo
|2
ATYN OF NS

eueiEcy R&D Project-Selection Decision Making Exercise (6

ro

A The resg ‘ xte [ this d ision making ex
excellent. ihe preliminary re 11t indicated tha
the {individua pleted the inst nt wers
in thelir decision making proce In other w
— formulated for ea individual w tatistically
y I have assirned eciry je 1t each indiv
requested feedl ' {is model. Your pe
e { le should be etained ¢ !
A a3 ecific n el W [ the final inaly { is ¢
g Again, thank y { ir efforts. I plan to send you
the ffinal result f the declision making exercise in the near
future LT igust 1979
AJV\~) A DO
I L. 8K KS . v .
1racuate t {. ! -
) 1 f Engineering
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agrLv YO
ATY™ OF

sum ECT

DEPARTMENT OF THE AIR FORCE

AIR FORCE INSTITUTE OF TECHNOLOGY (ATC)
WRIGHT PATTERSON AIR FORCE BASE OHIO 45433

ENS

R&D Project-Selection Decision Making Exercise
(6.3 Programs)

1. Thank you for completing the 6.3 program instru-
ment, The response rate was better than the rate for
the 6.2 program, The preliminary results indicated
that each individual was consistent in the aecision
making process. All individual models formulated were
statistically significant,

2. I have assigned a specific code to each individual
who requested feedback concerning his model, Your
rersonal code is . This code should be retained
to ldentify your specific model when the final anal-
ysis is completed.

3. Again, thank you for your cooperation. The final
results will be sent out by the middle of August 1979.

Terry L. Brooks, Capt, USAF
Graduate Student, GSM=-793
School of Engineering
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AFPFENDIX P

seguence of Cue-Value Combinationg

This appendix includes the different cue-value combina-

tions for the 32 R&D project-selection decisions.
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AFPENDIX G

This appendix shows the coding process used to prepare

the raw data for analysis,
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Figure G-1. Example of Data Coding Process. The DEMO and
CASE variables were alpha/numerically coded
whereas the DEC variables were numerically
coded,




APPENDIX H

Factor Pajrwige T-Tests

This appendix is made up of the tables used to calcu-

late the t values for the pairwise t-test on the factors,
The difference between the subjective weight and the re-
gression weight for each individual per factor wes the baslie

of the test,.
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TABLE XXII

Cost-Benefit Ratio (6,2 Frojects)

Subjective Regression
Case Weights Welphts Difference
001 +20 .226 -,026
002 .20 .163 .037
005§ & . 009 . 181
006 .20 . 034 166
00?7 .19 L0bé6 L1k
008 20 . 051 L1649
009 «10 +013 . 087
010 «1% 027 123
011 5 . 000 .150
012 .15 . 001 149
01 +10 . 020 . 080
01 -l . 249 . 001
015 .10 .030 . 070
016 .00 .007 ~.007
017 5 R I +113
018 .05 . 008 . 042
019 .20 . 000 . 200
020 .20 . 169 .031
021 .?S -l‘-)b‘ -0178
022 «15 L 0L6 . 104
023 «15 . 024 .126
024 .20 .057 143
025 +15 «117 073
026 alD « 378 ~,128
027 «15 149 . 001
028 +10 +317% ~.013
029 .10 ,018 . 082
0130 .10 ., 002 . 098
oMN .10 . 003 . 097
032 + 05 . 025 025
03 .20 059 1
03 .10 . 000 .100
035 +15 .108 . 042
036 .08 .028 .052
037 5 +136 014
038 + 10 . 088 201 E
039 o «133 + 117
obo .05 . 001 L 049
ol .10 . 041 « 059
L2 22 s 21 . 007
0k 3 .20 31 . 086
okL «21 219 -,009
045 .10 013 . 087
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TABLE XXII (cont.)

Cost-Benefit Ratio (6.2 Frojects)

subjective Reyression

Case Welghts wNeights

Difference

046 . 075 . 045
o7 , +129 <071
OL)9 .215 -0115
051 . 007 v 093
052 . 0B84 .016
053 . 368 -,068
059 . 099 +051
056 ) Teny -.0587
057 . 081 019
058 s . 000 + 150
059 2( « 035 + 165
060 « 20 . 000 .200
001 8 37 14

062 . 006 146

063 . 009 . 091
064 . 3C 223 1907
065 . 091 .059
066 ik s 037 « 103
0€?7 0 . 085 135
068 « 072 . 028
069 .200 . 000

MEAN = ,0662 = 0.237
STD DEV = ,0768
n = 64




TABLE XXIII

Technical Merit (6.2 Projects)

Sub jective

Regreasion

Case Weights Welghts Difference
001 s 10 «31% -, 015
002 S 163 -.013
005 .Bo L4139 -.139
006 L0 2522 -,122
007 Lo e SN2 -, 142
008 .30 « B2 -, 082
009 . 30 . 388 -, 088
010 w19 «197 -,007
011 o] LLG6 -,286
012 «20 .010 190
013 .20 139 . 061
014 W . 383 -.183
015§ W40 « (OS -.305
016 .00 + 013 -,01
017 «15 . 066 ,08
018 L840 « 921 -. 521
019 LU0 . 699 -.299
020 + 10 R & -,027
021 o2 . 154 . 086
022 - 200 . 050
02 s L0 LL0b -, 204
02 n-?s ,’4‘06 '-196
025 w23 et .078
026 ¥ 102 -,002
027 +20 « O7E 124
028 .35 . (() -oolb
029 -—30 . 07 -0107
030 15 .088 . 062
oNn 25 ,210 040
032 « 24 .3y -,109
033 .01 059 -, 049
03k +20 222 -,022
035 « 20 +155 OLS
036 + 30 . 519 -,219
037 25 251 -.001
0138 +15 , 088 . 062
039 13 . 039 . 091
oko 15 .019 o3
Obl 30 -“"‘5 "‘01 5
ok?2 22 122 . 098
%) « 30 .168 o132
0‘0“ .uo 057? "01??
oLs + 20 252 -,052



'ABLE XXI111 (cont.)

Technical Merit (6.2 Proje

Cand Sub jective Hepression
Weights Welpghts

oLb .05 . 000
047 32 . 066
0k9 .05 .138

8 051 >0 +118

? 052 40 .518
053 20 . 082
055 .20 « 376
056 . SHG2
057 + 35 450
058 15 JhYy
059 .30 603
060 +25 . 097
061 «20 o« 337
062 . " I3
063 15 . 00)
064L 2D .058
065 20 + JB0O
066 AL « 307
067 25 » G5
068 .40 . 540
069 .20 .200

MEAN = -,0502 .

STD DEV = ,1573

n = 64
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TABLE XXIV

Resource Avallability (6.2 FPrc

Sub jective Kegression
Case we Xghta We i}'hts
001 i . 029
002 « 05 «077
005 a10 + 027
006 .05 . 000
007 .07 .010
008 .10 . 020
009 10 e d
010 s 1T Okl
011 " 1S 048
012 0D .018
01) .10 . 044
014 .05 . 090
01§ s 12 « 03
016 .00 . 002
017 .10 .102
018 a1 .0\.)";
019 « B2 025
020 « 30 091
021 .10 0 &
02 15 079
023 15 012
02 .10 . 008
025 19 . 040
026 a0 .030
027 .20 . 1G4
023 .15 . 085S
029 « 20 «229
0130 30 . 002
o .10 .007
032 19 LO42
033 L02 +015
03k .20 .037
035 + 85 .039
036 20 « 151
037 .20 +215
i3 038 ¥ 198
OPQ + 07 «01)
040 + 05 . 000
0l y + 05 . 021
oL?2 .07 . 006
043 .00 140
Ol + 10 024
oks .10 .013
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TABLE XXI1IV (cont.)

Resource Availability (6.2 Frojects)

Case

subjective
Weights

Repression

Welghts Difference

046
047
oLg
051
052
053
055
056
057
0488
059
Cc60
061
062
0673
06k
068
066
067
068
069

« 06
10
.20
«19
«20
«05
.10
.20
+.20
.20
.08
SR
215
L
.05
«10
., 00
a 20
.06
«10

MEAN = ,0551
STD DEV = ,0623

n = 64

20733 « 027
.02 .138
. 0Ll .156
« 041 « 109
. 036 . 164
. 009 . 0l
L 0Ll 056
.100 «1C0
«1 30 . 070
e JH0 -,140
«079

. 051

093

-,006

-,0€0

«050

. 009

-, 004

. 0L9

. 050

3.528




TABLE XXV

Likelihood of Success (6.2 Projects)

Sub jective Reyression

Case Welghts Weights Difference
001 e L0074 176
002 .10 L01¢ . 084
005 .05 .00 . 049
006 .10 102 -.002
007 .10 022 .07b
008 .05 ’ ] . 049
009 +10 - ; . 080
010 13 23 . 007
011 .18 .039 141
012 .05 +073 -,023
013 .20 L014 .186
01h .15 , Ok .102
015 w15 .078 .072
016 .00 . 007 .!“3
017 .15 . 06¢ .08
018 + 15 . 005 165
019 .15 .003 J147
020 10 . 091 . 009
021 .10 ¢ Ol . 074
022 .10 2013 . 087
023 +15 . 069 . 081
02 +15 2057 .093
025§ = - .031 . 089
026 R «207? -,017
027 .10 . 001 . 099
028 .15 . 085 . 0065
029 + 10 L 0LS 055
030 +15 179 -.029
o 15 + 026 124
032 14 . 001 w139
013 .02 . 000 . 020
01l 15 .110 . 040
015 .05 . 069 -. 019
036 12 w2l . 099
03?7 «05 . 001 . 0LG
n38 .15 . 002 148
0139 +12 . 050 . 070
oko .10 . 006 .05l
0l 1 .20 .102 . 098
oL2 15 .056 . 0G4
043 + 30 .038 . 062
G 205 . 005 <045
Ous F3 b . 060 . 090
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TABLE XXV (cont,)

Likelihood of Success (6.2 Projects) h
Sub jective Regression
Case Welights Weigzhts Difference
oké .25 136 116
o047 15 024 126
ok 9 .10 .013 . 087
051 .20 .118 . 082
0s2 15 195 -, 0k5
053 .05 . 001 . 049
055 .25 275 -.025
056 .10 L 06k .036 j
057 15 . 096 . 054
058 .20 .038 .162 1
059 13 .002 .128
0€0 .10 .032 . 068
061 12 .037 .08)
062 .00 L 014 -.014
o€ <55 . 084 . 066
06 .10 . 000 .100
065 «15 . 091 . 059
0EE .20 .073 + 127
067 .15 . 021 .129
068 +35 14 .036
069 .10 .050 .050 L
MEAN = L0742 - 4,751

STD DEV =« ,0526
n = 64
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TABLE XXVI1

Time Feriod (¢.2 lrojects)

Sub jective Repression
Case Welghts de ights Difference
001 «0S , 0G4 -, 044§
002 - .010 .2k0
005 .05 .020 .030
006 30 . 034 . 06¢
007 .03 . 046 -.016
008 + 05 F L3 037
009 .10 027 -.170
010 o | L0146 046
011 +10 « 097 .003
012 + 05 . 000 . 050
013 +10 0706 022
014 .08 . 020 .030
015§ « 05 . 007 I
016 .00 . 002 -,002
017 .10 + 037 . 063
018 .08 +015 .035
019 .05 . 000 + 050
020 « 10 s D12 . 088
021 1 L07¢ . 024
)22 .08 . 000 .050
02) o1 . 000 .100
024 1 L019 , 081
028 . 08 « 031 . 049
026 .05 .005 . 045§
027 « 10 « 027 sy S
028 « 05 . 085 -,035
029 o 16 LOLS «055
030 . 016 L0344
01 o b .012 ., 038
032 . 08 007 «010
0133 .05 . 007 L 043
0 .05 015 035
015 .05 « 100 -,058
0136 .08 .010 . 040
037 + 05 . 020 + 030
0138 +0S 000 050
0139 + 03 ., 007 023
040 s 3D . 000 +150
041 «05 + 2] 029
oL 2 . 0l . 001 .039
0L .00 ., 008 -,008
Obl «US . 009 . Ol
oks o . 004 L1466




TABLE XXVI (cont,)

Time beriod (6,2 Frojects)

Sub jective Regression

Case Welghts Welghts

Difference

oL6 + 01 . 002 . 008
04? «10 . 066 L 034
049 .05 .105 -.055
051 + 10 . 007 .093
052 <10 013 .087
053 .10 . 001 . 099
055 + 08 +0%1 . 039
056 .05 016 034
057 +10 «113 -.013
08 + 10 .038 . 062
059 . Ok . 001 .039
060 .10 .032 . 068
061 .10 L0016 . 084
062 .00 .00 . 000
063 .00 . 030 -.0130
064 . .039 «011
065 10 <150 -.050
066 ., 000 .050
067 +10 . 002 . 098
068 «+011 .029
069 .10 .050 .050

MEAN = L0382 2.442
STD DEV = , 0561
n = 64




TABLE XXVII

Air Force Need (6.2 Projects)

Sub jective Repression

Welghts Welghts Difference

w25 62 -,212
Rl S s -, 322
« 35 . 506 -.154
% 8 « 307 =, 157
| e 339 -, 124
. 534 -, 234
585 e 8RS
+ 995 -. 345
« 320 -.110
08(/.1' -0397
.705 -. k405
211 . 089
S 150 . 050
. 970 . 030
. 693 . 343
L Olb . 206
s243 o i3
+ 509 . 109
« 203 .003
. 660 . 360
491 241
L4173 -.213
627 « 3D
.218 . 032
+553 « 303
« 26€ . 066
D .055
o f N . 291
L7643 . 393
+ 576 . 276
862 162
616 -, 316
. DL -,022
o272 -,022
« 378 -.078
624 -, 324
o?‘)R . 58
. G4 - 474
0}71 -0071
n(—O} -0303
5 30 -.132
«165 + 025
.657 ‘0357




TABLE XXVII (cont.)

Air Force Need (6.2 Projects)

2 Sub jective Kegression
Case Weights Welghts Difference
oL 6 51 T -, 245
047 .25 674 -o 424
0kg .50 LLBh .016
081 el . 709 -, k59
052 .05 «153 -,103
053 » 30 « 239 -.239
055 25 . 396 =146
056 .20 129 .079
057 10 «130 -,030
058 .20 1 35 . 005
059 L « 358 -.108
060 25 <791 - 541
061 .25 0515 ".205
062 .50 D22 -,122
0€ .30 3519 -.213
0¢€ .25 .729 - k79
065 .30 .168 .102
066 . 30 . 578 -, 278
067 « 10 . 002 . 098
068 25 L -.002
069 .30 450 =.150
MEAN = -, 1789 = -11.449
STD DEV = 1707

n = 64
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TABLE XXVIII

Cost-EBenefit Ratio (6.3 Frojects)

Case

Sub jective Regression

Welights Welirhts Difference

002
003
004
005
onG
007
008
009
010
011
012
013
014
015
016
017
018
019
020
021
022
0?3
026
027
028
029
030
on

STD

202 . 098
. 039 . 061
« 351 -.101
« 015 . 085
-,008

. 083

+315

. 1‘)6

042

- O“}

. 040

. 085

.093

«117

. 063

J147

. 098

016

.109

-, 014

.139

. 009

-.015

=t 057

-.115

. 000

o L

-. 081

. 008

MEAN = 0456 = 1,322
DEV =« ,0748
n = 29




FABLE XXIX

Technical Merit (6.3 Projects)

Sub fective Repression

Welghts Weights Difference

Case

002 « +073 .077
003 660 -, 0l
00k o 351 -.101
005 y L -,176
Oot‘ .Obl 0039
007 ( 0l . 089
008 .078 -, 028
009 y P4y -,057
010 L0042 .058
011 .008 .022
012 .103 . Ok7?
(0D LG5 -.195
01 . 275 -,075
015 L1LG . 091
016 . 395 -.195
017 .672 -, 272
018 212 -, 062
019 2 . 302 -. 082
020 15 . 009 . Lbl
021 ( . 380 -,180

22 o112 .038
023 707 - 207
024 20 36( -.160
O:‘() 1 Q40 . 060
027 . -, 065
028 18 79 . 001
029 D L . 006
030 i 3 -,018
031 ; ' -.191

MEAN = <, 06413 - -1.865
STD DEV = ,1236
n =29




TABLE XXX

Resource Availability (6.3 Frojects)

Sub jective Regression

Weights Welghts Difference

+ 05 «129 -.079
00 .18 .002 .178
00 .10 - D33 . 067
005 +15 .102 . 048

WAl .168 .032

.20 . 338 -.138
008 .20 .078 «122
009 10 . 024 .076
010 +10 . 051 L 049
011 o« 15 . 090 . 060
012 .09 . 001 . 089
01 s .168 002
01 « 10 « 012 , 088
015 .09 .007 . 083
016 +15 ., 087 .063
017 «15 . 099 « 251
018 .10 . 020 . 080
019 % . 086 . 064
020 i D +302 -, 002
021 .10 . 001 . 099
022 .10 . 005 . 095
023 .05 . 001 L 049
02 s 1.0 074 . 026
026 110 -.010
027 » 10 2027 D73
028 + 12 . 065 + 055
029 . 064 .036
030 . 000 . 050
031 +10 . 007 .093

MEAN = ,0517 = 1.499
STD DEV = ,0577
n= 29




TABLE XXXI

Likelihood of Success (6.3 lrojects)

Sub jective Repression
Cugs Welghts Welphts MiSTEERD

002
00
00
005
006
007

. 008 LO4?2
.010 . 160
. 052 . 092
015 . 085
. 091 ., 009
+ 011 .139
008 .106 . 0Lk
009 . 039 . 061
010 oL BES . 059
011 > 177 .023
012 . 0! . 005 .035
013 ¢ . 001 . 049
016 . .012 .138
015 14 +OL7 s il
016 . 000 .100
017 « 099 . 051
018 148
019 a1 30
020 “. 173
021 . 049
022 . 100
02 . 092
0?8 « 075
026 029
027

.018
028 <055
029 .106
030 . 340
031 147

. v a »
et i o
O O\ a\Wn

—
o

O R
WV O~ O

IR R D A
g-ns-‘ur_,uub-n
oOWnNWNOWNnGOo o

-
—
A9,

MEAN = L0804 = 2.333
STD DEV = ,0799
n = 29




TABLE XXXIIX

Time lteriod (6.3 Projects)

Subjective Regression

Weirhts Welphts Difference

% G . .07
.10 ’ .078
o 06) 037
i .(‘{ 1
20 + -, 047
-, \( 7
. . -,.0208
N 1 , 088
.1 €1 . 039
: «037
5 015
1 . 099
» . 125
. 02
'S s B3K
. 028
-, 062
¢ 1 . 051
. . Ol 1 . 009
i' ¢ . e
¥ o 4 <
. . 1 « DG
. . . "‘
» 5 ® 4 -el ol
ol . . )
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TABLE XXXIII

Air Force Need (6.3 Projects)

Sub jective Reiression

Case Welights Weights Difference
002 . 30 .516 -,216
0(0)3 020 0267 -006?
0 s .150 . 000
0058 .30 Lh06 -,106
006 . 30 . 330 -,030
007 .20 467 -, 167
008 L40 626 -,226
009 s 0 . 664 -, 364
010 -30 05u8 "02"‘8
011 .10 03()9 -0099
012 N 665 - 22§
01 .? .?91 -00“‘
01 .30 L 668 -, 3.8
015 029 0731 ) “1
016 ) 62 -,062
017 .05 .053 -,003
018 « 30 + 503 -,203
019 " L35 -.185
020 e 35 o -,023
021 .30 U -, 049
022 25 L6L2 -. 392
02 25 243 . 007
02 L . 241 -, 091
026 . J0 « 307 -,007
027 20 . 184 .016
028 .29 J22 -.132
029 .50 787 -, 247
030 .20 «539 -.339
031 .25 . 351 -.101

MEAN = =,1520 = =4, 409
STD DEV = ,1321

n =29
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APFENDIX I

I-Tegt of the Comparigony for the Management
levels Divisiong

and Div

This appendix includes the test for both the 6,2 and
6.3 projects with respect to the management levels and di-
visions., Each test had the following hypothesis:

Hol uA-uB = 0

u, and uy represent the mean relative weights

of the management levels or divisions being com-
pared.

Re ject Ho it ¢ > tu/z at the ,05 level of signi-
ficance,

tn-1, a/2 = ‘e, ,025 = 1:9
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Vita

Terry L. B8rooks was born in Rock Hill, South Carolina
on 7 August 1951, the son of Leon M. Brooks and the late
Anne R. bBrooks, He graduated from Kock Hill High School in
1969 and attended Clemson University, Clemson, South Caro-
lina, He graduated from there in 1973 with a Bachelor's
Degree in Ceramic Engineering and a commission in the United
Statas Alr Porce,

After completing Undergraduate FPilot Training at Webd
Alr Force Base, Texas in 1974, he was assigned as a T-38
Instructor Pilot and remained at Webb, In 1976, he was as-
signed to Ellsworth Air Force Base as an Aircraft Mainte-
nance Officer. He entered the Air Porce Institute of Tech-
nology in May 1978 to work towards a Master of Science
degree in Systems Management. He has attended both Land
and Water sSurvival Schools, the Accelerated Aircraft Mainte-
nance Officer Course, Squadron Officer's School, and Ground

Safety School.

Permanent Addrese: 757 Catewood Avenue
Rock Hill, South Carolina 29730
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