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1. SUMMARY

1.1 Report Period

The sixth quarter of contract activity involved: (1) implementation
of changes identified during initial test and evaiuation experiments,
(2) specification of additional technical improvements, and (3) tests of
procedures for evaluation of the group aid. The following tasks were
completed during the report period:

(1) A series of changes were completed following test and
evaluation experiments and system demonstrationa included were:
(a) algorithms for sensitivity analysis override and tree
traversing, (b) procedures for scale definition for attributes
and for overall values, and (c) provision for individualized
attribute weighting.

(2) Additional technical improvements to the group decision aid
were begun in parallel with those described above. Among the
changes are: (a) stored descriptions of major alternatives,
events, and attributes, (b) interactive sensitivity analysis,
displayed graphically for both probabilities and values, and
(c) new conflict resolution algorithm, based on individual
differences at the root node.

(3) Experiments were performed to determine the operational
applicability ot the system evaluation measures and methods
developed by CACI. Both aided and unaided group sessions
were analyzed using the evaluation instrument. Some
modifications to the procedures were made, and a set of
guidelines for future application were developed.

1-1
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> 1.2 Next Period
::5 The contract period during the next gquarter will primarily
§i concentrate on the finalization and testing of the system improvements

and extensions. The specific items of work for the next period include:

(1) Implement and test system improvements and extensions.

.;t (2) Transfer system to NADC for demonstration.

S (3) Prepare for preliminary experimental evaluation of cystem;
o perform evaluation.

1.3 Program Milestones

2K The milestone chart for the contract program is shown in Table 1-1,
-with the report period illustrated as the checkered portion.

1-2

B T P N S Tt e,
DI VOUL Tl T Wi W Wl W W G TP VL VLAY PR PRI W A W SR




SINOLSITIW WWHI0¥d - -1 374Vl

v

X4

22

L

0¢

6l

8l

LL

Ny Syjuoy
LL 0L

sauL[3pLhy pue j.0day
340443 3aALjeaadoo) HQYN
suoLjeneal Aseutwt [a4d
buruue| 4 tejusuwtaadx]
wyyta06(y 32L14u0) *
4031p3 3d94] -

TLeuy AJLALILSUSS “jul °
SPLAAIAQ AJLALDILSUDS

sabuey) sisfeuy

butjybLam anqLally °
1s17 "33y 3qeisnlpy -
suoLjtLutjaq aless -
Su013dL4adSag padols °
SJuswWaul §3y 3INGLAIIY
ejeq [Lea] jLpny °
uotjesdusabay sauy
S34NP3I0Ud UOL}IIAU0) °
SIUBWIAOAdW] | eANPIDOU

S3udWaAOoAdw] weaboud

ASVL WYY90ud

L

1-3

]




..........

2. PROGRAM OVERVIEW

2.1 Statement of Problem

Constant escalation in weapons cost and effectiveness, as well as
the increasing complexity of international relations, makes military
decision making more critical today than ever before. 1In today's military
environment, most upper-level decisions are made by committees and staff
groups. Typically, such groups contain experts from several speciality
areas, who bring to the decision environment disparate sets of values.
Decision time is usually limited, the decision making procedure is
relatively unstructured, and intragroup conflicts arise on a broad variety
of issues. Consequently the group is unable to consider the maximum set
of alternatives, conflicts are not resolved in an optimum manner, and the
resultant decision is rarely up to the aggregate potential of the group
membership.

2.2 Rationale

Decision analysis offers a promising approach to solving these
problems. The analytical procedure of building a decision tree formalizes
the decision process, and permits incorporation of individual values !
(utilities) into the selection of alternative courses of action (Hays,
0'Connor, and Peterson, 1975). However, decision analysis as it is
usually practiced, is a highly personal and time-consuming process.

Decision analysts are often called upon to assist in the solution of
problems ranging over a large variety of domains. In most cases, the
decisjon analysts know far less about the problem domain than do their
clients. Thus their contributions are confined primarily to the phases

of formalization and optimization. While optimization is usually computer
assisted, the formalization phase invariably has been accomplished

2-1
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manually, using lengthy interviews of persons more familiar with the
problem area. This approach is generally incompatible with the conditions
of command group decision making.

Accordingly, it would be highly worthwhile to automate the
formalization phase, using an interactive computer system to interrogate
the group members and to construct a decision tree based on their
responses. The purpose of the research undertaken here is to develop and
evaluate the means by which such an interactive aid could be used to
improve group decision making.

2.3 Objectives

The goal of the research program addressed in this progress report

-is to develop an automated decision tree elicitation system using on-line

sensitivity analysis with direct real-time group feedback and evaluate its
effectiveness in aiding group decision making.

The specific objectives of the current program include the
following:

(1) Develop computer programs for efficient, comprehensive,
elicitation of decision trees from a decision making group.

(2) Develop computer programs for identifying structural and
numerical differences among the contributions of individual
group members, for merging these contributions and for

resolving the points of conflict.

(3) Develop effective means for displaying to the group the
results of the elicitation procedures and conflict analyses.

2-2
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(4) Integrate the various programs and techniques into a complete
aiding system which can be readily transferred to other test

environments.

(5) Experimentally test the Group Decision Aid, using a variety
of representative military decision problems, to demonstrate
its advantages under realistic conditions of use.

(6) On the basis of the developmental effort and the exper ~ntal

results, establish guidelines and recommendations for ire
military applications of the group decision aiding met .- Hgy.

2-3
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3. SYSTEM IMPROVEMENTS

3.1 General

The initial system tests, described in our recent technical
report (Leal, et al, 1978), were highly successful. The initial
development goals of the system were realized, in that experienced
groups were able to work effectively with the aid toward the solution
of a realistic and representative decision problems. At the same time,

a number of system areas were identified in which existing features could
be modified, or new features added, in order to improve overall system
performance and power. Suggestions for candidate improvements came

(1) from our review of original system goals; (2) from cur review of
related developments in computerized decision aiding, such as the IBM
5100 aiding packages produced for ARPA/CTO by DDI; (3) from suggestions
made by knowledgeable visitors to whom the system was demonstrated, such
as Dr. Clinton Kelly, of DDI; Dr. Martin Tolcott of ONR; Dr. Ward Edwards
of USC, and others; and (4) from suggestions made by our ARPA monitors
and other ARPA personnel.

The improvements selected for implementation during the FY78 period,
i.e., by September 30, 1978, include modifications for tree traversing,
scale definition, attribute weighting, stered descriptions, interactive
sensitivity analysis, and new conflict identification algorithms. The
first three of these, tree traversing, scale definitions, and attribute
weighting, have now been implemented. Section 3.2 describes these changes.
Plans for the remaining changes, now in progress, are detailed in Section
3.3.

3-1
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3.2 Implemented Improvements

The following changes to the group decision aiding system have

been completed. These modifications enhance the decision theoretic fidelity

of the aid and are particularly important for the NADC cooperative effort.

Tree Traverser. It is unrealistic to expect the group to be

able to develop a decision tree without error the first time. Alternatives
will be forgotten; events will be found too improbable to be included;
formally closed branches will be reopened, etc. A tree restructuring
capability has been implemented which permits groups to alter previously
build protions of the tree at any time. Movement to the decision node
desired is shown by a cursor under the control of the intermediator.

Scale Definitions. It is critical to define clearly the endpoints

and properties of the utility scales. The scales of both the attributes
and the action/event nodes must be defined consistently. Each attribute
is scaled by defining the worst possibie Tevel to be zero and the best
possible to be 100. Shortened labels are assigned at each of these
endpoints, such as in the example below.

$100 million $20 million
Loss Loss
0 100

Suggestions have been made for a reversible scale, on which the zero point
will be the best situation, e.g., zero hostages killed, zero dollars lost,
etc. However, this would make transliations from attribute scales to
overall value scales difficult. The use of well-defined endpoints is
expected to solve this problem.

-




0

The overall utilities of actions or events are similarly defined
by labeling a single, common scale, established early in the analysis.
Again, the zero point corresponds to the worst possible state, while the
100 point denotes the best possible state. At the same time, consistency
is maintained by having the upper and lower endpoints correspond to all
zeros and all 100s on the individual attributes, respectively. Finally,
for flexibility, changes can be made to the labels at any time during the
task.

Adjustable Attribute List. The construction of the attribute
list is the first task the group must perform. However, it is very

difficult to foresee the applicability of the attributes to particular
future alternatives or outcomes. An adjustable attribute list has been
included to allow new attributes to be added and to allow irrelevant ones
to be deleted.

For the most part, the attribute set should be invariant with
respect to the alternatives. This is because the attribute membership
derives from the set of objectives characterizing the problem, and not
from the choices present. However, development of the decision tree may
bring to 1ight additional considerations which sktould be included as
attributes. For ease of comparability across actions, such changes may
have to be incorporated in previously evaluated nodes.

Attribute Weighting. It is unlikely that the attributes will all
be equally important with respect to the particular alternative in conflict.

A number of researchers (Newman, Seaver, and Edwards, 1976; McClelland,
1978) have shown that differential weighting (distinct weights for each
attribute) is important in most real-world situations. The evaluation

function will then take the following form:




TR

where Uj is the overall utility of outcome J

W, is the importance weight of attribute i

Aij is the level of attribute i occurring with outcome j 4

The weights W, define the policy of the decision maker with regard
to the different dimensions of outcome. This policy should be invariant
Ei with respect to the possible alternatives. The attribute levels, on the

- other hand, characterize the choices or outcomes along the dimensions --
:f costs, tactical gains, political impact, etc. As such, these levels vary
i: with each choice and must be estimated for each point in conflict.

1

The importance weights will be elicited from each participant
" after definition of the set of attributes. The elicitation process is
patterned after that used by DDI (Selvidge, 1976) and by SSRI (Gardiner
and Edwards, 1975). In short, comparisons will be made of the importance
of swings across the range of each attribute. One of the attributes will
arbitrarily be given a weight of ten points. Each remaining attribute

will be compared to the first attribute by estimating the importance of
a change from the lowest to highest level compared to a change from -
lowest to highest on the first attribute. For example, if a swing across '
the range of the second attribute is twice as important as a swing across
the range of the first attribute, a weight of 20 will be assigned. Once
all of the attributes are thus weighted, a normalization is made: Each
attribute is set equal to its raw weight divided by the sum of raw weights
and then muitiplied by 100. This results in a summation of all weights

to 100 points.

The frames used during the attribute weighting process are shown
in Figures 3-1 and 3-2. Figure 3-1 depicts one of the attribute comparisons

3-4

P R S S L. N . . . . N ‘ . - . . - R . - . .
B8 eat e datalam ot A L el 8 8ataliaalatatata s la sl e e e e A aatibetalaaealaTa e e N .1




o PR A A A I .'—,"I-’v"lv-v*"‘—'*‘—--*-»—*-'-.'vrvrv_v,-_-..—-_j
..... KA TITETo TRTR TR . i L -

v e e
.....

IMPORTANCE WEIGHT ESTIMATION
VALUE
97 "HOSTAGE SAFETY" lOP 10
N I
ALL

KILLED
97 "DIRECT COSTS” 190
I 1

$10 mMILLION NO
LOST COSTS

FIGURE 3-1. ATTRIBUTE WEIGHTING FRAME
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described above. The upper scale in the figure is used as the baseline,
and is assigned a value of 10 (shown at the right of the frame). Each
of the remaining attributes is compared in turn to this attribute.

If there is a conflict in estimation after the normalization
process, the frame shown in Figure 3-2 is displayed. This is a graphical
display of the normalized individual estimates. Discussion and re-
estimation using the scale comparison technique then follows. The
arithmetic mean of the estimates is used in all later calculations,
although the final individual weight vectors are stored for possible
later tests of conflict.

3.3 Improvements in Progress

The following changes to the group system are now in progress.
These improvements are schedules to be implemented by October 1, 1978.

Interactive Sensitivity Analysis. One of the most important

functions of the group decision aid will be to provide information about
individual problem elements through sensitivity analysis. Sensitivity
analysis tells how the relative attractiveness of the various actions
change as each single aspect of the decision is varied. The parameters
planned to be varied are the overall node values, the attribute levels,
the attribute weights, and the event probabilities. Each of these will
be described below.

A graphic format will be used for displaying the sensitivity
analysis. Figure 3-3 illustrates an example display using as & variable
the overall node value. The figure is a plot of the utility (the expected
value) of actions 1, 2, and 3, the root actions, as the value of the node

in question is varied across its possible range. The sensitivity shows
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L information about crossover points, values at which the favored action
r" 'I changes. The example in Figure 3-3 shows action 3 favored until the node
value goes above 50, after which action 1 becomes favored. For
computational simplicity, samples of the values can be taken at 10 point
intervals. This should provide sufficient information for making the
plot.

Sensitivity analysis for the attribute levels and weights are

Li - slightly more complicated. For attr.bute level, the plot would be the

Y h same form as that of Figure 3-3, with attribute Ai defining the abscissa
- rather than value K. Sensitivity analysis for the attribute weights, on
) the other hand, would substitute the attribute weight W for value K.
Both the attribute level and weight analyses require a complete folding

0w back of the tree.

- Zf Sensitivity analysis with respect to probability of events is
AV again similar. Figure 3-4 shows how a probability of event H can be
" varied across a 0 to 100% chance of occurrence to determine its effect
on the values of the various actions. If more than two events are possible

o %; at the node in question, the ratio of likelihoods between the remaining
- - events will be kept invarient. This form of sensitivity analysis is

) B especially useful regarding value of information. Information that changes
l. - the probability distribution sufficient to justify its cost can be
S identified.

Each of the above sensitivity analyses will be available to the

ﬂf ~f intermediator. Requests for a specific analysis will be made by the

;ﬁ participants.

e

;; - Stored Descriptions. It is sometimes difficult to capture complex
}i alternatives or outcome situations with a few words (currently ten letters
>
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for tree descriptions). A small amount of time should be used by the
group to develop detailed definitions and descriptions of each major :}
alternative, event, and attribute. The descriptions may be displayed at '
any time for reference. The description may include such items as the 4
actor, the action, the recipient, the situation, and the time frame. E
An example of an action description follows:

Display Strength: Deploy carriers immediately to

Mandero City and await response.

New Conflict Resolution Aigorithin. The current conflict
identification and resolution algorithm is somewhat arbitrary in the sense

that there is only an indirect relationship between differences in values
and differences in preferred actions. For example, it is possible to have
~large differences in opinion as to the value of an event, but agreement
on the initial decision (at the root of the tree). A new algorithm will
identify conflicts only as those differences of values that cause a
difference in the initial decision. The sensitivity analysis program
will test each participant's values, one at a time. If a conflict is
present, the node just opened will be decomposed into attributes. The
previous conflict algorithm concerning differences in attribute levels
will then be used. After recombination, the overall values will again be
tested for conflicts at the root decision. If a conflict is still present,
the remaining nodes will, one by one, be decomposed into attributes until
either the root decision conflict is resolved or no further discussion is
desired.

Probability conflicts will be tested in a parallel fashion, by
averaging the value estimates and determining if the probability differences
result in choice differences at the root node.

-
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4. TESTS OF CACI EVALUATION INSTRUMENT

CACI, operating as subcontractor to Perceptronics, produced in
June, 1978, a comprehensive set of evaluation measures to test the group
decision aiding system (CACI, 1978). In July, 1978, Perceptronics and
CACI arranged to undertake "shakedown" runs on these measures by
scheduling and analyzing several group sessions in a one-week period.
Dr. Bert Spector of CACI assisted in these tests and performed much of the
analysis. One of the two sessions involved use of the group decision aid,
while the second group of three subjects was unstructured. Since the
objective was one of testing the measurement instrument, college students
were used, and no attempt was made to balance for age or background. Both
groups dealt with the counter-terrorist scenario. Stereo audio recording
was used to augment the audit trail for analysis of the sessions.

For the most part, the 23 measures of the evaluation instrument
were found to be satisfactory for characterizing the aided session. About
half of the measures were also found to be applicable to the unaided
session analysis. The conflict resolution and utility loss measures were
not applicable because values or probabilities were not estimated during
the non-aided session. A memo describing modifications made to the
measures, along with guidelines for application, was prepared by
Dr. Spector. This memo "Applying Evaluation Methodologies to the Group
Decision Aid," is attached as Appendix A.

While the sessions were not intended for comparison of conditions,
some behavioral observations were made. The findings were interesting
enough to warrant a replication of the unaided condition with a second
group. This second group received additional debriefing to elicit
specific values and probabilities.

|
|
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A1l three groups, two unaided and one aided, used almost the full

three hours to discuss options and come up with a course of action. The

unaided groups tended to settlie in on a plan early in the analysis and

modify it to reflect new considerations and contingencies.

One of the

unaided groups, as a result, did not consider the immediate attack option
at all, and simply expanded the stall and attack alternative. The other

unaided group split into two factions, one supporting immediate attack

(2 members) and the other supporting a stall and attack plan (1 member).

These factions followed the classic group stratagem of finding points to

support their own position. After approximately two hours of such
conflict, the person favoring a stall tactic capitulated, although many

of that member's considerations were incorporated in the final plan. A1l

in all, the unaided groups were able to come up with a fairly rich analysis
of the problem, mentioning many actions, events, and contingencies (in one

case, producing a richer set than the aided group).

This appeared to be

because they gave very little attention to ranking or rating the

alternatives, estimating probabilities, or considering attributes. The

objectives of recovering the bombs and saving the hostages were often

mentioned, but the set of considerations was never consistent.

The final recommendations produced by the unaided groups were

quite detailed regarding the final plan. However, no secondary options
and few rationalizations for the choice were provided (although these

were requested). It appears that the unaided groups would have had a
difficult time of communicating the rationale for their plan or changing
the plan as new circumstances arose. The aided group produced a less

detailed but much more systematically analyzed and communicable course of

action.

Some recommendations for further work appear necessary. Several

of the system changes planned for the next few months, notably the tree

traversing and new conflict resolution procedures, appear indispensible.
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: Also, experienced decision makers familiar with the problem area should

" l be used. Such individuals would be able to formulate courses of action

R and estimate consequences much more effectively than a scenario-trained

oy group. Finally, a situation estimate scenario with established "ground
2 truth” would be instrumental for providing objective analyses.
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APPENDIX A

APPLYING EVALUATION METHODOLOGIES
TO THE GROUP DECISION-MAKING AID:
A CACI TECHNICAL MEMORANDUM




PR

(o
.
ot

A AT,
atele,

-

INTRODUCTION

This memorandum documents the procedures, findings, and recommendations
that resulted from several experiments in which evaluation measures and
methods developed by CACI (1978a) were implemented. The system being
evaluated was the Perceptronics (1978) group decision-wmaking aid. The
first section discusses the operational applicability of the evaluation
measures to both experimental and control treatments and describes the
further development of some of the measures to improve their compara-
bility and monitoring ease. Second, procedures that should be followed
in future evaluation experiments involving the group aiding system are
detailed. Finally, recommendations are developed to improve the inter-

retability of future evaluation experiments.
P y

OPERATIONAL EVALUATION MEASURES

Evaluation Exercises

On 18-19 July 1978, two experimental tests of the evaluation measures
were conducted at the Perceptronics test sité. One test involved a
three—person team attewmpting to resolve a crisis management scenario
(CACI, 1977) with the assistance of the group aiding system. The other
test, a control rreatment, involved a different three-person team con-
fronted with the identical scenario and tasking, but given no aid or
proapting whatsoever, Hence, the control group was free to develop its

own procedures, rules, anc methods for resclving the crisis scenario.

This free form control treatment, more than any other type of control
group, is probably closest to ad hoc crisis management task forces that
are formed in government to deal with real crisis situaticns. Anv
decision-making structure or formalization of procedures that evolves
during task force operations is generated internally andé is not imposed

by external sources., On the other hand, the e:perimental treatment,
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waking team.

se of the group decision—making aid, imposes the struc-

ses of format decision analysis techniques on the decision-

The evaluation measures were able to monitor sensitive assessment cri-

teria for both

the experimental and control treatments. Comparison of

identical measures for each treatment provided a systecatic baseline

against which t
aiding system ¢
pruvides ample

ation measures

aiding systea.

evaluvation comp
the smzll numbe
tional state of
calculated from
ational utility

sented in this

Applicability o

he performance differential produced by using the group
ould be judged. The current set of evaluation exercises
evidence of the applicability and utility of the evalu-
developed by CACIl to assess the Perceptronics group
The procedures and recoamencations resulting frexz this
erison are described in this memorandum. However, cue to
r of cases (N=2), sampling deficiencies, &nd the trensi-
the group aiding systez itself, the evaluation scores
the experimental data do not velidly represent the cper—
of the system. Hence, these figures will not be pre-

meaorandum,

f Evaluation Measures to Control Treatmen:s

Most of the eva
mance with the
ification to mo
to the absence
trol treatment,
group will empl
is jeintly appl

luation measures developed by CACI to monitor tean perfcr

group aiding system can be exploved with little or no mod-
nitor team perforuance in contrel settings as well. Due

of any structure imposed by the experimenter in the con-
it is difficult to predict procedures that the control

oy and, thus, to derive a set of evaluation measures that

icable to experimental and control treatments uncder ail

conceivable circumstances. However, there are likelvy to be severzl

important commonalities between the performance of experimentizl anc con-

trol grcups the

types of groups in the current scenario requires that teams produce

t enable equivalent measurewment. First, tasking for both

n

recommended course of action at the conclusicn of their sessions. Second,
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in their deliberations team members in either type of group are likely

to generate various alternative actions and evaluate the extent to which
these actions are likely to achieve team-valued objectives. These common
performance elements enable compatible measurement of the aided (experi-
mental) and unaided (contrel) groups using the same evaluation measures

developed by CACI (1978a).

Table 1 presents the evaluation measures from CACI's (1978a) report that
are compatible with data derived from unaided (control) groups. Most of
the measures are cdirectly compatible; that is, date that zre likely tc

be obtained from control treatments will code easily into the categories
required by the evaluation indices. A few of the evaluation measures will
require the deta obtained froz unaided groups to be transformed into de-
cision tree format to enable comparable measurement. Onlv four evaluation
measures are likely to be incompatible in monitoring the control trezt-
ments. Each measure in the last category involves indexing of value
assignments, which are not likely to be generated by control groups un-

less they employ formal decision analysis procedures.

FURTHER DEVELOPMENT OF EVALUATION MEASURES

Application of the evaluation measures in the evaluation exercises helped
to refine and further develop some of the indices to make them mere com-
parable in future experiments. Moreover, additional measures were sug-
gested in analyzing the exercise data. These developments are discussed

below.

Measures 2, 3, 4, and 6. Time Measures

Each measure car be expressed as a percentage of the total time expended
to complete the decision-making session (Measure 1). Together, these

four measures will equal 100 percent.
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TABLLE ]

Lvaluatioc Heasures Compatible With Unstided (Contrel) Croupe

Lann S A S

Requires
Direct Ixcision Tiee Not
Heaoure Corresprndence Transforzatien Aplicatle
Task saalysis Measures
1. 7Tise ezpended to complete
decision tree )
2. Time expended ob inforastios
atqQuistition z
3. liwe ezpended on oObjeciives x
4, Time expended oc alteraatives
generatios
5. Iime expecded od each alterastive
€. Tine expedded o2 alteroative
evaluatior z
Tree Cozplexitv Messures
7. Total pumber of alternatives
exani ned b
8. Total alternatives 3o {inal tree z
¥, 2ezcent conproiuctive altermative
generation X
10, ‘Percen: altercatives oot &3 final
recousendation z
1l. Tree scope 2
12, Percec: effor: devoted to coztic
gency plataing x
Particivation Measures
13, Participation time per member x
14, Yeac owber of altercatives
geverated z
15. Urean owmber of initdatives x
16, Kate of svpportive output x
17, Bate of comiributive cutpu:
18. Xate of acosuppoTiive oulput x
Conflict Resoluzion Measures
19. Percent viiltity conflicts re-
duced (vithoutr Multé-Artribute
Cidldty Model (MASM)) x
2C. Fercent attribute conflicts
reduced z
Ceohesjon Measure
2!, Coalitien formation z
Irforzal Leacership Messure
2. loplied influesce x
Pover dstridution Measure
23, Percen: nersuasive statements x
1aitiated
Decigion Quality Measures
Content guality cocfficient x
Process Guality coefficient x
Outcome Quality coefficient 3
Subleciive Attitudinel Measutes
Tost=session sutvey 3
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Measure 10. Percent Nonproductive Branching

For clarification purposes, this measure should be relabeled, "Percent

Alternatives Not Included in the Final Recommendation.’

Measures .11 and 12. Tree Scope and Contingencv Planning

For clarification purposes, "tree scope” is defined as the total number
of choice and event points in the tree. The “"percent effort devoted to
contingency planning” is defined as the total number of event points di-

vided by the total number of choice and event points in the tree.

Measures 19 and 20. Conflict Resolution Measures

Measure 19 monitors the reduction of utility differences without using
the Multi-Attribute Utility Model (MAUM) or averaging procedures and, as
such, does not apply to the group aiding system as it is presently con-
figured. This measure is intended to tap the degree to which conflicting
group value assignments on an action or eveng_alternativa are resolved
on subsequent revotes zfter group discussion. As presently formatted,
this cannot be done with the group aid. If a conflict arises, the group
can only choose either the MAUM or averaging procedures; it cannot choose
to discuss the conflicting positions and then vote again on the alterna-
tive. The aid would be greatly improved if the choice‘to conduct revotes
on conflicting value assignments immediately after discussion were made

available.

Measure 20 deals with the average reduction of attribute differences.
This index taps those utility votes on attributes within the MAUM pre-
cedure that continue to be in conflict and must be rescived through addi-
tional votes on the conflicting attributes. To make the results of this
measure more comparable, the outcome of the current equation (sec Page
C-7 of CACI, 1978a) should be divided by the first element in that equa-
tion (dealing with prior utility differences), and then multiplied by
100, The resulting measure can be relabeled, "Percent Attribute Con-

flicts Reduced.” 5
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Measure 2], Coaliticn Formation Measure
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The data elements included in calculating this measure deal exclusively
with strategic utility votes, that is, votes where there are significant
differences in opirion among team plavers. To make this measure more
comparable, the quotient of the current equation (see Page C-8 of CACI,
1678a) should be divided by 200 (for three-person teams), subtracted
from unity, and then multiplied by 100. The resulting index measures
the degree to which there is utility agreement among all three team mem-

bers on alternatives in which there was initiazl conflict.

Measure 22, Implied Influence Measure

To improve comparability, the outcome of the current equation (see Page
C-9 of CACI, 1978a) should be subtracted from unity. The resulting score
is interpreted as the percent averaged deviation between & player's and

the group's weighted utility assignuwents for each extended node.

Content and Outcome Quality Measures

The scenario employved in the 18~19 July exercises is different fromw the
scenario originzlly developed by CACI (1977). All facts relating to U.S.
troops at Komsa were omitted, and data concerning the chances for success
in an attack were added. Because these critical changes were not commu-
nicated to CACI, the content and outcome quality measures must be adjusted.
The fifth renked criterion for centent quality, "provide supplies/assis-
tance to U.,S. troops at Komsa,” and the seventh ranked criterion for out-

come quality, "actions to provide assistance to U.S. troops at Komsa,'

must be omitted and the previous ranks reduced by one.
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New Measures Developed

Measure 20A. Percent Utility Conflicts Reduced After MAUM Procedures,

This measure uses identical calculations as Measure 20. However, the

utility votes that are compared are

e Initial value assignments on alternatives in which there
is conflict, and

e Final value assignments on alternatives resulting from
successful MAUM procedures,

Measure 4A, Percent Time Expendecd Resolving Velue Confliicts. This

measure is based on the calculation of time spent in MAUM or revote pro-

cedures,

Measure 12A. Percent Contingency Planning Activitv, This measure di-

vides the number of event alternatives by the totzl number of zlterna-

tives in the tree and multiplies the quotient by 100.

Measure 18A. Control Group Procedures. Of necessity, this is a free

forn monitoring of the basic procedures or structures instituted by the
control group. Data on how the control groups operated can provide im-
portant information to categorize and characterize control group perfor-
mance. For example, the results of extensive evaluation experiments may
suggest that teams using the group aid perform better than control groups,
which choose autocratic and nonparticipative procedures, but worse than

control groups that prefer participative brainstorming techniques.

EVALUATION PROCEDURES

The exercises conducted on 18-19 July can be viewed as preliminary tests
of the evaluation methods and procedures. Thus, thev can be used as a

learning device to improve future experiments, Somc of the szlient les-

sons are discussed on the following pages.
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Subject Selection

b _ One of the most critical lessons to come out of the exercises concerns -
" subject selection, Greater control must be administered in chocsing

tj subjects to participate in the experiments, controlling team cocposition,

. and ensuring equivalency between experimental (aided) and control .(un-

alded) treatments. -

Q First, it is necessary to select subjects that are capable of dealing

. with a complex scenario-on a sophisticated level. The quelity of group
deliberations znd the practicality of the final recommended sclution
depend on the sophistication of the participants in handling the subject
matter in the scenario., More sophisticated subjects are likelv to vield

higher quality cecisions. Tvpically, naive subjects confronted with a

L.

complex scenario do not have sufficient bzckground to know what the avzil-
atle response actions ere., Thus, their recommended soluticns often zppear

to be extremely generzl and too vague for practicasl implementation.

In the case of the current internationel crisis scenazrio, subjects require t
. the capacity for strategic and tactical thought, as well as some experience,
background, or knowledge concerning available options in such crisis sit- "
uations. In the short term, *ie best civilian subject pcol fer the cur-
: rent scenario would probably include undergraduate political science and -

military science (ROTC) students.

Second, it is essential to control for team composition. As discussed
- in CACI (1978b), if adequate controls over team composition are absent,
alternative explanations for team performance and the quality of team
N solutions may be posed. That is, without sufficient controle, it wmay be
possible to assert that superior performance was obtained due to factors
. such as prior experience in team decision-making or prior use of decision -

analysis techniques by team members, rather than attributing the superior -

performance to the use of the group decision-making aid. Obviously, the
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point is to avoid the impact of such rival hypotheses. This can be
done by anticipating and controlling for them through subject selection

and team formation criteria,

Table 2 presents nine rival hypotheses that might be anticipated using
the current group aid and the current scenario. Each of these plausible

rival hypotheses comes from the scholarly literature on group dynamics

Yaa)

in decision—making teams. On the basis of these hypotheses, it is pos-

sible to identify the characteristics of the ideal subject. They

include

Y
L
.
~
-

¢ Limited or no decision analysis training,
¢ Limited or no team decision-mzking experience,

¢ Limited or no experience with computer-based
systems,

¢ Limited or no crisis management experience,
¢ Limited or no familiarity with cther team members,
¢ Moderate levels of aspiration, and *

e Moderate to extensive background in political
science, international relations, or military
science.

A subject pool that is larger than the required number of subjects should
be interviewed by phone prior to the experiments to identify those persons
who best conform with the characteristics of an optimal subject. These
persons should be selected, and less than optimal subjects should be re-

jected.

Third, there should be equivalency between the aided and unzided groups.
Subjects should be scheduled to form balanced teams, That is, subjects

should be matched and assigned to teams so that the age and sex differ-

P s ]
ences among teams are minimized.
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TABLE 2
Rival Hypotheses

Background Hvpotheses

1.

If subjects had extensive experience working in similar decision-
making teams, thelr decisions ané performance are likely to be
ioproved despite use of the Perceptronics aid (Stein, 1975).

If subjects had previous extensive experience or instruction using
decision analvsis methods, their decisions and performance are likely
to be inproved despite use of the Perceptronics aid (Goldmen, 1965).

If subjects had previous extensive experience using computer-based
svysters, their decisions and ?erformcnce are Aike¢y to be improved
despite use of the Perceptronics zid (CACI, 1S76b).

If subjects had previous extensive experience dealine with similer
crisis manzgerent problems, their decisicns and performance are
iikely to be improved despite use of the Perceptronics aid (Lorge
and Solomcn, 1960).

If subjects are extremely familiar with their fellow team members,
their decisions and performance are likely to be imprcved despite
use of the Perceptrronics aid (Greer, et al., 1954).

1f subjects have high levels of aspiration, their cdecisions and per-
formance are likely to be improved despite use of the Perceptronics
aid (Lorge and Solomon, 1960).

Process Hvpotheses

7.

1f particular subjects dominate team deliberations and expend more
time than their share, team decisions and performance may suffer
despite use of the Perceptronics aid (Stein, 1975).

If the subject playving the role of group lezder uses zn sutocratic
leadershir style, thus inhibiting team mewbers froxz participating
in deliberations and offering alternatives, team decisions and per-

ey —p T S TarE T ——

formance may suffer despite use of the Perceptronics aid (CaCI, 1976).

I1f the experimenter's director interferes excessivelv in group pro-
cesses Or interprets data from the system or team preferences incor-—
rectly, team decisions and performance may suffer despite use of

the Perceptronics aid (Haines, et ali., 1961),
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Pre-Experimental Briefings

When the subjects arrive at the test site they receive two different
briefings. The first is a training briefing, which consists of decision
enalysis instructions and hands—-on experience with the decision aid for
the experimental group, and problem—solving and team procedure discus-
sions for the control group. The aided group should be instructed on
the sensitivity procedures structured into the group aié at this point,
For both group types, emphasis should be placed on the fact that the
subjects will be working as a team in the upcoming experiments. At this
stage, discussion among group members should be encouraged so that in-
hibitions are reduced and informal team procedures andé rules of oper-

ation can be established.

The second briefing deals with the substance of the crisis management
scenario and the team's tasking. Ideally, group members should read
the written materials independently of each cther and then be given an
auvdio-visual briefing to summarize the salient facts. The written ma-
terial for such viewgraphs was provided by CACI (1977). Discussion
among group mewmbers concerning scenarioc facts should be prohibited un-
til the decision-making session begins. Informational questions can be
asked by team members, but responses should be limited to the data pro-
vided in the briefing materials to prevent bias in the distribution of

information across teams.

Session Procedures

Once the session has begun, the experimenter should refrain from leading
the team toward certain elternetives or joining in the discussion. Time
checks should be announced every hour for each of the 3 hours, and a

clock should be present so that the teams can pace themselves,

To assist in subsequent analysis of the group sessions (both aided and
unaided), the experimenter should record a sequential list of all alter-

natives generated by the group, attributing each alternative to the

11
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initiating member and categorizing each alternative as either an action

or event, This will assist in wmaintaining an audit treil of control
group performance, as well as enable richer interpretation of aided

group nodes in subseguent applications of the evaluation measures. A
second observer in the control sessicns might attexpt to construct a
decision tree of the generated zlternatives as the discussion progresses,
These data will save the experimenter from having to make several pzsses
through the audio recordings of the sessions. Overzll, special attention
should be given to monitoring the unaided groups and making sure that
there is an adequate audit trail of objectives discussed, alternatives
generated and evealuated, and votes taken, Periodic photographs of black-
boards and seguentiazl numbering ¢f peper used by contrel groups should

also be azttenced to.

Post-Experimental Debriefing

Groups should be reminded that they must develop 2 finel recommendztien
2t the end of their 3-hour session. When the session is complete, the
post-experimental attitude survey should be filled out by each member in-
dependently. Any verbzl debriefiing of the experiment by the experimenter

should keep in mind whether the subjects will be undergoing a2 subsequent

decision-making session (more on this in the Recommendations section below).

PROELEMS AND RECCMMENDATIONS

The evaluation exercises that were conducted made certain problems with
the group aiding system very appérent and the need for practical solutions
critical, Severzl recommendations to reduce the impect of these problems

are suggested below.

Timing

Tiwing {s critical in crisis tansgement decision-making situations., The

team using the group aid in the current set of exercises was extreczely
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passive in relation to the system, wziting for their zlternatives or
attributes to be entered by the intermediator and for prompts from the
system to assign utilities or probabilities. Little discussion was
carried on during these waiting periods cdespite prowmpts from the inter—
mediator. Moreover, much time was expended by the intermediator during
thé first hour of the session in explaining each of the system's prompts
(for attributes, alternatives, utilities, probabilities, and conflict
resolution procedures), despite the fact that all of these elements hagd

been described during the prior training session.

It is suggested that the training session for the zided team be more ex-
tensive, to the point where the teanm appears to be zble ro use the system
entirely on its own., During the recent exercise, 20 minutes were spent
on decision analysis instruction and one-half hour on group aid instruc-
tion. Perhaps another one-half hour is required for zore hands-on expe-
rience with the aid. This should reduce the need for intermediator ex-
planations during the session and reduce teac passivity since menbers
will be able to anticipate what the group aid requires them to do next.
0f course, extending the instruction time for .the aided group must be
accomxpanied by increasing preparation time fof the unaided group. Prep-

eration time for beth types of groups should be equivalent,

Group Aid Limitations and Recommended Improvezents

Several structured elements of the 2roup aid &ppesred to inhibit team per—

formmance. These can be rectified as suggestes 2 ow.

3
[d

1. VWhen utility conflicts arise on al:ternztives, teams
should be automatically shown the degree of differcrces
before they are asked to decide on the procedure to re-

_ solve the conflict. These differences can be presented

’ graphically,

As one of several conflict resciuticn procecures (in

addition to MALM and averaging), teams shoulcd be

.-

t} . allowed to simply revote on the conflicting alterna-
b tive subsequent to group discussicn. Thic option
SO would save much time over the MAUM nrocecure.

-
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3. Groups should be enabled to override the sensitivity
algoritha to access and expend action and event nodes
that have been assigned high value by the group.

ai

4, In order to accomplish this in an unbiased fashion,
teans should automatically be shown the list of all
nodes included in the tree with rollec-tack values
after each new node is added to the tree.

[P

5. The hard copy avdit trail produced by the system should
:ave the computer clock print out the "time expended to 1
generate zlternatives at each node,” as well zs the
“"time expended assigning values and probabilities to
those elternatives,” This will aid in wonitoring the
percentage of time spent generzting options and evaiu-
ating those options, respectively.

win s

The evzluation exercise indicated that unless very strict controls are :%
taken in selecting subjects and minimizing intergroup differences, it mav _3
be difficult to validly compare aided with unaided group scores on the evel- :j

|

uztion measures. In fact, it is probably impossible to contrcl completely .
for teem cozposition because not only pust 1nd1v1oucl subjects be selected ;j
on the basis of specific criteria, but their assignmen: to teams results in

the interaction of personalities and styles that cannot be completely antic- 4

ipated or controlled.

Therefore, rather than the "posttest-only” control group design used in the

current evaluation exercise, which is diagramzed below,
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where one group experiences the aid and the other does not, a “pretest-
posttest”™ control group design is recommended. It can be diagrammed as

shown below,

Two groups are employed: One receives the aid treztment after undergoing
an unaided session, and the second group undertakes two unzided sessions.
This design controls for the following threats to validity: history, mzt-
uration, regression, and selection. Subjects must be rzndozized zcross
experimental and control conditions, but matching mavy be useé prior :o
randoxmizing. To control for subject mortality, the firet and second
decision-making sessions should be conducted on the szme day. To control
for learning and testing effects, the problem-sclving scenarios given to
both the experimental and control groups should be bzlanced. To izple-
ment this improved design, two scenarios must be developed of similar cem-

plexity and tasking.

Group Aid Utilization

Fipally, it is recommended that the purpose for which the group aid was
developed be reevaluated. As presently formatted, the aid provides little
assistance to groups in generating zlternatives and, in fact, may inhibit
this process by implicitly limiting the number of alternatives that can
be handled efficiently and intelligently in decision tree format by teanms
under pressure. On the other hand, the decision analysis algorithzs in
the group aid do appear to aid in evaluating and ranking the alternz-

tives that zre generated.

Optimal utilization of the group aid, it would seex, shouvld take advan-
tage of the structure it imposes on the alternative evaluation process,
while ridding teams of its inhibiting effects during the alternative gen-

eration process. It is recommended that groups initially use proven icea
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generation and creativity processes such as brainstormirg to develop a
rich set of options. With these options in hand, the group can then ex-~
ploy the group 2id to structure, rank order, and evaluate their zlterna-
tives by assigning values and probabilities. The separaticn of idez gen-
eration and evaluztion procedures is likely to vield a rich &nd extensive
set of alternztives as noted by Stein (1975). Overzll, ioplementation of
this recommendation will maximize the best elezents of the group aid and

may also vieldé higher guzlity decisions froo perticipating groups.
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