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ABSTRACT

As a part of the operational decision aid program of the Office of
Naval Research, one of the decision aids (a strike timing aid) developed to
date was tested to evaluate comparatively the merit, if any, of the full aid
aud its various components, The aid was developed 1o be representative of
a class of operational decision aids which provide trend output information.

Flight "experienced" and flight "inexperienced" subjects solved \'hard’{
and "easy” strike launch time problems using the full aid, selected portions
of the aid, and without thic aid. The results were analyzed by a variety of
methods and supporten coutentions favoring the value of the aid. The results
suggested: (1) an iuerease in decision validity by a factor of five, when unaided
decisions were compared with aided decisions, (2) a quite strong achievement
by the aid of its goals, and (3) differential effectiveness as a function of prob-
lem difficulty and the experience of the user.

Implications for aid development and evaluations of such aids are
also presented.




SUMMARY

As a part of the operational decision aid program of the Office of
Naval Research, one of the decision aids developed to date, the strike timing
aid, was subjected to a test to evaluate comparatively the merit, if any, of
the full aid and its various components. This evaluation is one of a set of
evaluations of various decision aids developed under the decision aid p1o-
gram of the Office of Naval Research,

Description of the Strike Timing Aid

The strike timing decision aid was developed by Analytics, Inc. to
be representative of a class of operational decision aids which provide trend
output. The version tested was not considered to be in a 'ready for use"
state. Essentially, the aid is based on a mathematical engagement model
which predicts the outcome of an air strike as a function of strike launch
time. On the basis of input inform:tion, the aid provides two types of user
oriented information: (1) projected strike outcome information, and (2)
expected strike utility. The projected outcome information consists of
such items as projected own losses, projected enemy air losses, and pro-
jected enemy ground losses. The expected utility information presents the
"value" of a strike as a function of strike launch time, This value is cal-
culated as a function of "subjective" values assigned by the aid's user to
the loss or destruction of various types of units and the number of units
(both own and enemy) cxpected to be desiroyed at various launch times.

Other user oriented features are also provided by the aid, e.g.,
an analysis of losses by mission segment and a sensitivity analytic feature.

Method

Flight "experienced" aud flight "inexperienced" groups were asked
to solve "hard" and "easy" strike launch problems using the full aid, se-
lected portions of the aid, and no aid. The results were analyzed relative
to five hypotheses concerning the utility of the aid. The hypotheses
concerned: (1) the effectiveness of strike launch time decisions made with
the use of the aid and those made without the use of the aid, (2) the per-
ceived usefulness of the aid, (3) the effectiveness and perceived usefulness
as a function of the experience of the user and as a function of problem dif-
ficulty, (4) the validity of the aid, and (5) the effectiveness of decisions
made when only portions of the aid are made available for use.




Data pertinent to each of these five hypotheses were collected and
compared with criterion data reflecting the optimum solution to each prob-
lem, Each participant in the study was also interviewed concerning his

reaction to the various features of the aid.

Findings

The results supported contentions favoring the value of the aid.
There were consistent, statistically significant differences, favoring aid-
ing, between the unaided condition and some level of aiding. The data sug-
gested an increase in decision validity by a factor of five, when unaided de~
cisions were compared with aided decisions. The results of a multiattrib-

ute utility analysis indicated that the aid achieved its goals quite well.

A set of regression analyses indicated that the aid users did not em-
ploy all of the information provided by the aid when they attempted to solve
a problem, More typically, the user selected one or two aspects which
were important to him (e.g., weather at target, enemy air defense readi-
ness, projected own losses) and based his final strike launch time choice

on that (those) considerations.

There was some evidence of a differential effectiveness of the aid
as a function of problem difficulty and experience of the user,

The interview information also provided support for contentions fa-
voring the value of the aid, While some reservations were expressed about
the form of certain output displays, most experienced participants indicated
that they would use such an aid in an actual operational situation--at least
as a supplement to other information on hand,
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I. INTRODUCTION

Since 1974, the Office of Naval Research (ONR) has been investi-
gating .ne feasibility of producing tactical level, computer based decision
aids for application in various operational situations. IFrom the outset,
three important factors governed the progriri's development, First,
the aids were intended to meet the needs of task force level decision makers
and planners--task force commanders and their staffs. Second, new meth-
odologies were emphasized which could handle the complexity inherent in
naval command and control and in tactical planning. Third, th: aids were
to be objectively tested and evaluated.

o IHBAIRARK]

Objective, experimental testing and evaluation were emphasized
on at least three levels (Sinaiko, 1977). During the carly stages, each
aid was to be tested by the persons respounsible for the aid's design and
development in their own facilities, When an aid was considered suffi-
ciently ready, it was to be evaluated by an independent agency. Finally,
the appropriate naval user organization will test any aid being considered
for use in the I'leet,

Organization of Decision Aid Program

The essential structure of ONR's operational decision aid program
rests on the activities of a variety of university and industrial research

and development organizations, The total program is monitored by ONR
through a steering committee, The various participating organizations are
primarily involved in the development of the aids although some have also
addressed specific problems that bear on the general nature and effective-
ness of such aids (e.g., Lucas and Ruff, 1977; Analylics, Inc., 1976; Brown,
1978),

The Department of Decision Sciences, Wharton School, Uni-
versity of Peunsylvania supplies computer and data management support
systems as well as facilities and apparatus for demonstraling and testing
the aids. '

Applied Psychological Scrvices is the organization selected o
evaluate the aids independently. The role of Applied Psychological Services
is to serve the function of a crucible--to test critically, rigorously, and
fairly each of the decision aids and to report findings and recommendations
for improvement of the various aids., Such evaluations are to be conducted
within the context of the ONRODA scenario (Payne and Rowney, 1975; Row-
ney, 1975), and with naval personnel serving as test subjects,

PTITE sy

TR A




Aid Evaluation

Because it scemed important to place the present evaluation program
mto the context of a lotal decision ald developmental framework, a conception
(trigure 1) of the steps to be followed during the development of such aids
was developad (Siegel and Madden, 1979), The figure is read from the bot-
tom to top with the cousiderations involved in ecach stage entering from the
left of each bu. and the results of each stage exiting to the right, The num-
ber(s) above each Figure 1 box represent eriteria which may be applied af~
ter each developmental stage. These criteria are defined in Table 1, The
rounded boxes associated with each rectangular, stage box represent descrip-
tors which may be applied as the eriteria at the successive stages are met
Accordingly, an aid may be successively called "suitable,"” "testable," “rea-
sonable," "valid," "effective," and "usetul," Note that we are primarily con-
cerned within the present aid evaluation program with the upper right box--
"validation‘ testing-excercise in lab experiment and compare with intermediate
criterion,’

Within this context, the work possesses a number of characteristics:

usc of well-controlled, precise, mullivaviate methods
programmatic approach

full coordination with ONR

oricntation towards possible conditions of actual uid
use in the Navy

coordination with aid developers but maintenance of
evaluation integrity

use of previous developed ONRODA action scenarios
where possible

Purpose of Present Work

The global purpose of the ald evaluations is to answer for cach aid
such questions as:
® Does it work?
® Why does it work?
® [low can it be made to work better?
It is important to know not auly that an aid does or does not possess

utility but also which of its characteristics countribute to the utility, For
example, an aid might be useful beecause it synthesizes information from a
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Table 1

Criteria for Evaluating the Utility of a Decision Aid

Criterion Definition

Intetnal consistency Extent to which the constructs of the aid
are marked-by cohercnce and similarity of
treatment

Indifference to trivial Potential of the aid to avoid major changes

aggregation in output when inpui groupings or conditions
undergo insignificant fluctuations

Correct prediction in the Extent of agrecment (correciuess of pre-

extreme (predictive or dictions) between the aid and actual performs=

empirical validity) ance at very high/low values of condilions

Correct prediction in mid Like above for middle range values of

range (predictive or empirical conditions

validity)

Construct validity Theoretic adequacy of the aid's constructs

Content (variable paramecter) Extent to which the aid's variables/para-

validity (Fidelity) meters match real life conditions

Realism or "faceé validity" Extent to which selected countent matches
cach attribute included

Richness of output Number and type of output variables and
forms of presentation

Ease of use Extent to which an analyst can readily pre-
pare data for, apply, and extract understand-
able resulis from the aid

Cost of development Value of effort to conceive, develop, test,
document, and support

Transportability-generality Extent of applicabilily to different systems,
missions, and configurations

Cost of use Value of all effort involving use of aid in-
cluding data gathering, input, dala pro-
cessing, and analysis of resulls

Internal validity Extent to which outputs are repeatable when
inputs are unchanged

Event or time series validity Extent to which aid predicts evenl and event
patterns




diversity of areas to give a planner new insights; or, an aid might signifi-
cantly reduce the amount of time and labor required to make a decision;
or, it might allow for a more careful analysis of a broad range of alter-
natives, Therefore, in attempting to examine the usefulness of any aid,

it is necessdry to specify the factors out of which its utility may have been
derived and how they may interact,

Linked with usefulness is a concern for the goals of an aid, their
relative importance, and how closely they were achieved., The goals are
objective expressions of what the aid should be, or do, or facilitate. There-
fore, an examination of how clearly the goals of an aid were achieved and
their relative importance should lead to a better understanding of what con-
tributes to the uselulness of au aid and poss.bly to how to improve it.

Other BEvaluative Considerations

Other aspects of a decision aid which must be considered in any
thorough evaluation are of a less general nature than thosc already dis-
cussed. But, they make important contributions to the assessment of an
aid. These considerations relate very strongly to human factors consider-
atious and include three general groups:

(a) Nature of information

(1} 13 sufflicieat information provided by the aid?

(2) ls the information provided pertinent? Accurate?

Timely? In the required form?

(b) Meathod of output presentation

(1) Is the information presented in a manner which
is responsive to user requirements?

(2) Are the tables/graphs and other output format
casily comprehensible?

(3) Is an oplimal amount of information presented
in each table/graph?
() User easn
(1) is the aid relatively easy to use?

{2) Are the user commands to the computer system
arranged so as to minimize both effort and con-
fusion?

(3) Are the user oriented error messages under-
standable and informative?




W

The Strike THining Decision Aid

This report presents the methods, procedures, and results of the
first in a series of decision aid evaluative studies. The report-is concerned
with an evaluation of Analytic's Strike Timing Decision Aid (ASTDA). The
ASTDA was designed as a tactical decision aiding system to be used by task
force level flight operations officers, Essentially, the ASTDA is based on
a mathematical engagement model which predicts the outcome of Blue (own)
air strikes launched against Orange (enemy) forces. The aid was developed
by Analytics, Inc., within the framework of the general ONRODA scenario
(Payne and Rowney, 1975).

L’

it

ASTDA Characteristics

ASTDA was developed as a prototype of a class of aids which might
support any decision regarding when to take an action when the action it~
self has already been determined. 1n its specific implementation, ASTDA
is intended to suppiy flight operations officers with information concerning:
(1) likely combat conditions (e.g., weather at target, numbe* and type of
Orange forces, etc.) at various future points in time, (2) probable outcomes
{e.g., numbev and kind of Blue forces lost, etc.), and (3) expected utility
(the relative value of an air strike to Blue) of air strikes launched at vari-
ous future points in time,

&
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Several other sets of information are also made available by the
ASTDA. Thesc allow the operations officer to examine more finely other
aspects of the outcomes of a projected air strike. One of these is losses
by mission segment, This informatior indicales the Blue losses from a
specific air strike as a function of air mission segment (take-off, ingress,
at-target, egress, and landing). The other is a sensitivity analysis which
allows an examination of the sensitivity of the expected utility to changes
in Blue or Orauge forces.

g,
™

All the information available from ASTDA can be presented in both
the tabular and the graphic forms, The information displays, « ..ept those t
pertaining to weather conditions which are presented as probabilities, are o
presented as means and delta biased uncertainty bands. A delta biased un-
certainty band is a concept, developed by Analytics, which shows the two
standard deviation interval around the mean ''whose midpoint has been moved
away from the . . ., 'mean' of the distribution by an amount given by the
parameter delta' (Glenn, 1978). The value of delta used is selected with
the purpose of correcting for skewness, Accordingly, a delta biased uncer-
tainty band never includes values that are not actually within the range of
the distribution,




ASTDA Informa txf‘Sﬁ que

¢ air strike
This information would
l‘eadlnebb officer s, intalligence
ot‘i‘xcers ete,

Thé ASTDA requires five categories of input (data base) information:
the first three concara the stréngth and resources of the Blue and the Orange
forges, while the last two concern weather conditious. The information for
the first tliree categories are entered as means and standard deviations.
ASTDA converts the standard deviaticns into delta biased uncertainty bands.
The information concerning the weather is entered in terms of the probabil=
ity of good visibility. Once the information is entered, it can be called and
displayed in eithct the tabular or the graphic forms. The displays which are
tnen:available are the Blue Force Availability (BIFA), the Oraunge Air De-
fenses (ORAD), the Orange Ground Defenses (ORGD), the Weather at the
Target (WAT), and the Weather at the Carrier {WAC) as a function of time.
Wor-the purposes of the présent #valuation, the input information was sup-~
plied to the subjects and was preinserted into the system.

In -the present work, the BIFA displays indicated the relévant informa=
tion-for one- type of Blue flghter-mtt,x‘m,ptm‘ (the B Fl’s’:,; and for two types
of altack=bombers (the BB1s and the BB2s). The BFA d ispla\*“ also inciuded
information on the desired iumber of Blue aireraft (DNB). The ORAD dis-
plays contained the information concerning two types of Orange fighter-inter=
ceptor (the OFls, and-the OF2s). The QI\GD displays included information
on-two types of ground defense: OD1 (surface-to-air missiles), and OD2
(anti=aircraft artillery), as well as the number of OT 1s (passive ground
targets), The WAT aud WAC displays mdu;xtgd the probability of good vis-
ibility at the target and at the catrier, respectively., The probability of good
visibility at the target was shown graphically as a function of time at the tars
get while that for visibility at the carrier was pletica as a funclion of the
‘landing time:

~ ASTDA Output

shy xl\e uuht\. :\é
stated pre vmualy thm mfarmatmn is pr éS \tédés a function of various
strike launch times and is made available in both the € graphic and the t
lar formats.

abu-

3

a, Outcome: The information entered into ASTDA i
an engagément model wliich predicts the results
strikes launched at thé various strike launch tim
output of the engagement model is essentially a
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of the probable number and kind of lost or destroyed Blue

and Orange forces, The strike outcomes in the evaluation
were available in three displays: Blue Force Losses. (BFL),
Orange Air Losses (ORAL) and Orange Ground Losses (ORGL).
The likely number of lost BF1s (fighter-interceptors), BBls
and BB2s (attack-bombers) across each prospective strike
launch time was presented in the BFL displays. The ORAL
displays indicated the number of OF1s and OF2s (fighter-
interceptors) likely to be destroyed at each prospective strike
launch tin:e, The ORGL displays contained the number of
OD1! (surface-to-air missiles), OD2 (anti-aircraft-artillery),
and OT1 (passive ground targets) which would probably be
destroyed at each of the strike launch times, The information
contaived in each of these displays was given as both means
and delta biased uncertainty bands.

B0

Expected Utility. In normal ASTDA employment, to deter-
mine the eéxpected utilities of strikes launched at various
times, the operations officer would first assign "subjective"
values to the loss and destruction of each unit type, The
value assigned to each unit would reflect the user's judg-
ments of importance of the unit to the overall mission.

In the present evaluation, these judgments were assigned
independently of the subjects.

ASTDA computes the expected utility (EU) by taking the num-
ber of units of each type (Blue and Orange) predicted by the
engagement model to be lost or destroyed, multiplying each
by its assigned value, and summing across the units., The
resulling sum is the expected utility and the higher the ex-~
pected utility the better the relative outcome of the air strike
for Blue. The aid computes an expected utility independenily
for each anticipated sirike launch time, The calculated uiil-
ities are presented as a display in which utility is plotted as
a function of the sirike launch time. The strike launch time
with the highest expected utiility would therefore be considered
the best time to launch an air strike,

Other ASTDA features, of a less direct nature, were not included
in the present evaluation, These included the analysis of the losses b, mis-
sion segment and the sensitivity analylic features.

Specific Purposes of Present Study

The evaluation plan employed for the ASTDA evaluation represents
a synthesis of an initial plan developed by Applied Psychological Services
and one proposed by Analytics, Inc. To reach a consensus, a series of




The-evaluative Tesearcli:plan was developed:to te st,g‘i\?eji){potlie?feé:
coucerning- ﬁhe effectiveness of ‘the-strike timing decision aid under labora-
tory test, The-five hypotheses were:

‘Hypothesis 1. ‘More-effective strike tining decisions-can-be
) ‘made using thé ASTDA than without the aid.

,gygothé*‘ is 2. Users will perceive the.aid to possess valué:

Effectiveness:and pérceived value:will not vary
as=a:function-of-the user's operational experic
levél-or problém difficulty.

EH\?pothebxs 4 Thé-strike liming decision aid po§§esses-criterion
T related vah;!xty

‘Hypotliesis:5. Deci§ion effédtiveness will vary systematically as-
"7 © 7 the characteristics of thé-aid are varied.




I, METHODS AND PROCEDURES

A five by two by two factorial design formed the basis for the present
evaluation. The three independent variables were aid level, test problem
difficulty ("easy" or "hard"), and Navy operational experience of the sub-
jects ("minimum" or '"considerable").

BEach subject was presented with a series of scenaric problems for
which he was required to rank order launch times for an air strike from
a carrier against the ONRODA island.

The main dependent variable was the launch time rankings of the
subjects, The choice behavior was compared with criteria data to examine
coitsistency with the expert Naval opinion and the best alternative indicated
by utility values as indicated by the aid. The details are described below,

The first evaluation design factor was concerned with the levels of
the decision aid, Five levels were investigated in an attempt to determine
the effects of parts of the aid (aid features) in isolation as compared with
the aid as a whole and with a no-aid (control) condition. The first level

vas the full=aid condition in which all five input (BFR, ORAD, ORGD, WAT,
and WAC) and all four output displays (BFL, ORAL, ORGL, and EU) were
made available to the subject. The second level was a utility condition in
which the five input displays, (BFR, ORAD, ORGF, WAT, and WAC) and
only one output display (EU) were made available. The third level was the
outcome condition in which the five input (BFR, ORAD, ORGL, WAT, and
WAC) and three outcome displays (BFL, ORAL, and ORGL) but not EU were
available. The fourth was a no uncertainty bands condition in which the five
input (BFR, ORAD, ORGF, WAT, and WAC) and four output (BFL, ORAL,
ORGL, and EU) displays were presented but only as means, i.e,, the delta
biased uncertainty bands were deleted from the displays. The final level
was an unaided control condition in which the subjects received only the in-
put information (BFR, ORAD, ORGF, WAT, and WAC). This information
was made available only in the tabular form for the fifth condition to simu-
'ate what might currently be available in the fleet.

I

]
i

Hypothesis 1 was tested by comparing the adequacy of subjects'
strike launch time choices in the fully aided condition with the adequacy
of their ¢hoices in the unaided condition. The three intermediate aid
levels were included to test Hypothesis 5 and to isolate the contributions
of the outcomes, the utilities, and the uncertainty bands to the decisions
made in the full aid condition.
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The second factor, problem difficulty, was varied over two levels,
Each problem was classified as either "easy" or "hard." This served to
test partially Hypothesis 3. The method of classifying a problem as "easy"
or "hard" is discussed later in the section on "Problem Selection."

The final factor was included to allow at least partial test of Hypo-
thesis 3--effectiveness and perceived value of the ASTDA will not vary as
a function of the subjects' operational experience. To facilitate the testing
of this hypothesis subjects were sampled from two populations: those with
Naval flight oriented experience and those who have not had such experience.

Criterion Data

Within a test such as that described here; the criterion (standard
against which the merit of the aid may be judged) choice represents a partic-
ularly difficult problem. Any criterion must possess such attributes as re-
liability, analyzability, objectivity, quantifiability, and acceptability. The
first four of these criterion requisites are psychometric in nature and are
technically manageable. The last requisite, acceptability, refers to the de-
gree that others will accept the criterion as an index of merit or, alterna-
tively, its relevance. Here value judgments come into play. At the extreme,
the merit of the aid during wartime use might be the only acceptable crite-
rion. Such a criterion is, of course, quite impractical. As one successively
backs off from this ultimate criterion, he becomes more and more involved
with intermediate criteria. Merit during a fleet exercise might represent on
intermediate criterion that is quite proximal to the ultimate.

When one is involved with a laboratory test, as in the present work,
the available criteria are more remote. Moreover, the conditions of a lab-
oratory test, no matter how realistically they may simulate actual conditions,
will only remotely resemble shipboard conditions and wartime stresses. The
reader may ask, "What confidence may we have in such intermediate criteria? "
The answer to this question seems to be that if the aid is shown to possess
merit relative to the intermediate criteria, it may possess merit relative to
more ultimate criteria. If the aid fails 20 possess merit relative to interme-
diate criteria, it probably will not possess merit relative to an ultimate cri-
terion,

Two sets of standards or intermediate criteria were selected against
which the strike launch time decisions of the subjects were judged. The
first criterion was the launch time utility as predicted by the ASTDA. The
second criterion was the launch time preferences as judged by a panel of
experts, With these criterion data on hand, the agreement between the ex~
pert opinion and the utilities predicted by the aid could be examined and used
as a measure of aid validity (Hypothesis 4).

12
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_“The expert based:criterion data were obtamed through the ¢ ra=
hée ONR: Four Naval officers==two Caplains, one Commander, and
enant Commander--volunteered to form a panel. The-pza..cl gy
be consuiered to be "experts" in that all mémbers were senior in rank, A ~=
sessed*gonsmerable opérational experience, and were familiar with the aa~
ture of the strike timing problem and the ONRODA scenario. The panel met
over a 1.5 day period. At thé outset, the panel was briefed on the purpuse
of the.aid évaluation, the ASTDA, the ONRODA scenario, assumed own and
enemy. force strengths and fighting capabilities and characteristics, weather
conditions, and the problems inherent in selecting a launch time. Following
this, each member of the panel was asked to work independently through 24
scenario problems and to indicate, for each, a launch time ranking and the
difficulty of the problem.

After completing this independent work, the participants were asked
‘to assemble as. a panel and each scenario problem was reviéwed. In the
review; each participant indicated his launch time ranking, explained the
basis for-his decisions; and iiow difficult it was to make the choice. If one
or more judges differed in the preferred launch time ranking for a given
scenario; the panel attemptéed tc understand why the differefice occured.
After this discussion, the participants were given the option to change their
launch time selections. This was done i an attempt to obtain convergence
and a cofisensus as to the best launch time ranking for éach problem. In
the case of lack of full-convergence, the median launch time ranking of the
experts for each scenario problem was subseqiently used-as the preferred
launch time.

Aid_Generated Utility Criterion

As.a part of it intérnal logic, the ASTDA generates an expected
utility. The aid generated utility values were employed as the second cri-
terion in the present work.

Dependent Variables

7 AS rioted earlier, tlie primary dependent variable was the subjects’
choices-of preéferred air strike launch times. These were cémpared with
the criterion data.

Two other dependent measures were obtained: (1) a statément of
the perceived difficulty of each problem, and (2) a statement of each subject's
confidence in the correctness of his launch time ranking for each problem.

Eshibit I summarizes the evaluation design. Exhibit II summarizes
the -information made available in each of the five aid levels.




Exhibit I

Summary of Evaluation Design

Background Pifficulty ) ~ Aid Levels

No No
Utility = Outcome Uncertainty Aid

Easy

Experienced Hard

Easy

Inexperienced Hard

Exhibit II

Information Made Available in Each Aid Level

Information Provided
Uncertainty

Level Utility Qutcome Bands
% v /

v 4
v/

Full Aid

Utility
Outcome

No Uncertainty

No Aid
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Sixty subjects participated in the study. ialf (30) of the subjects
possessed Naval flight oriented experience and half {(30) possessed no Such
experience. * The experienced subjecis were recruited from a variety of .
sources, including Naval Air Reserve uniis, the Naval Air Development
Center, and advertisements in local newspapers. Their Navy ranks-were:
Ensign = 1; Lieutenant =12; Lieutenant Commander = 8§, Coinmander = 6;
Captain = 1; Marine Corps Capiain = 1; and "unavailable” = 1. **= The sample
possessed a mean of 9. 45 years in aviation, a mean of 2440 flight hours, a
mean of 88 carrier landings, a mean of 10.5 years in the Nayy, and a mean
of 14 months of carrier duty.

®

e L

The inexperienced subjects werc exclusively midshipmen in the NROTC
program at the Universiiy of Pennsylvania.

Experienced subjecis, excepi officers on active duty, were paid
$30.90, and inexperienced subjecis were paid §10. 00 for participating in
-the study.

Apparatus

The evaluation was conducted in the decision aid facility esiablished
by the OXNR at the Department of Decision Sciencés, Wharton School, Univér-
sity of Pennsylvania. The timing, preseniation, and storage of experimental
events was controlled by a PDP-10 computer. The subjecis could enter com-
mands into the system-ihrough.a Daia AMedia terminal and the resuliant dis-
plays were projected on two screens. Tabular displays were presented on
one Data Media screen and the color graphics, conirolled by a Grinnell LSI-
11 microprocesser, were shown on a parallel screen. Figure 2 presents -
the general equipment arrangement. As indicated in Figure 2, stations for
system support personnel and the evaluation adminisiraiors were separated
from the evaluation area. The evaluation conductors were able io observe
the information displayed for the subjecis and their aciivities by way of a
spacial monitor.

Subject Orientation and Training

i I

set of video tapes was prepared. Each zubject, depending on the evaluation

#Although useful to strike planning, flight experience is not a critical pre
requisiie for sirike planning.

*=¥WWhere a subject was no longer on active duly, his rank on discharge is re-
poried.

s
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condition to which he was assigned, was shown two tapes, One of the
tapes provided a general discussion of the factors that the ASTDA coun-
sidered to predict the outcome of air strikes, e.g., engagement charac-
teristics and probabilities, All subjects viewed this tape. The usc of
the other tapes was restricted--cach was oriented for the subjects as-
signed to a specific condition.  In order to make the fustructions re-
ceived by cach subject as standardized as possible, special cave was
taken with the construction of the tapes. The tape for e fivst condi~
tion, the full-aid condition, was used as a master tape. Wherever pos-
sible, the tapes {or the other condilions were copies of the {irst except
that, depending on the conditior, certain scenes werve edited oul, For
example, the scenes pertaining to tae expected ulility were deleted {from
the tape used for the subjects in the outcome condition level, Ouly rare-
ly did the editing prove to be untenable in which case appropriate sceues
were added,

Problem Selection

Analytics, Ine, developed the bank of 24 ASTDA oriented problems
which were evaluated by the experts. Eight of these problems were se¢-
lected for inelusion in the formal evaluation,

In order to satisfy the nceds of the design, problem scaling was
required along a difficulty continuum. 7The expert panel indicated that
scenarios were casier which contained large differences among the con= :
sequences, Therefore, one basis for estimating the difficulty difterences
between pi-oblems was in terms of {he spread of the possible outcomes a-
cross the strike times--the greater the spread of cousequences the easter
the problem. The alternative, that close solulions might be easier because
a guess at a solution or tossing a coin (o derive a solution would not cause
serious differential consequences was nol considered by the paunei--prob-
ably because Serious questions are not answered in a trivial way.

The aid supplies a general measutre of the consequences of lauuch-
ing an air strike at any particular time as the expected utility. A state-
ment of the differences between the expected utilities across strike launch
times could accordingly be used as a gauge for specifying difficulty which
would appear to be congruent with the guidance of the expert panel. There-
fore, difficulty was relativel; specified by the standard deviation of the ex-
pected utilities across the strike times in each problem in the bank, PFour
problems were selected which had utility standard deviations ranging from
2,81 10 4, 06 ("hard" group) and four were assigned to the "easy'' group
which possessed standard deviations ranging from 7, 94 to 13, 85,

Bxhibit LI presents an example of one problem as it was presented
to the subjects,
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Exhibit III

Example of Strike Launch Time Problem

o

Strike Timing Problem 8

Your task is to select a strike launch time between 0600 and 1100 hours tomorrow for a cyclical strike against the
Orange Forcds on Onroda Island.

Blue Force Readiness

"

Number Definitely Number In Repair Which Average Number Expected To Be Ready
Unit Ready At Might Be Ready By At Each Time
Type 0800 1100 0600 0700 0800 0900 1000 1100

BF1 10 2 10.8 10,9 10,9 10.9 1:0.9 10.9

BB1 3 t 5.6 5.6 5.6 5.6 5.6 5.6

Orange Air Defenses s

Unit Time of Euncountet
Type 0800 0700 0800 0900 1000 1100

OF1 10,7( 7.8, 13.2 9.8( 6.6, 13.0) 8.7( 5.4, 12,0) 8.0( 4.8, 11,2) 7.5( 4.5, 12, 5) T.3( 4.4, 10, 2)

OF2 21,9(17.3,26.5) 19.7(13.7,35.7) 17.8(11.7,23.9) 16.4(10.6,22.2) 15,4(10.0, 20,8) 14.6( 9.7, 18.9) -

Orange Ground Forces

Unit Time of Encounter

Type 0700 0800 0800 1000 1100 . 1200

w

{

o
Yol

QD1 8,4( 6.6, 10.2) 8.4( 6.6, 10.2) 8,4( 6.6, 10,2) 8.4( 6.6, 10:2) 8,4( 6.8, 10,2) 8.4( 6.6, 10,2)

OD2  10,7( 8.7,12.7) 1L.1{ 9.1, 13, 1) 1L.5(9.3,13.7) 11,9( 9.7, 4. 1) 12,2( 9.9, 15,5) 12.6(10,3, 14.9)

OT1 20,7(17.3, 24, 1) 20.7(17.3, 34. 1) 20.7(17.3, 24.1)  20.7(17.3, 24, 1) 20,7(17.3, 24.1)  20.7(17.3, 24.1)

Weather Conditions

Time For Weather Pradiction
Location 0700 0800 0900 1000 1100 1200 1300

Target .90 . 87 . 84 .81 .78 .78

Carrier .90 .87 .84 .31 .78 .75
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Decigions, Judgweits, and Ratings

)

A 8pecial computer routine was developetl that was called by a
subject when he wag ready o record his deciston(s) for a problems, The
routine gueried the subject about his choives by projecting guestions on
one of the display screens, The subject was reguired o rank order six
potential strike launch times from the "best™ to "worst," "Mhe first gues-

& tion asked the subject to jndicate {frow a choice of six) the time he thought
best o alunch ab air strike {or the scenariv nvolved in the problem, Af=
ter the question was displayed, the system waited forr an answer o be en=
tered, Once the information was entered, the gystem asked lor a second
best strike lanich tine 0 be entered,  Afler the sirike tming decisions
were collected, the routite then successively presented three twte ques-

F tions, The first question fnguired into the subject's confidenve in lus de=

cisions while the othier two were concerned with the subject's perceived
difffculty in reachiny a decision for the problem. The first asked the sub-
jeet to indicate his degree of confidence in his ranking alony a five cate=
gory confidence scale which was projected on one of the display screens
along with the guestion, The scale ranged from "1 (not at all contident)
through "5" {(completely vonfident), The subject angwered by entering, by
means of the keyboard, the number appropetate to hig level of coufidence,

AR EMLSHRAIE DS
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The first difficulty oriented question agked the subject to indicate
perceived problem difficulty ot a five point difficulty scale, ‘Uhe scale
ranged from "1 (not at all difficult) through "™ {very difficuit) and again

& the subject responded by Lyping in his judgment, The second perceived
difficully oriented question {(third question) was gtructured by a maghitude
estimation technigie and reguired the gubject to rate the ditticulty of the
problen he had just tinished in rele jon to a modulus,  The second practive
{see "Procedure” section) problein was used as the modulug and assigned
an arbitrary value of 100, 1t was expected that a scenario problem which
was percefved {0 be Wwive as ditTicult as the modulus would be assigned a
value of 200 while otie perceived to be hall’ as difficult would be assigned a
value of 50, The subject indicated his rating by enteriny through the key=
boaid a representative number in response (v the routine's guery,

Procedute==Qverview

Bach subject was classified as either "inexperienced" or "experi=
enced" and randomly assigned to one of the five aid levels,

The sequetice of presentation of the scenario problems wasg ran=
domized across subjects with the limitation that 8o two problems from
the same difficulty category could be followed by a thind,

Two data vollection Sesgiong, which lasted about three hours eacl,
were required for each subject, The tiine wasg divided belween an instruc=
tional and a testing phase, The instructional phase reguired about one hour,
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During this time, two video tapes were shown and the subject used the aid
to solve Lwo practice problems, The testing phase {ollowed, Following
problem complétion an interview inquiry was completed,

Subject Training

Prior to actual practice using the aid, each subject viewed two
video tapes. The first tape was general and appropriate to all conditions.
The second vidéo tape shown to each subject was the one which was spe-
cifically fitted to the aid condition to which the subject was assigned,

The first tape initially discussed the purposes of the testing, what
was expected of the subjects, the ONRODA scenario and the faclors which
the ASTDA considers in évaluating the outcome of an air strike, The fac-
tors included survival probabilities, engagewment characteristics, and tac-
tical considerations, The survival probabilities discussed were: (1) Blue
aircrafl survival probabilities against Orange air and ground forces in
ohe-on-one engagements, (2) the conditional probabilities of Blue bombers
evading Orange atlack tighters during ingress and successfully returning
to the carrier, (3) Orange air and ground force survival probabilities a=-
gainst Blue aircraft in otte-on-one engagements, (4) survival probabilities
for various numbers of Blue fighter/interceptors against various numbers
of Orange attack fighters, and (5) survival probabilities for various num-
bers of Orange atlack fighters agaiust various numbers of Blue fighter/in-
{erceptors,

Other factors discussed in this tape concerned limitations on the
number of simultaneous attacks of cach unit and the tactical assignment
of Blue units to various Orange ground targets. The survival probabil-
ilies, engagement characleristics, and laclical assigninentl were discussed
for both "good" and "bad" weather contingencies.

One other factor which was described was the relative value to Blue
of each lost or destroyed unit, These values are shown in Table 2 and were
used by the aid to calculate EU, They were discussed to give the subject
some concept of the relalive value weighting of various units, In any op-
erational version of such an aid, the user would be able to insert his own
values for the various units, depending on the tactical situation, his own
experience, and other factors,

The second tape made available information thal was appropriate
to each cotdition. The input information, BIFA (Blue Force Availability),
ORAD (Orange Air Defense), ORGF (Orange Ground Forces), WAT (Weath=
er at Target), and WAC (Weather at Carrier) were described and demon-
straled (this information was coniined to the tabular form for the no-aid
condition). The outputl information was specific lo conditions. For the
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full-aid condition, all the output informatioh was described and demon-
strated: BFL (Blue Force Losses), ORAL (Orange Air Liosses), ORGL
G (Orange Ground Losses), and EU (Expected Utility). These were de-
scribed and illustrated both as means and delta biased uncertainty bands
in both the tabular and the graphic forms. In the expected utility condi-
tion, only the information pertinent to the EU and the related displays
was presented. Likewise, in the outcome condition, the BFL, the ORGL
and the ORAL display wete described and illustrated, Of course, in the
& - no aid condition the output information was not even mentioned, IFor the
no uncertainty bands condition, virtually the same information was dis-
cussed as for the full-aid condition except that no references were made
to the measures of uncertainty normally given by the aid. Normally, in
a tabular display, the ASTDA presents the mean and the delta biased un-
certainty for each strike lauach time, e.g., in the BFL display, ».noug
& other things, data for the lort BFLs at a particular launch time might be
presented as 5 {2, 7). The first number of the expression represents the
mean and the numbers in the parenthesis are the lower and upper bounds
of the delta biased uncertainty measure. In the no uncertainty condition,
the same data were displayed as 5 (0,0). To explain this ambiguity the
relevant tape made a vague reference to a lack of variability. In the nor-
‘mal graphic presentations, the means were represented as points and the
uncertainty bands were represented as bars extending above and below
the points. Only the means (points) were shown and discussed in the no
uncertainty counditinn,

3

Table 2

Equivalent Unil Value to Blue of the Destruction
of a Single Force Unit of Each Type

uit Type alue
Unit Ty} Val

BF1 -G
BBl -3
BB2 -1

Or1 1
Oor2 4
op1 1
on2 1
orTi 5




Practice Session and Menus

After the two video tapes were viewed and questions about proce-
dure, if any, answered, the subjects worked through two practice scenar-
ios with the help of the evaluation administrator, The only difference be-
tween the practice scenario administration and the test scenarios--aside
from the participation of the administrator--was that in the praclice ses-
sions the-subjects were not required to make judgments of confidence and
difficulty. The practice sessions served to familiarize further the sub-

jects with the aid, the use of the equipment system, the various displays,
and their task during the formal data acquisition.,

The evaluation administrator acted as the system operator for the
first practice problem. He demonstrated how to call displays by entering
the appropriate commands. The commands were single, three to six let-
ter words and werc organized into two lists or menus=--an input and an
output menu, One list was available atl a time and displayed at the bottom
of one display screen, At the beginning of each problem, the input menu
was available, It contained each command used to call up the input dis-
plays, i.e., BFA, ORAD, ORGF, WAT, and WAC. In addition, the list
contained four other commands. The first, a HELP command, produced
a list of all the available displays and the coinmands used to call them.
The second, a DECIDE command, called the special routine which allowed
thie subject to record his strike timing decision(s), and to record his es-
timates of difficulty and of confidence, The third, a RUN command (nol
available in the no-aid condition), removed the inpui list and produced the
output list, Finally, a RETURN command removed the output menu and
restored the input menu,

The output menrs' contents varied across conditions. The output
menu countained commands for all the output data in the full aid and the no
uncertainly conditions, i.e., BFL, ORAL, ORGL, and EU. In the outcome
condition, the moznu did not contain the EU command while in the expected
utility condition the menu did not contain the BFL, ORAL, and ORGL com-
mands,

After the first praclice scenario was finished, the fact that the sub-
ject would normally be questioned at the end of each test problem on his
confidence and the perceived difficulty of the problem was explained. A
clear and coucise description of the magnitude estimation technique was
given and the use of the second problem as a modulus was discussed. Any
questions were again answered in context, Then, the subject worked his
way through this sccond problem oun his own, The subject acted as the sys-
tem operator and entered the commands, After the subject entered his
strike timing decisious, he was asked whether he had any additional pro-
cedural questions. Then, the formal data collection started.
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Data Collection

The subject then proceeded with the eight test problems in the pre-
déetermined random order, The sequence was initiated by the administra-
tor who called from the system one of five experimental versions of ASTDA.
The version called was appropriate to the evaluative condition, After the
subject started, he was left on his own. The administrator stationed him-
self at the back of the partitioning screen where he could unobtrusively ob-
serve the commands eutered and displays called. The specialized testing
computer routine which was used to present the problems also ¢reated a
data file for each problem, The file stored timing factors, all the com-
maunds entered by the subject, the subject's strike timing rank order deci-
sions, and his confidence and difficulty judgments, The routine measured
and stored the time between a command and when the tables and graphs were
fully displayed and then measured the time o the next command, i addition,
the sequential relationship of the commands was preserved, The routine al-
so0 asked the subject, at the end of each problem, if he wished to continue
with the next problem. A "yes" eutry called the next problem. When all
eight problems werce completed, the routine informed the subject that the
formal data collection was finished. The net result was that the subject
could work at his own pace without administrator intrusion from data col-
lection slart to completion,

After Data Collection Interview

After each subject completed the cight problems, an interview was
administered, The interview, generally, attempted to obizin a qualitative
evaluation of all aspects of the aid including usefuluness and workability.

The interview was semistructured in nature and inquired into three specif-
ic topic areas. The first attempted 1o obtain the data required for an as-
sessment of the aid's utility. This assessment was implemented by a multi -
attribute utility analysis. The second part of the interview consisted of an
evaluation of the usefulness of the aid aud its components. The final pait
was directed toward an evaluation of the organization and content of the dis-
play and control systems.
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1II. RESULTS

The analysis of the emergent data proceeded in an orderly manner,
First, a criterion (validity) analysis was completed. This analysis sought
to determine the degree of agreement between the two available criteria--
expert panel judgments and expected utility as computed by the ASTDA.
Then, the differences between the various conditions were examined. Next
the data were examined for learning effects, In addition, a multiple corre=
lation and regression analysis was performed on the dependent variables
relative to the information made available. Finally, the interview results
were examined,

Criterion Analysis

The criterion analysis sought to establish the relationship, if any,
between the two sets of criterion data. One set, the EU criteria data,
represented the best predictions of the ASTDA while the second repre-
sented the pooled judgment of experienced naval operations personnel a-
bout the preferred launch time ranking.
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Specifically, the expert panel provided, for each problem, the best
two and the worst two strike launch times from a choice of six potential
launch times. For each problem, the panelist's joint strike launch times
were ranked and paired with the ASTDA calculated expected utility, The
assignment of utility to the experts' decisions is illustrated in Table 3 for
a typical problem. The top left part of Table 3 contains the six possible
strike launch times, 1200 to 1700 hours inclusive, while next to each is
the mean and the range of the expected utility calculated by the ASTDA for
each time.
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The bottom half of the table contains two sets of ranked times and
their utilities--on the left those of the ASTDA. and on the right the utilities
for the panel judgments, The highest expected utility in the example is
43. 89 which is associated with a 1200 hours launch. The iowest utility oc-
curs for a 1400 hours launch and was assigned the sixth rank by the ASTDA.

Under the heading "Panel" in Table 3, the ranked judgments of the
panel appear along with the associated utility. The result was 32 paired
values (4 launch times p. problem x 8 problems). The raw score inter-
correlation between the two arrays was .91 (Figure 3 (A)). Because of
differences in the utility distributions within each problem, the data for
each problem were converted to normal deviates (z scores) and the cor-
relation coefficient was again calculated., The resultant correlation coef-
ficient was .47 (Figure 3 (B)). These results indicate at least a moderate,
posgitive relationship between the two measures and support contentions
favoring the validity of the ASTDA,
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Method of Comparing Utility of ASTDA and
_ Expert Judgment Launch Times for a Typical Problem

Table 3

Launch Time

Utility (ASTDA) _

Best Times

Worst Times

Mean z
1200 43. 89 69.75) 1. 3794
1300 42.05 68. 00) 1.1478
1400 25,16 61.00) -0.9786
1500 29.68 64.00) -0,4096
1600 28. 84 65.00) -0.5153
1700 27.98 65.00) -0.6236
Aid Panel
Rank Time Utility Time Utility
1 1200 43. 89 1.3794 1200 43.89
2 1300 42,05 1.1478 1300 42,05
5 1700 27.98 -0.623b 1600 28. 84
6 1400 25,16 -0.9782 1700 27.98
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The panel, for two problems, chose to launch early, preemptive
strikes on the basis of military judgment. This judgment encompassed
factors not considered by the aid. The decisions to launch preemptive
strikes were made regardless of other advantages or disadvantages, e.g.,
the number of own (Blue) aircraft available, or the number and kind of
Orange air defenses. The critical conditions seem to have been a large
collection of parked Orange aircraft and intelligence information that an
attack was imminent. The panel thought a preemptive, early strike was
worth the additional loss of own men and equipment. However, the ASTDA
does not include such considerations within its logic. This limitation has
implications for aid design and is discussed later, Therefore, it cannot
differentially predict the utility of preemptive strikes. Moreover, for the
problems involved, the preemptive strike times we.se fortuitously undesir-
able as compared with the other times under consideration. For example,
for problem 4, the best time chosen by the panel was evaluated by the aid
to have a slightly negative value. In the other problem in which preemp-
tive strikes were decided on by the panel, problem 6, the panel's rankings
were virtually the opposite of those yielded by the aid.

Accordingly, the data sets for these two problems were eliminated
and the correlation coefficient was again computed employing the normal-
ized data. In Figure 3 (B), the circled points represent the eliminated
data. The resultant correlation coefficient was .67.

One may ulso argue that in actuality only one launch time is possible

for a given sirike. By this argument, only ihe first choice becomes rele-
vant., Accordingly, only first choices were intercorrelated. The resulting
correlation coefficient was .99 (N = 8).

If the panel derived data are assumed to represent the criterion to
be predicted by the ASTDA, then these correlation coefficients represent
validity estimates for the aid itself, i.e., the relationship between the ex-
pert's judgments and the aid's prescriptions concerning the problems. The
relationship appears positive and moderate in magnitude. This relation~
ship increased dramatically, when only problems which were solved by the
panel without preemptive strikes were considered and a further increcase
was demonstrated when only first choices were considered.

Aid Conditions

Ranked Difference Scores

To analyze the differences among resovonses as a function of the
various aid conditions (see Exhibits I and 1I), two indexes were used. The
first index reflected the difference between the rankings produced by the

aid (utility rankings) and those assigned by the subjects for the launch times
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associated with each problem. The second index represented a measure
of the difference between the panel‘s rankings of the launch times for each
problem and the rankings of the individual subjects.

Exhibit IV illustrates the calculation of ranked difference scores.
In calculating these scores, only the ranks 1, 2, 5, and 6 were used be-
cause of limits on the data obtained from the expert panel. In the Exhibit
IV example, the first ranked time by the aid was 1200 hours while the
subject ranked 1200 hours {ifth, a difference of four. The four represents
the first value of the ranked difference score. The aid ranked 1300 hours
as second best while the subject assigned 1300 hours to the first rank;
therefore, there was a difference vaiue of one. This became the second
value to enter the ranked difference score. For the fifth ranked time,
there was a one rank difference between the aid and the subject. In the ee
sixth ranked time, there was a two rank difference. The numbers one and
two were entered into the ranked difference score for the third and fourth
values (fifth and sixth ranks) respectively. Summing across the four dif-

ference values gives the ranked difference sum (8) against the aid (expected
utility) criterion.

A parallel technique was employved to calculate ranked difference sums
using the panel judgments as the criterion. This is illustrated in the bottom
half of Exhibit IV where the sum of the difference scores for the subject on
the individual problem is six.

The ranked difference scores are an inverse measures of agreement
with lower ranked difference scores indicating better agreement. The scores,
as calculated, possess a range of zero to 16. A zero rank difference indicates
perfect agreement and a rank difference score of 16 indicates a ranking of
the launch times by the subject inversely to that of the criterion.

Variance Analysis of Difference Scores Using the Aid as the Criterion

The ranked difference scores based on the ASTDA's utility values

as the criterion were subjected to a two (problem difficulty) by five (aid
levels) by two (subject experience) analysis of variance. The results of
this analysis are presented in Table 4.

The results of the variance aralysis indicated statistically significant

variance due to the aid level and the problem difficulty main effects. The
aid level by problem difficulty interaction was also statistically significant.

The mean values for the various conditions are summarized below:

Aid Level ) Mean

Full Aid (A1)
Utility (A2)
Outcome (A3)

No Uncertainty (A4)
No Aid {A3)
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Exhibit IV

Example of Calculation of Ranked Difference Score

Rankings
1 2 3 3 3 5
Subject 1300 1600 1500 1400 1200 1700 ’
Aid (EU) 1200 1300 1700 1400
Difference 4 1 1 2
Experts 1300 1200 1600 1700
Difference 0 3 3 0
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Table 4

W et 0 e % s |

Variance Summary for the Ranked Diffevence Scores--EU Criterion

Sum of Mean
Source Squares df Square ¢

Between 2437, 50

Bxperience (B) 0,60 l 0. GO 0,038
Ald Levels (A) 1198, 12 4 299,53 15, 76G%

BxA 49,49 4 12,37 0,65

Brrov: Subjects within groups 050, 40 50 19,01

Difficulty (1) 85, 85 1 85, 85 G, 62%
Dx B 5. 85 l 5. 85 0,45
Dx A 133, 40 4 33, 37 2,57%
DxExA 13,70 4 3,43 0., 26

Error: D x Subjects within groups 648, 23 50 12,96

sp = 0,05

Table

Vartance Summary for the Ranked Difference Scores--Panel Criterion

Sum of Mean
Source Squares dr Square o

Betv - 9n 1907, 156
Bxperience (18) 21,67 1 21,67 1. 11
Ald Lievels (A) 159,83 4 39. 96 2,058

IBx A 14,28 4 3. 87 0.18

Error: Subjects within groups 0974, 37 50 19,49

Difficulty (1)) 0,07 1 0,07 0,01
DxBR 0.13 1 0,13 0,01
DXA 192, 88 4 48, 2" 4, 6T
DxExA 27.78 4 3, 08 0. 67

Errors D x Subjocts within gre ps 616,13 50 0. 32

*p = 0,uUd

**approaches p = 0, 05
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Difficulty
Hard
Easy

Experience

Operational Experience
No Operational Experience

The lowest mean score, 2.20, was observed in the full aid condition
while slightly higher (poorer) ranked difference scores (2,95, 2,96, and 2,74)
resulted from the utility, the outcome, and the no uncertainty conditions,
respectively. The highest, most deviant difference score, 6.60, was ob-
served in the no aia control condition. A Newman-Keuls a posteriori com-
parison of the means using the Studentized range statistic indicated no sta-
tistically significant differences among the first four conditions but that the
no aid condition differed significantly from the others,

In addition to aid levels, the difficulty of the scenario problems also
produced systematic variance differences in the ranked difference scores,
Difference scores tended to be higher (poorer) when working with the hard
scenario problems, The effect of difficulty also significantly interacted with
aid levels, In Figure 4, within aid levels, the mean ranked difference scores
for th2 hard scenario problems are consistently higher than those for the easy
problems across the first four aid levels, In the fifth aid level, the no aid

level, this relationship is reversed. A comparison of the means through the
Newman=~Keuls test indicated no statistically significant differences across

aid levels for the hard problems. However, for the easy problems, the mean
ranked difference scores from condition A5, the no awd condition, differed

significantly from the means of all the other conditions except the utility con-
dition,

A comparison by aid levels across difficulty levels did not indicate
any systematic differences,

It appears that, in terms of the ranked difference scores here involved,
there was little consistent tendency for the subjects to rank order the launch
times different in any condition in which all, or parts, of the output displays
(BFL, ORAL, ORGL, and EU) were available, That is, not having the outcome
displays, or the utility display, o. the uncertainty bands did not significantly
affect the variance across ranks, Only when the subjects were not given any
output information in condition A5 was there a.y appreciable effect on their
choices. It is possible that the information contained in the various displays

is positively correlated, Accordingly, increased informatien volume may
have contributed little.
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Figure 4. The mean ranked difference scores from the EU criterion
for cach aid and difficulty level. Aid Levels (A1, A2, A3,
A4, and AB) correspond to the full aid, utility, outcomes,
no uncertainty, and no aid conditions, respectively.
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The distribution of times was also affected by problem difficully;
hard problems led to a wider divergence from the criterion while easy
problems produced rankings closer to those of the criterion. However,
the difficulty by aid level interaction data suggest that most of the dif~
ferences associated with difficulty were produced by the no aid condition,

Variance Analysis of Difference Scores Using the Pauel's Judgimeuts as
the Criterion

The ranked differetice scores were also analyzed with the experi's
judgments forming the criterion. The only statistically significant variance
was attributable to the aid level by difficulty interaction. Generally, the
difference scores produced by this analysis tended to be higher than those
calculated on the basis of the aid produced expected utility criterion, The
mean ranked difference score across all conditions was 3. 45 for the ex-
pected utility but it was 6, 08 when calculated against the expert's judgments,
Part of this differcence might be due to the inclusion in the analyses of those
problems for which the exrterts chose to launch preemptive sirikes. In
addition, both of these preemptive problems were classified as casy. This
would tend to inflate the ranked difference scores for the easy problems,

A summary of a variance analysis of these dala is presented as Table 5.
Within the analysis of variance, there were few systematic differences across
or within conditions, There was a tendeucy toward significant effects across
the aid levels. The variance due o experience or problem difficulty was not
statistically siguificant,

The mean raunked differetice scoves for cach condition were;

Aid Level N\

-
e}
0=
-

IFull Aid (A1) 5.40
Utility (A2) 5.40
Outcome (A3) ¢. 31
No Uncertainty (A4) 6.72
No Aid (A5) G.538

Hard 6.09
Easy 6.07
Lxperience

Operational Experience G, 47
No Operational Experience 6.29

A comparison of the aided conditions with the no aid condition scems
to suggest that in the full aid condition the subjects tended (6 have lower
(better) scores than in the no aid condition. The utility condition (A2) yielded
scores more like the full aid (A1) and the no uncertainty condition (Ad4) pro-
duced scores morve like the no aid coundition.
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The subjects tended to produce betier (lower) rank difference scores
in the full aid and the utility conditions than for the other aid levels involved.

The statistically significant interaction effect is plotted in Figure 5.

Reg 1ol

The prior analyses depended on the seusitivity of the canked differ-
ence scores to the various evaluation vouditions, 1t is pussible that scoring
ot the basis of launch time rankings may have obscured real differences be-
{ween strike times and not accurately weighed the consequences of differences
among the rankings, Consider the case in which the best strike time has a
ulility of 50 and the second best time has a utilily of 49, Ranked that way by
the subject and the criteria, the resull is a sero rauked difference score.

If the subject reversed the times so that he assigned a rank of one to the

time with a uiility of 49 and a {wo to the time with a utility of 50, ihen a one
would be generated as the ranked difference score, But is a ditference of

one in utility units equivalent to a rank diffevence of one? I the sccoud best
titne according o the aid had a utility of 40, would such a difference represent
an important difference? 1 a subject ranked as best the titme with the 40
ulility and as second best the time with the 50, should this inversion be given
the same weight as the difference betweeti 49 and 507

It seeted possible that a "regret analysis" would allow for a more
sensitive evaluation of the differences between utilities.  The regret scove
is defined as the difference belween the utility as=ociated with the time
speciflied by the aid aud the utility associated with the time chosen by the
subjects, If the best time predicted by the aid bad a utility of 50 and the
best time chosen by a subject had a utality of 45, then the diuffevence between
these utilities, 5, represents the regret score.  Hegret scores were caleu-
lated 11 ocder (o assess differences in utility value between times wdicated
by the aid and those chosen by the subjects, The regref scores wete only
calculated for the best launch Gime because it was thought that sccond or
third best times represented academic issues of mnimum consequence (o
the operational situation,

Variance Analysis of Regret Scores

The regret scores for {he expected utility criterion were subjected
10 a (wou by five by two vaviance analysis.  The differences between pre-
dictions made by the aid and the subjects choice times wetre lirst examined.
The analysis indicated significant systematic variance across aid levels,
difficully levels, and their intervactions. These differences parallel those
which resulted from the analysis of the ranked difference scores, Inad-
dition, there was also a tendency toward sigwficant ditferences across
experience levels (operationally experienced; operationally inexpericnced),
The summary of this variance analysis is preseuted as Table 6,
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Figure 5. Mean ranked difference scores from the panel criterion for
each aid and difficulty level. Aid levels {A1, A2, A3, A4,
and AS5) correspond to the full aid, utility, outcome, no
uncertainty, and no aid conditions, respectively.
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Table 6

Variance Summary for the Regrel Scores--EU Criterion

A AN ER S AL At o

Sum cf Mean

Source Squares df  Square F 3

Between 4718, 67

Experience (E) 40. 84 1 40,84 2.67% :
Aid Levels (A) 1620. 11 4 405,03  26.48%» 3

Exa 70.69 4 17.67 1,16 i

g 3

Error: Subjects within groups 764,92 Y 15. 30 i 3

Difficulty (D) 360. 45 1 360.45 20,98 3

DxE 5.00 1 5.0 0.29

DxA 962, 46 4 240,61  14.01%x i

DxExA 35. 35 4 8. 84 0.51 3

Error: D x Subjects within groups 858, 67 50 17.17

*tendency toward significance, p = 0,109
*xp = 0,05




The mean regret scores for the various conditions were:

Aid Level Mean

Full Aid (A1) 0.51

Utility (A2) 1.58

Outcome (A3) 1.09

No Uncertainty (A4) 0.97

No Aid (AS) 5.57

Difficuilty

Hard 1.07

Easy 2,81 ;
Experience !
Operational Experience 1.64

No Operational Experience 2.23

The scores from the first four aid levels tended to be rather similar
with the lowest (best) score, 0.51, resulting from the full aid condition and
the highest (worst) score, 1,58, resulting from the utility condition, The
mean regret score for the no aid coudition (5.57) was considerably higher
(worse) than that for the remaining levels. A Newman-Keuls test indicated
that the mean regret score for the no aid condition varied significanily from
the rest while no statistically significant differences occurred among the
means of the other conditions.

The operationally experienced group's mean regret score was 1,64,
This value was substantially lower (better) than the inexperienced group's
mean regret score of 2,23, The mean difference represeuts a tendency
towards statistical significance.

W s

The difficulty of the scenario problems also affected the regret scores.
When the problems were hard, the regret scores werce fairly low with a mean
of 1.07 and when they were casy the scores were significantly higher with a
mean of 2, 81,

Dome e

In addition to the significant main effects, the first order interaction
was statistically significant, The interaction effect is shown in Figure 6 .
which also indicates that some form of aiding decreased regrel scores con-
siderably-~-especially for easy problems,

The easy aund the hard problems produced significant differential ef-
fects within the aid levels., An examination of the means indicated that in
the full aid, the outcome, and the no uncertainty conditions, the regret
scores varied little across difficully levels, However, in the other two cot~
ditions, utility and no aid, theve were noticeable inercases in the regret
scores of the easy problems as compared with the hard problems, A

AR NS O e
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Figure 6. Mean regret score for the EU criterion for each aid and
difficulty level. Aid levels (A1, A2, A3, A4, and AS5) cor-
respond to the full aid, utility, outcomes, no uncertainty,
and no aid conditions, respectively.
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Newman-Keuls analysis indicated no systematic mean differences among
nard problems across aid levels. On the other hand, for the easy problems
the mean regret scores from the no aid condition (A5) was significantly
higher than the others. A comparison across difficulty within each aid level
indicated that the only statistically significant difference was in the no aid
condition.
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These effects of difficulty seem to be reversed from the trend for
the ranked difference scores. Difficulty decre-.sed the regret scores for
the hard problems and increased it for the easy problems, while the op-
posite effect was noted for the ranked difference scores. This seeming
contsradiction may be resolved by comparing the aid level by difficulty in-
teraction data. The aposteriori comparison of means indicated that the
only significant effect of difficulty for both the regret scores and the ranked
difference scores was due to the no aid, easy problem condition. Accordingly,
we believe the seeming reversal to be due to the no aid condition. As such,
the difference is artifactual or not of immediate interest to an evaluation of
the ASTDA.

o A 6

L]

Learning N
It is possible that as a subject worked his way through the problems,

he may have learned some important aspect about the use of the aid, the

variables involved, and the context. Such learning might be expressed as

an increasing approximation to the predictions of the aid.

To evaluate this possibility, the successive ordering of problems
for each subject was recovered and the problem set was divided into halves.
The early half consisted of the first four problems the subject completed
and the late half consisted of the last four., The performance measures
used to evaluate learning effects were the ranked differences scores from
the aid and from the experts. A separate analysis of variance was com-
pleted for each set of criterion data.

Results

A summary of the variance analysis for learning effects employing
the aid computed utility values as the criterion is presented as Table 7
and a parallel summary employing the panel's judgments as the criterion
is presented as Table 8. The analysis employing the expert judgment cri-
terion failed to indicate any statistically significant differences. The anal-
ysis employing the aid calculated utility criterion indicated a statistically :
significant main effect due to aid levels and a tendency towards a signifi- -
cant three way interaction. The main effect result is not pertinent to the :
learning question. The interaction data are presented in Figure 7. Scores
tended to decrease (improve) in two conditions for the experienced subjects
and in three conditions for the inexperienced. Also, the magnitude of the
variance within aid levels was much more pronounced for the inexperienced
subjects.
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Table 7

g 100 o ol 0 i
A YA G i LAk

Variance Summary for the Learning Data--EU Criterion

i
1=
3
8

Sum of Mean
Source Squares df Square F
Between 3010, 94

i K Experience (E) 2.00 1 2,00 .10 |
Aid Levels (3) 1054, 04 4 263,51 13, 37%x . B
i i H
ExA 59.42 4 14. 86 0. 75 © M
Error: Subjects within groups 985.10 50 19,70
3 Learning (L) 5.42 1 5.42 0.40 i
LB 8.27 1 8.27 0.6l
LxA 99. 01 4 24,75 1.83
B LxExA 122,1584 4 30. 54 2,26% -

Errsor: I x Subjects within groups 967,52 50 13.51 :§;
, . Y
*p=0.1 ”

**p = 0. 05 {difference not relevant to question of iearning) 5

Table 8

) 4
ey b kol ks

Variance Summary for the Learning Data--Panel Criterion

Sum of AMean
Source Squares df Squar. F

Between 2544, 46 é
Experience (E) 1. 32 1 1.32 0.08 ]
Aid Levels (A) 83. 32 4 20. 83 1.24 2
ExA 59.43 1 14, 86 0. 88 ;

i

Error:; Subjects within groups 839. 50 50 16.79

Learning (L) 5.37 1 5,37 0.19
LxE 7.82 1 7.82 0.28
Lx2A 53.37 13. 34 0.48
LxExA 107, 29 4 26. 82 0.97

-rors L 1 Swojects withingroups 1387.03 50 27,74
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Given the design of the aid and the kinds of information it supplies,
there was little to learn about the use of the aid or intcrpretation of its
output. There may have been an increasec in confidence in the ai''s as-
sessmems with time. However, this is not the factor of interest here.
Tiie re uus suggest that there was little difference in the scores across
successive {early versus late) probiems.

Policy Capturing

For each of eight proble.s, eac!y sabject was required to decide
cu the ranking of six possible launch times. To derive his decision, the
subject had two sources of information available. "Objective’ information
was supplied by the aid. {(Although objectivity does not necessarily impiy
factuality ot accuracy.) The subject also relied on his personal intuition
which might be called his cognitive-operational-emotive perception, strat-
egies, or schemes,

We are concerned here only with the objective information because
of our emphasis on evaluating the aid itself. An understanding of what aid
produced information the subjects emphasized and what weight they attached
to it would provide insight into their decision process. Such information
might also provide insight into design reguirements for such aids.

The relationship between the subjects' choice of strike launch times
and the objective information available was analyzed. This analysis was
performed by use of the multiple regression technique. Such an approach
has been termed "policy capturing” by others because it essentially re-
veals the policy follow xd by the subjects in deriving their decisions (Christal,
1968).

One dependent and eleven independent variables were included in the
aum rsis. The values of the dependent variable were the rankings of the
best two and the poorest two launch times. The values assigned to the in-
depeundent variables each represenied a value derived from the various
displays: the BFA, ORAD, WAT, WA(C, BFL, ORAL, and EU displays.
The information from the other two displays, the ORGF aund ORGL was
separated into four scis of data: the Orange ground defenses (ORGD), the
Orange ground targets (ORGT), the Orange ground defense losses (ORGL),
and the Orange iargets destroved (ORTD). The assignment of values to the
dependent and independent variables is illusirated in Table 9 for z hypothetacal
subject. The two best and the two poorest times are listed on the left of the
table. Instead of using the times as the values of tlu, dcpendent variable,
rankings were cousistently assigned. A "4" was assigned the first choice
and a "1" was assigned to the poorest time.
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Correspounding to a purticular time chozen by the hypothetical
subject, the values of the cleven independent variables are given, These
represent the data avallable to the subject vis-a~vis cach time., When
the displays did not supply a single reference number for a particular
time, as was the ease for the ORGT, WAT, WAC, and BU displays, the
sum of the different unit types was used as the appropriate value of the
dependent variable, e.g., the BEA value of 30,9 for 1700, in Table 9, is
the sum of the number of Bitls, BBls, and BB2s (various airceraft types)
available at that partcular time, A posilive relationship existed forr wmost
independent variables between the perceived goodness and the value of the
independent variables, For example, as the number of blue airerafl avail-
able (B1*A) inereased, the perceived goodness o blue similarly increased,
Howuever, for the ORAD, ORGD, and BI'L displays, the reverse was true,
Accordingly, the reciprocals of the value for cach of these indepemdent var-
fables was entered into the analysis,

A separate multiple regression analysis was conducted for various
conditions, i,e., by expericuce of subject, problem difficully, aid levels,
and combin~tions, An overall analysis, with data collapsed across all
conditions, was also complsted, Bach analysis was step wise, Cul off cr1-
teria of I =2,00 and & tolerance of 0.1 were established,

Ovorall Analvsis

In the over«l regression analysis the data were collapsed across aid,
ditficulty, and bacsground levels, The resulls arve presented in Table 10,
The zero ovder correlation matrix for cach muliiple regression analysis
is found in the Avpendix to thiv report),

The lirst four variables entered into the cquation represcented ASTDA
input display information and the next three represented output display in-
formation, The first variable Lo eoter the equation, the WAT, yielded an
R of ,52 and accounted tor 27 percent of the total variance or about 70 per-
cent of e predictable variance, Bach of the other variables, as they were
entered, accounted for a lesroer amount of variance, The range for the suc-
cossive variables was {rom about 4 percent of total variance for the ORAD
reciprocal to less than .5 percent for the B1"A, Overall, the multiple cor-
relation between the decisions of the subjects and the variables entered
into the equation was .61, accounting for 88 purcent of the total variance,
One may possibly assume that the remaining variance can be accounted for
in some part by the cognitive-operational~emotive experience of the sub-
jects, Generally, the weights and ordet of eniry of varviables into the
cquation seem to be reasonable, The strongest influence on choice was ap-
purently exerted by the WA'T and the ORAD, Other variables tended to in~
fluence the dependent variable very little, Note also that the first four vari-
ables to enter were based on enemy posture/ conditions rather than on the
friendly (blue) situation,




Experieuce

A separate regression analysis was completed in which the ex-
perience of the subjects was {ractionated., The resultant data are pre-
sented in Table 11. Background did not seem to produce any important
observable differences either between groups or as compared to the data
from the overali analysis, The Rs, Res, R2 changes, B weights, and
constants werc remarkably similar. The variables and their order of en-
try from the separate experienced and inexperienced groups were similar
to those from the overall analysis. A comparvison of the results for the ex- 3
perienced and the inexperienced groups indicates only minor differences in :
1
|

the order in which the variables entered the equations. The variance anal-

ysis also fuiled to indicate consistent differences across experience levels,

1t seems that, at least for the conditions of the prescut evaluation, operational

experience was not a substantial influence on either accuracy or on the de- !
cision muking policy,

Difficulty

The data ware scparated by problem difficulty assignment and sim-
ilarly analyzed, The analysis of the hard problems (Table 12) indicated
that the first two variables to enter the equation weore the BEFL reciprocal
and the U, This was the first regression analysis in which the variables
derived from ASTDA outpul information entered early and the first time
that BU entered the equation at all, 1n the analysis of the data {from the casy
problems, the ordering of the variables was similar (but not congruent) with
that observed in the overall analysis, That is, the first two variables en-
tered (the WAT and the ORGD reciprical) were from ASTDA input displays.
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There were also substantial differences in the amount of variance
accounited for between the easy and the hard problems, In all, five variables
were entered into the multiple regression equation for the hard problems and
a multiple R of .62 accounting for 30 percent of ta variance was produced,
However, the multiple R for the easy problems was higher, (. 75)and ac-
counted for 57 percent of the total variance,

%
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This seems to suggest that differences existed in the human informa-
tion processing for the easy and the hard problems and in the cousistency
with which the information was used, On the one hand, for the hard prob-
lems, the data suggest that the subjects tended to make choices in line with _
specific sources of outpul information-~-the BFL reciproecal and the BU--
which together accounted for 28 percent of the variance. Then, they ap-
parently qualified their choices by cousidering specific input information ,‘
supplied by the ORGD, ORGT, WAT, and WAC displays, On the other hand, v
when working with easy problems, the major correlates of the decisions
seem to have been input information from ihe WAT and the ORGD, which to- ’
gether accounted for 52 percent of the total variance. 'The decisions wppear
to be further qualified by considering other sources of both input and output
information; the ORGT, WAC, BFL, ORGL, and ORAL,
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Table 10

Results of Overall Regression Analysis

Order of Vartable  Multiple , R B A
Entering Equation R R? Change Weight Constant
WAT . 5185 « 2688 . 2688 2,00
ORADRX . 5548 . 3078 . 0389 7.25
ORGT . 5639 3180 . 0101 -0, 03
ORGDRx* . 9722 . 3274 . 0094 =33, 97
BFLR* . 5908 « 3490 L0217 17,73
ORTL . G070 . 3684 . 0194 0,18
ORGL . 6101 3723 . 0038 -1, 50
BFA . 6131 + 3759 . 0037 -0, 04
-1.10
*Wariables entered as reciprocals; R « reciprocal
Table 11
Results of Regression Analysis by Background
Experienced
Order of Variable Multiple R? B A
Entering Equation R R4 Change  Weight  Constant
WAT .5138 . 2640 . 2640 1.70
ORADR ¥ . 5508 . 3034 . 0394 6.14
ORGT < B636 L 3177 . 0143 -0, 03
ORGDRX . 5705 .+ 3255 L0077 -34, 30
BFLR* . 5910 « 3493 . 0238 18,00
ORTL L6073 . 3688 L0195 0.21
ORGL L6112 . 3736 . 0048 -1, 61
BFA . 6133 . 3751 . 0025 0.03
-. 062
Inexperienced
WAT . 5233 . 2738 + 3738 2. 30
ORADRx . 5589 L3147 . 0356 8. 40
ORGDRx . 5670 . 3215 . 0080 =33.70
BFLR* . 5862 . 3437 . 0022 17,49
ORGL . 6029 . 3636 . 0199 0.15
ORTL . 6079 . 3695 . 00569 =1, 41
ORGT .6100 L3721 o026 -0. 02
BFA 6142 ARYA R . 0051 0.05
-1, 46

¥Variables entetred as reciprocals; R = reciptocal
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Table 12

Results of Regression Analysis by Problem Difficulty

Hard Problems

Order of Variable Multiple

Entering Equation R R
BFLR* . 4426 . 1959
EU . 5303 L2812
ORGDR=* . 5537 . 30606
ORGT . 6060 . 3608
WAT L6162 . 3798
WAC L6174 . 3812

Easy Problems

WAT .6724 . 4521
ORGDR* . 722 . 5226
BFLR* . 7410 . 5492
ORGT . 7450 . 5551
ORGL . 7494 . 5616
WAC L7510 L5641
ORAL L7521 . 5657

R2

Change

. 1959
. 0853
. 02563
. 0542
L0190
. 0015

. 4521
. 0706
. 0265
. 0059
. 0065
. 0025
. 0016

B

Weight

28,75
0,10
-74,53
-0, 12
-5.63
1, 56

5,63
-25,70
6.77
0,04
-2, 34
1,35
0, 0%

*Variables entered as reciprocals; R = reciprocal
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Aid Levels

Table 13 summarizes the regression analyses completed in regard
to aid levels, There was a sharp dichotomy between aided conditions (in
which all or part of the output displays were available) and the no aid con-
dition. In the no aid condition, only minimal variance (R =.37; variance
accounted for = 13 percent) was accounted for by the multiple regression
equation. This seems to suggest little consistency among these subjects
in how they solved the problems producing a distribution of choices that
was almost uncorrelated with any of the independent variables included in
this analysis,

This was not the case for the aided ccsditions where the variance
accounted for was much higher, The variance accounted for was highest
in the full aid conditions in which 54 percent of the total variance was iden-
tified. Lower amounts of variance were accounted for in the utility, out-
come, and no uncertainty conditions, (46, 44, and 46 percent respectively).
Consistently, the first two variables entering the equation were the WAT and
the ORAD., These two variables, together, accounted for between 76 and 82
percent of the total variance that was accounted for.

Other regression analyses were completed on the data. These anal-
yses involved aid by background, aid by difficulty, background by difficulty,
and aid by background by difficulty. The results produced multiple regres-
sion equations which were very similar to those reported.

Discussion of Regression Analyses

By and large, the most powerful single correlate of choice was the
weather at the target followed by information about the enemy air defenses,
This generalization is mitigated when the effects of difficulty are considered.
For hard problems own losses and expected utility were stroungly related to
choice. Hence, difficulty level seems to act as a moderating variable on
decision policy.

It seems that two fairly distinct sets of information were used when
solving easy as compared with hard problems. Emphasis in solving easy
problems was based primarily on input information. For hard problems,
output information played a somewhat greater role. The result was some-~
what variant regression solutions for the two problem types.

Hence, the aid configuration which is best for one problem difficulty
level may not be best for another difficulty level. The analyses of the aid
levels indicated differences between aided conditions and no aid conditions,
There were differences among the variables entering the equation and in
the variance accounted for. The two variables which were most highly
correlated with the decisions, WAT and ORAD, were available in all
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Table 13

Results of Regression Analyses for Various Aid Conditions

Full-Aid
Order of Variable Multiple
Entering Equation R R2

WAT . 6094 . 3714

ORADR* .6513 .4241

ORGT 8677 . 4458

ORGDRx . 6752 .4559

BFLRx* .7058 . 4982

BFA .7278 . 5296

ORGL . 7316 .5351

ORTL . 7343 .5391

Utilities

WAT . 5525 . 3052

ORADR* . 6045 . 3654

ORGL . 6244 . 3899

ORGT . 6331 .4043

WAC .6372 . 4060

ORGDR* . 6403 .4100

EU . 6565 .4310

BFLR* . 6809 . 4636

Outcome

= WAT . 5755 . 3313

& ORADR = .6016 . 3620

ORGDR .6142 . 3773

= BIFLR#* . 6321 . 3996

;’g; ORTL . 6645 .4416
% No Uncertainty

% WAT . 5677 . 3223

E OR ADR* . 5874 . 3451

ORGDR * . 5999 . 3599

BFLR* .6243 . 3898

ORTL . 6687 4471

ORGT . 6745 . 4547

WAC .6778 . 4593

R? B A
Change Weight Constant
. 3714 1,34
. 0527 7.82
.0217 -0, 04
. 0101 -43,05
. 0423 23.84
.0314 0,06
. 0056 -1. 80
. 0039 0,18

~-1.19
. 3052 1,16
. 0602 -0. 39
. 0245 ~-4,29
.0110 -0.03
. 0051 -1,08
. 0040 -34. 64
. 0209 0.05
. 0326 13.64
2,81
. 3313 0.98
. 0307 ~10,28
. 0153 ~37.83
.0223 18. 32
. 0421 0. 36
0.19
. 3223 1. 55
. 0228 -1.
.0148 -43,
. 0298 19. 86
.0573 0. 42
. 0076 -0,03

. 0045

-1, 36
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Table 13-(cont.)

No Aid

Order of Variable  Multiple Rr?
Entering Equation R R2 Change

B
Weight

A
Constant

WAC . 2891 . 0835 . 0835
BEFLRx . 3294 . 1085 . 0249
ORGDR* .3584 . 1284 .0199
ORGL .-3658 . 1338 . 0054

“*Variables entered as reciprocals; R = reciprocal

2.14
8.18
~-11,46
-1, 11




conditions. That WAT and ORAD were not used consistently in the no aid
condjtion might be understood on the basis that the subjects in the no aid
condition did not have the parts of the aid that served feedback functions.
Parhaps, WAT and ORAD exerted their influence in the aided conditions
because when output information was available the effects of these vari-
ables could be clearly understood, That is, the output may have served a
feedback function, sensitizing subjects to the effects of the input information,
Sensitive to these effects, the subjects may have placed their emphasis on
WAT and ORAD. The lack of the feedback mechanism in the no aid condi-
tion may have served to prohibitthe subjects from being sensitive to the vari-
ables. The subjects may have assessed the situation by some subjective
criterion resulting in distributions of choices which were not strongly cor-
related with any of the independent variables included in the regression
ahalyses,

The concept of the aid as a feedback mechanism may also account
for the greater variance accounted for in the full aid condition as compared
with the partially aided conditions, The three types of information avail-
able (the outcomes, expected utilities, and statements of variability in the
predictions) may have complemented one another producing more sensitive
feedback functions and hypotheses than occurred with less complete com-
binations of information. Again, this may have enhanced the tendency to
correlate choices with certain specific classes of information, either WAT
and ORAD, or BFL and EU, depending on the nature of the problem.

Examination of Merit

The merit of the ASTDA may be specified as an estimate of de-
cision quality when the full aid was used as compared with the decision
quality in the no aid condition. Decision quality may be defined as the re-
lationship between decisions made by the evaluation subjects and those
made by the expert panel in each condition. Specifically, the correlation
(and the variance accounted for) between the experts' judgments and the
subjects' choices in the fully aided condition versus the no aid condition
may be employed to yield a measure of merit for the ASTDA.

To this end, a number of product moment correlation coefficients
were calculated. These were based on the utility value associated with
the best launch time for each problem specified by the experts and that
chosen by the subjects. The resultant correlation coeificients are shown
below:
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All Problems

Full Aid No Aid
r .39 .27

Without Preemptive Problems

r .87 .33
Mean gt .30

All data were normalized prior to calculating the correlation coef-
ficients and the mean v values were calculated with the normal z trans-
formation. The mean correlation between the fully aided condition and the
experts was . 7l--accounting for 50 percent of the variance. The mean cor-
relation between the no aid and the experts was . 30--accounting for nine
percent of the variance, This suggests a b to 1 ratio which reflects the dif-
ference between the variance accounted for when using the aid and when not
using the aid in relation to the expert opinion criterion. Stated alternatively
use of the ASTDA increased decision validity by a factor of five.

?

Difficulty and Coufidence Rating Data

After a subject recorded his strike launch time choices, he was asked
about his confidence in his decisions and how difficult it was to arrive at the
decisions. As indicated in the earlier section on Problem Selection, diffi-
culty was defined interms of the spread of possible outcomes across potential
strike times. A rather strong negative correlation between the confidence
and the perceived difficuity ratings (r = -,62) was evidenced. However, no
correlation between the a priori difficulty values and cither the confidence
ratings (r = -, 15) or the perceived difficulty rati gs (r = -, 03) was evidenced,
This lack of any relationship with the previously defined difficulty was sur-
prising because the variance and the regression analyses showed clearly daf-
ferential effects of difficulty. 1t seems that the subjects did not perceive
the problems in which the BFL and EU were the major correlate of choice
to be more difficult. Possibly, their perception of the situation was one of
more confusion or one which demaunded more consideration but not difficulty
per se. However, the subjective report of difficulty does not seem to be
associated with our "objective" measure.

Multiattribute Utility

M ethpd

An attempt was made to evaluate further the perceived utility of the
aid by assessing how closely the aid achieved its goals. Six ASTDA goals
were developed. They are listed in Table 14. One requirement of the
multiattribute utility analytic technique (Edwards, 1971) is the reciative
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Table 14

ASTDA Goals and Weights

Goal

To provide a system to assist in the derivation
of the best possible time to launch an zair strike.

To provide a method for structuring and organizing
available information pertinent 15 the strike timing
decision,

To provide, given available data, the possible re-
sults of various strike launch time decisions,

To provide information about the trade-offs (e. g.,
own or enemy losses) relative to various strike
time decisions.

To provide a criterion against which strike timing
decisions can be evaluated or verified.

To support the decision maker so that various strike
timing decisions can be made more quickly/accurately

Weight
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importance of the goals (elements) being considered. Judgments of goal
importance and the assignment of goal weights were completed by two of
the Applied Psychological Services' staff members who were involved in
the ASTDA evaluation. Each independently distributed 100 points among
the goals to reflect his judgment of the importance of each goal. The
weights were then compared, discussed, adjusted, and mutually agreed
on. The weights are included in Table 14.

Bach subject who participated in the study was asked in an after
evaluation interview to assign a rating along a ""0" to "100" scale on the
extent to which the aid achieved each goal. By multiplying the weight of
a goal and the mean of the rating on the extent to which the aid achieved
the goal, a utility measure for the aid in reference to that goal was ob-
tained. This procedure was completed separately for each goal. The
resultant utility values are presented in Table 15. The top portion of
Table 15 presents the data collapsed across conditions, and the lower
portic. presents the results by experience, aid level, and background by
aid level,

The maximum value that could be attained relative to each goal and
the marginal total are shown in parenthesis at the top of Table 15. As can
be seen, goals 2 and 6 ere closely achieved by the aid. They were judged
to have been about 91 percent and 89 percent satisfied, respectively. The
other goals (1, 3, 4, and 5) were rated as 85, 81, 78, and 80 percent szt-
isfied, respectively. These values seem rather impressive,

Comparison across experience levels indicates only minor total
differences due to this effect, There were only minor differences in ratings
within goals of about 3 to 7 percent. Exceptions were the 9 percent higher
and 13 percent lower ratings given to goals 3 and 5, respectively, by the
exp:rienced subjects,

The aid level data suggest that this effect produced differences in per-
ceived utility for the aid. Comparing across aid levels indicates a tendency
for the highest ratings to be given by those subjects who were exposed to the
full aid condition. However, for goal 5, which was related to providing a
criterion for evaluating strike timing decisions, the highest ratings we.e ob-
served for the utility condition. The utility condition ratings for goal 5 were
8 to 13 percent higher than for the other goals. This finding may have been
anticipated, because utility represents a fundamental comparison criterion,
Across the other goals, only the ratings for goal 4 possessed any substantial
variability across aid levels. Goal 4 concerned own versus enemy losses
and was perceived by the subjects in the utility condition, the condition for
which no loss information was available, as very far from satisfied by the
aid. For goal 4, the highest ratings were obtained for the full aid condition
and intermediate levels were obtained for the outcome and no uncertainty
conditions.
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Table 15

Results of Multiatiribute Utility Analysis

Maximum (3500) (500) (1500) (2500) (1300) (700)
Possible Utility For Goal (G)
Gl G2 G3 G4 G5 G6

1210
1266
1154

2991
29016
3065

Overall
628

608

964
1108

443
464

2626
1875

Experienced

Inexperienced

Aid Levels
Full Aid
Utility
Outcome

No Uncertainty

Experienced
Full Aid
Utility
Qutcome

No Uncertainty

Inexperienced
Full Aid
Utility

1159
1116
1007

636
601
630

3121
2730
2998

487
467
417

Qutcome

No Uncertainty 3022

(10, 000)

Total
Utility

8289
8243
8274

8990
7760
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The experience by aid level data for goal 4 suggests that, higher
ratings were assigned by the subjects in the full aid, outcomes, and no
uncertainty conditicns than by the inexperienced subjects. The irforma-
tion provided by the aid may have been more meaningful to the experienced
subjects.

Also showing some variability across background by aid levels were
the ratings relative to goal 5. Goal 5 was concerned with the use of the
ASTDA as an evaluation criterion. The experienced group rated achieve-
ment of this goal relatively low, at least in the full aid, outcomes, and no
uncertainty conditions,

The background by aid level analysis also suggested some variability
relative to goal 1--to assist in the derivation of the best possible strike
launch time. The results indicated a rather low goal attainment evaluation
by the experienced subjects in the no uncertainty condition and to a lesser
extent by the inexperienced subjects in the utility condition.

After Evaluation Interview

Each subject, after completing the eight scenario problems, was inter-
viewed relative to his impressions of the ASTDA. Information was sought
about usefulness and influence of various aspects of the aid.

Input Displays

The subjects were queried about the usefulness of the input displays.
They indicated their response on a five category rating scale, The mean
vsefulness ratings for the input displays are pressznted in Table 16, The
input displays considered were the WAT, WAC, BFA, ORAD, and ORGF.
The ORGF information was treated as a unit, The information on the de-
sired number of blue (DNB) was presented to the subjects embedded within
the BFA displays but was rated separately.

Overall, the ratings tended to vary between "3" and "4, " i, e., be-
tween useful and highly useful. The highest rating, 3.84, was received by
the ORGF display. The BFA and the ORAD displays were rated as 3.71
and 3.62 respectively. The lowest rating, 2.39 was assigned to the DNB
(desired number of Blue). The experienced subjects generally rated the
input displays to be more useful than the inexperienced subjects. This
was true for every display except WAT. Possibly, the experienced sub-
jects, by virtue of their backgrounds, were able to read more into the
input displays than the inexperienced subjects.

When the data are considered across aid levels, the input informa-
tion was not rated highest in the no aid condition, which had only input
information available, Rather, on the average, the highest rating was ob-
served in the utility condition which rated the input at 3.88. The input
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Table 16

Mean Ratings of Input Usefuiness

ORAD

ORGF Mean

Overall
Experienced

Inexperienced 3.56

Aid Levels.
Full Aid 3.58
Utility 4.00
Qutcome 3.08
No Uncertainty 2.84

No Aid 3.58

Experienced
Full Aid 3.33
Uiility 4,17
Qutcome 2.33
No Uncertainty 2.86
No Aid 3.67
Inexperienced

Full Aid 3. 83.
Utility 3.83

Qutcome 3.83
No Uncertainty 2.83
No Aid 3.50

3.62
3.64

3.84
3.90
3.77




information was rated lowest by subjects in the (ull aid aund the no un-
certainty condition with scorves of 2, 99 and 3, 07, respectively, Th-
mean ratings of the subjects assigued to the outcome condition, 3. 5,
was slightly higher,

These findings support contentions favoring the sulievrce and useful-
ness of most of the input information previded by the ASTDA,

Outecome Displays

A parallel set of ratings was completed fer the outcome displays.
The overall usefuluess mean, 3,95, was somuewhat higher than the use-
fulnesg mean for the input information. 'The results, presented in Table
17, generally support the usefulness of the outcome displays.

The highest overall ratings, 4,50 and 4, 14, were assigned Lo the
ORGL and the BFL displays, respectively., The ORAL display was rated
slightly lower--3, 21,

The comparisons across background levels suggest that the experi-
enced subjects tended {0 rate the usefulness of the outcome information

s
lower than the inexperienced subjects, excepl for the ORGL display.

BExamining the dala across aid levels indicates that the outcome
displays were rated highest in the gondiiion thatl only had one source of
output information (utility or outcome) available. The background by aid
level analyses of Table 17 suggest that this effcct was only influential on
the judged usclulness of the outcome displays for the experienced subjects.
Here, ihe effect was strong, The outcomes were rated lower in the full
aid and no uncertainty conditious when both sources ol cutput information
were available than thoy were when only the outcome information was avail-
able, Bxamining the inexperienced subject data acress aid levels docs
not indicale the same type or degree of systemalic variability as observed
it the experienced subject data.

Input=-Outlcome Interaction

The uscfuluess ratings by the e erienced subjects can be employed
to quantify further the usclulness of various displays. Uselulness may be
delined:
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Table 17

Mean Ratings of Outcome Usefulness

BFL ORAL ORGL Mean
Overall 4,14 3.21 4,50 3,95

Experienced 4.11 2,87 4,72 3,90

i

Inexperienced 4,17 3.21 4,50 4,00

Aid Levels
Full Aid

Outcome

No Uncertainty
Experienced
Full Aid 3.67 2,33 4,50 3.67

Outcome 4,50 3. 30 4,83 4,21
No Uncertainty

w
[

Inexperienced
Full Aid 3.68 3.83 4,50 4,00
Outcome 4,33 3.67 4,17 4. 06
No Uncertainty 4,50 3. 17 4,17 3,95

"
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where: VHj is-the usetulness of the input information (Hp)
Hp is the information {rom outcome ratings
Hy is the information from-utility ratings

k is a constant of proportiomality (12 k< 5).

Changes in VHy as a function of Lha.ngeb in Hipg are then an expression of
the fact that all information (Y) is relative, and the importance (V) of one
information source is indirectly determined by the availability of other
sources of informatisi. As applied to the present situation, when ounly in-
put information was made available, ie., Hiot = Hy =O:

H
VH = k -ﬁL , or

V HI £ k‘

When other sources of information were alsv available and contributed to
uncertainty reduction, then:

VHp > k.

When additional sources of information acted so as to increase uncertainty,
then:

VHl < k,

The usefulness rating assigned by the subjects (3. 48) to the input informa-
tion (Hy), when presented in the no aid condition, was moderately high. This
value would be obtained whun Hp +Hy = 0 so that VHp =k, and can be con-
sidered as the reference value against which the effects of making other in-
formation available can be compared, The usefulness value ranged between
2,92 and 3. 19 when either Hp + Hy, or when only Hp was available along
with H;. This suggests thal Hp + Hy was posilive, i.e., contributed to un-
certainty reduction. VHjy rose sharply to 4.22 when only Hy was made avail-
able, -suggesting that Hp + Hy was negative. The utilities without the out-
come information did not reduce uncertainty and possibly increased it.

The uscfulness of outcome displays is given by:

ey o HQ o ,IEIQ )
VHo = ko~ WMot
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Since Hj was constant across all conditions, the only interest is in the effect
of incrementally providing utility displays (Hy) for experienced subjects with
respect to Ho. When-only outcome information was made available, V o=
4.21, Additionally providing Hy reduced VHQ to an average value of 3, 75,
This decrease strongly suggests that Hyj increased Hiot, by reducing uncer-
tainty for experienced subjects. These findings allow some additional
insight into and refinement of our understanding of expected utility (EU) in
particular and of the information presented in general. Apparently, EU

(or Hyy) only presented in conjunction with input information (Hj) had little,

if any, beneficial effect, but, when presented along with the outcomes (Hp)
it did have a beneficial effect. This suggests a simple notion that provid-
ing increased amounts of information ( A IZiot) will necessarily increase

the value of the information (A VHiot) for the user is misleading. Again,

as indicated by the variance analyses, more is not necessarily beiter.

Influence of Outcome Displays

The subjects were .50 asked to rate the influence of the output dis-
plays on their strike timi..: decisions. Again, five category scales ranging
from "no influence" to "very much influence" were employed. The data de-
rived {vom these quuestions are pi1esented in Table 18. For the overall anal-
ysis, the highest influence rating of 4. 47 was assigned to the ORGL followed
by similar ratings of 4,02 and 3, 97 for the EU and the BFL, respectively.
The lowest rating, 3.08, was reccived by the ORAL display.

The data for the experienced subjects suggest that they were most
influenced by the ORGL outcome while the inexper subjects were
most influenced, on the average, by the EU information,

The comparison across backgrounds by aid levels suggests that for
the experienced subjects the highest ratling., camc from the utility and out-
come conditions with averages of 4. 17 and 4. 19, respectively, With almost
perfect consistency, the outcome displays were rated lowe in influence
in the full aid and no uncertainty conditions with averages of 3.67 and 3. 81,
respectively. That is when both the outcome and the utility displays were
available, they were rated lower than when either one set or the other was
available,

The distribution of the influcnce ratings by the inexperienced sub-
jects showed few systematic differences across aid levels, This finding
parallels thatl already reported in the usefulness ratings,

In keeping with the rcasoning and notation above:

Hj

VH; = k Ttot_

Iy
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Tablé 18

Mean Ratings of*Outpiit_Influence

BFL  ORAL ORGL

Overall 3.97
3. 83
JInexperienced 4,11
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where Hj represents information from display i. Therefore, any factor
that increases Hipt - Hj will decrease VHj. 'This condition would be max-
imal when, both, outcome and utility displays were available and produced
positive modifying effects and a relatively low VH;. When either utility

or outcomes were the only output information available, VH; =4, 28 on the
average, suggesting that Hyy — Hj was comparatively small. When, both,
outcome and utility displays were concurrently available, VHj= 3. 60 on the
average, suggesting thal Hiot — Hj was large. Therecfore, it could be ar-
gued that the influence of information on the strike timing decisions, like
usefulness, could be considered relativistic, beiung inversely related to
other modifying information concurrently available. Note that these effects
were only consistently observed in the data for the experienced subjects.
The finding seems recasonable when one considers the fact tha’ the effect is
essentially a measure of the relative sensitivity of decision wakers to in-
formation from various sources. The extent to which any set of stimuli is
informative depends on the background and experience of the decision maker
with respect to the meaning of the information. Sensitivity, therefore, is
a function of experience. The experienced subjects were apparently more
sensitive to the information because they have had more experience with
strike launch situations and a consequent better understanding of possible
effects of each set of information.

Discussion of Ratings

The ratings provide some important insights about the ASTDA. The
experienced subjecis appareuntly considered the inpul information {o be more
useful than the inexperienced subjects and generally the output information
was less important to the experienced subjects than to the inexperienced
subjects. However, both groups rated the outcome information as the more
important, Consistently the ORAL and BFL information was indicated to
be the most important to the experienced subjects. BEven with this con-
sistency, the experienced subject data indicated that they were very sensitive
to the type of information available, This {inding provides some explanation
for the previously rcported result that our experi panel selected preemptive
strike times for two problems, Bvidently the panel members, as compared
with our subjects, were differentially sensitive to the information provided.

Other Opinions

A set of open ended questions was included in the interview to allow
for the derivation of qualilative information about the aid, The information
from the experienced, fully aided subjects will be used to draw a picture
of the aid as they saw it, The information from the other subjects and aid
level conditions will then be discussed in so fas as it adds detail or new
elements to the discussion.
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aid, ' These statements texlded to be quahﬁed on-two:coul
aid is: only-as- { i
‘built into the aid: are reascnable. The concern about dupu ml‘ormatmn
was rather-consistently stated. There séémed to bea. pérvasivé feéling
that information -Supplied by weather and by intelligence olficers: tends to
be less thanfully reliable. Because a considerable part of the ASTD}\'
information is based on these Sources (WAT, WAC, -ORAD,. aind-ORC
and because the-ASTDA's Sutputs are.derived from thése sources, itwas
generally indicated that for the aid 10 be useful, this.information hadto be
accurate. -Concerns about the algorithms were fewer and mostly related
to the utility measare. There was a tendency to question:the expected
-utilities as:being "too-inclusive” or "too general. "

The subjects rarely questioned the validity of the 10ss information
(BFL; ORAL, ORGL): In-fact when the input 1:1?01‘mat10n Was- ﬁwergent
the bubgects said that: :they-ténded to- base their decisions-on the-los
mation. Specifically; they-said-that they sitempted-to. balance the informa-
tion on their own losSes:-and the.destrtuction cf enemy targets. Also; some
subjects said-that they conipared their decision-to the EU information.and,
if there was an important discrepaucy, they reconsidered: itheir m‘xgmal
decision. However, when the dinput information-was: mm’ergent and al-
ternatives Were-rather obvious; the decisions tended-to-bé-based on input
iﬁt‘orxﬁétiéﬁ. Therefm*e, the usdulues.e‘ oi the output miw*mat:@n tendgd

Other interview questions examined specific aspects of thie aid,
e.g., the ciiépla§ formats; advantages of color, etc. Whet asked if the
fabular or the graphic information presentation was more useful; tlie sul -
jects t}\?er\\xhelmmglv chose the tabular formac. They generally thought
that tlie graphs were difficult to read. The importance of ¢olor for the
graphs was-also rated rather low--hélping as a disctiminant but no more.

When asked about the usefulness of the averages aud ranges dis-
played on both the tables and graphs, the responses were more variable;
About half of the subjécts said that the avérages weré more heigiul while
the other half tliought that both the avérages and: ranges were lielpful. Sub=
jects who preferred the averages waited (9 see things at a glaice or to ob=
tain a ready indicator-while those who preferred both said lhat the avérages
were deceptive and that thé range information présented a better picture-of
what to expect,

Whén questmm,ﬂ as-to whether or not the-ASTDA helped to have
more confidence in decisions, the overwhelmingly answer Was affirmative:
The reasons given were that the organization of the information tended to




focus thinking on a few particulars, to indicate possible trends, and pos-
8ibly reduce human error, The one person that answered negatively
qualified his statement by noting that while not increasing his confidence,
the aid certainly provided a faster meauns for deriving a decision.

Similar affirmative answers were also obtained when the experi-
etced subjects were asked if ASTDA aided decisions were better decisions
than non ASTDA aided decisions, and if they would feel comfortable using
ASTDA during actual combat conditions. However, laced through their
positive responses to ASTDA were again the qualitications that they would
be "confident. " "comfortable, " and "make better decisions" ouly if the
information entered into the system was accurate.

The Subjects also were asked about the additional information which
the ASTDA should supply and if they had any further comments. The re-
sponses ranged over a wide area. Several experienced subjects indicated
that the aid should include a psychological readiness of pilots factor which
could interact with other factors and affect outcomes. Such behavioral
modeling is-well within thé current state-of-the art. It was also suggested
that the aid does not consider a range of relevant strategies, o.g., witha
low-probability of good visibility at the target, the cloud cover could be
used strategically (sending two strikes, one above and one below the cloud
cover), - ’

Similarly, it was suggested that the aid should consider various
mixes of armament and ordinance. Others thought that the aid did not ad-
dress some very important points, e.g., search air rescue, refueling time
after launch, rendezvous times aund places, as well as some minor points,
e.g., aborts of the mission not due to enemy actions,

One ares of recurring concern had to do with the graphic displays.
It was suggested repeatedly that relevant graphs should be either super-
imposed or presented simultaneously on a split screen, or nomographically,
or in some combination which would simplify comparisous. It was also
suggested-that i the outcome displays (BFL, ORAL, ORGL), the lost or
destroyed units should be weiglited and summed, In addilion, it was sug-
gested frequently that the information on orange ground target availability
and destruction should be separated from the information on orange ground
defenses likely to be encountered and destroyed.

g
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The information obtained {rom the experienced subjects exposed to
the other aid conditions supplements the prior considerations, One aspect
which seems rather relevaint concerns the cxpressed need of the utility
condition subjects for specific loss information, and by the outcome con-
dition subjects for a general measure of trade-off or utility. This {inding
supports the need for such information as included in the aid:  The discussion
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of influence ratings (in section on Influence of Outcome Displays) also
indicated the augmental/supplemental nature of the two types of display.
We also note our prior finding of no statistically significant differences
between the experimental conditions in which enher one or the other of
these types of display was available but the statistically significant super-
iority of the fully aided over the partially aided conditions, Subjects from
these conditions also tended to express the need for accurate algorithms
and, to a lesser extent, accurate input information,

The subjects in the utility condition gencrally tended to report
having based their decisions on input information but they also tended to
be sensitive to differences in utilities across times, suggesiing the need
for some measure of significance. The answers and suggestious received
from the no uncertainty condition subjects indicated little appreciation for
the mission uncertainty indicators. None of the subjects reported the need
for such measures.

There were also some questions as to the accuracy of the expected
utility output of the aid. As was previously stated, the possibility that the
utilities were too inclusive was mentioned. It was also said that the per-
ceived value of the expected utility might be enhanced if the user was in-
formed about what units were included in calculating the utilities as well
as specifying the value of each included unit.

The reasonableness of any specific ilem of oulcome information was
not questioned. This obtains in spite of the stated need {for reasonably ac-
curate algorithms, This result may have been rclated to the subjects' at-
titude when asked if they would use the aid under live combat conditions.

The respouses were generally that they would certainly use it as an addilional
set of information that would have to be considered when making a strike
timing decision. When asked for the reason, the usual answer was that the
ASTDA stands head and shoulders above the competition (because there is
nothing to compare it to),
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IV. DISCUSSION AND SUMMARY

What then may be said about the value of the ASTDA in particular
and about the implications of the present work for decision aids in general?

The results of the present work certainly seem to support contentions
favoring the value of the ASTDA. The variance analyses consistently indic-
ated statistically significant differences between the aid levels investigated.
And, where differences were found, they were between the unaided con-
dition and some level of aiding. On the other hand, the results suggested
that although some level of aiding helps, more is not necessarily better.

It seems that the aid's input displays acted as an information crganizational
tool. They set the information that the user wanted to consider into per-
spective and into meaningful relationships. The user employed only parts
of the information. Similarly, multiple and vast arrays of output seemed
to add little. Once the input was organized, the user cared little about
multiple outputs which he could not mentally synthesize into an integrated
whole. Accordingly, he selected the output(s) or major meaningfulness

to him and rested with it (them). While the number of input and output dis-
plays which the user can manage is not known, the number is certainly few-
er than the number provided by the ASTDA. Note that the subjects in the
evaluation.indirectly voiced this same thought when they suggested, during
the interview, that split screen displays and nomographs for relating dis-
played information would be helpful.

One limitation of the aid was its failure to accommodate situational
variables which may bias, and possibly override, the data produced by the
aid. Specifically, the results from the aid did not square with the con-
clusions of our panel on the matter of preemptive strikes. The aid did not
consider such data biasing situations., It seems that such overriding vari-
ables or contingency conditions should be taken into account during the de-
sign of any decision aid. Otherwise, the aid will fail to provide full realism
with the result that its acceptability may suffer.

The interaction effects noted by the various analyses are reasonable
but add complexity to the aid design problem. Output information was sig-
nificant for "hard" problems but not for "easy' ones. For "easy' problems
the input displays were most meaningful. Moreover, there was some evi-
dence that the output displays achieve much of their value by virtue of their
ability to sensitize the user to the input information. Seeing the projected
outcome forces the user to ask, in a sense, what could cause that? He may
then reconsider an earlier decision or generate additional hypotheses for
investigation through the use of the aid. Both the multiattribute utility and
the expert panel data suggested that such nuances were more readily perceived
by the experienced than by the inexperienced subjects--as might have been
anticipated.
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Certainly, the ASTDA has achieved its goals, as defined within
the multiattribute utility analysis, to a considerable extent. The multi-
attribute utility of the aid across the six goals considered was 83 percent .
of the total possible utility, Utility relative to individual goals ranged -
from 79 percent to 91 percent of the total possible. These values seem

quite high~=especially since the ASTDA, as tested, was not necessarily

in its final form,

From the point of view of the relative merit of the a’d, our anal- .
ysis indicated an increase in decision validity by a factor of five when ;
unaided are compared with aided decisions.
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The after experiment interview indicated a number of areas for
attention within the ASTDA itself. These generally included uncluttering
and integrating the various displays. Moreover, according to our subjects,
the color feature and the color graphics added little. Some cost savings
might be implemented by eliminating these factors. Certainly, the oper-
ational acceptance of the ASTDA will depend on the availability of reliable -
input information and on the faith of the user in the internal algorithms., "3
We are in no position to judge either the reliability of the input information
= demanded by the ASTDA or the validity of its algorithms. However, any
—3 ultimate, fleet user's orientation should address and make information
= available about these issues.
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None-the-less, the subjects found the ASTDA to provide useful
information which influenced their strike timing decisions, The experi-
enced Navy flight officer subjects said that they believed ASTDA aided
decisions to be superior to nonaided decisions and that they would feel
comfortable using the ASTDA during actual combat.

= Implications for Future Evaluations

The present work also provided a number of methodological insights =
which should be considered in any evaluation of a decision aid which is con-
ducted in the future,

= First, the riterion problem remains open. The present study at-
) tempted to come to grips with the criterion problem, at least partially,

by employing two criteria, The use of multiple criteria has been advocated T
in other fields (e.g., test development). But, such an approach does not
provide an answer to criterion reliability problems. We have no data rel-
ative to the reliability of the launch time judgments of our criterion panel o
and the question of whether or not our panel would provide similar results -
on a retest remains-open. Moreover, the panel rankings did not agree 7
— entirely with our second critericn, the utility rankings produced by the aid.

The reasons for this were given earlier. However, if two criteria agree
only moderately or disagree, how can one expect to obtain significant

B

70




validity for the aid against.each of the cntema taken separately? Surely, .
if the-aid-agrees with one criterion it will disagree with the other. If a
matheématical solution to a-problem dlsagrees with the best judgment of
management, which course of action is tobe préferred? Management

will want to know the assumptions of the mathematical solution and methods
in such a case and, once aware of these, management may or may not ac-
cept the mathematical solution. Additionally, in the present case, the

total situation becomes more circular because the mathematical solution
(utility) was itself a part of the aid and was available to the subjects in three
of the four aided conditions (Exhibit 1I). Accordingly, employing this cri-
terion presents the situation of assessing the aid against its own output.

Yet, surprisingly, our data did not indicate a strong reliance by the sub-
jects on the expected utility output of the aid. Possibly they did not under-
stand or trust the utility construct. In sum, although we employed multiple
criteria and continue to advocate such an approach in aid evaluation, such
an approach does not compensate for criterion weakness,

Second, any aid evaluation will depend on the state of development of 2
an aid at the time at which it is evaluated. Evaluating too early may result
in an injustice to an aid because the aid developers may not have had suf-
ficient opportunity to refine their design. Evaluating too late may allow er-
rors to go unrecognized until it is too late to do anything about them. Accord-
ingly, as suggested by Figure 1, aid evaluation may need to be viewed
against a continuum rather than as a process to be carried out at a specific
point in time: And, any evaluative results are pertinent only to the state of
the aid at the time at which it was evaluated,

When one is involved with laboratory experiments, he must be content
with intermediate criteria. Such intermediate criteria are more often than
not based on matters of practicality rather than true relevence t6 the ultimate
criterion; Similarly, criterion sensitivity becomes an issue. Our failure
to find differences between some of the levels of aiding may be a function of
lack of criterion seusitivity rather than any failure of the aid, The subjects
may have worked harder in one condition as compared with another, But,
this was not measured by the criteria employed.

In retrospect, it becomes apparent that the use of the inexperienced
group.as subjects may not have been warranted. While the information/data
from such subjects is of theoretic interest, such theoretic excursions are
costly. After all, in actual.practice, one can anticipate that decisions, such
as those with which we were concerned in the present work, will be made by
experienced persons.,

The interactive and the moderator effects which were evident in
several of the analyses point up the fact, known at the outset, that aid de-
velopment and aid evaluation are not easy ways to pass one's time. Evaluations
must be carefully designed to allow for the identification of such effects, if
present. Barren research designs will miss such nuances. And, these may
be more important than "main" effects.
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Finally, we note that a number of our analyses were based on cor-
relational methods. Correlation implies strength of association--not
c¢ausality, Because correlation is a fundamental tool of the behavioral
sciences, a number of techniques have been developed which allow one to
go beyond mere statemenis of relationship on the basis of correlation
and to derive statements of causality. Most, if not all, of these methods
are based on structural equation models, and the models have been vari-
ously referred to as simultaneous equation systems, linear causal analysis,
path analysis, structural equation models, dependence analysis, cross-
lagged correlation, and the like. The end result is statements of cause and
effect and because the end result represents a causal link rather than a
measure of association, the structural results do not coincide, in general,
with coefficients of regression among observed variables,

Backgrouid material on structural equation models may be found
in Heise (1975), Duncan (1975), and Goldberger (1972). Two volumes by
Blalock (1971, 1974) contain several papers dealing ~vith basic issues and
probleins at an elementary level. At a more advanced level, two recent
volumes, Goldberger and Duncan (1973) and Aigner and Goldberger (1877)
cover several issues, problems, and applications. Bielby and Hauser (1977)
gave an excellent review of the sociological literature on structural equation
models.,

One of the more recent and sophisticated techniques whica relies
on linear structural equations was described by Joreskog and Sorbon
{1978)--analysis of linear structural relationships by the method of max-
imum likelihood (LISREL). The LISREL model was designed to handle
models with latent variables, measurement errors, and reciprocal causation.
The model seeks to establish whether or not a causal relationship exists
among a set of latent variabies--some of which are designated as independent
variables while others are designated as dependent variables. The procedure
also possesses the important advantage that it reguires measurement at on-
1y one point in time--a distinct practical advantage. The structural equa-
tion model specifies the causal relationship among the lateut variables and
the amount of unexplained variance. Joreskog and Sorbon (1978) published
and made available a general LISREL computer program for IBM systems
for deriving the required structural equations. It would seem that such
causal relationships should be explored in future evaluations of the sort
reporied here.

Original Hypotheses

In Chapter 1, five hypothese were established to provide a basis for
the present evaluation. Each of these is now discussed. Hypothesis 1, more
effective strike time decisions can be made with the aid then without the aid,
seems to be quite strongly supported by the data., If effectiveness is defined
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afid-assuming that the aid should rank order alternate-strike times:in a
manner congruent with those-of the-criterion, suggests moderate criterion
related validity for the aid, If it is ussuined that the ASTDAs validity
shoald be-assessed only within the limited-area that it addresses, then
the-agreement level increases: Thai is, the validity rises if the possibility
of preemptive strikes is not considered. If it is further assumed that the
only important decision facing a task force {i,giit operations officer is the
one time-to launch an air strike rather than a ranking of times, then the
apparent validity based on agreement rises considerably.
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ASTDA POST EXPERIMENTAL DEBRIEFING FORM

" Subject Name
Subject ID Numiber _
Treatment Condition
Experienced _. _Yes
Intéfviewer

Date

As-the final part of eéxperiment, I have around 20 questions to ask you. These
questions concérn your opinions about the various features of ASTDA and their
“value, OkKay.

1. Pleasé tell e, in genéral tems, about how useful, if at all useful, the-
ASTDA was to you for coming to a direct strike timing decision?

How did the ASTDA help you most for
How 56? Léast? How so?
Most help: __

Least help: ______

How-so:

What aspects of the ASTDA were most coafusing to you? How so?
Most confusiag aspects:




4, Would you say that ASTDA was (a) more useful in deriving a Strike timing
decision for some problems than for others or (b) was ASTDA equally use=
‘ful for:all problems? How so0?

) @ ____ ®)

‘How so; o e . . . L

L

5. With this uséfulness rating scale (show card with scale) rate the usefilness
of the information for-deriving your strike time demsmns. What is your
rating for the information-on:

S Rating

"Readiness and Weather Report Time.........ccovuu.... ...1 273 4 5
=3 Air Strike Mission Structure.......:voveveense. tiee-00.0a1 2 3 4 5
Weather at Target ...covuviinrinnernneionanesnneneanna 1 2.3 45
3 ] WathgratCarmer..;.....a.............;;.....;.;.....~1 2 3 4 5
E ‘Blue Forcé Readiness.......ccvivvviunenisnnnevisaenn.. 1 2 3 4 5
= ] Desiréd Number of Blue Aircraft ............0..0500....1 2 3 4 5
3 Orange-Alr Defense. ... ouisuuureisaenrsineiasssesnaa, 1 2 3 4 5
3 ’ Orange Ground Force .cu.uuvicrnererronersneeeennnns ....1 2 3 4 5

6; (For treatment-conditions 1, 2, and 4 only)
How much influence did the utility outcome values have on your stike timing
decisions? Would you say:

no influence at all..... Cees s 1
very littie influence ........ cean 2
some influence .........5.0.... 3
much inflience ............. .- 4

Cereieeeaes 5

7. (For treatment conditions 1, 3, and 4 only)
With this rating scale (show card with usefulness scale), rate the useful-

ness of the following ¢ombat loss information;

1. blue force air losses versus strike time........... 1 2 3 45
2. orange air losses versus strike time.............. 1 2 3 4 5
3. orange ground iosses versus strike time .......... 2 3 4 5
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8. (For treatment-conditions 1, 3, and 4-only)
Usmg this acale (show card with mﬂuence scale), rate how much mfluence

Rati

1. blue force air losses versus Strike time
2. orangé-air losses versus strike time
3. orange ground losses versus strike time

. Tell me the order of usefulness-=-from hiost to least useful-=of each of these
(show cards with types of information) in helping you decide on thie time to
launch an air strike. Which was first imost useful, which was second, and
so on until you have ordered the information from first to last?

(For treatment condition(s) only)

ALL Readiness and Weather Report Time

ALL Air Strike Mission Structure

ALL Weather at Target

ALL Weather at Carrigr

ALL Blue Force Readiness

ALL Desired Number of B'ue Aircraft

ALL Orange Air Defense

ALL éx‘aﬁge Ground F ié

(1, 2, and 4 only) Util vali

(1, 3, and 4 oal¥)

(1, 3, and 4 only) Grange Alr La ‘rsxis Strike Time
(1, 3, ard 4 only) Orange Grcund Losses versus Strike Time

Was the tabular or graphic information more useful, or Wwere both the
tables and graphs equally useful  Why do you think so?

1. tables more useful
2. graphs more useful
3. both equally us




11; (For treatment conditions 1, 2, and 3 only) 7
‘Were the averages or the ranges provided on the tables more useful, or
were the averages and ranges both equally useful? How so?

1. averages more useful
2. ranges more useful
3. both equally usefiil

Using the usefuiness scale {show card with scale), rate how useful, if at
-all, the coloring of the graphs.
Rating
3 4 5

Why did you rate this so?

. (For treatient condition 1, 2, ard 3 ouly)
Using the usefulness scale (show card with scale), rate theé usefulness of the
delta-biased uncertainty bands.
Rating
2 3 4 5

Why did you rate this so?

. What, if anything,
How so?
What ?

Table Na’n;éfé)




oy
‘:umi/“

15. What, if anything, was confusing about the graphs? Which graphs were
confusing and how so?
What? _

Gif-é;tﬁ Name(zsg;

should include ? Why do you think so?
Tables

What additional information do you think the ASTDA's tables and graphs

Tables

What information provided or made available on the ASTDA's
graphs do vou think should be deleted 7 Why do you think so?




18.

19.

I
o
»

Do you think the use of the ASTDA helped you to have any more confidence
in-your strike timing decisions than you would have had if you did not use
the ASTDA? How so?

____Yes No
How 502 _

Do you think the ASTDA aided decisions are better decisions than non ASTDA
aided decisions. (Why do you say yes? \thy do you say no?)

____ _Yes No

Explain

(For experienced group only)

Would you feel "comfortable" in using the ASTDA or some variant of itunder
live and real combat conditions? Do you think other air operations officers
would ? Why?

You: . Yes No
QOthers: ~_ Yes No
Why? -
{For experienced group only)

Would you be surprised if the actual blue and orange combat losses during a
strike mission were far worse or far better than the losses predicted by the
ASTDA? Why do you think so?

____Yes No

Why ?

Do you have any other comments?
_Yes No

Why®

THANK YOU FOR YOUR COOPERATION
84

"

an




You have just read: the -goals of ASTDA. Now, I want you to _mdlcate
‘below how-closely-each-go as achieved by the deuamn aid; For each goal
use a 0% to a 100% rating: 0% means the goal was net at all attained, and
100% means the goal was écmpiete ¥-achieved. Use whatever % % you feel ex-
presses ASTDAs -achievement of the goal.




Appendix B

Zero Order Correlation Matrices from Which the Multiple
Correlation Coefficients and Regression Equations Were Computed
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