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INTRODUCTION - THE PROBLEM

A fighter pilot delays his lag roll for
an extra second--and instead of flying too
close to his target, falls into a perfect
shot position; his timing is the result of
years of experience. A Landing Signal Of-
ficer (LSO}, guiding ajreraft aboard his
carrier, calls a pilot for power a moment
before it is needed and thus prevents a set-
t1ing approach; his acute sensitivity has
taken hundreds of hours to develop. A Tacti-
cal Actfon Officer (TAD), in the Combat In-
formation Center of his ship, correlates all
of the information from an ambiguous radar
signal with the weapons available to him and
correctly assigns ship missiles to a low-
altitude bomber; Tong months of training and
practice have made the difference betwesen
survival and disaster.

Each of these jobs--and there are many
more 1ike them in the armed forces--is an
example of what is generally called judgment.
That is, each job requires more than percep-
tual or motor skills. Jobs such as these
require the ability to select among methods
of problem solving, to weigh alternatives
under stress and with limited information,
as well as the ability to be innovative when
the situation requires. No one can argue
that judgment is not a valid reflection of
trained performance. Few, however, can de-
fine judgment in a fashion which is usable
for efficient training development. The major
stumbiing block in previous efforts to develop
methodologies for judgment training has been
their attempt to work with too global a de-
finition of what judgment is. This paper
reviews some recent work in this area
and suggests potentfal solutions to the prob-
Tem of judgment training (specifically, for
aircrew tasks) which, though Timited in scope,
Tend themselves to relatively easy implemen-
tation.

WHAT IS JUDGMENT?

One of the reasons, perhaps the major
reason, why it is so difficult to obtain a
useful definition of judgment is the large
variety of performances to which the term
Judgment is applied. We are interested in
Jjudgment by the military equipment operator
or tactical decision-maker, and thus we can
confine ourselves to those military jobs which
require judgment performance. A prime example
is the job of the fighter pilot who has to fly
his aircraft to a position where he can use
his weapons against an active, thinking

apponent who attempts to counter the fighter
piiot with maneuvers of his own. It is this
task which really separates the wheat from the
chaff; i.e., the superior from the average
pilot, or those who have good judment from
those who don't. Two pilots may fly perfect
practice maneuvers, each may know the capabi-
Tities of his aircraft and weapons, and each
may possess the same levels of physical coordi-
nation and intelligence. Yet, during actual

or simulated combat, one pilot achieves con-
sistent victories while the other struggles
Just to avoid Tosing. What is the crucial
difference? Is it primarily cognitive or
affective in nature? What is the best way to
describe this difference in a manner useful for
training and training development?

A report, sponsored by the Federal Avia-
tion Administration {Jensen & Benel, 1977}, de-
scribed pilot judgment as consisting of two
components: 1) a cognitive component which
deals with the establishment of alternative
actions and the selection among them, and 2)
an affective component or motivation which
effects such selections among the alternatives.
In a later paper (1978), Jensen expanded this
definition to include a continuum between
Judgments which are perceptual and those which
are cognitive, as a function of cognitive com-
plexity of tasks and decision time (Figure 1).

COGNITIVE
JUDGMENTS

INCREASING COGNITIVE———=2=
COMPLEXITY (AND DE-
CISION TIME)

PERCEPTUAL
JUDGMENTS

Figure 1. Judgment Continuum Based on Cogni-
tive Complexity and Decision Time

(Jdensen, 1978)

According to Jensen, primarily perceptual
Judgment is associated with low cognitive com-
plexity and Tittle time available for decision
making. At the other end of the continuum one
finds more analytical ‘forms of judgment, calied
cognitive judgment, under conditions of high
cognitive complexity and plenty of available
decision making time. This definition is the
result of an extensive literature review and
an in-depth analysis effort which included
work that dealt with the judgment phenomenon
in the context of a variety of jobs from’

_aircrews to physicians.
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Ancther study emphasizes the selection
characteristics of aircrew judgment tasks
(SaTleh, et al. 1978) by proposing a training
approach which teaches how to select among
the relatively clear probiem-solving tech-
niques which are currently the "bread and
butter" of most flight training programs. The
need for a higher management scheme is iden-
tified in this study for sophisticated aircrew
performance; an organized strategy to coordi-
nate problem solving methods, to select and
apply the most promising candidates. The
skill of selecting among problem solving tech-
niques has also been fdentified by Gagne and
Briggs (1974), who call such skills "cognitive
strategies". The position of these skills in
the hierarchy of cognitive performances is
shown in Figure 2. Gagné implies in his tax-
onomy that these cognitive strategies are
internally organized (i.e., it would appear
that these selection schemes are developed
uniguely by each individual, over time and
as a function of experience}. Little can be
said regarding the training of these strate-
gies except that conditions should be made
favorable for their acquisition.

// COGNITIVE STRATEGIES \\
PROBLEM SOLVING

RULE USE
CONCEPT FORMATION
DISCRIMINATION
VERBAL ASSOCIATIONS
STIMULUS-RESPONSE CONNECTIONS

Figure 2. Intellectual Skills (Gagné

and Briggs, 1974)

It would seem that judgment performance is
characterized by the following components; al-
though each model may emphasize different
features, the basic properties appear to be:

1. Judgment involves a cognitive factor
for generating candidate problem
solutions, and strategies for choos~-
ing among them;

2. Judgment can involve selection strat-
egies which manipulate probabilistic
information--not all aspects of a sit-
uation may be known, but choices
must still be made;

3. Judgment may be stress-dependent, in
that motivation must exist to affect
choices--if stress becomes extreme,
however, judgment performance may
be degraded.

458

Now, these definitions of judgment are all
relevant to judgment performance, but are

they all relevant to judgment fraining? OfF
the previously mentioned studies, those which

propose training methods usually attempt to

incliude all aspects of judgment in their pro- -

grams. Such efforts are ambitious, and might
be gquite effective #f properly implemented,
but cost and personnel constraints weigh
against this dpproach. What is left is a
partial implementation of broad-based strategy
for judgment training,or complete implementa-
tion of training Ffocused on selected judgment
characteristics. A case will be presented for
the second option Tlater in this paper.

WHAT IS JUDGMENT - REALLY?

The definitions of judgment presented so

far are all adequate to explain at least parts

of the judgment task; the Jensen scheme ap- - -
pears to be the most comprehensive. What is
the coricept, however, of judgment by those who
must actually teach it? It is the evaluation
of current training (and its improvement, if
possible} which 1s the focus of this paper and
this conference. It seems that the word
"judgment" is used in its broadest sense by
the aircrew training community, and this con- -
ceptual latitude has resulted in only diffused
efforts to help students acquire judgmental
skills.

By way of example, a large portion of
pilet training effort is expended in teaching
judgment during landing. Runway Tine up,
approach attitude, and timing of the landing
flare are all spoken of as demonstrations of
pilot "judgment", and instruction directed at

such skills is considered judgment instruction.

A closer examination, however, reveals that
such activiijes are really examples of percep-
tual discriminations (in the Gagné system) or
perceptual judgments which occupy {in the
Jensen scheme) only a narrow band of possible
judgment performance. Thus, the part can be
frequently mistaken for the whole, with two
implications for training. .

1. If lower level skills are considered
to represent judgment, then true

judgment tasks may receive a leaner
portion of instructicnal attention, or

2. These Tower level skills may be ap-
proached with incorrect instructional
strategies in the belief that the
tasks are something other than what
they really are.

This condition is not at all uncomman in
the aircrew training community and reflects _
—-at least in part--the lack of clear concepts
regarding judgment and its components. The
problem extends to selection procedures for
pilot candidates which seem to have reached a__



ceiling of success; attrition rates, always a
drain to training costs, have not been signif-
icantly reduced in many years. Furthermore,
the competence of even graduate pilots is not
uniform, as the earljer comparison of fighter
pilots exemplifies. A recent study, supported
by the McDonnell-Douglas Company (1977}, at-
tempted to discriminate those qualities which
characterized the superior fighter pilot. De-
spite a review beginning from World War I and
proceeding through Vietnam, no clear factors
were found which could serve as predictive
indices of fighter pilot success. Unambiguous
factors would have a quite significant impact
on selection and training; it is entirely poss-
ible that this search was not more successful
because elements of judgment, of decision-
making under combat stress, were not suffi-
ciently defined.

Two approaches to judgment and training
have been discussed--the theoretical analysis
of judgment (and its training implications),
and the current understanding of judgment at
the field training level (with its resulting
implications). Obviously, the two can be re-
conciled to the benefit of both, but how can
this be accomplished expeditiously and with
minimal impact on current training resources?
Once again, & case can be presented which
permits full implementation of training for
components of judgment performance (rather
than 1imited applications of a full defini-
tion) and this case will be examined next.
The behaviors which are now considered air-
crew “"judgment" must first be broken down
into training domains, those critical com-
ponents which remain must be accommodated |
in the training program, and the effects of
stress must be included; all of this, hope-
fully, at minimal expense.

REDUCING THE JUDGMENT DOMAIN

Taking note of the training situation for
teaching tanding performance cited earlier,
the first step in formulating a plan for judg-
ment instruction is to reduce its domain. This
would involve an examination of each skill or
scenario in a given training program and as-
signment of that skill/scenario to the type of
learning which it truly represents. As stated
before, not all flight tasks are really higher
Tevel judgment skills; in the Tanding example,
a perceptual discrimination is being taught
(i.e., the ability to detect whether visual
cues are "right" or "wrong" for the desired
position; once this 1s known, what to do n
response becomes a matter of rule use--the
reader is referred to the Gagné hierarchy,
Figure 2). The point of this example 1s that
existing ISD principles can be applied, once
the skill is identified as belonging to the
more deterministic types of Tearning. Further-
more, the ISD techniques chosen for this skill
are appropriate; that is., ISD techniques rele-
vant to perceptual discrimination and rule

use are used to teach those skills, and this
might not be the case if the skills were
thrown inte the grab bag known as "judgment".
Judgment is popularly thought of as being a
function of experience. It is not unreason-
able, therefore, to trust the improvement of
substandard or average performance to addi-
tional experience with the particular task.

In this example, marginal landings may result
in assignment of additional practice (for
better judament) when a quicker, cheaper solu-
tion would be presentation of correct runway
"sight" pictures to the pilot, to improve his
discrimination performance. The latter method
was applied with good effect by the second
author while conducting research at Williams
Air Force Base, Arizona.

This principle applies up through fairly
complex levels of learning, including problem-

solving anhd concept mastery. If a fighter
"pitot is consistently executing an inappro-

priate maneuver for a given tactics situation,
it might be the case that he has not estab-
1ished a necessary prohlem-solving routine
{e.g., "I'm closer to a sparrow shot than I
am to a sidewinder shot, but at this altitude
the sidewinder has a better chance of success
50 I'11 continue to work for the "winder
envelope"), or has not mastered a critical
concept, (e.g., "I can pull up and turn be-
hind this high bogey, but when I get there
I'17 be too slow because whenever you gain
altitude, you lose airspeed or energy, so I'd
better add power now"). To the instructor,
these cases may appear as instances of bad
judgment when, in fact, they represent weak-
nesses in tower-level skills, which current
I1SD methods should be capahle of handling.

In summary, it can be stated that judg-
ment is a complex range of skills which may
be manipulated under external conditions of
time and stress. To make the process of judg-
ment training more manageable, it is important
to first establish what judgment is not; the
remaining domain of skills can then be given
the full attention required to teach them.

TRAINING FOR JUDGMENT e —

Those characteristics which were found to
apply to judgment tasks {generation and selec-
tion of alternatives, probabilistic input,
and stress effects) still account for a large
and critical realm of the training mission.
Such tasks as altitude positioning, airspeed
and aircraft formation during the attack
vector, and the myriad decisions involved in
combat maneuvering during tactical engagements
all include significant cognitive and affective
components which comprise judgment performance.
Jensen (1978) proposes a comprehensive plan
for training judgment in general; what is pro-
posed here is an abbreviated strategy for im-
plementing some areas of judgment training on
a more Timited {and hopefully, more ecéndmical)



scale.

First, the probabilistic nature of the
flight task must be appreciated. Combat ma-
neuvering against a thinking, skilled, aggres-
sive opponent always implies the risk that
the assumptions about his battle plan and his
abilities are wrong. Decisions must, never-
theless, be made if the fighter pilot is to
establish his own plan. Although hindsight
may permit a perfect analysis of what tactics
should have been employed, the pilot in combat
does not have the luxury of complete problem
input and must make the bast {j.e., most accu-
rate and reliable) assessments that he can in
a hostile environment. A simple decision
paradigm s shown in Figure 3. At esach level
of the decision-making process, uncertainty
exists regarding the results of that level.
For example, if the problem cannot be precise-
Ty defined (due, say, to a lack of sufficient
cues), then alternate solutions for two or
more possible problems may have to be genera-
ted at the second level in this fashion, un-
certainty is cumulative; if the decision-
maker s unable to constrain or order the
results of each phase--through additional
input, training, or a Jjudgmental decision--
the entire process becomes unwieldy and a
“random guess” may result.
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Figure 3, Judgment Under Uncertainty

The worst case for making a selection
among alternatives is when each alternative is
equally likely to the person who must make the
selection; the more alternatives available,
the lower the probability that any choice, at
random, is the optimum one. There may in fact
be a priority ranking or a probability distri-
butjon of the alternatives, but if this is
unknown the decision is, at worst, & chance
event. Now air combat training is far from
such a random situation, and the novice pilot
enters each tactical engagement with an exten-
sive set of skills intended to present him
with a realistic assessment (that is, one
which accurately corresponds to the actual
conditions) of each situation. The complexity
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of any scenario, however, can easily generate
conditions for which no such ready-made
assessment exists and the pilot is required to
do his own analysis of the novel conditions
and make an innovative or unusual choice of
actions. Those pilots who are best able to
appropriately respond to unexpected, complex
events can be said to possess the best "judg- -
ment". Such pilots are frequently those with
the most extensive and varied experience.

What is suggested here is that a pilot (or

any person whe exercises true judgment) learns,
over time, to modify an essentially random set
of alternatives into an ordered set which per-
mits the optimal choice for a given set of
external conditions: a strategy is established
for figuring out what is most 1ikely to suc-

ceed and what is not.

Any training system which can facilitate
the efficiency of this mechanism (somewhat
akin to "cognitive strategies" in the Gagné
hierarchy) or shorten its acquisition, should
be quite valuable. Two methods for achieving
this are suggested:

1) Situational Control--Although most
training programs are carefully structured to
present situations {i.e., simulator and flight
events) which enhance perceptual/motor and
procedures Tearning, T1ittle emphasis has been

. given to the presentation of situations which

teach judgment performance, This is not to
say that this training is absent, only that
it has received insufficient attention in
relation to its significance. If, as is pro-
posed, judgment skills are a function of accu-
rate selection among aiternative actions,
then the presentation of situations which
match real-world probabilities should provide
the shortest method for acquiring an under-
standing of those probabilities. Thus, a
realistic probabjlity distribution can be in-
stilled in the flight student without the re-
gquirement to know the details of his internal
decision-making processes. An academic exam-
ple of this approach is the "situational
training” of the Air Force, which attempts to
develop prudent response strategies based on
scenarios of emergencies rather than training
each response procedure independently.

2) Academic Control--This approach was

treated quite well in the Saleh (1977) study

and involves an analysis of strategies for
choosing between alternative courses of action
and training these cognitive skills in addi-
tion to problem~solving procedures them-
selves. This approach is wore complex and
costly than the gross analysis required for
the prior method, but is much more comprehen-
sive and makes up a major part of the Jensen
plan.

A simpler application of this approach
is the presentation of scenarios which regquire
the flight student to practice judgment skills;
that is, configurations of flight tasks and



procedures into groups which tax the student's
coordination of individual tasks and encourage
the rapid development of cognitive strategies.
As skills are taught through current sylilabi,
students learn an increasing number of pro-
cedures, but are Teft largely on their own in
the establishment of coordination strategies.
Again, an in-depth analysis of such strategies
is not required--only the assembling of realis-
tic and significant scenarios, and their in-
corporation into judgment training sequences
of existing programs. A variation of this
technigue is currently employed for F-14 air-
crew training which involves the presentation
of a "canned" tactical engagement to the stu-
dent. This is accomplished with the playback
features of the air combat maneuvering range
(ACMR), which can display a recorded flight

in three dimensions. The entire event is
shown, followed by a step-by-step replay of
key maneuvers {much like a detailed account of
a chess game), alTowing the student to comment
on or evaluate each decision point for himself.
Once the student has become familiar with each
component of the engagement and its overall
"flavor”, he is then ready to fly in an iden-
tical situation and make use of the strategic
foundations he has developed through prior
analysis; he already has a sophisticated set
of algorithms--based on experience--regarding
what will work and what wiil not.

The final major characteristic of judg-
ment performance--stress effects--remains to
be considered. Stress can enhance skilled
performance by géenerating higher levels of
motivation, but this is true only to a point,
beyond which performance is degraded. In
general, the lower the level of training or
the more complex the skill, the greater the
degradation for any given level of stress.
Training should profit from those methods
which can keep stress Tow enough to permit
application of those skills.

ObviousTy, confidence in one's skills
has a Tot to do with how much stress can be
self-generated precisely because the student
is not sure of his procedures and skills. The
solution of ACMR playback, discussed previous-
ly, is also relevant in this context because
the student s allowed to analyze and under-
stand a complex, dynamic event at his own
pace; this Tuxury is not a usual application
of such training media but a conversion like
this is not impossible for simulators, part-
task trainers, mission recorders, etc.

SUMMARY

As technology provides the means for
handTing the simpler tasks of most military
jobs, the role of the equipment operator as a
decision-maker, required to exercise complex
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judgment, becomes more critical to the military
mission. The requirement grows, therefore,

for the instructional design community to
accommodate the special demands for judgment
training in new and existing programs; indeed,
the requirment has already existed for some
time now.

Several studies of judgment and judgment
training have been presented here, Each of
these efforts has proposed a training imple-
mentation plan, some more extensive than
others. This paper has attempted to evaluate
the most practical features of each judgment
analysis and convert them to training sugges-
tions which could be easily and inexpensively
incorporated into ongoing programs, including:

1. Reducing the domain of tasks which
actually represent judgment
performarnce, ~

2. Training this judgment performance
using control of Tearning situations
and academic presentation, and;

3. Considering (and, therefore, ]
reducing) the effects of stress.

These suggestions are intended as a minimal
cost, minimal intervention approach to ful-
fi11 the need for training judgment, Even~
tual expansion of these ideas could, hopefylly,
result in a comprehensive program along the
Tines of the Jensen proposal.

REFERENCES

Gagné, R. M., & Briggs, L. J., Principles of
Instructional Design. New York: Holt,
Rinehart, and Winston, Inc., 1974.

Jensen, R. S., and Benel, R. A., Judgment
Evaluation and Instruction in Civil Pilot
Training. Report No. FAA-RD-78-24 by
Aviation Research Laboratory, Univ. of
I11inois, December 1977, :

Jensen, R. S., Pilot Judgment: Training and
Evaluation. Proceedings of the 11th NTEC-
Industry Conference, Nov. 1978, pp. 71-83.

Saleh, J., Leal, A., Lucaccini, L., Gardiner,
P., & Hopf-Weichel, R., Analysis of Require-
ments and Methodology for Decision Training
in Operational Systems. NAVTRAEQUIPCEN Tech
Report No. 77-C-0005-1, February 1978.

Youngling, E. W., Levine, S. H., and Mocharnuk,
J. B., Feasibility Study to Predict Combat
Effectiveness for Selected Military Roles:
Fighter Pilot Effectiveness. Report No.

MDC E1634 by McDonnell-Douglas Astronautics
Co., East, 29 April 1977,



ABOUT THE AUTHORS

MR. STEVEN A. MURRAY .is an Insitnuctional Psychologist with San Diego
Divisdon of Veda Inconporated, He L4 cwwently worlking on the desdign
and implementation of a dafa-based system for automating steps of the
Instauctional Systems Development (ISP] process. Ma. Muwray has
participated in previous profeats concerned with behavioraf modelling

of Zhe Landing signal officer’s fob, airorew training for the F-14,
pengormance assessment fon fLight simulatorns, and operational evafuation
prnogroms of gLight simubators., He s a femen F-4 aireremman,

Mr. Murray has eanned a B.A. deghee .in psychology from Echetd College
and an M.A. deghee in psychology from San Diego Sfate Universily.

DR. FRITZ H. BRECKE is a Senifor Tnsfructional Psychologisi with Veda
Incorporated, San Diego Division, and is the project manager for the
Peace Rhine Progham, involuing Lhe design and development of new Lrain-
ing materials fon the German Adn Fornce F-4F. He was prevdously the
projeet manager for F-14 aircrew training development and has also
aonducted nesearnch in pilol thaining and {Light simulation. Dn. Breche,
a fommer fighter pilot in the Gemman Alr Fonce, has a doctoral degrhee
in instructional Lechnology grom Anizona State University.

462






