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JUDGMENT — perhaps the key to
longevity in naval aviation. Judgment is
obviously eritical in the inflight regime
where multiple decisions must be made in a
timely, correct, and often irreversible
fashion. Juat as important, and perhaps
too often overlookad, is the importance of
good judgment on the ground., Knowing when
bet to fly, planning flights ecarefully,
and realizing personal limitations are
examples of good judgment displayed on the
ground {Dunn, 1977).

INTRODUCTION

From the beginning of aviation history
pilots have been expected to exercise a
congiderable amount of judgment in the overall
task of flying an ajirplane. However, in
recent years, increasing demands in our
soeiety for safety, dependability, economy,
effectiveness, and reduced energy consumption

have increased .the complexity of civil and
military flying operations magnifying the
pressures for good pilot judgment. Further-

more, technological advances that have eased
mach of the pilot's burden for precise
aircraft control have not greatly eased the
pilot's decision-making workload. In many
cases these advances have only created demands
for higher 1levels of skill, knowledge, and
Jjudgment to which few pilots have been
trained, and the training costs to prepare
them to operate effectively im the changing
system are becoming prohibitive.

Flying has developed so rapidly that
there has been 1little time for a serious study
of what flying is all about, particularly in
terms of how pilots think. Many changes in

regulations are expedients deaigned to solve
problems that have already developed. Often
solutions to existing problems create new
ones, which 1in <{urn, are "solved" by new
regulations. The problem of ¢raining new
pilots and retraining eurrent pilots to
facilitate the implementation of new

procedures and regulations in a mobile but
energy limited society is just beginning to be
recognized (Roscoe, 1974).

However, if it were merely a matter of
teaching flying skills, the training of pilots
to operate safely in our complex aviation
system would be a much smaller one than it is.
Unfortunately, because actual conditions are
never quite the same as those used to develop
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aviation regulations, procedures, and per.
formance limitations, the safety of a given
flight also depends upon a significant amount
of evaluation and interpretation of existing
conditions by the pilot.

For example, the conditions used to .
develop flight performance values for a
particular type of airplane may be ideal
inecluding clean airplane surfaces, a new
engine, a new propeller, an unrestricted air
filter, and a company test pilot. In actual
conditions the pilot must compare these book
values obtained in ideal conditions with those
in which he finds himself. These actual
eonditions may include a dirty airplane, a
slightly used engine, a few marks on the
propeller, a slightly dirty air filter, and a
less than perfect pilot. He must then
evaluate many other conditions such as gross
weight, center of gravity, wind, temperature,
humidity, altitude, ete. for comparison with
theose used in the book to determine his
expected flight performance. Finally, he must

check the present and forecast weather, the
terrain, and expected traffiec density and
compare them with an ‘estimate of his own
capability before determining whether or not
his planned £1ight will be safe.

Examples such as these requiring

decisions with less than perfect information
are available in all areas of flight activity.
Furthermore, every decision &hat the pilot
makes is colored by physiological, psycho-
logical, and social pressures that are
virtually impossible to weigh properly on the
spot. For example, just as persons watching a
aporting event may "see" an infraction or foul
differently depending wupon their vantage
points and which team they support, a pilot
may be influenced to view the weather cutlook
or his own abilities differently depending on
the importance or value he assigns to a given
Flight. The person's self-image and his need
to  maintain his external image largely
determine how much effect different values or
rewards for making a flight will have on his
Judgment of his ability to make a safe flight
{Kogan and Wallach, 1964).

Mental weaknesses in some pilots may
cause them to be susceptible to social
pressures that result in less than rational
pilot judgment. Such irrational pilot judg-
ment is characterized by =uch unsafe practices
as flying under bridges, landing on busy



highways, attempting to land in football
stadiums, and flying "formation® on other
unsuspecting pilots. Potential sources of

social pressure that may lead to these types
of activities include peer reactions, fear of

faliure, censure from superiors or family
members, and many others (Janis and Mann,
19773,

Although 1t may be a diffieult task
(Fishbein and Ajzen, 1975), pilots must be
tested, not only for their knowledge, skill,
and rational judgment capabilities, but also
for their irrational judgment tendencies as
these apply to safe flying. It is apparent
from accident statistics that new approaches
to pilot training and testing are needed to
improve the safety and effectiveness of c¢ivil
and military pilots.

Iraining and Testine Effectivenecss

An assessment of the effectiveness of
current pilot training and testing programs
should start with a categorieal analysis of
training objectives associated with the end
product: a pilot licensed to fly under a
certaln set of regulaticns. Civilian training
objectives may be classified under three sets
of behavioral activities as follows:

Procedural Activities

Communication management
Navigation management

Fuel management

Powerplant management

Vehicle configuration management
Display management

Autopilot management

Perceptual-Motor Activities

Vehicle control

Distance, speed, altitude,
ance Jjudgments

Hazard detection and avoidance

Communication

Geographic orientation

and c¢clear-

Declisicnal Activities

Pilot self-evaluation of skill, know-
ledge, physical, and psycheological
condition

Navigation planning

Hazard assessment

Assessment of attention reQuirements

Assessment of aireraft and ground sys-
tem capabilities

Mission priority adjustment

A useful next step in the examination of
the effectiveneas of current pllot training
and testing programs that may help to identify
weaknesses is to analyze general aviation
accident data in which pilots were M"found ¢to
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be a contributing cause or factor." Stati-
stics from the National Transportation Safety
Board (NTSB) Automated Aircraft Aceildent and
Incident Information'System from 1970 through
1974 were used in this analysis (Jensen and
Benel, 1977). Pilet cause/factors from the
NTSB data were classified into the three
behavioral categories given above. Then the
total numbers of both Ffatal and non-fatal
accidents during the five-year pericd were
determined for each of these behavioral
categories. The results of these analyses are
shown in Table 1.

Table 1. Number and percent of the total
general aviation acecidents in which
the pilot is lizted as a cause or
factor between 1970 and 197Y4.

FATAL
Procedural 264  (4.6%)

Perceptual-Motor 2496 (43.8%)
Decisional 2940 (51.6%)

NON-FATAL

2230 (8.6%)
14561 (56.3%)
9087 (35.1%)

Although these satistics of pilot-caused
aceidents reflect the influence of more
factors than just pilot training deficiencies
alcne, examinations of these data provide
valuable indications of possible weaknesses in
current programs. For example, a majority of
the non-fatal pilot-caused accidents (56.3
percent) were the result of faulty perceptual-
motor behavior. The most significant Cfactors
here (failure to maintain flying speed and
misjudgment of distance, speed, altitude, or
clearance) represent one type of pilet
Judgment. On the other hand, a majority of
the fatal pilot-caused accidents (51.6
percent) were the result of fauliy decisional
behavior, another type of pilet judgment. The
most significant factors in this area were the
familiar ‘“continued VFR into Iknown adverse
weather" and "inadeguate preflight planning or
preparation. ™

it 1s
statisties

apparent from these acecident

that both aspects of the deciding
function are important to safe flight and
possibly suffer from neglect in the present
training and testing process. However,
because it suffers from greater misunder-
standing in aviation cireles, pilot judgment
as represented by the general decisicnal
activities is the topic of concern in this
paper. Although a significant amount of
rezearch has been done on this aspect of
Judgment in recent years (Janiz and Mann,
1977) no one has specifically examined this
Judgment problem faced by the pilot, the
flight instructor, and the pilot examiner.

There appear to be three major problems
that require solution before major
improvements to pilet training and evaluation



can be realized in this area. The first is
the establishment of a common definition of
Jjudgment as it applies to flying. At present,
even though the term is used repeatedly in
aviation cirecles and FAR examiners are
required to evaluate candidates on the basis
of judgment, no such definition exists.

The second major problem is to determine
whether or not pilot judgment can be taught,
and if so, how can one best teach 1t. Because
some aspects of pilot judgment are closely
akin to personality characteriatics, they may
be difficult to modify. It may be necessary
to use testing and selection procedures to
improve aviation safety and effectiveness from
these standpoints. Other aspects of pilot
Jjudgment are more easily modified through
systematie training procedures.

The third major problem iz to determine
whether or not pilot judgment can be evaluated
reliably, meaningfully, and objectively.
Because Judgment is primarily a mental
process, it may be diffiecult to evaluate in
any reliable way. On the other hand,
behavioral events frequently have been used to
infer mental activity. Although perscnality
tests have proved to be somewhat unreliable,
research results using these instruments may
be useful in the development of instruments
for evaluating and predicting judgmental
behavior (Fishbein and Ajzen, 1975).

dudament Definition

As indicated above, the word judgment has
been used to describe two somewhat different
mental processes 1n aviatioen. Perhaps 1its
most common usage has been to describe the
mental activity that takes place at the
perceptual-motor level. The second describes
the mental activity involved in choosing a
course of aetion from  among  several
alternatives. Obviously, this second usage of
the term 1s similar to the first in that beth
involve making choices.

However, there is a basiec difference.
The first refers to highly learned perceptual
responses that must be made In z very short
time, in some cases continuously. The second,
refers to cognitive decisions for which set
procedures have not been established or may
have been forgotten. Flight instructors have
used various terms referring to this type of
judgment including "headwork " "ehinking
ahead," and "staying ahead of the airceraft.t
Usually, more time 13 available to evaluate
the situation, a larger number of possible
courses of action must be considered, and
there iIs a greater degree of uncertainty
concerning the existing situation and possible
outcomes than is the ecase in perceptual
Judgments. For these reasons, cognitive
judgments have been the source of greater
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wisunderstanding in and

evaluation.

pilot training

These twoe aspects of judgment may be
considered as two ends of a continuum based on
cognitive complexity and decision time. One
such representation is shown in Figure 1. At
one end of the continuum, are the common
perceptual judgments of distance, altitude,
speed, and clearance. These perceptual
Judgments are leas complex in that they
involve fewer pieces (frequently one) of
fairly accurate information from which
responses are determined with highly learned
motor behavior. They wmay require simple
responses but frequently call for immediate
control movement.

At the other end are what might be called
cognitive Judgments. Az described above,
these judgments are very complex in that they
usually inveolve a large number of relevant
pleces of highly probabilistic information,
they usually require the specification of and
choice from among several alternatives, and
they are frequently affected by emotions,
values, and social pressures. In addition,
edgnitive Jjudgments usually permit some
deliberation before a control response Iis
required. The remainder of this paper is
concerned with this aspect of pilot judgment.

Ferceptual Cognitive
Judgnents Judgments
I |

Increasing Cognitive

Complexity

Figure 1. Judgment Continuum Based on Cogni-

tive Complexity and Decision Time

Definition. Consider-
ing these [factors a candidate definiktion of

cognitive Jjudgment in flying airplanes is:

1. The ability to search for and esgtablish
the relevance of all available information

regarding a  situation, Lo specify
alternative c¢ourses of action, and to
determine eXpected outcomes from each

alternative.

2. The motivation to choose and authorita-
tively execute a suitable course of action
within the time frame permitted by the
situation. :

Where:

1. "Suitable" is an alternative consis-
tent with societal norms.

2. MAction™ includes no action, some ac-
tion, or action to seek more infor-
mation.



The first part of the definition refers
te intellectual abilities. It depends upon
human capabilities to sense, store, retrieve,
and integrate information. This funection is
what Van Dam {in Jensen and Benel, 1977} calls

the M“diseriminating ability" in professional
pilots. In signal detection theory it is
called detectability (d4'). It is purely

rational and could be stated mathematically.
If it were possible to separate this part of
human judgment from the second part (which it
is not), the mind would solve problems in much
the same way as a computer. This is not to

say that it would be error free. It uses
probabilistic information and is dependent
upon  the amount, type, and accuracy of

information stored az well as inherent and
learned capabilities to process information.

The second part of the definition refers
te motivational tendencies. The emphasis is
on the directional aspects of motivation
rather than the aspects of motivation dealing
with intensity. IL says that a part of human
judgment is based upon bias factors {costs and
payoffs) or tendencies to use less than
rational information (defined by society) in
choosing courses of action. Society would
probably censider the use of any information
other than that required to define the safety
risk {(e.g., monetary gain, gain in =self-
esteen, adventure seeking, etc. } as less
than rational. Thia part of human judgment is
called the response bias (B) in  signal
detection theory. It is
Jensen and Benel, 1977} has called the
*regponse pattern” of the professiomal pilot.
If properly developed, this part of human
Judgment  would tend to halt the use of
information not directly related to the safety
of the flight and to direect the pillot's
decision toward the use of rational processea.

JUDGMENT TRAINING

Lap Pilot Judement Be Tausht?
The first question to be addressed

following the establishment of the definition
is whether or not pilot judgment, as defined,
can be modified through training. The paueity
of judgment training guidelines in pilot
training and training researcn literature
léads one to doubt <that Jjudgment can be
taught. Literature and syllabi commonly used
in flight instructor courses contain large
sections on how to teach the motor skills of
flying but very little on how to teach pilot
judgment (see the FAA's Aviation

Handbook, 1977). The typieal private pilot
course offers a scattering of judgmental
instruction in the areas of weather avoidance
and power-plant emergencies but no systematic
Judgmental training.

However, there iz evidence in aviation
showing that at least cne form of Judgmental

what Van Dam (in
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eriterion represents

_observer is willing to say

. eomponent is

training, assigning procedures for every
conceivable situation that might arise, may be
effective. In the military these are referred
to as "Boldface" training procedures. Demon-
strations by American Airlines (Gibson, 1969}
and by Trans World Airiines (Trans World
Airlines, 1969) offer convineing support for
the conclusion that complex simulators are
effective both for the training and testing of
pillots using these procedures.

Looking outside the field of aviation one
finds other evidence indicating that judgment
may be taught. For example, although the
theory of signal detection (TSD) was not
designed specifieally to handle cognitive
Jjudgments, many of its methods ecan be used to
explain and perhaps even modify pilot judgment
behavior. TSP dividea an individualts
decision behavior into two components
representing his sensitivity and his
regponse criterion or bias roughly
corresponding to the of our
Judgment definition.

(d*)
(B),

two aspects

The sensitivity is affected both by the
physiecal value of the stimuli in the situation
(signal vs background noise) and the quality
of the sensory apparatus of the observer. In
cognitive judgment this is the intellective
component . On the other hand, the response
the peint in the
digtribution at which <the
Wsignal." It is
the amount of information, in the presence of
noise, needed to tip the decision one way or
the other. It 1is infiuenced by motivation,
knowledge of the signal's probability of
ogeurrence, and the costs and payoffs
attendant with a given response. In gognitive
Jjudgment the response eriterion is the
motivative component.

signal-to-noise

The response c¢riterion can be manipulated
through a wide range of values by adjusting
probabilities, costs, and payoffs (Birdsall,
1955). We can infer from the vast amount of
psychophysical decision data that cognitive
Judgments can be modified in a similar way.
Decision blases, attitudes, risk tendencies,
conzideration for passenger safety, and pilot
motivation can and are being taught by the

fiight instructor by example, if not by
design, at all levels of pilot training.
These tendencies are taught, perhaps

unconsciously, by the assignment of proba-
bilities, costs, and payoffs to actions of the
student by the instructor.

Although TSD says that The
quite stable for a given
individual, there i3 a growing field of
research indicating that, if considered as the
intellective component of cognitive Jjudgment,
sensitivity can be modified as well. For
example, attempts have been made t€o discover
the mental processes that are uzed by expert

sensitivity



Jjudges such as stock brokers, livestock
judges, and medical diagnosticians in making
their decisions (Shantean and Phelps, 197T;
Slovie, 1969; Anderson, 1969; Hoffman, Siovie,
and Rorer, 1968). The hypotheais is  that if
models of the mental processes used by these
experts In decision-making were available,
they could be used in training others to use
similar processes. In each of the areas
studied, judgmental {raining traditionally
occurs over a fairly long apprenticeship

program in which the trainee observes the
expert make decisions and learns by this
observation. However, as in aviation, because

of the complexity of the information used to
make decislons, observation or even trial and
error are inefficient training methods.

The research on the motivative aspect of

cognitive  Judgment alse Indicates  that
training can have a beneficial effect. The
major research efforts in this area are
reported by Janis and Mann (1977). These

authors, speaking from a c¢linical perspective,
begin with the assumption that psychological
stress is a frequent cause of errors in
decision making. They say that stress arises
from at least two sources. First, the
decision-maker is concerned about the material
and social losses he may =uffer from whichever
course of action he chooses, ineluding the

costs of failing to live up to prior
commi tments. Second, he recognizes that his
reputation and self-esteem as a competent
decision-maker are at stake. The more severe

the antieipated
stress.

losses, the greater the

Janis and Mann have constructed a
"eonflict-theory® model of decigion-making
postulating %that the way we resolve a
difficult choice is determined by the presence
or absence of three conditions: "awareness of
risks involved," "hope of finding a better
golution,” and "time available in whieh to
make the decision.® They have developed
several cliniecal procedures fo improve
decision-making under the titles, Mawareness-

of-rationalizations," "emotional role play-
ing," *balance sheet," and  "outcome
psychodrama.™ They report that these

procedures have demonstrated effectiveness in
changing decision-making tendencies and in
attitude modification.

L Systematic Approach ie Traiaing

The need for pilot judgmental training
has been eatablished for all levels of flight
instruction. Without a systematic judgmental
training program, good pilot judgment is
acquired by the cautious and the 1lucky over
years of flying experience in many varied
situations. Our task as aviation educators
using systematic Jjudgmental training tech-
nigues should be to compress a lifetime of
flying experience into a relatively short

75

training program to instill good pilot
Jjudgment into the emerging private or military
pilot.

The evidence presented in the preceding
section indicates that many aspects of pilot
judgment can be taught. The questions that
remain are: what approaches should be taken to
implement pilot judgmental training and what
teehniques should be used to evaluate the
level of judgment possessed by a pilot or
flight student. This section presents 2z
systematic approach to pilot training empha-
sizing judgmental instruction.

Before proceeding, it is necessary to
establish some definitions and constraints
involved in this approach. First, training
and education, which have been distinguished
elaswhere (Glaser, 1962), will be considered
equivalent and defined as the "systematic
acquisition of skills, rules, concepts, or
attitudes that results in improved performance
in another environment" (Goldstein, 1974).
The ™"systems approach,"” a term that has been
used and abused in many ways, should, in this

training context, emphasize the apecification
of instructional objectives, precisely
contrelled learning experlences to achieve

these objectives, criteria for performance,
feedback within the system, and a recognition
of the interaction among system components.

In addition to these, the approach to
pilot judgmental training should consider the
following constraints: 'the cost and time
required of both student and instructor, the
gualifications required of the flight
instructor and examiner, and the safety
requirements to administer such a program.
Finally, although a systems approach is used
to develop the training context, the major
burden of judgmental training falls directly
on the flight instructor. He or she is
responsible for the creation and use of
innovative situational teaching techniques.

_An Instructional Model. A model of an
instructional system  adapted from one
developed by Goldstein (1974) is wuseful for

the establishment of the system context for
pilot Jjudgmental training. Thiz model =shown
in Figure 2, presents five basic interrelated
phases in a closed-loop instructional system:
assessment, selection, development, fraining,
and evaluation. All five phases are needed to
accomplish the goals of a systematic approach
to any instructional program. The feedback

from the evaluation phase to the assessment
phase indicates that an instructional system
is never complete. It needs continual
adjustment based on the results of the
evaluation phase and inputs from the
environment.

The asseasment phase consists of the
establishment of the instructional need and a
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Figure 2. A Model for Pilot Judgmental Training
derivation of behavioral objectives. An necessary instruments for effective appli-

assessment of the need for pilot judgmental
instruction First requires an anaylsis of. the
present and future requirements for pilot
judgment in the flying environment. Second,
this assessment requires an analysis of the
judgmental task from the behavioral stand-
point. Third, it requires an analysis of human
attributes necessary te perform the judgmental
tasks. These three analyses provide the basis
for the development of judgment behavioral
objectives.

Behavioral objectives should speeify what
the trainee will be able to accomplish when he
guccessfully completes the instructional
program. They should also indicate the condi-
tions under which the performance must be
maintained and the standards by which the
trainee will be evaluated. Thus, they provide
direct inputs both into the evaluation phase
and the development phase of the instruecticnal
model.

The selection phase consists of a program
of psychological tests primarily aimed at the
identification of persons 1likely to exhibit
irrational judgment behavior during their
flying career. For obvious reasons, this
phase would be easier +to apply in military
settings than civilian settings, even &though
accident statistics bhave shown that such
salection methods might save 1lives. The
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cation of this phase are yet to be developed.

The development phase consists of the
establishment of a training program to achieve
the behavioral objectives. The development of
this program requires a blend of learning
prineiples and media selection based on the
skills, concepts, and attitudes that are to be
transferred to the operational flying
environment. The learning principles are
integrated and matched with appropriate
training media in the Training Effectiveness
Cast Effectiveness Prediction (TECEP) model
{Braby, Michelli, Morris, Okraski, 1972).

The training phase consists of Tboth
instructor and student training programs.
Because judgmental instruction requires the
use of situational teaching techniques,
instructors will need sSpecial training to
administer these techniques. The instructor
training program will also serve as the source
of much of the situational material used in
judgmental training.

The evaluation phase consists of the
systematic measurement of changes brought
about by the training program. Thus, the
evaluation phase requires the establishment of
measures of success (eriteria), based on the
behavioral objectives, and the measurement of
judgmental behavior both before and after the
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Elthough rarely seen, data
from these evaluations are vital to  the
success of any tralning program. As Goldstein
{p. 23) points out, "...instruetional pro-
grams are research efforts that must be
massaged and ¢treated until _the required
rasuits are produced.”

In pilot judgmental evaluation there also
is a requirement for the asseasment of
Jjudgmental capabilities and tendenciles
relative to an absclute standard determined by
what BsBoclety expects of pilots. This
evaluation would be included as a part of the
pilot eertification proceas. Such an
avaluation requires a knowledge of societal
demands concerning pilot judgmental capabi-
lities, at least qualitative criteria against
which to judge the candidate, and an unbiased
observation of performance to determine
whether or not the candidate meets the
eriteria.

Some Learnine Principles

Because of the common misapplication of
some well established learning principles in
many training programs, a discussion of these
principles as applied to pilot Jjudgmental
training i3 needed. Perhaps the most popular

of these 1s the assumption that the best way
to learn an activity 1is to practice that
activity (Gagne, 1962). This assumption is

rooted in much of the edueational literature
and i3 often identified by the catch-phrase
"learning by doing." Gagne points ocut that it
may also be a generalization of the research
on the conditioned response in which learning,
particularly in animals, appears to have
ocourred only after a response (practice) has
been made.

However, Gagne argues that practice is
not an effective training method by itself,
even for the acquisition of such motor skills
as field gunnery. He says that "instruection
about fhe correct sighting picture for ranging
iz more effective in bringing about improved

performance” than is practice on the task.
The point 1is that training should emphasize
the principles and procedureas {thought

processes) involved, and practice should be
directed to take advantage of these principles
or take a minor role. 1If this is the proper
emphaais for teaching motor skills, it is even
more important in the teaching of judgmental
skills which are more highly rocted in thought
processes.

L second learning principle that is
frequently misapplied in training situations
1s variously called reinforcement, feedback,
or knowledge of results during practice. This
prineciple has been found to be most effective
in choice behavior. However, Gagne points out
that some manipulations that artificially
improve feedback during practice failed to
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show reliably better transfer to the
operational environment and others ashowed
negative transfer. Apparently the form of the
feedback iz important.

Any beginning flight student will tell
you that the usual feedback information such
as "you did it right® or "you did it wrong" is
almost  useleas. The time period between
trials and feedback may be long, it is often
cluttered with interferring information, and
the trials themselves are often so complex
that the student may learn very little from
such a response by his Flight instructor. The
student really needs to know why he did it
right or wrong. He needs to know what rules
he should have followed and where he strayed
from those rules. Although practice and
right/wrong types of feedback may be useful in
some ‘training situations, they should be
de-emphasized in favor of these "thought"
oriented teaching principles in all types of
pilot training, but especially in judgmental
training.

Judsmental Training Media

Because of the nature of the subject
matter to be taught (i.e., attitudes, prin-
ciples, and motivations), the primary load of
pilot judgmental training must be borne by the
flight instructor. Practice and conventional
self-teaching techniques {(e.g., solo flying in
a practice area) are Thighly inefficient
methods for dimparting these concepts. The
following is a discussion of some suggested
Jjudgmental training media and techniques that
could be applicable to pilot training in eivil
and military aviation.

Ground School. There are a number of
excellent ways that pilot judgment could be
taught from the perapective of the
conventional ground sechool. To afford it
proper emphasis, it is suggested that judgment
should be given a special section of ground
school with the same status as meteorclogy,
navigation, and Federal Air Regulations. This
section could include lectures and/or discus-
sions of aviation accident senarios in which
the pilot was a cause or factor, interactive
movies, video tapes, slide presentations
requiring student judgmental responses at
critical polints in flight senarios, and
independent study of the principles involved
in good pilot judgment.

In addition, this ground school section
could inelude instruction in information
integration and subjective probability estima-
tion (Goldberg, 1968). Judgmental behavior in
expert judges is characterized by chunking, or

the formation of clusters of stimulus
attributes and response alternatives, for
economy in the thought process. Ground school

students
processes

eould be taught to use these
in their judgmental activity. The



instructor would show how various types of
probabilistic information such as weather
foreasts, predicted aircraft asystem malfunc-
tions, and predicted Air Traffic Control
problems should be combined in wmaking flying
decisions.

The instructor would teach the student
how to "think ahead" or anticipate decisions
that might have to be made later resulting
from present choices of action. Such
anticipation permits the gathering of relevant
information under lower levels of stress, when
errors are less frequent than later in the
flight when time-to-decide may become a error
causing factor. This section of ground scheol
could also include decision-making training
using procedures suggested by Janls and Mann
{1977} such as "balance sheet" and "emotional
role playing."

Copputer-Agzisted Instruction. 4An
structional technique that heolds unusuzal
promise for pilot Jjudgmental tEraining and
evaluation is computer-assisted instructicn
(CAI). The great advantage of these asystems
is that they c¢an teach principles and then
permit the student to participate in decision
processes, a highly effective learning
technique (Fishbein and Ajzen, 1975). The
disadvantage of these systems in the past has
been their limited availability and high cost.
However, recent advances in technology are
making them available at a relatively low cost
(Trollip and Orteony, 1977).

Although CAI programs are avallable in
several forms, the dialogue systems that
permnit student-computer interaction unre—
stricted by preset response alternatives
(Alpert and Bitzer, 1970), show the greatest
potential for application to  Judgmental
instruction. These systems depend upon a sefb
of stored algorithms that are used by the
computer to construct a great variety of
responses to student questions. 1In additien,
student responses are not limited to exact
duplicates of prestored expected responses.
The program recognizes a variety of
responses and is able to proceed accordingly.

Although practice and feedback are
frequently used concepts in CAI preograms,
these could be augmented by presenting

reagons for taking certain
courses of action. In judgmental training the
student could be presented with a flight
gituation requiring judgment. He could then
pe asked to respond by 1listing all of his
alternatives and the factors affecting each.
He could even be asked %o estimate the
probability of success for each alternative.

principles and

The computer could then examine the
flight experience data on the student (entered
previously) and the stored accident statistics
from similar circumstances. The computer

in-

student .
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would then respond with comments on the
appropriateness of the student's responses,
the alternatives that may have been omitted,

_and the principles that should have been

followed in making the decision. The program
could then branch to another problem, the
difficulty of which would be based on the
level of judgmental capability evidenced by
the student's responses (o the previous
problem.

Complexity, realism, and time constraints
could bhe ineluded in the judgmental task b¥
the addition of a simple flight hand-
controller and an airpiane symbol with a map
on the screen. The purpose of this controller
would be to provide indications of progress
toward a destination and time available for
the decigion, not for instruction in flight
contreol.

CAT has many advantages not commonly
associated with other instructional systems.
The most important of these 1is individuali-
zation of instruction. It can adapt to the
specific needs of the individual and interact
at his current level of ability {Goldstein,
1974). Second, the unencumbered reinforcement
capabilities of CAIL are a real benefit to the
student. I% has no personality or ulterior
motives to clash with those of the student.
Third, CAI systems do not require the presence
of a teacher, although it may be beneficial to
have one present for occasional consultation.
Fourth, they permit standardization of in-
struction across a wide area. Cne central
computer could potentially support terminals
at every pilot instructional center in the

United States at a relatively low cost. No
student would be handicapped by a bad
instructor who underscores weaknesases in the
gimulation. Fifth, data gathered from student
responses could be stored for as long as
necegsary for use in updating instructional
programs or in evaluating individual pilot
Jjudgmental capabilities.

CAI also has a number of limitations that
may impact Judgmental training. First, very
iittle is known about the effectiveness of the
instructional techniques deseribed above.
Research is still needed to determine how to
program such an instructional system most
effectively. Second, large cutlays of money
would be required for hardware to implement
such a program. Third, some users might
object to the reguirement for communication
with the computer via a keyboard, although
keyboards are rapidly becoming a part of the
pilot's way of life. Fourth, Goldstein (1974)
expresses concern for the effects of a
machine-oriented” learning enviromment on
satisfaction, motivation, and development.

of the various
alternatives available for pilot training, it
is apparent that, for many operators, flight



simulators may be fhe most viable for all
types of pilot training. The eduecation of
pilots for military and airline applications
has become inereasingly dependent upon
ground-~-based aireraft simulators.

In some ways judgmental training in a
simulator euvironment would be more cumbersome
than in ground school or CAI because, at least
in ecurrent practice, it depends upon the
instructor to create the simulated flight
situation primarily throwgh verbal communi-
cation. Nevertheless, the simulated flight
environment provides an additional opportunity
to teach judgmental prineciples, if properly

structured, in a somewhat more realistic
environment than ground school or CAI can
provide.

Probably the best way to begin judgmental
training in the simulator is to use the
airline approach i.e., teaching procedures
that are to be followed in each situation that
departs from normpal flight. This includes
system failure detection as well as establish-

ing courses of action te correct or counter
system failures. Principles involved as well
as corrective procedures would be taught
acecording to this method, and appropriate
Judgmental performance measures ecould be

developed.

The simulator Iinstruction could also
include the creation, by the flight
instructor, of jJjudgment-demanding situations

that de not involve the failure of systems.
These situations would demand decisions such
as whether or not to continue a flight into
deteriorating weather, decisions about
passenger demands for landing at an wnfamiliar
alternate airport, decisions about weight and
balance "considering field conditions, density
altitude, ete. In all cases the instructor
would ask the student to state several
alternatives avallable to him and also %o
state which he would choose. These situations
could be developed from NTSB accident briefs,
and they c¢ould be a part of the flight
instructor's aimulator judgmental instruction
package.

Simulator judgmental instruction should
be treated as a serious and vital part of the
flight student's training. The simulator must
be treated as an important training aid just
as, the airplane and the blackboard are
treated. The instructor has the opportunity
and responsibility to instill gerious, mature
flight attitudes in his students by his
approach to Judgmental training. The
simulator provides an outstanding medium for
teaching a student good judgment. But the
training will only be as valuable as the
instructor's approach to simulator instruction
is sericus.
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The Airnlane. Of all the mnedia avail-
able, the airplane is probably the most
difficult to use for direect, systematie
Jjudgmental Etraining. The reason ia that for
the sake of safety, convenience, and cost most
judgmental problems must be halted before the
student sees the final consequences of his
decisions. He frequently must take the
instructor at his word that his deeision would
have resulted in a safe or unsafe situation.
However, the airplane offers special
opportunities for  judgmental instruction
because the enviromment is more realistie, it
is more meaningful, and therefore, it is more
likely to cause a more permanent behavioral
change in the atudent than other training

media.

Everything that has been said about
instructor attitudes and approaches to
Judgmental <Eraining applies doubly when
actualliy fiying the airplane. Effective
Jjudgmental instruetion in the airplane
requires a consistent, diseciplined flight

instructor who always follows the rules that
the student is expected to follow, or provides
a good explanation for why he deviates from
then. It alse requires that the instructor
follow the learning principles stated earlier
il.e., that practice and feedback are
beneficial only when accompanied by direction
and explanations.

Judgmental instructions in the airplane
should take the form of simulated situations
ereated by the instructor reguiring the use of

Judgment. Such activities should be inter-
spersed fhroughout the flight training
program. Such instruction is already being
done to some extent through training in
simulated engine failures, other system
failures, and all types of stalls. This

training couid be expanded to include many of
the hypothetical situations discussed above.
Portions of such simulated situations could be
a part of every instructiconal flight.

It is the flight instruetor's responsi-
bility to teaeh the student that it is not
socially demeaning to refuse to fly or ito turn
around in the face of deteriorating
circunstances. Such situations should be made
to occur several times during the student's
instruction program in the airplane. Pilots
have often said that it is most difficult to
turn around the first time. In this regard,
it is important +to teach the student how to
avold the tremendous social pressure that a
group of important passengers can exert. The
pilot must be taught to isolate himself from
his flight naive passengers in all important
decisions.

Finally, often one of the most difficult
evaluations a pilot has to make is the
self-evaluation of his own skill, knowledge,
and judgmental capability relative to a



proposed flight. To assist himself in this
regard he should develop a list of personal
limitations on flight procedures based on his
own capabilities. These limitations must be
applicable to all flights regardless of who
the passengers are or how much they are
willing to pay him to make the flight. They
should be invoked during a rational moment,
and the pilot's resclution should be strong
enough to withstand the enormous social
pressure to deviate from them either before or
during a given flight.

Situational Emergency Training

The Air Force hasa begun a research
program (Thorpe, Martin, Edwards, and Eddows,
1976) aimed at improving pilot decisional
processes during emergency situations.
Although the goals of this program are more
limited than those of judgmental training

described above for civil aviation, the
approaches suggested are very similar. The
proposed training program  being studied,

called "Situational Emergency Training® (SET),
iz designed for the F-15 to replace the

traditicnal "“Boldface" procedures of other
USAF weapons systems. Although  Boldface
procedures are effective in many situations

where their Bsolutions are applicable, the
investigators suggest that there are
gituations in which these solutionz may not
apply and such training methods inhibit good
judgment in these situations.

SET encourages the development of
judgment and centers training around three
emergency  rules: (a) maintain aireraft
control, (b} analyze the situation and take
proper action, and (e¢) land as soon as
practical. The underlying concept of SET is
situational training. The pllot is taught to
diseriminate between relevant and irrelevant

dimensiocns of situations which are
systematically manipulated in ¢the training
program. As pointed out above, this

diserimination process is fundamental teo good
Judgment. The authors suggest a scenario
development program using instructor training
courzes as one of the major sources of input.

JUDGMENT EVALUATION

Perhaps the most difficult part of any
study of human judgment is the evaluation of
performance. The reason is that much of what
nust be evaluated cannot be observed directly
but must be inferred from observation of other

related behaviors. From discussions with
flight instruetors and pilot examining
personnel, it is clear that judgment is not

being evaluated effectively today (Jensen and
Benel, 1977).

Although flight test guides published by
the FAA specify that eivilian pilots are to be
evaluated for their ™judgment" ecapabilities,
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no definition of Jjudgwent is provided. For
this evaluation, examiners primarily depend
upon the Jjudgment of flight instructors who
have the opportunity to examine their
student's decision-making capability over a
greater variety of eircumstances. However, in
interviews with flight instructors, only one
was found who admitted to having failed a
student purely on the basis of poor judgment.
Although many said that they could recognize
poor Jjudgment, students were failed on the
bazsis of a borderline performance of some
other more eclearly defined flying maneuver
involving =killed performance.

Some ideas for judgment evaluation are
offered by Van Dam {(in Jensen and Benel,
1977). In his approach, the evaluation begins
with psychological and intellegence testing
prior to admitting students for fiight
instruection. Initial Impressions from these
pretraining examinations are augmented with
other subjective indicators of judgment such

asz "obvious effort and attention to
instruction," "relaxation," "division of
attention," "response delays," "confidence,”

"eapacity for problen-solving," and “initia-~
tive." In later pilot training, evidence of
Judgment development 13 seen through an
"eagerness teo learn or high motivation,"
"teachability,® “adaptabllity and flexibi-
lity," "an intuitive quality in thinking or
decision-making," Ma pattern of goed choices,"
and "application of margins and allowances.®

As indicated in the training system model
shown in Figure 2, a vital part of any
educational system is an effective evaluation
program. Training  must be continuocusly
modified in response to the results of these
evaluations and progress of the individual
students is noted.

The reguirements of pilot judgmental
evaluation are even broader than these.
Society expects pilots to make decisions based
on the interests of passengers and property
owners. Therefore, Judgment must also be
evaluated in an absolute sense against this
poorly defined scale.

There are three major dimensions along
which  judgment should be evaluated; each
presents a unique problem to the evaluator:

1. The assessment of judgmental capabilities
and tendencies prior to flight training.

2. The azsessment of the effects of training
on pilot judgment.

3. The azssessment of the amount of training
transferred to the operatiocnal flying
environment.



Pretrainine Evaluation

It is important from the standpoints of
both safety and economics to identify persons,
prior to flight instruction, who may have

difficulty with some aspects of flying
Judgment. If such individuals c¢ould be
identified, they could either be discouraged

from seeking flight training or their training
programs could be modified to offset this
deficiency.

Unfortunately, on the basis of
psychological testing research to date, the
predicted success of such a pretraining
evaluation program is not very good. For
example, psychologists and others have made
wany  attempts, with little success, to
identify a general personality trait known as
risk-taking and to link this trait teo accident
proneness {Shealy, 1974). However, Shealy
found that if one were to limit the scope of
the test to specific situations, such as
down-hill skiing, its predictive wvalidity
would be greatly inereased. Therefore, it
would seem that efforts to develop pretraining
pilot judgment prediction tests should not be
discouraged by the 1limited success of the
general tests. Instead, efforts should be
made to design an aviation specific test with
with judgment predictive validity.

Pretraining evaluations of Judgment
ability in pilot training candidates is a
potentially useful adjunct to the entire
training and evaluation process. Results from
such tests could be used by training
management to adapt their programs to
emphasize training in areas identified as
potentially weak in these testas. Flight
instructors could be alerted to possible

weaknesses in individual students and adapt
their training accordingly.

Tests which could identify risk-taking
tendencies (Kogan and Wallach, 1964; Taylor
and Dunnette, 1974) and tests which indentify
accident proneness (Shaw and Sichel, 1971) are
potentially useful in this regard. Situation
specific tests, as mentioned above, would be
useful in this application and for test
development for use in later training as well.

Iraining Evaluation

The second major dimension along which
pilot Judgnment must be evaluated is an
assessment of the amount of change in the
pilotts Judgment performance that is the
result of training. This measure provides an
indication of +the wvalue of the training
program as well as indications of individual
student progress.

The development of clearly defined
Judgmental evaluation coriteria presents the
greatest challenge to effective evaluation of
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pilot Judgnment in all phases of pilot
training. To insure that evaluations are made
along the same dimensions as the training
conducted, the development of these ocriteria
should be based on pre-established behavioral
objectives. Judgmental criteria should
consist of positive statements of acceptable
pilot Jjudgmental behavior for each major area
of flight activity. Similar eriteria could be
developed for every major maneuver taught.
These could be graded by the instructor
together with evaluations of knowledge and
3kill each time the maneuvers are attempled.

for each level of
certain judgmental hurdles
(proficiency levelas) could be objectively
specified. The instruetor, or examiner who
evaluates the judgments, would have a range of
acceptable performances, alzc objectively
specified. Evaluation of pilot judgment would
be a matter of comparing performance against

In pilot training,
pilot experience,

the established eriteria in carefully
structured situations.
The eritiecal ©point for judgmental

evaluation in a national system iz the use of
the same criteria by all judges as well as by
the pilots themselves. One way to insure
standardization of judgmental evaluations is
to use a nationwide CAI system to administer
tests at specific times during each student's
training program. Results of such tests could
be used to modify the individual student's
training or the training program as a whole.

Trapsfer Evaluation

The final dimension aleng which pilot
Judgment must be evaluated is an assessment of
the amount of training that is transferred to
the cperational flying enviromment. This
means that students who have received special
Judgmental training are compared with those
who have not received such training after both
groups have moved into the operational flying
environment. The results of this evaluation
are used to modify both student selection
criteria (or pretraining examinations) and
program need assessments.

The ecriteria for this evaluation are
bagically the same as those used in training
evaluations except that they are more highly
influenced by societal demands. Measures of
judgmental training transferred can be made in
terms of the number of accidents or incidents
due to faulty pilet judgment reported within
the respective groups.

Operationalizine Judgmental Evaluations

The definition of pilot judgment has two
components: discrimination among situational
dimensions and response selection. Both
camponents must be evaluated. To operational-
ize these components for use in any specifie



training or testing situation, the evaluator
may ask the following guestions:

1. For discriminative judement: Did the stu-
dent consider all of the alternatives
available to him? Did he consider all of
the relevant information and assign proper
welghts to each item? Did he integrate
the relevant information efficiently
before making his choice?

2. For response selection tendencies: Did the
student exhibit any tendency to consider
factors other than safety {such as his own
self-esteem, adventure, or social pres-
sure) in making his response =zelection?
Did he seem to be highly brone to use
semi-relevant factors, such as finanecial
gain or convenience, in situations where

safety should have been the primary
consideration?
The use of such criteria as  these

requires more of the evaluator than just an
ocecasional passing glance at the instrument
panel. It prequires the careful structuring of
the situation, perhaps hypothetically, and a
careful examination of actions taken by the
student. It probably would require a dialogue
between the student and the evaluator to
establish what the student actually considered
in making his choice. Each evaluation must be
considered a training device as well, and as

such, feedback should be given to the student
concerning all aspects of the deciszion
situation known to the evaluator. It 1is

recognized that evaluations of this sort place
high demands on the flight instructor.
Nevertheless, they seem teo be warranted in
view of the high number of fatalities caused
by faulty judgment, a factor that dis hardly
being evaluated at all under the present
system.
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