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Foreword

This monograph is the second in a new series published by the
Aviation Research Laboratory of the Institute of Aviation. These
monographs report theoretical analyses, experimental findings,
and events of scientific importance leading toward the laboratory’s
goal of solving real problems in aviation. This issue js a report of a
two-day conference on adaptive training conducted by the Institute
in April 1970 at the University of Illinois. The conference had two
main objectives: One was to further the understanding of adaptive
training among those who might wish to study or apply adaptive
methods. The other, more immediate, objective was to gain insights
helpful to the Institute in designing adaptive training programs for
the Synthetic Flight Training System developed by the Link Divi-
sion of Singer-General Precision, Inc., under contract to the Naval
Training Device Center, for the purpose of training Army helicopter
pilots.

The participants included scientists who had made significant
research contributions to the development of adaptive methods and
training specialists who were engaged in solving current problems
of pilot training. The services of Anacapa Sciences, Inc., were en-
listed to assist in conducting the conference and to edit and report
the proceedings. The success of the conference can be attributed
to the professional kmowledge and insights supplied by these par-
ticipants. The Institute gratefully acknowledges their efforts.

The Link Foundation has sponsored the publication of this re-
port, as it has many previous Institute of Aviation publications.
This public service is, once again, gratefully acknowledged.

Rarri E. FLeExmAwN, Director
INSTITUTE OF AVIATION
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Session 1. Fundamental Problems

Dg. Cuanres R. Keruey, Chairman

Y. . . PARTNERS N IGNORANCE. . .

D=. Kerrey: This workshop is an informal,
mutual brain-picking arrangement. Insights
on the subject of adaptive training will come
by asking questions, by exposing our igno-
rance, and by offering ideas no matter how
obvious or obscure they seem to be. We are
all expert enough on the subject of adaptive
training to realize that we don’t know much
about it. The techuology of adaptive training
hasnt really been developed yet. We are all
terribly ignorant. I say this to this group in all
honesty, becavse I'm confident that those of you who have warked
on problems of adaptive training will have to agree with me. I have
been working on rescarch and development of adaptive systems for
about eight years, and I still feel lost when pcople call me in as a
consultant. We don’t have the data nor the technology to answer
the kinds of questions that are being asked. So, if you, too, have
felt in the dark about this field, join the crowd. We're all partners
in ignorance, but let's attempt to share what litte knowledge and
experience we do have.

My procedure is going to be to present informally some of my
ideas about the fundamcntal concepts of adaptive training. Most
of these concepts have been presented in an article published in
Human Factors a few months ago (Kelley, 1969 ); so they are proba-
bly familiar to most of you. Still, a brief review might help us to get
started in our discussion of adaptive training.

Dr. Kelley
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", . . WE USUALLY MEAN BY 'ADAPTIVE TRAINING'. . . .”

Let’s begin with a definition of adaptive training. I have written my
definition on the blackboard: Adaptive training is training in which
the problem, the stimulus, or the task is (automatically) varied as e
frmetion of hean 1cell the trainee performs.

Note the word automatically, in parentheses. I take the position
that virtually all individual training in significant tasks js adaptive;
it bas to be. A beginner is not taught to play the piano by starting
with a Liszt rhapsody but by playing scales. Whenever training is
a significant problem, whenever tbe task is hard to learn, the in-
structor necessarily must suit the difficulty level of the training task
to the skill of the student. But, if we were to define adaptive train-
ing only in this way, we would subsume almost the whole field of
training. So 1 believe that we usually mean by adaptive training
some form of training in which the change in the difficulty level is
carried out autowmatically in response to the student’s demonstrated
skill. This change might be mechanical, machine controlled, or it
might be computer controlled. However it is done, there must be
an automatic process that determines the relationship between how
well a trainee performs and how tough the task or problem becomes.

This definition implies three fundamental elements of any form
of adaptive training system. The first element that js implicit in this
definition is some kind of measurement of performance. Perfor-
mance must be assessed in some way. There must be as a minimum
a binary assessment, for example, whether the student is performing
satisfactorily or unsatisfactorily. Without performance measure-
ment, considered broadly, you have no information to serve as a
basis for adaptive changes in the training task. The second clement
that is implicit in the definition is some method for changing the
diffculty level of the trajning task. This is what I have called the
adaptive variable. In practice, we may have several adaptive vari-
ables and several performance measurements. The third element is
the adaptive logic to connect the performance measurement with
the adaptive variable. These three elements constitute, as I sce it,
the skeleton of any adaptive training system. I suggest, then, that
in dealing with fundamental problems of adaptive training, we
structure our thinking around these three concepts: performance
measurement(s), adaptive variable(s), and adaptive logic. I be-
lieve that we will find that concepts, such as training effectiveness
or validity, must necessarily be taken into account in making a
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decision about these three elements. There is no other way to de-
cide what to measure, what to adapt, or how to interrelate the two.

. . . ONE HUNDRED DIFFERENT KINDS OF
ADAPTIVE LOGIC. . . .”

Exbibit 1 illustrates the basic difference between fixed and adaptive
training. The adaptive training system “massages” measurements of
performance through some form of adaptive logic and then changes
the problem, the stimulus, or the training task as a consequence.

Problem or Performance
Stimulus Meosuremeni
Generaron (Scoring}
(o)
Problea or Performonce
Stimules Meosurement
Generalion (Sceoriag)

T rw—— (b)

gophve Logic

Exhibit 1. Fixed versus adoptive training. (a) Fixed (preprogrammed)
training. (b) Adaptive training.

Look now at Exhibit 2. The
ordinate indicates performance
measurement with intervals from
poor to good. The abscissa indi-
cates task difficulty from easy
to hard, which represents the
working of the adaptive vari-
able. These are the first two ele-

£AsY #arp  ments implicit in the definition.

TASK DIFFICULTY, The third element—the adap-

ADAPTIVE VARIABLE tive logic—is the relationship

Exhibit 2. Examples of adaptive that holds between them. We
logic. might set up a relationship like
the solid line, which would mean

that when a person performs poorly, the task is made easy; when a
person performs well, the task is made hard. But, this solid line
represents just one of one hundred different kinds of adaptive logic

Good

PERFORMANCE MEASURE

POOR
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we might use. I concern myself with a class of adaptive systems in
which the adaptive logic looks like the broken line. That is to say,
I set up a system in which the adaptive variable changes in such a
way that the performance measurement does not vary. Task diffi-
culty changes to keep performance at some preset level. This is
another possible adaptive logic. There are certain advantages to
doing it in this way, particularly in simple systems where you only
have one performance measurement; but consider how many other
different lines you could have relating the ordinate and abscissa
of this graph.

Exhibit 3 is a diagram of the kind of system that Hudson (1962)
and Birmingham, Chernikoff, and Ziegler (1962) utilized in their
early adaptive techniques applied to tracking tasks. They mcasured
tracking ervor (averaged error squared over time), and they used
this to adjust the amount of display augmentation (quickening) in
the display. The constant, b, is subtracted out in such a way that,
when performance reaches a certain level, all augmentation is re-
moved because the multiplier controlling the amount of display aug-
mentation receives a zero signal in one channel. This is to say, there
will be no display augmentation coming into the display, and the
person will be tracking the system as it actually is. Until he can
pexform that well, however, he has a degree of augmentation, the
amount of which is controlled by his time averaged error. When he
starts out learning to track, he gets help from the display augmen-
tation, which simplifies his task. When he becomes skilled, he no
longer needs or gets that help.

The equation, y = aX—Db, describes the adaptive technique used
by Hudson and by Bimmingham. The equation, dy/dt = aX—Db, de-

Derivafives of Error

l Display Augmenter I_

Augmenied Signal

Mutliplier
+ -— .
- N B TOCk
. Disploy ’———{ Trainee Tracking System %
- = ,—-—l 2
? jel 7 Time Averoger tet lore®)
b

Exhibit 3. Earty adaptive trainer.
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scribes the technique that I prefer. In both cases, y represents the
adaptive variable, X is the performance measurement, and a2 and b
are constants. The real difference between the two is that in the
second equation the rate of change of the adaptive variable, rather
than the level of that variable, is a function of the performance
measurement. This keeps the performance measurement fluctuating
about the same value as a person proceeds in training. The system
becomes stable (the adaptive variable stops changing) at the point
where aX is equal to b. The rate of change can be regulated by
regulating a; the difficulty, by regulating b.
Although the symbols are different, the equation,

C =Xft (e — e)dt + C,

is essentially equivalent to the integral of the equation, dy/dt
= aX — b, (there is a difference in the constants). Here, the adap-
tive variable is equal to a constant, K, multiplying the time integral
of the difference beween an error term and an error threshold
(which is also constant, ep) plus an initial condition, C;, which

forms the constant of integration.

C = K(ep, — e).

or

C = Kf: (e, —e)dt+ C
where:

C = the adaptive score which indicates trainee performance and varies
the difficulty of the task. A high C score represents good perfor-
mance and high task difficulty.

€, = preset criterion of performance or threshold of error.

e = system error, however defined, expressed as a positive quantity,
for example, absolute tracking error, error squared, vector error of
a multi-axds task, or a weighted error combining several perfor-
mance vaniables.

", . . THE EFFECTS OF THESE EQUATIONS. . . .”

These graphs (Exhibit 4) illustrate the effects of these equations.
They represent two kinds of adaptive systems, b and ¢, with a fixed-
difficulty system, a, shown at the top for comparison. The ordinate
is measured performance, and the abscissa is the period of training
or number of trials from the beginning to the end of the training se-
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quence. Two theoretical perfor- ¥ | _

mance measurements are shown, =

one being emor, which gets I AR

better over trials by reducing to & (a)
somc small value (broken line), 2

the other being speed or accu- N -

racy, which gets better by in- & /
creasing (solid line). The rela- £ —=—=

tion between the two kinds of § (b)
performance may, of course, be & N soeed or Accoroes
more complex than the one l Error

shown here. - ==L - - - - — -

With a fixed-difficulty system (c)

{ Exhibit 4a), the student starts
out with the same task he will
have to perform throughout the
trials. That is, the task he does at
the start is just as hard as the

Y TRIAL ———

Exhibit 4. Performance change with
learning. (a) Fixed difficulty sys-
tem. (b) Adaptive system 1. ()
Adaptive system 2.

task he does at the end of the
training. In this case, it is too hard for him at the begjnning, and
he can't cope. We found this most dramatically in giving trainees,
who had pever done any tracking until then, a three-axis accelera-
tion tracking task with no rate information displayed. It's hard to
do a one-axis acceleration tracking task without a rate display.
When the subjects attempted a three-axis tracking task with no
rate displays, they came in day after day, and one or the other of
the three axes stayed off the scale of the display, outside of range.
They really were terribly frustrated and went through several days
of this before they began to make any progress. So, to generalize,
the beginning period in which there is no evidence of progress
might be several days long in very difficult tasks. Then their per-
formance starts improving. We see a period of rapid progress here
where the curve is steepest. This is the point where training
appears to be really taking effect, as shown by dramatic evidence
of progress from time period to time perjod or from trial to trial.
Therefore, you might say the difficulty of the task is most appro-
priate at the point where these curves are steepest, as far as we can
tell from measured performance. Surely some kind of learning is
taking place at the flat portions of the curves, but it is hard to say
how much. I feel certain from my own experience that a lot of
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training time is wasted when problems or tasks are too tough for
trainees. This is partly caused by motivational factors; however, it
is partly caused by the fact that the desired skills are not being
efficiently developed. The student doesn’t get effective practice if
the task is mach too difficult. Nevertheless, with a fixed-difficulty
system, the trainee usually masters the task after enough time.
Whatever the problems, he may eventually learn to cope with
them. But at some point, the problems then become too casy for
him. He has the task down pat and makes no further progress that
we can measure. He may be reinforcing habits that he has formed,
the skill may be becoming consolidated, but in terms of measurable
performance he has stopped making progress around the point
where the curve levels off. So, at the start, the system is too hard
for the student; at the end, it becomes too easy for him,

When we make a system adaptive, we eliminate part of this prob-
lem because the system starts out easy for the student and auto-
matically gets harder as he goes along. However, if you use the type
of system represented by the first equation, there is a confounding
eflect (Exhibit 4b). The confounding takes place in this way: mca-
sured performance improves in time, but simultaneously the system
is getting harder. Thus, the performance measurement early in the
trials docsn’t mean the same thing as it does later because he is
dealing with a different task.

Since I am much concemed with problems of methodology, I
did not want to have two things changing at the same time. That
is why I developed adaptive systems which work in terms of the
second equation, in order to change the task in such a way as to
keep the subject’s performance at a constant level (Exhibit 4c). By
constant, I mean the same average performance level over a de-
fined period even though performance will vary from moment to
moment or from trial to trial, fluctuating around the desired level.
At the end of training, the trainee is getting the same score (for
example, the same enor, the same accuracy, the same speed score)
that he was getting on the first day of training, There is no differ-
ence in performance scores, so performance measurements no longer
indicate how well the trainee is performing. All of the variance is
cast into the adaptive variable. We no longer ask, “How well does
a person perform?” in terms of error, specd, or accuracy. Instead,
we ask, “How difficult a system can he cope with?” at the desired
level of performance.
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. . . LINEARITY FOR A
VERY LONG TIME. . . .”

Exhibit 5 shows changes in the
adaptive variable as a function
of training with the three sys-
tems. In a fixed-difficulty system
(Exhibit 5a) there is no adapta-
tion, so the adaptive variable
does not vary, by definition. In
the first type of adaptive system
(Exhibit 5b) the curve shows

{a)

(b)

—— ADAPTIVE VARIABLE ——!

gradual progress in most track-
ing tasks, though it might have
a different shape in other kinds
of tasks. The task is getting
harder with time, and the adap-
tive variable is going up. At the
same time, the performance
measurement (Exhibit 4b) is
showing improvement. So, we

(c)

P~ TRIALS -

Exhibit 5. System change with
learning. (o) Fixed-difficulty system.
(b) Adaptive system 1. (c) Adapfive
system 2.

have to keep both curves in

mind to have a true jdea as to how well the person is perform-
ing. With this kind of adaptive system, it is necessary to consider
both the level of the adaptive variable and the level of the per-
formance measurement because the two factors co-vary. Using the
third system (the type of adaptive system indicated by Exhibit 5c)
in tracking studies, we have observed virtually a linear increase in
certain adaptive variables over time or over number of trials. In
particular, we have found this linear change when we use the am-
plitude of the forcing function as the adaptive variable in training
tracking performance. This would correspond to gust amplitude
such as Guy Matheny and his colleagues have used in a few studies.
We found that this linearity is maintained for a very long time, for
example, for 300 five-minute tracking trials spaced out over several
weeks. Only towards the end of those trials was there a tailing off
from linearity at the top of the curve, which was the result of the
natural cciling that occurs cventually when amplitude of forcing
function is the adaptive variable. That ceiling is xeached when the
amplitude of the forcing function exceeds the amplitude of the
controller’s response that can counteract the forcing function. In
other words, the system’s maximum controlling output will produce
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a natural ceiling for the forcing function amplitude when it is the
adaptive variable.

The prlmmy point, however, is that the performance score stayed
the same in this system, and the changes in the adaptive variable,
which serve as the index of skill, remained linear with tvaining over
an extendcd training period.

”. . . DIFFERENT WAYS OF MEASURING HOW WELL
SOMEONE LEARNS. . . .”

Exhibit 6 shows, by actual data, the linearity that we sometimes
get in an adaptive tracking system compared with the leaming curve
for a fived-difficulty tracking task. The task was a two-axis accelera-
tion control task with no rate displays, two separate meters plus a
third meter indicating a score which corresponded to the amplitude
of the forcing function on adaptive trials, and an integrated track-
ing error on fixed trials. On every other trial, subjects performed
the fixed-difficulty task. They were given an adaptive trial, 2 fixed
trial, an adaptive trial, a fixed trial, and so on for 20 trials a day for
nine days. Exhibit 6 has two ordinate designations, one for the
adaptive task and one for the fixed-difficulty task. The initial point
and the final point were purposely made to coincide by adjusting
the scale of the ordinate. The broken lines represent the standard
deviation of the 10 scores that go into each data point. The fixed-
task learning curve represents improvement (over pretrial) in RMS
error. The adaptive training curve is the amplitude of the forcing
tunction (the adaptive variable) for a constant RMS error. So, at
the beginning of these trials, when subjects couldn’t really track at
all, amnplitude of the forcing function cranked down to zero. Quite
soon, they could control a very slight forcing function and eventu-
ally controlled a large forcing function. Notice the relatively linear
nature of the improvement as measured by the adaptive leaming
curve,

As Stan Roscoe pointed out the other day, there is an artificial
restriction of range at the lower end because there is 2 limit to how
much error could be measured. When people are oft the scale all
the time during early trials, the variance is artificially small because
they are exceeding the eyvor that our equipment would measure.
However, the relation of mean to standard deviation in these curves
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SCORE

Fixed Task
Leorning Curve

0 x 2 3 4 5 3 ? 8 )
DAY

Exhibit 6. Tracking improvement as measured by fixed versus adaptive

techniques.

is always much in favor of the adaptive curve. The coefficient of
variation is so much smaller for the adaptive trials that, if we just
take the trials from Day 4 on when restriction of range is no longer
a significant factor, it would be necessary to take from five to 20
times as many trials with the fixed task as it would with the adap-
tive task to reach the same reliability of measurement.

These data say nothing about the effectiveness of adaptive train-
ing compared with fixed training. Since subjects were trained al-
temately on the fixed and adaptive trials, these curves are simply
two different ways of measuring how well someone learns to track.
Subjects were just as skilled when performing on the fixed task as
when performing on the adaptive task. In the early trials, the fixed
task was too difficult. The adaptive task was quite a lot easier than
the fixed task, because the forcing function was much less. At about
Day 6 or 7, the difficulty of the adaptive task became virtually the
same as the difficulty of the fixed task. It was about this time that
performance improved most decisively on the fixed task. On Day 8
the subjects already were beginning to level off on the fixed task;
which is to say, the fixed task was beginning to get too easy for
them.
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The cwve js not carried on
until the leveling off is com-
plete, but the fixed-task learn-
ing curve would become an S-

oontive Ficed shaped curve. Exhibit 7 shows
yslem

System what would happen if we had
continued the experiment. We
ran 180 trials; so it wasn’t a
TRIAL short experiment. But, if we
had continued it, eventually
the fixed system would have
leveled off to produce an ogive.
If we again matched the first
points and the last points on the ordinates, we would have obtained
curves similar to those shown here.

SCORE

Exhibit 7. Fixed versus adaptive
learning curves.

Dr. Mo~tEMERLO: How do you know you
would have obtained such curves?

Dr. Keriey: If the last 40% of Exhibit 7
were omitted and the data rescaled to match
end points, it would match Exhibit 6. The
curves in Exhibit 6 were truncated and
showed only the first part of the full learning
curves. Later, these subjects ran another 200
trials on another project. So, there is empiri-
cal evidence, though not under truly compar-
able conditions. But the curve must level oft
at some point because, for almost all psychomotor skills, the sub-
jects will almost certainly master a fixed task eventually. The adap-
tive curve doesn’t have to level off that way because the system can
go on making the problem more difficult indefinitely if the right
adaptive variable is used. The subjects would not necessarily reach
a natural leveling off point such as they would in the fixed-difficulty
system. That one can go on learning much Jonger when problems
are made more difficult than when they are not is really all that
this amounts to. Does that answer your question?

Dr. Montemerlo

Dr. MonTEMERLO: Yes. When the two curves crossed, why didn’t
the adaptive training curve accelerate? Wouldn't the student start
learning faster than he did before?

Dr. KeLrey: I don’t see that he would, at least not necessarily. T
think learning was pretty constant throughout training, as the adap-
tive curve implies, but this is my interpretation. The fixed curve
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implies integral learming, and 1 interpret this as an artifact of
scoring, but my data don’t prove this the case.

The learning curve in adaptive training also depends on the
adaptive variables used. And, there is absolutely no reason why
the relationship between trials and adaptive variables should neces-
sarily be linear. It can be anything. [t was linear in certain of the
tracking systems that I worked with. That was not a coincidence,
because I worked very hard to find variables that would show this
kind of relationship with performance. Linear functions are very
convenient for research purposes.

Unless you have some good reason to believe that more (or less)
learming takes place on Day N + 1 than on Day N, 1 prefer the hy-
pothesis that the same amount of learning takes place. If that is
true, then one should have a linear learning curve if performance
is measured on an interval scale. Many performance measurements
are not interval measurcments, of course; and much nonsense
about learning rates has resulted from treating them as if they were.

MR. Woop: In my limited research, I have ey
found a fixst-order change of difficulty across jE :
time. As you have alreadv mentioned, an
asymptote can occur in an adaptive system
in the form of an artificial ceiling which s a
function of the average level of the forcing
function and the maximum available control
input.

Dr. KeLLey: With certain adaptive variables.
I dont think performance always or neces-
sarily reaches an asymptote.

Mr. Wood

Mr. Woop: I have found verv little variance between subjects as
they establish a first-order difficulty curve across time. There ap-
pear to be specific difficulty levels for various points in time for a
given task and 2 given adaptive model. In my experience a real
learning curve with apparent asvmptote does exist in terms of dif-
ficulty changes across time.

.. . WHAT CAN BE CHANGED . . . ?”
Dr. KeLrey: Here is a diagram (Exhibit 8) of an adaptive vebicle
trainer that includes the displays, controls, and problem generator
of a typical flight simulator. The trainer is made adaptive by super-
imposing an adaptive logic that connects the performance mea-
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Exlernal Stress
Appled 1o Trainee
]

[

[ ___ j Adaptive Logic | ______ A
| r T l | [
( { | { | (
| | Problem | ( ) Performance |
I Generotor | I | Measure (
| - — I ) |
| t ) [} |
N . Conirolled Elemen
: Disploys @_“ Controls 1 {Simuloted Vleehxcele). :
! 1
i AN |
l |
- _ _ _ Secondory or Swmulated (. _ 1
lLoading Tosk Enviranment

Exhibit 8. The adaptive vehicle trainer.

surement equipment with any part of the system in a way that
makes the task automatically harder or easier as a function of that
performance.

What can be changed? One thing is the stress that is applicd to
the trainee. Anything that stresses the trainee in any way that makes
the task tougher for him will work; if it makes the task tougher for
him, it can be an adaptive variable. The simulated environment
can be changed: the oxygen pressure can be lowered in a flight
trainer; vibration can be introduced; other factors in the cnviron-
ment, CO? level, temperature, g forces (in a centrifuge), and many
other such things, can be varied. As long as they affect the difficulty
of the task, they could work as adaptive variables. The most com-
mon way of adapting, however, is to change the problem or the
task itself in some way to make it morc or less difficult. This is, by
all odds, the way that it is usually done, but it is by no means the
only way it can be donec. Characteristics of the display can be
changed. A display signal can be cut out that was employed to
help the novice along, such as the use of quickening or prediction.
Display hysteresis, or lag, can be varied as a function of how well
the person is performing. The controls can be diddled with back-
lash or damping or some other factor., One of the most useful meth-
ods, for a lot of purposes, is to use a secondary or loading task to
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make the main task harder or easier. In an operational flight trainer,
varying the information or communication load has especially high
potential for adaptive training. Are there any questions about this
basic diagram of an adaptive vebicle trainer?
Mr. Frexman: When you remove a display,
it is an all-or-nothing change. Doesn't it do
violence to your adaptive logic where you

call for a gradual change in difficulty?

Dr. Kerrey: Well, in tracking logic, we often
gradually change elements; but in other adap-
tive systems, we might change them through
discrete steps of one sort or another. When
using secondary communication-load tasks,
for example, either we are feeding the trainee
messages, or we are not. That is usually the
easiest way to do it. Or, we may have to change task problems by
discrete jumps. We might go from one kind of maneuver which
we decided that the novice trainee has mastered to a different type
of maneuver that is more difficult and that involves a discrete
change. I think our adaptive variable, broadly considered, might
have both features. Some of the time, it will change in discrete
jumps; some of the time, it will change in a continuous gradation.
Tracking is the easiest kind of system to implement because you
can change in continuous, often linear, fashion. Adaptive training
devices for practical tasks cannot often be made as easily as the
adaptive tracking systems that a lot of my early work featured.

Mr. Flexman

. . . STRATEGIES OF ADAPTIVE CHANGE. . . .”

Exhibit 9 shows that an adaptive variable can be manipulated in
many different ways. It can vary continuously, as in the first curve;
it can vary at one of two rates, as in the second and third curves;
it can vary in discrete jumps, as in the fourth curve.

In the second curve, the system is either getting harder at one
preset rate or it is getting easier at another (greater) preset rate. It
is always doing one or the other. There is no point at which it is not
either gradually getting more difficult or gradually getting easier.
Thus, this curve is made up of ramps with steeper down-slopes than
up-slopes. Often this kind of system is used when responses are
graded right or wrong and you want the student to get most of them
right. If he is to get 90% of them right, the slope down must be nine
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A
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. TRIAS -
d
(a) < = K(X - Xq)
dt
dy
(b) d_ = K,, when X > X,
t
= K., when X < X
(¢) d_y = K,, whenX > X,
dat

= 0,whenX; > X > X,
= K., when X < X,

(d) Va1 = Y5 + KX,
when X > X,

Yi

when X, > X > X,
=y, — KX,

when X < X,

where:

i = trial number
y = adaptive variable
X = score ( performance
measurement, a
higher score being
better)
X = desired score (a constant)
K, K,, K, = constant coefficients

Exhibit 9. Adaptive learning curves.

times as steep as the slope up, a
fact that becomes obvious when
such a system is implemented.
Only at the 90% threshold is the
system stable.

Many times it is undesirable
for the system to be changing
at a}l times. The first two curves
represent systems that are never
the same from moment to mo-
ment or trial to trial. They are
always changing. To keep that
from happening, a deadband
can be inserted, as in the other
two curves. The deadband pro-
vides that, whenever the student
is performing within specified
limits, the system will stay fixed;
it won’t change. Only when he
exceeds these limits will the task
be made easier or more difficult.
The flat areas in Exhibit 9c
represent those areas where he is
performing within these limits
and the system does not change.
That will add stability to a lot
of systems that wander too
much. It is by no means a pana-
cea. Stability is added by going
from adaptation to fixed per-
formance.

In implementing an adaptive
training system with a com-
puter, changes are often made in
discrete jumps, and there may or
may not be a deadband. In the
fourth curve it is assumed that
there is a point where the system

does not change. When changes are made, they can be made by
fixed amounts or by different amounts, depending on how the task
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is implemented. What I mean is, the increment of change can be
made proportional to how good the student is performing, or the
increments can be the same size. The change can be at fixed time
intervals or can be keyed by the performance measurement.

These points, in the long run, do not matter too much. Any onc
of these strategies of adaptive change can function virtually as well
as any others. The nature of the training problem and the nature
of the training system implementation will more strongly determine
how it should be done than what might theoretically be the most
desirable way of doing it.

Mr, Frexyan: Have you experimentally varied the length of the
plateau or deadband time? For example, it could be shorter at the
easy end and longer as the task gets more difficult.

Dr. Krrxey: No, I have not. In the task illustrated, the period in
the deadband is entirely a matter of how well the trainee is per-
forming.

. . . ONE DIFFERENCE BETWEEN A GOOD AND A
BAD ADAPTIVE SYSTEM. . . .”

There is one important point that is not recognized by everyone.
In the kind of adaptive system that we've been talking about so
far, when there js a tight performance standard, the student has an
easy task to practice on because he cannot meet the tight perfor-
mance standard except when the task remains easy. Conversely,
when he has a very loose performance standard (if you allow him
a lot of enor), he has a tougher task to do and is forced to practice
on harder problems. Now, think for a ynoment of the training im-
plications of this statement and of reasons why it is important. It
is undesirable for trainces to practice only on easy tasks and never
on diffienlt tasks. At the same time, you may not want them to
perform sloppily and get in the habit of doing so. The relation here
is defined by the adaptive logic, and it is very crucial. One differ-
ence between a good and a bad adaptive system can be the differ-
ence between the performance standards used.

When we get to more sophisticated implementation of adaptive
systems, I would not be surprised if we wanted to vary the per-
formance standards in such a way that a person got a range of
difficulty levels from the start in training. We might find that one
shortcoming of the simple kind of adaptive tracking system is that
it does not give the novice a range of problem difficulty to deal
with. Of course, this limitation is not necessarily built into all adap-
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tive systems; it is just the way that a lot of us have done it in the
past. If we vary the performance standard, we concomitantly vary
the difficulty of the problems that the student must deal with. So,
the easiest way to get adaptive variation in difficulty is simply to
adjust the performance standard—that is, during the task, to change
the performance limits that call for a change in task difficulty. For
example, these adjustments can be programmed to go from easy
to hard in each training session. If the adaptive system is very re-
sponsive to the performance threshold, and most are, this is very
easy to do.

“. .. THE DEEPER QUESTIONS. . . .”

I think this just touches on the kind of issue wc must discuss dur-
ing this conference. We must deal with some of the deeper ques-
tions of training validity. What makes an adaptive system a good
or a bad adaptive system? I know that we are all beyond the point
where we think that just because a system is adaptive it is going
to be good in terms of training effectiveness. Of course it isn’t!
There is no inherent reason why an adaptive trainer is going to be
an effective trainer. There are too many variables in the training
situation, aside from the question of whether the training system
is adaptive, that bear on training validity and effectiveness. I think
that the adaptive technique is an extremely powerful one, but I
hate to see it relied on to the neglect of the other factors which we
know are critical in the training situation.

Mr. Greex: I have a comment pertaining to
your system diagram in Exhibit 8. You showed
the performance measurement block as the
only input to the adaptive logic block. I felt
that there might be an jnput to the adaptive
logic block from some point after the trainee,
specifically from the contols block. There
are situations where, even without performance
measurement, you would like to have an in-
put into the adaptive logic block after the
controls or controlled element block, then
further down the line you would have significant performance
measurements which would also be injected.

Dr. KeLcey: I suppose so, but I would tend to think of such inputs
as performance measurements in themselves.

Mr. Green

Mr. Green: The equations that you showed before may be imple-
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mented in a performance measurement block but on an automated
preprogrammed basis. In the procedure that I am talking about,
those equations need not be implementeq at that point jn time. In
other words, the problem can be run on a time-sequence basis
where performance may have significant milestones. This is espe-
cially desirable when the training task is not very complex, for
example, when you are teaching the trainee to recognize signal
patterns. You might just score the sequence on a time basis, and
then later in the trajning program, you might have the trainee
respond with a key word oy something of that nature. You would
then be in a position to make performance measurements.

Dr. KeLrey: But, it is not adaptive unti]l you get through that se-
quence. As long as you give time-sequencing, you are not adapting,
and this is a diagram of an adaptive system.
Mr. Green: The only place where it would be appropriate would
be if the student had to make a recogpnition milestone input to the
system. Then it would not be purely time sequencing. However,
in that case, you are mionitoring and not necessarily making a per-
formance measurement.

There is also the possible system where it js desirable to maintain
a constant in the performance measurement block. Here simultane-
ous inputs to the adaptive logic block would be required from other
source blocks with a controlled feedback loop to the performance
measurement block in order to maintain a constant of performance

measurement or a narrowly constricted performance measurement
band.

Dr. KerLEY: Performance measurement should be interpreted very
loosely, because it may be just the touch of a switch that is being
measured. I agree with you that there should be the possibility of
feed-in from different points to the adaptive logic. But, I think
that time-sequencing per se is not part of the adaptive feature, even
though it may be used in a lot of training devices.

. . . A CHANCY BUSINESS. . . .”

Dr. McGraTs: 1 don’t share your enthusiasm for the use of second-
ary or loading tasks as adaptive variables. Secondary tasks can
sometimes be used successfully to improve the signal-detection per-
formance of a sonar or radar operator. The secondary task increases
the operator’s activity level and helps him maintain vigilance during
an otherwise monotonous watch. But, you can never be certain of
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how performance will be aftected. Sometimes
the use of a secondary task will enhance per-
formance on the primary task; sometimes it
will degrade performance. In either case, it
has important effects upon the operator’s ap-
proach to the primary task. These effects are
bound to have implications for training, but
they depend upon the relative difficulty levels
of the primary and the sccondary tasks, the
payoffs or iroportance that the operator per-
ceives in the two different tasks, the relative
work loads involved in performing the primary task versus the
secondary task, and a whole host of variables that make it very
difficult to predict how the secondary task will influence primary-
task performance. Manipulating primary-task difficulty by manipu-
lating secondary-task loading is a chancy business. Consequently,
although T have never performed any adaptive training studies
using secondary tasks, I know from using secondary tasks on
other kinds of problems that they sh0uId be used only with the
greatest discretion.

Dr. McGrath

Dr. KerLey: Surely, a secondary task has a different significance
in a vigilance situation than it has in a tracking situation. I've never
implemented an adaptive training system for sonar operators, but
in using adaptive techniques to study their performance, it never
occurred to me to use secondary tasks as an adaptive variable. The
only thing we thought about was how we could systematically vary
the difficulty of the stimulus material itsclf. Even there it gets haiy,
because these signals vary on several dimensions of difficulty, and
it is not an easy task to scale difficulty.

Dr, McGraTr: That's true. Moreover, the transition from the com-
pletely performable task to the impossible task occurs very rapidly
when the critical signal parameters are varied. Theyefore, in most
signal detection tasks, difficulty is hard to scalc because perfor-
mance is sensitive to minute changes in task variables.

De. Ms1HENY: That can also happen in a closed-loop tracking task.
For example, introducing a transmission lag into the system will
cause performance to deteriorate in a hurry. But the important
point is that the difficulty introduced into a task by a given variable
may vary as a function of the task into which it is introduced in
some jnteractive sense. You have to be very careful how you do it.
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We cannot say that two units of Variable A
give one unit of task difficulty of the same
type given by two units of Variable B. In
other words, the change in task difficulty is
unique to the loading variable and unique to
the primary task. I think this is relevant to
what youre talking about, Jim, and it is a
problem that has to be attacked or talked
about at this conference.

Dr. Ketixy: The general way you stated the
problem is also important, Guy. We can’t say
that difficulty caused by one variable is equivalent to that cansed by
another. The change in difficulty caused by one adaptive variable is
not equivalent, as far as training is concerned, to the same chauge in
difficulty brought about by different adaptive variables. And I have
never been able to gct around the fact that, in an adaptive training
system, both the performance measurement and the adaptive vari-
able affect what you teach the trainee to do; training is affected both
by what you measurc and by how you make the task tougher or
easier. [ cannot see how you can diseptangle these two fundamental
aspects of the task. I think these remarks are relevant to the fact that
we talk about task difficulty as if it were the significant variable, but
there are lots of different ways to make the task harder, and they
are by no means equivalent, and they do not have the same training
implications. Do you have a comment, Paul?

Dr. Matheny

. . . ADDING A NEW DIMENSION. ., ., .

DR. Caxo: It was mare appropriate earlier in
the discussion concerning the use of secondary
tasks. T was going to comment on the problem
of distinguishing between whether you are
changing task difficulty or changing the task.
Rather than just making the original task
more difficult, you might be giving the trainee
something different to do.

Dr. KerLey: Would you elaborate on that?
Dr. Caro: Well, I suspect that in some cases
where you are introducing secondary load-
ing tasks, such as by adding a communications or malfunction prob-
lem in a flight simulator, the task becomes different. I don’t know

Dr. Care



McGraTH AND HaRRIS 21

whether it is perceived by the trainee as different or whether the
difference can actually be measured, but it is not just making the
original tracking task more difficult. You are adding a new dimen-
sion to the original task, not just requiring harder work. I think
this is something beyond just changing difficulty.

Dr. KeLLey: In one sense, there is no such dimension as just diffi-
culty, because whenever you change an adaptive variable, you
create 2 different task. Maybe, by throwing in a secondary task,
you might be training some kind of time-sharing behavior rather
than, say, the skill that is involved in the primary task per se.

Dr. Caro: Yes, there is the time-sharing element of it. There is also
the consideration that once you change the task by superimposing
a different type task, such as communication that must be time-
shared, then you may be starting a new task again at a low diffi-
culty level and need to adapt that task up to some higher level
beforc you go on to another task. So, you are going in discrete steps
from learning one task to learning another rather than extending
the learning of the basic task that you are trying to trabn.

Dr. KerLey: That ties in with the idea that most complex perfor-
mance involves a number of different kinds of tasks, all of which
must be used to achieve training by an adaptive device. You might
need as many adaptive variables as you have different kinds of
activities that you arc teaching a person, and each one of those
might vary along a continuum of difficulty.

Dr. Caro: It gets messy very rapidly.

Dr. KeLLeY: Yes,

. . . THE FUNDAMENTAL DILEMMA. . . .”

Dr. McGraTH: Is this the fundamental dilemma of adaptive train-
ing? By using adaptive techniques, are you teaching the student
merely to adapt to the particular variable that is being manipu-
lated? Does adaptive training narrow the scope of training?

MR. Green: I don't think it really narrows training. You are chang-
ing the task from several dimensions to a single dimension, or you
are integrating several functions to a single function. For otherwise,
your performance measure becomes just as complex as your task
and subtasks.

Dr. Kerrey: In many cases, performance measurement is a func-
tion of manv different behaviors that are required to perform the
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task. For example, we can adapt tracking tasks easily by varying
something simple like the amplitude of a forcing function. When
you go from the simple tracking task to a real-world problem, such
as operational flight training, you find out that tracking is only a
small part of what is involved in flying an aircraft safely and skill-
fully. All of the other performances that go into flying an aircraft
are part of the training process, and they have to fit into your con-
cept of performancc measurement. For example, instead of simply
measuring RMS tracking error and saying, “This is performance
measurement,” you reach a point where you say, “Well, if the stu-
dent is individually performing Tasks A, B, C, D, and E correctly
(which might include tracking, communications, and display-
monitoring tasks), then he is performing the total task appropri-
ately, and he is ready for the next more difficult task.” The next
task might ivolve adding anotber variable or changing the re-
quired maneuver. There would be many variables adapting at the
same time; I don’t kmow how it would be handled practically, but
conceptually there is no reason not to do it. In developing adaptive
training systems for practical use, we have to look at the parts of
performance that count. We cannot just take the parts that are
convenient to measnre and say, “That is our performance measure-
ment.” Our performance measurement has to represent some rea-
sonable approximation to what we are trying to teach.

Dr. McGrata: That is true, but the narrowing of the scope of
training in an adaptive system would not be a consequence of using
a simple performance measurement; rather, it would be a conse-
quence of using a simple adaptive variable.

Dr. MonTtEMERLO: You brought up this dilemma that adaptive
training possibly teaches the studemt merely to adapt along one
variable. This is one reason why the use of secondary loading tasks
is not really realistic. I am not talking about laboratory cxperiments
but about pilot training or other real-life tasks. The object is not to
increase difficulty just for the sake of increasing difficulty and
making the task adaptive but to make the task more realistic as
training goes on. The training process must approach the real-world
skill you want the trainee to learn. I mean we are not worried about
getting 2 fine scale of difficulty that would produce a nice graph;
we are worried about teaching the criterion skill. So, I think the
use of secondary loading tasks is more relevant for use in the basic
research laboratory than for practical use in the field.
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“, .. WHAT ARE THE GERMANE CRITERIA. . . ?”

Dr. McGrati: I would like to comment on that. All of us can see
the obvious methodological advantages of adaptive techniques in
laboratory experimentation. So, we can evaluate these techniques
as research tools. But, can we evaluate the effectiveness of adaptive
techniques as practical methods for training operationally relevant
skills? It does not suffice to say that they producc more sensitive
or linear leaming curves. That is fine for research applications, but
that is not necessarily a criterion for a practical training applica-
tion. So, what are the germane criteria? If adaptive training is good,
where can we see its benefits? Will the trainee ultimately reach a
higher performance level? Will he reach a given level faster? Will
transfer of training to the operational task be greater? Will the
student rctain his trained skills longer? Will it cost less to train
him? Will there be an increasc in the student’s motivation or his
acceptance of the training situation so that the attrition rate will be
reduced? Will adaptive methods enable us to train students with
lower-level aptitudes? These are the practical criteria for opera-
tional training, even though none of them applies to the utility of
adaptive techniques as research tools. I think one of the valuable
outputs of this conference might be a specification of the appro-
priate criteria for evaluating adaptive training techniqucs.

Mr. FLExman: Obviously your list of criteria could equally apply
to any training technique.

Dr. McGraTHa: Yes, of course.

Mr. FLexman: One of the reasons why we are vigorously pursuing
the development of adaptive training methods is to achieve better
control of the training situation. Adaptive training will undoubtedly
use avtomatic control of the task difficulty. When we apply adap-
tive logic, we have precise control of the learning experience for
the first time. In the existing situation, good learning principles and
methods are normally applied as a function of the motivation and
background of the individual instructor, so learning environments
vary considerably because of differenccs among instructors. The
instructors almost always are the biggest source of variance in the
efficicncy or the adcquacy of training programs, When and if we
develop a system or a logic that is appropriate for a particular
learning task, we can shructure the learning situation in such a
manner that all students will receive equal opportunity for leam-
ing. Adaptive training is a step towards the more formal structuring
of the learning environment.
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Miss Knoop: Sooner or later, these discus-
sions always get around to performance mea-
surement as being one of the most significant
problems we have to face before we can ever
implement adaptive training. Performance
measurement is also basic to Jim McGrath’s
questions about the value of adaptive train-
ing. To answer such questions, we must be
able to measure performance objectively and :
validly. In addition, I wonder if anyone has Mi )

: . . iss Knoop
given any thonght to the relationship that
holds between the type of adaptive logic that is used and the type
of performance measurement that we must employ. For years,
people have worked in the area of performance measurement to
difterent ends. We can measure performance for a number of rea-
sons, and adaptive training jis just one more reason. I think that
perhaps the objectives we seek in adaptive training may be laying
the groundwork for the new and broader objectives we should be
seeking in the general area of performance measurement.

Dr. KeLLey: I believe that one of the things that adaptive training
does for us is to focus our atteution at the very vutset on the prob-
lem of performance measurement, because you cannot make the
system adaptive until you can measure performance. Looking at
existing training systems, almost all of which endeavor to assess
performance in some way, you see that the trainecs normally get
some general score to indicate that their training is completed and,
presumably, that they have learned whatever it was that they were
being trained to learn. You very quickly realize how seldom good
performance measvrement is done in a lot of these systems. The
problem ijs absolutely fundamental. There is no way of getting a
decent adaptive training system without a decent performance
measurement.

e

. . . THE QUESTION HAS NO ANSWER. . . .”

The criteria that Jim McGrath outlined are not criteria for evalu-
ating an adaptive system. They are, in fact, critevia for telling
whether Training System A is better than Training System B. And
one or both training systems may be adaptive. The question of
whether adaptive training is effective, compared with fixed train-
ing, has no answer. Whenever vou test this question in the labora-
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tory, you are always comparing a particular adaptive training sys-
tem with a particular fixed-diffculty training system. One or the
other may be better, but this says nothing about adaptive training
as such.

My predilection for adaptive training is not based on laboratory
data or anything of that sort. It is based on logical considerations
and the fact that I observe skilled instructors changing the difficulty
level of the material they present the trainee as a function of how
well that trainee performs. That is why I say that adaptive training
is effective and not because I have graphs showing progress on an
adaptive versus a fixed system. You simply cannot assess adaptive
training per se on the basis of experiments which purport to com-
pare adaptive versus fixed training. What you can do is ask, “Is this
particular adaptive system, in this or that situation, better than some
particular fixed system for the training of a certain skill?” Which
is to say that you need criteria of effectiveness which go beyond
the particular systems you are dealing with. If the criteria did not
go beyond the specific systems tested, if they were not more gen-
eral, you would have no way of comparing two different training
methods in texms of effectiveness.

Mg. Woon: One of the most fascinating things about the technology
of adaptive training is the fact that it provides an opportunity to
study the training implications of changing task load during the
learning process. It is very appealing to have a trainjng technique
which allows even nominal control and study of task Joad. For years
we have conducted part-task and whole-task research with little
recent success. 1 see adaptive training as perhaps providing a new
approach to many research jssues.

Dr. McGrath: Nevertheless, we should be able to specify what
practical benefits can be expected from adaptive training. In other
words, when and why should you develop an adaptive system?
When you have low-skilled people who must learn complex tasks,
is that when you use it? Or, when you want to reduce training
time, is that when you use it?

Dr. KeLrey: When you want to reduce the number of instructors,
would that be a good time to use it?

Dr. MGraTa: That is the point. We should be able to answer such
questions. What are the training problems that adaptive techniques
are best suited to solve?

Mgr. Woop: Adaptive training provides a technique for individu-
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alized instruction of perceptual-motor skills. This is something we
haven't had before.

“. . . DOING AWAY WITH THE INSTRUCTOR. . . .”
Dr. KerLey: 1 think Jim McGrath’s point is well taken. When do
you make the system adaptivc, and why? To me, it is self-evident
that you can get rid of instructors when you automate their adap-
tive processes. So, that js one time to go in the direction of auto-
matic adaptive systems.
Dr. McGraTH: When you want to reduce instructor variance?

Dr. Ketiey: When you want to get rid of instructors, period. They
are expensive as well as variable. With adaptive training vou can
automate a major function that in the past has been performed by
human instructors,

MRr. Stewart: It does not necessarily follow
that an automatcd training system has to be
adaptive in the sense of providing a continu-
ously varying task. The minute you put a
man in front of a programmed teaching ma-
chine you havc already met the criterion of
eliminating or minimizing the need for an
instructor. But doing away with the instructor
does not hang on the system’s being adaptive
as you have defined it.

D=r. Kerrey: Now, wait a minute. Let’s be
sure we are clear on this. Does it, or doesn’t it? You eliminate the
instructor, and now you have a student facing a console and doing
some kind of work. You can give him 2 task that is unvarying, or
one that is preprogrammed for a fixed sequence, or one that is
adaptive, in which casc the sequence is dependent upon how well
he performs: there are the three options. Let’s just consider the
second two, which are the important ones for significant training
problems. Either you provide a preprogrammed sequence of tasks
—everybody goes through it, including the potentially slowest
leamcr, and everybody gets the same problems according to a
fixed schedule—or you provide the students with different problems
appropriate to their individual levels of skill. A corollary is that all
students go through a training program which is of the same dura-
tion, you see, or they go through a training program whijch brings
them to a particular level of skill in whatever time is required. It

Mr. Stewart
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seems to me that either the difficulty levels of the task are prepro-
grammed or the task is adaptive. I know no other alternative.

Dr. McGraTH: But either method can reduce the need for instruc-
tors. 1 believe Bill Stewart’s point was that, if the chief objective
of adaptive training is to eliminate instructors, this simply calls for
some programmed learning procedure. To reduce the yole of hu-
man instructors, you need automation, not necessarily adaptation.
So, surely adaptive techniques seek more important goals, such as
the individualized tailoring of learning tasks that you have stressed.

Dr. KeLrey: Yes, but if you simply automate the system without
making it adaptive, then you have a fixed program. You can elim-
inate instructors by providing an automated, fixed-program se-
quence; there is no doubt about that.

Dr. McGraTH: So, why make it adaptive?

Dr. Caro: We are making it adaptive because we want the deci-
sion function to be wholly rational. The average instructor is in-
capable of reacting rationally in all situations, but a properly pro-
grammed computer could do so. The adaptive training model pro-
vides a possible way to make at least one instructor function wholly
rational. Adaptive training is really instructor simulation.

Dr. KeLeey: I thought [ had answered that question by implying
that it is not appropriate to give everybody the same sequence of
problems in teaching a complex and difficult skill. If you reject that
point, then we would disagree; if you accept it, you accept the need
for some form of adaptation, be it via an instructor or an auto-
mated adaptive system.

Dr. McGraTtH: Chuck, if T am an iconoclast, it is because I want
this group of experts to state explicitly why they are developing
adaptive systems and to specify what problems they expect adap-
tive techniques to solve.

Dr. MonTeEMERLO: We train people to do many different things;
some would call for adaptive training, and some would not. What
times would adaptive training be more useful than some other type
of training? Is it only in perceptual-motor skills? Is it only in one
class of perceptual-motor skills? Is that what you are asking?

Dr. McGraTa: Partly. Suppose someone asked, “When should one
use overlearning as a training technique?” Well, we could answer
that. Overleaming should be used when long-term retention of
skills is required in the absencc of interim practice. There may be
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other reasons, but that is the main reason for using that technique.
Can we provide a comparable reason for using adaptive tech-
niques? What specific problems will they solve that other methods
will not?

Miss Kxoor: Well, I have a guess or a trial balloon. I have always
felt that adaptive training will help us to reach a point where we
can achieve overlearning for individual students sooner than we
can with ordinary techniques of training.

.. . A CARROT IN FRONT OF A DONKEY. . . .”

Mr, Stewant: Here is another problem: if I were to perform an
adaptive task, I would have no knowledge of whether my perfor-
mance was good, bad, or indifferent. It masks motivation.

Dr. Kenley: Let me disagree with you very decidedly on that
point. The performance measurement may no longer be an index
of how well you are doing because it is constant, but there is
something else that can be used, the index of how difficult the
system is, the adaptive variable. Keep that available to the trainee;
it is 2 measurement of how he is doing. It provides exactly the
same motivation as the performance measurement score he used
to have before. The only time you run into the problem that you
mentioned is when people make the mistake of leaving the adap-
tive score or difficulty index off the display console. Then the stu-
dent has no way of knowing how well he is doing. I believe that
one of the real advantages of adaptive training is that it has such
a good effect on motivation because the student has a very accu-
ratc gauge of the difficulty of the task he is performing. He can see
how well he is doing with real precision. He can see progress from
trial to trial and day to day, for example, that he cannot see with
the best scores that we have in fixed tasks. Whatever you did before
with a performance measurement, you can now do with an adaptive
score.

Dr. MonTEMERLO: But if you keep the student’s score constant, it
is like putting a carrot in front of a donkey. No matter how fast
the donkey runs, he can't get to the carrot. Have you experienced
having any of your students getting frustrated because they could
not do any better or get a better score?

Dr. Caro: They are always getting a better score, in a seuse.
Dr. KeLLEY: But the score is the status of the adaptive variable and
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is not kept constant; pursuing a goal in terms of adaptive variables
is not pursuing an unreachable carrot. It is true that the student
cannot experience complete mastery of the task. The only time
this has been a problem was in working with astronauts who found
an adaptive system inherently frustrating because they could not
attain the kind of mastery over it that they could over some fixed
set of maneuvers. However, they could improve their performance
regularly, and they could also see a gauge that showed how their
skills improved. I really think that the reason the astronauts got
frustrated was that a couple of firemen trained on the adaptive
task were so much better than they were at controlling a simulated
spacecraft.

Mr. Frexman: That would do it.

Mn. Woop: At least to some degree, an adaptive task is frustrating
to a student. The student never gets closure on the task, becavse
as he gets better the task gets more difficult. Traditionally, he ex-
pects to do better as he learns. Of course, in the adaptive situation,
as Chuck Kelley has suggested, there are many forms of feedback
that can be provided. I think it is appropriate to ask what effect
these additional forms of feedback have on training because they
are somewhat artificial. They are not directly rclated to the criterion
task because the operational criterion task is rarely adaptive, it is
more fixed in nature. When the operational transfer is made, arti-
ficial forms of feedback are removed with possible effects on per-
formance level. Possibly one of the advantages of some form of fixed
practice is the fact that the person can use the task-inherent feed-
back for motivational and learning purposes.

‘.. . QUESTIONS AND . .. ANSWERS FOR THE RECORD. . . .

D=. KerLey: Let’s take these questions and write out our individual
answers for the record. When are adaptive training methods called
for? What problems do adaptive training systems solve? What
times would you use an adaptive trainer instead of a fixed trainer?
What are the reasons for using adaptive training methods?

MRr. FLExMaN: Adaptive training methods are called for: (1) when
the task to be learned is of sufficient difficulty to require a signifi-
cant amount of time to achieve mastery, (2) when task improve-
ment is 3 linear, or progressive, phenomenon, (3) when the train-
ing situation lends itself to automated controls, (4) when the sub-
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ject population can be controlled to the extent necessary, and (5)
when the training task bears sufficient resemblance to the final
behavioral model to have a reasonable transfer value.

Mg, Norman: Adaptive training systems are
appropriate primarily for the “big Skinner
box” approach to promoting precise control
over leaming of the task, assuming that ter-
minal expected performance can be defined
and that important pitfalls during acquisition
have been identified. This should make train-
ing more efficient by reducing the amount of
time spent in nonessential-to-final-task situa-
tions. There is some evidence that adaptive
training can be used to attain the criterion
skill faster, with better transfer performance and retention, than
preprogrammed training,

Mr. Normon

MR. STEWART: Adaptive training systems, Kelley style, are prabably
most useful, I think, in situations requiring considerable overleam-
ing and high retention over time. They are obviously quite useful
in equipment design, as in Chuck Kelley’s work on head-up display
design for the F-111 aircraft. They are most appropriate in systems
where variables can be closely, perhaps infinitely, controlled, but
application to part-task/whole-task grouped learning pattems may
not be amenable to the close control aver levels of difficulty that
seems essential to the technique. The important problem is the
relevance of the adaptive variable used as a forcing function (tur-
bulence, for example) to the task for which the student is being
trained.

Dr. KeLLEY: Adaptive training mcthods are called for when train-
ing is already adaptive but instructor controlled and when it is
desirable, for reasons of cost, standardization, or (when it can be
demonstrated) training effectiveness, to mechanize the instructor’s
adaptive function. These methods are also appropriate when it can
be shown that training time is significantly reduced or that a higher
level of skill is reached in the same time by replacing a fixed sched-
ule with an adaptive training schedule. The criterion for using
adaptive traming should be cost-effectiveness, broadly interpreted
and applied.

Dr. Lauser: Adaptive training techniques are justifiable whenever
the goal is to automate the training situation, ie., to replace the
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instructor with a machine. It has been pointed
out that a good instructor utilizes adaptive
techniques in that he tailors the training
situation to the individual trainee. The pri-
mary problem, it seems to me, is to formalize
the decision logic wsed by a good instructor
and then to implement this logic in the auto-
mated device. This approach, hopefully, will
J¢7:, allow at Jeast a standardization, and perhaps
i an optimization, of the training situation.

1Y

br. o ) .
r. lauber Dr. Caro: Adaptive training requires specifi-

cation of a decision model which relates observed or measured per-
formance to task difficulty or complexity. In the real-world model,
ie., a human instructor working with a single trainee, decisions are
often made on the basis of the instructor’s subjective evaluation of
trainee performance, and any change in the tasks that the instructor
makes in response to that evaluation is an expression of his gut feel.
His decision model is not wholly rational. By removing the instruc-
tor, a wholly rational decision model can be substituted for him. In-
tuitively, I must assume that adaptive training then has at least the
potential of improving upon the real-world model and should be
employed whenever an appropriate decision model can be devel-

oped.

M=. MansrFiELD: The main reason for choos-
ing adaptive versus fixed training methods is
to arrive at a desired result in a complex
training task at less cost by reducing the num-
ber of instructors and by reducing the train-
ees’ total time in the training program, therebv
increasing the trainees’ (and instructors’)
time that can be made available for perform-
ing the operational task as skilled personnel.
I emphasize complex as in present pilot train-
ing programs where performance evaluation
and the increment and scheduling of additional training tasks or
difficulty levels are dependent in large part on instructor judgment.
1 also emphasize that this statement is contingent on many unan-
swered questions conceming how effectively and to what extent
adaptive training can actually replace fixed training.

Mr, Mansfield

Mr. Harv: The adaptive technique allows for the formulation and
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application of decision rules for instructor nse
in changing the difficulty of a current problem
or in presenting pew materials to students.
The question of transfer of training in some
ways becomes secondary; so long as the basic
task is mastered and the terminal perform-
ance goal is achicved, the method can be
copsidered effective. Adaptive training is
called for when the computer can effectively
substitute for the instructor and when the S

task is of such 2 high order of difficulty that Mr. Hall
it cannot be mastercd unless it is broken down imto component
parts. What is needed for implementation is an analysis of the task
or tasks and then the development of a strategy for teaching them.
Adaptive training techniques as defined by Chuck Kelley probably
will not often be required for traming practical operational tasks.

Miss Knoop: The development of adaptive training methods is
linked to the goal of automating many instructor functions (in
flight simulator training, for example). One reason for doing this
is not to replace the instructor but to relieve him of time-consuming
routine duties, so that he can use his teaching skills more effec-
tively. It is impossible or impractical to automate some instructor
functions. So let’s not talk of getting rid of him.

If we desire to automate a large portion of the tasks normally per-
formed by the instructor, we must include his capability for ob-
serving and evaluating performance and making a judgment about
what to teach next or what to have the trainee practice next in order
to accomplish the training objective most efficiently. Interpreted,
this means we need a capability to automatically evaluate or mea-
sure performance and to adaptively train. Using computers, we
should be able not only to automate this instructor function but
also to accomplish it more reliably, more objectively, and to a
greater extent or depth than could any human,

Dr. McGrath: The availability of a performance measure, an
adaptive variable, and an adaptive logic is a condition for the use
of adaptive training, but of cowse it is not a reason for its use.
As a bard-line empiricist, I'm frankly unimpressed by the circular
reasoning that adaptive methods are good because good teachers
use adaptive methods. So why use them? Well, automated adaptive
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training may be used for the purposes of reducing the need for
human instructors, standardizing training procedures, making the
decision function more objective and rational, or achieving greater
precision of control in presenting tasks and instructional materials.
These are important goals, but they can be met by other methods
of automated, structured, or programmed training that are not
necessarily adaptive. The purposes that can be served uniquely by
adaptive training must be those which are served by maintaining
a continuously closed loop between the student’s performance out-
put and the task-stimuli input or which can be accounted to Chuck
Kelley’s creative idea of a stabilized performance criterion. My
impression is that nobody truly knows what clear benefits are
offered by adaptive training and only by adaptive training. Every
potential benefit of adaptive training that I can suggest as being
unique to this technique is properly a hypothesis that requires
empirical testing.

MR. Green: First, I do not believe a generalized concept can be
evolved where the answers to these questions are ecut and dried. I
feel that the technique of adaptive training must be implemented
on the basis of the training problem objective, that is, the specific
type of training to be accomplished and the relative degree of
complexity of control of the training problem desired. Second, I
feel the focal point is the requirement for monitoring and evalua-
tion. Where preprogrammed instruction suffices, adaptive training
should be minimized. Where a sterilized objective in training is
desired, adaptive training surely may be implemented as a pro-
grammed learning system.

Mr. Weekes: What problems do adaptive
training methods solve? They provide the as-
sistance required to prevent calamity in the
real-world situation. For example, in teaching
a boy to ride a unicycle, some arrangement
(safety wheels) must be made to prcvent
instant failure. They assist in training division-
of-attention or time-sharing when the real-
world job requires the performance of more
than one task. For example, to add juggling
to the unicycle rider’s act, the safety wheels
must be reinstalled, although their use had been discontinued when

Mr. Weekes
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contro] of the unicycle was the total task. A specific application: it
furnishes a way to relieve a flying trainee of as many of the control
details inherent in the total task of maneuvering and navigating an
aircraft as necessary to enable him to absorb instruction conceming
a specific aspect of the total task. Another way of saying it: adap-
tive methods can be used to lighten the housekeeping duties which
might divert a trainee’s attention, in order that the trainee may bet-
ter concentrate on the specific item under instruction,

Dr. MoNTEMERLO: In the introduction to the December, 1969, issuc
of Human Factors, Jim Regan stated that surprisingly little work
has been done on what specific aspects of adaptive training theo-
retically make it more effective than nonadaptive training. In the
same issue, Chuck Kelley stated that the reasons are obvious and
need not be researched. Hudson observed that adaptive training
is not necessarily efficient in itself, it is good adaptive training that
is efficient. Yet, this holds true for any method of training. So, what
is it about adaptive training that makes it more efficient, if it is
more efficient? And more efficient than what? Surely, testing adap-
tive training versus fixed-difficulty training is shooting down a
straw man, for nonadaptive, rigidly fixed, wnvarying training pro-
cedures are not typical of modern training programs. I think that
adaptive training methods are most probably called for in per-
ceptual-motor tasks that are too difficult for someone to handle at
the outset, such as the task of controlling a helicopter. But, gen-
erally, the systems approach must be taken to identifying training
applications, using behavioral objectives and task analyses. If a
need for adaptive training shows up, then use it. But, it is a mistake
to work in the other direction, starting with the assumption that
adaptive techniques will be used and then trying to fit them into
the program.

Dr. Mataeny: We don’t have enough empirical and definitive data
to answer the question, “When is adaptive training called for?”
We can list certain requirements to be met before we can consider
using it. These, as | see them, were outlined in my Human Factors
article on the effective time constant as an adaptive varjable (Ma-
theny, 1969). These criteria for an adaptive variable are: (1) capa-
ble of being described and quantified, (2) related to task difficulty,
(3) capable of being varied in a systematic way, (4) if used in a
device for training for transfer, does not inhibit or interfere with
transfer, (5) acceptable to the trainee, and (6) capable of being
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adjusted over a range commensurate with the trainee’s skill. As a
general answer to the question, “What are the reasons for using
adaptive training?” I think it is to reduce variability—variability in
instructor’s guidance to the stodent and variability in matching the
task difficulty to the student’s skill when seeking to keep the student
challenged and progressing.






Session 2. Flight Training Applications

Dr, Paur. W, Caro, Chairman

Dx. Cagro: This aftemoon we will consider some of the ways adap-
tive techniques can be applied to training aircraft pilots. I'd like to
begin by asking Milt Wood to describe his recent experiment con-
cerning the use of adaptive methods for training pilots to control
pitch and roll.

“?. . . A QUASI-ADAPTIVE METHOD. . . .”

Mg. Woob: The purpose of this study was to compare two methods
of training naive subjects in a two-dimensional, second-order, track-
ing task that corresponded to the control of pitch and roll.

The first method was an automatic, self-adjusting technique, such
as that described this morning by Chuck Kelley. Task difficulty
was adaptively varied while the subject’s error was maintajned at
a constant average level of moderate magnitude. This method is
appealing because of the many reasons already mentioned, such
as the ability to maintain the task load at a level that is neither too
difficult nor too easy. If it is too difficult, the student loses control
and gets little useful practice. If it is tao easy, he sits and wonries
about why his girl friend was mad at him last night, and he doesn’t
work very hard.

The second method cmployed fixed-difficulty levels which in-
creased systematically during practice. The fixed-difficulty levels
were determined by the median difficulty levels in each session on
the continuously adaptive task. This might be considered a quasi-
adaptive method, because the difficulty levels were fixed and the
subject’s error was allowed to vary, but the difficulty level was
increased systematically as training progressed. This method should
retain some of the advantages of the fixed-difficulty approach to
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training. For example, the student can be motivated by a decrease
in error as he learms, and he can use the feedback that is inherent
in a fixed-difficulty task. Therefore, the results from the continu-
ously adaptive task were used to establish a schedule of difficulty
changes for the fixed-difficulty task so that comparisons could be
made between the two approaches and the advantages of the two
approaches could perhaps be combincd.

Fourteen male college students served as subjects. All were in
good physical health, possessed 20-20 vision, and had no prior ex-
perience in the control of second-order vehicular systems. They
were randomly assigned to two groups of seven subjects each.

Dr. Kerrey: You did not match their initial skill levels when you
assigned them to the groups?

Mr. Woop: No. I certainly wish I had done so, and would do so in
any subsequent experiments.

An 8,000-word, general-purpose digital computer supplied the
dynamics for the second-order compensatory tracking task which
was free to move in the dimensions of pitch and roll. The subject
used an off-on type of side-arm control to maintain a constant null
position of pitch and roll as displayed by an attitude-director indi-
cator. Task difficulty was defined as the average amplitude of the
forcing function which moved pitch and roll away from a null
position of zero error. The subject’s display and side-arm control
were contained in a realistic cockpit assembly which isolated the
trainee from distracting environmental factors. Exhibit 10 shows
a block diagram of the experimental task.

Dr. KeLLey: Was the forcing

function 2 thrust disturbance? oiff
MRr. Woop: It was not a thrust
disturbance but simulated an el

outside force acting upon the Forcing N = Rus
vehicle. Tt was integrated and Function i DG

smoothed; so it was not a dis- m—
crete disturbance. The display Oynamics

acted as though the vehicle
were flying through rough air.
are: One more. *

Dr. Kerrey: One more ques-
tion. How often did the thrust Exhibit 10. Block diagram showing

come in? functional components of experi-
MR, Woop: One of the two pa- mental task.
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rameters, either pitch or roll, was selected for perturbation every
two scconds. The subject’s task was to maintain pitch and roll
within 11° of null.

Dg. MatHENY: How did you arrive at 11° as the threshold value?
MR. Woob: I blue-skied it, using the results of Chuck Kelley's re-
search, some preliminary data, and my past experience as a pilot.
However, it was quite a reasonable threshold value for this task.
Dr. Caro: Were the subjects instructed to maintain the error at
zero, or were they told simply to maintain the error within 11° of
7e10?

Mr. Woop: They were told to maintain null error.

MRr. FLexmax: Did they know the tolerance threshold?

MRr. Woop: They did not know the threshold. Of course, they knew
the continuously adaptive task got easier or more difficult. It was
quite obvious to them that if their error became high, the task got
casier, and vice versa. In fact, it occurs to me that this might be a
good way to identify malingerers. Some people don’t like to work,
and one way to avoid hard work in a continuously adaptive task is
simply to let the error go up and the task, thercfore, become easier.

“. .. A FEW MORE DETAILS ON THE METHOD. . . .”
Dr. XeLLEY: You had a two-axis tracking task. How did you com-
bine the ervors for determining adaptive changes?
Mr. Woop: We picked the axis of larger erroxr as our measure of
performance.

Dr. Lauper: Can someone summarize for me the arguments pro
and con for summing integrated absolute error in a two-axis track-
ing task like this one?

Dr. Keiiey: There are several ways to score two-axis tracking
performance, and the score that Milt Wood described is a verv
e¢ffective one. The score is highly correlated with RMS error but
easier to measure. When the larger exror in the two axes is used,
the student finds that he cannot let one error grow while he is
learning to control the other; he realizes that he must control both
axes simultaneously to obtain a good score.

Mr. Woon: Another interesting thing happens. When the score
depends on the parameter of largest error, the student tends to
direct his attention to that parameter. In a way, the task conditions
him to attend to parameters which he might otherwise overlook.
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Let me give a few more

details on the experimental 500

method. In order to define the

sequence and magnitudes of the | feor _ —,_+—'—+_A_

increases in difficulty levels wn- ¥ Fixed ~

der which the fixed-difficulty ~3°°F 1

group would practice, it was gr ‘indapme

necessary first to obtain per- ﬁaoo- | 1

formance data from the con- & b

tinnously adaptive group. These oor

data were obtained from five o , , , , ,

daily training sessions, each L2 3 4 8
SESSIONS

consisting of eight five-minute

tials. The median adaptation
level for each session deter-
mined the level of difficulty
in corresponding fixed-difficulty

Exhibit 11. levels of practice as
determined by median changes in
difficulty for the adaptive group.
Difficulty is set for the fixed group.

sessions. Consequently, the me-

dian levels of task difficulty were of the same magnitude for both
groups, as shown in Exhibit 11. You will notice a very njce ex-
ponential progression of the adaptive curve, which js somewhat at
odds with the data Chuck Kelley showed this moming. I have
obtained this kind of curve with almost all of my subjects, and it
has very little variance. I find its stability quite amazing. Anyway,
by matching difficulty levels in this fashion, we could evaluate the
relative merits of the two training conditions with one of the pri-
mary variables—task dificulty—held constant.

Exhibit 12 summarizes the experimental design. In order to pro-
vide a basis for the comparison of intra-group performances during
training, a series of criterion tests was administered to both groups
after specified intervals of practice. A one-minute criterion task
of fixed difficulty was given to both groups after every four training
trials (that is, after every 20 minutes of practice). A bigh difficulty
level was chosen for the criterion test; it was the level normally
attained after four sessions of practice. A two-minute adaptive
criterion test was given to both groups after each practice session
(that is, after 40 minutes of practice). After five training sessions,
all subjects reported for a final transfer session. During this session,
each subject was required to perform for five minutes under each
of five different fixed levels of difficulty. Except during the transfer

trials, all subjects received knowledge of results in the form of
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Exhibit 12. Summary of experimentol design.

Session  Trials Adaptive Difficulty Fixed Difficulty
14 Continuous A Fixed at 150
¢ Fixed Criterion Test
1 5-8 Continuous A Fixed at 150
° Fixed Criterion Test
° Adaptive Criterion Test
9-12 Continuous A Fixed at 250
° Fixed Criterion Test
2 13-16 Continuous A Fixed at 250
° Fixed Criterion Test
¢ Adaptive Criterion Test
17-20 Continuous A Fixed at 335
¢ Fixed Criterion Test
3 21-24 Coatinuous A Fixed at 335
° Fixed Criterion Test
° Adaptive Criterion Test
25-28 Continuous A Fixed at 385
° Fixed Criterion Test
4 20-32 Continuous A Fixed at 385
° o Fixed Criterion Test
® Adaptive Criterion Test
33-36 Continuous A Fixed at 420
e Fixed Criterion Test
3 3740 Continuous A Fixed at 420
° Fixed Criterion Test
° Adaptive Criterion Test
St 4145 L00-200-300-£00-500

® Same test for both groups,
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error or difficulty scorcs presented verbally at the end of each
practice or criterion trial.

“. . . SEVERAL INTERESTING CONTRASTS. . . .”

Performance across groups during the training process and during
transfer was compared by measures of RMS error and fuel seconds
consumed. The results showed several interesting contrasts between
the techniques of continuous adjustment and fixed levels of task

difficulty during training.
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Exhibit 13. Mean session RMS error
obtained by both groups during
acguisition.

Exhibit 14. Mean fuel-seconds con-
sumed for each minute of flight as
averaged over session intervals.

As shown in Exhibits 13 and 14, there was a difference in mean
error and fuel consumption between groups across the five practice
sessions. The median task difficulty levels were equated between
groups; so it was reasonable to expect no significant difference in
mean error between groups. This expectation was not borne out.
Subjects on the fixed-difficulty task made significantly (P << .01)
smaller mean errors dwring Sessions 1 and 2 and consumed sig-
nificantly (P < .05) less fuel across all five training sessions than
subjects on the continuously adaptive task.

This apparent difference in training effectiveness was further re-
flected in the results of the fixed-criterion tests, shown in Exhibits
15 and 16. During fixed-criterion performance, subjects trained on
the fixed difficulty task made significantly (P <{.05) smaller mean
errors across all five training scssions and consumed significantly
(P <L .05) less fuel during the last four practice sessions than sub-
jects traincd on the adaptive task.
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Exhibit 15. Changes in mean RMS
error for both groups during fixed-
criterion test.

Transfer performance was also
differentiated between groups.
Although no between-group dif-
ferences were statistically sig-
nificant in terms of RMS erxror,
significantly (P < .01) less fuel
was used by fixed-difficulty sub-
jects while performing under the
middle range of difficulties pre-
sented in the transfer trials
(Exhibit 17). In general, the
overall efficiency of fixed-diffi-
culty practice was greater than
that of continuously adaptive

practice and was characterized by lower RMS error in addition to
less expenditure of fuel during fixed-criterion tests.

I conclude that, within the context of this study, practice under
a schedule of increasing levels of fixed difficulty was superior to
practice under continuously adaptive levels of difficulty. The su-
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Exhibit 16. Mean fuel-seconds con-
sumed for adaptive and fixed
groups during fixed-criterion frials,

periority of fixed-difficulty prac-
tice appears to be a function of
several features of the countinu-
ously adaptive task wbich gen-
erally reduce training efficiency.
One such feature involves a
tendency for the subject to reach
levels of task difficulty which
greatly exceed his momentary
level of skill. This situation is
brought about through lags in
the self-adjust model and the
nature of practicing under a ran-
dom forcing function. When
these high difficulty levels are
obtained, two events occur
which can reduce training effec-
tiveness. First, when task diffi-
culty reaches a level which the
subject cannot control at that

point in training, bis error rapidly increases with a corresponding
increase in overall task load. Second, when the adaptive program
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senses this out-of-threshold error, task difficulty is rapidly reduced
to a level which results in a very low error, and the consequent task
load is much less than ideal.
This exaggerated action of
the continuously adaptive pro-
cess produces an inefficiency
which is avoided in the fixed-
difficulty approach. When in-
creasing levels of fixed difficulty
are selected for practice, the re-
sult is a gradual learning-curve
variation in error for each train-
ing session. This technique pro-
vides one approach for designing
an adaptive system which does 00 200 300 400 500
not lose efficiency through rapid TRANSFER OIFFICULTY LEVELS
and extreme adjustments in task
difficulty. As Chuck Kelley
noted, learning is a gradual pro-
cess and should be treated in this
way by any adaptive logic. That is, the adaptive model should
provide a gradual sort of learning experience. In my opinion, this
increasing level of fixed difficulty provides just such a gradually
changing learning experience and avoids the estreme excursions of
continuously adaptive practice.

[y
o]
1

Adaplive P
-
N\ -
P 4
-

5

%3
@]
T

[p%
o
T

MEAN FUEL - SECONDS CONSUMED
c
T

o]

]

Exhibit 17. Mean fuel-seconds con-
sumed at various levels of difficulty
during transfer.

”. . . REALLY A SLOWLY CHANGING
‘GROUP-ADAPTIVE’ TASK. . . .”
De. KeLLeY: Many aspects of this study bother me, but I'll mention
only the most important oncs. First, I don’t think you had a fixed-
difficulty task at all. Since the results of performance on the adap-
tive task were used to adjust the difficulty level on what you call
the fixed-difficulty task, you really have a comparison between a
slowly changing group-adaptive task—one in which average per-
formance of the group over an extended period is used to control
the difficulty level—and a very quickly changing individual-
adaptive task, which could go from maximum difficulty to zero in
little more than one minute. So, T think you have shown that if the
difficulty level of an adaptive task is changed slowly rather than
quickly, performance perhaps is better. (I say perhaps because I
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have some questions about your measure of performance.) In other
words, if this had been truly a fixed-difficulty task, the difficulty

level would have remained the same throughout training.
Mr. Woop: I said the task was quasi-adaptive.

Dr. XeLLey: Well, it changed difficulty in discrete steps rather than
in continuous variations, but it did change; it changed quite fre-
quently and furthermore changed quite optimally in the sense that
you used the measurement of adaptive task performance to decide
exactly what changes to make in the fixed-difficulty task.

I also must question your measurement of performance, which
really bothered me very much. If you maintain error constant in a
continuously adaptive task, then it follows that you cannot use
error as an assessment of perforrmance. In your study, you have to
use the amplitude of the forcing function as the assessment of the
performance of the continuously adaptive group. When you use
RMS error as the performance measure in a continuously adaptive
task, you have an uninterpretable measure. When the difficulty level
changes in the adaptive task, subjects tend to make larger error
excursions. Naturally the RMS error will be higher when you per-
mit the difficulty level of the task to fuctuate within the trial,
simply because these extreme excursions will be heavily weighted
in the performance score. This really doesn’t say anything about
bow well the subjects are performing the task within that trial; it
is merely a characteristic consequence of using RMS error as a
measure of performance in a continuously adaptive task.

But, I gather from the results of the criterion trials, which are the
best data you have, that there was indeed a difference in favor of
what T will call the slowly varying adaptive task as opposed to the
quickly varying adaptive task.

Dr. MoxTEMERLO: You say there were really two adaptive-train-
ing groups in this study? Well, I thought that adaptive training
required the task to change, either by becoming easier or by be-
coming more difficult, as a function of the performance of the
individual. Now, one group in this study experienced a change in
task difficulty as a function of their individual performances. But
the other group did not receive individualized adaptive changes.
The task difficulty, although staged upwards, was the same for
everybody. So it really wasn’t adaptive training that the second
group received.
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Dr. Kerrey: The second group did not receive indjvidualized
adaptive training; they received an optimized progression of diffi-
culty Jevels, a kind of “group-adaptive™ training.
Mr. Woop: It was stereotypic adaptive change.

Dr. MonTEMERLO: It jsn’t much different, after all, from what is
usually done in the lecture method. The lecturer normally attempts
to stage his material to the learning pace of the average student.
I thought one of the points of efficiency with adaptive training was
that instruction is paced to the individual rather than to the average
of a group. Here we have experimental results which showed that
pacing instruction to the average of a group was more efficient than
adapting to individual levels of skill.

Dr. Kerrey: Individual skills were, in fact, measured, and this
measurement of adaptive performance determined the stages of
the fixed-difficulty task. It certainly was not preprogrammed after
the fashion of the lecture method.

Dr. MoNTEMERLO: It certainly was not adaptive training either.

“. . . SENSATIONS OF TASK MASTERY. . . ”

Mr. Woop: Let’s call it a multiple-learning-curve approach. An
advantage of this approach is that it gives an opportunity for the
student to utilize inherent task feedback, which is valuable for both
training and motivational purposes. As the student practices under
any given level of fixed difficulty and as his skill increases, he ex-
periences a reduction in error and a decrease in subjective task
difSeulty. This is in direct contrast to the continuously adaptive
approach which maintains constant some selected level of error.
In this situation, subjective task difficulty remains constant, and the
subject does not experience sensations of learning unless additional
modes of feedback are introduced. There are many ways to intro-
duce such feedback, such as displaying an index of changing task
difficulty, a measure of out-of-tolerance error, or time on target.
Even though these forms of augmented feedback may be effective,
they are artificial to the basic task and eventually will be withdrawn
because the criterion task will most likely behave in a nonadaptive
manner. If the subject has been trained in a task which provides
some degree of error change during training, however, he should
be in & better position to interpret the task-inherent feedback of the
criterion task and should not be handicapped by the withdrawal
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of the augmented feedback information. He will also have had the
familiar and expected sensations of task mastery at each difficulty
level of the practice task.

Dr. KeLLey: The subjects in the continuously adaptive group were
not shown their adaptive scores during their performance of the
task. Isn’t that correct?

M=r. Woob: Right. I provided summary feedback only. At the end
of each trial the subjects were given their ervor and difficulty scores.

Dr. KeLLey: But, while they were tracking, they were not shown
these scores. I consider it a mistake to omit such a knowledge-of-
results display. The subject can get no information from his instru-
ments as to how well he is performing an adaptive task if exror is
being maijntained constant. The presence or absence of a display of
the adaptive score during the performance trials makes a big dif-
ference. The difference is in the student’s motivation, becausc the
display of the adaptive score provides him with immediate knowl-
cdge of results. If the student is simply told after a trial is over how
well he had performed, the motivational properties of the knowl-
edge of results are negated. He must have such knowledge while
he is performing the task.

Mr. Woop: Certainly there was some knowledge of results avail-
able to the individuals practicing the continuously adaptive task.
I mean, there was some task-inherent feedback. For example, when
a subject achieved null error, he knew he was doing a pretty good
job because his main objective was to null the errors. Surely, you
will admit to that.

Dg. KeLLEY: But, did you not say that the error score was main-
tained constant no matter how well they performed?

Mr. Woop: The trial average was constant. During the trial, error
increased or decreased as a function of the subject’s ability to null
the forcing function.

Dr. KeLLeY: But the average error score had no relation to how
well they were truly performing the task, because task difficulty
was simultaneously being varied.

Dr. Carno: If nulling the error gave them information about how
well they were doing, then, by definition, error could not have been
held constant,

MR. Woop: Error was held constant only in terms of a time aver-
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age. On a moment-to-moment basis, some degree of feedback was
available as the student responded to individual system perturba-
tions.

Dr. MaTrENY: There is no doubt that an error display can be con-
fusing in a continuously adaptive task, because its behavior depends
upon the length of time over which the performance measure is
averaged in order to determine a change in the difficulty level. It
is entirely possible that the error display in an adaptive task can
give the student negative feedback. This can happen.

Mgr. NormaN: I might comment on an exception that would prove
vour rule on knowledge of results. In our study (Lowes, Elljs, Nor-
man, and Matheny, 1968), we gave no knowledge of results. If a
student asked how he was doing, he was invariably told that he was
doing well.

Dr. MatiENY: There is inherent feedback in the system that you
described, Milt, and it’s quite dramatic, actually.

Mr., Woop: You mean with the fixed-difficulty approach?

Dn. MaTueny: No, I mean with your continuously adaptive ap-
proach. The student docsn’t need a display to tcll him how well he
is doing on the adaptive task.

Dr. Kevprey: I think he does.
Dr. MatreNy: That question can be answered empirically.

MR. Woon: T know that the student’s comprehension of task load
is quite reliable. I asked subjects if the task seemed any more diffi-
cult today than it was the day before. Without exception, they re-
ported the subjective level of difficulty to be quite constant,

Dr KerLEy: At any given moment, subjects will judge how well
they arc doing as a function of how much error is present. Even
when the adaptive logic has reduced the objective level of diffi-
culty and made the task simple, if the subjects are doing poorly,
they will feel that the task is hard to perform. Now, by the adaptive
logic, you keep the subject in a position where he is always doing
approximately equally poorly. He can get 2 feel of how well he is
doing only after a very long period of practice, and I don’t think it
could be a very accurate feel in this two-axis acceleration tracking
task.
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. . . SOME ADDITIONAL IMPLICATIONS. . . .”
Mzr. Woop: Let me conclude with a few more observations. I be-
lieve that the multiple-leaming-curve approach to training com-
bines the advantages of both fixed-difficulty training and adaptive
training. It adapts the level of difficulty to the expected level of
skill, vet it also provides the motivational and feedback advantages
inherent in the fixed-difficulty approach.

When the student’s performance score is automatically held con-
stant during practice on an adaptive task, there are some additional
implications that are worthy of note. When error is maintained
constant during practice, the subject is constrained to a leaming
situation which may not allow practice in many aspects of the cri-
terion task. In the adaptive task used in this study, for example,
the maintenance of 7.5 units of mean integrated absolute error re-
sults jn an average stimulus deflection of approximately 11°. Be-
cause exror is mercly a statement of stimulus position relative to a
null position, a constraint on error provides a similar constraint on
the basic stimulus characteristics of the task.

If the student is required to practice under a constrained set of
stimulus conditions, it is likely that optimum transfer wil occur
only when the transfer task is characterized by similar constraints.
Ed Hudson (1964) makes this general point with the finding that
some medium level of constant error during practice gives the best
compromise training for transfer tasks of varying difficulties. Fixed-
difficulty practice may provide improved transfer to tasks of vary-
ing difficulty because it allows practice under a broader range of
error conditions. Error is free to vary, so the student produces a
learning-curve effect through practice at each stage of task diff-
culty. During the early portions of the training session, error is
relatively high, and the student has the opportunity to practice
under conditions of relatively high perturbation. The task at this
point is characterized by large instrument excursions and requires
a tracking strategy different from that required at lower error
levels. As practice continues and error is reduced (though never
to zero), the student has opportunities to practice those aspects of
the task characterized by small instrument excursions.

In general, I would like to suggest that a broader range of mean-
ingful tracking strategies can be more efficiently practiced in fixed-
difficulty training. This feature, in combination with the more
appropriate levels of task difficulty and the better task-inherent
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feedback, may provide some basis for the possible superiority of the
fixcd-difficulty method. I think the outcome of this study shows
that, under special conditions, a fixed-difficulty mode of practice
can provide training equal or superior to that of a continuously
adaptive mode. At least, thc outcome emphasizes the need to look
closer at fixed-difficulty modes of practice which operate in an
adaptive manner.

Dr. Caro: Thank you, Milt. Your comments were very intercsting.

“. .. A FEW WORDS ABOUT THE SFTS. . . .”

How many of you are familiar with the SFTS, the Army’s Synthetic
Flight Training System? Is there anyone here who has never heard
of it? Good! Before proceeding further in our discussion of flight
training applications, I would like to say a few words about the
SFTS, because it represents hardware in which provision has been
made for adaptive training. As you know, the SFTS is a multi-
cockpit system of training devices which, in addition to simulating
helicopters, has several features which relate specifically to adap-
tive training.

Synthetic Flight Training System.
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In 1965, the Army Aviation School asked me to prepare a state-
ment of functional requirements for helicopter training devices
that would meet projected training requirements and replace obso-
lete Army equipment. I determined that one of the training re-
guirements was a reduced reliance upon instructors through the
automating of instructor functions. Adaptive training per se was
stated as a dcesign requirement because research was beginning to
suggest it would be a promising way to make training more effi-
cient. Ed Hudson and Chuck Kelley were saying things about
adaptive training that supported my own ideas about automated
training and performance measurement, so 1 asked that adaptive
training be included as one of the automated training features of
the system.

I would like to emphasize, though, that the SFTS is not primarily
an adaptive training system. Adaptive training is one of several
features of the SFTS which are intended to reduce reliance on
instructors during simulator training by automating some of their
instructional functions. It has always been conceived of as a rela-
tively small part of the system, but one that perhaps would grow.

Since 1965, the SFTS has gone through a series of concept for-
mulation studies, and a contract has been awarded to Link to build
a four-cockpit subsystem. Ralph Flexman’s group here at the Insti-
tute of Aviation has been given a subcontract to prepare the SFTS’s
automated training material, including the material that deals with
adaptive training. Dick Weekes and Julius Gandelman have been
working on it, so ['ve asked Julius to give us an introduction to the
adaptive training capabilities of the SFTS.

Mr. Gaxpzrman: Ill start by outlining the
structure of the SFTS training program. Each
period of automated training runs about 105
minutes and is broken down into elements
consisting of well defined phases of learning.
For example, the ILS training period contains
the following training elements: orientation,
interception, localizer tracking, and glide-
- 9 3 slope tracking. The student starts with a sim-
Mr. Gandelman ple part of the maneuver, and by the time
the training period is over he is attempting the entire 1LS approach.

Each element is broken down into four phases: briefing, demon-
stration, guided practice, and adaptive practice. In the briefing
phase, the computer tells the student what he is expected to do,




52 AVIATION RESEARCH MONOGRAPHS

what the standards are, and so on. The student js then given an
automated demonstration of how he is supposed to perform. During
the demonstration, he watches all the instruments move and feels
all the vehicle motions to get some idea of what the task is like.
The next phase is guided practice. The student now actually per-
forms the task, but he is “talked through” the required maneuver.
His hands are on the controls, and he’s being told what to do. If he
exceeds the error tolerances, he hears an audio alert over the head-
phones. For example, he might hear the word altitude, indicating
that he is out of tolerance on altitude control. The last phase is
adaptive practice. In this phase, the student’s pexformance is scored,
and the concepts of adaptive training are implemented in a serjes
of tasks. In the case of flying ILS approaches, the adaptive variable
js simulated air turbulence—the amount of rough air—which ef-
fectively varies task difficulty.

So, in each training period we have various elements, and each
element has briefing, demonstration, guided practice, and adaptive
practice phases. When the student moves to a new element, all four
phases are repeated. We have now structured two complete train-
ing periods in this manner. Basic ajrcraft control and instrument
interpretation comprise the fixst period. The second period is ILS
training.

Now, in these two training periods we use measures that we call
performance tolerances. A performance tolerance js a statement of
how well the student is expected to perform at the end of training.
For example, it might be a statement that he should hold his alti-
tude within plus or minus 100 feet. The error criterion for adaptive
changes is based on the accumulated time-out-of-tolerance divided
by the elapsed time. At present, we are using 10% time-out-of-
tolerance as the error criterion.

Dr. KerLey: Does time-out-of-tolerance refer to one or to some
combination of the performance tolerances?

MR. GANDELMAN: As it now stands, it refers to only one parameter.
If we were to consider more than one parameter, we would use a
weighting function. We would apply the appropriate weights for
each parameter and compute a vectored sum of the time-out-of-
tolerance for all parameters.

Miss Knoor: How would you select the weights? Would it be on
the basis of opinion?

Mr. GanoerMan: The Army necded a lot of flexibility; in giving
them this flexibility, we did not attempt to specify weights, num-
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bers, or parameter values. We tried to make the programming ac-
cessible so they could change the weights as their expericnce with
the system grew.

“. . . ADAPTIVE VARIABLES FOR THE S¥TS. . . .

We have selected three adaptive variables for the SFTS. The fust
one is air turbulence; the second is control damping. Turbulence
will be used to make the task more difficult. Control damping will
be used to make the task easier. Both variables will be used in the
aircraft control trajning period, but control damping will not be
used in the ILS training period, because by that time the student
doesn’t need that particular kind of assistance. However, in the ILS
period, we have introduced the third adaptive variable, horizontal
wind. It is not a crosswind; it is a headwind or a tailwind that
would either increase or decrease the simulated ground speed and
thus change the time limits of the task. For example, if the task
were to intercept a localizer beam, a headwind would give the
student more time to think and to respond. With a tailwind, he’s
really got to hustle. The same horizontal wind may be used as a
crosswind. If the student is given a tracking problem, we can in-
crease its difficulty by adding 2 crosswind so that his heading angles
have to be recalculated and his work load is increased. In effect, we
really bave four adaptive variables for the SFTS: turbulence, con-
trol damping, along-track wind, and crosswind.

M=r. Norman: Control damping. Could you enlarge on that a little?
You don't actually mean the control response itself, do you?

MR. GanperMan: Actually it is a change in the moment of inertia
of the airframe response.

Mgr. WEEXES: Any rotary-wing aircraft is inherently unstable, and
by decreasing the unstableness of the simulated helicopter, we
make it easier for thc student to control.

Dr. Caro: In effect, you're making it a heavier helicopter, which
makes it more stable.

MR. GanpeLmaN: The engineers back at Link would argue that this
is not stability augmentation.

MR. WEeekEs: But that is what it amounts to. The argument for in-
troducing control damping is the same as the argument for having
the instructor assist the student in an actual helicopter. The aircraft
is so skittish that if the instructor told the student, “You've got it,
boy,” his hands would be so full trying to keep the thing right side
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up that he wouldn't have any time left over. So the instructor has
to override the student on the controls and take care of many house-
keeping details to allow the student the time he needs to concen-
trate on the point that's under scrutiny in the lesson.

Mr. GanneLmaN: We used that particular concept throughout all
the training periods, not just in adaptive training. In introducing
multiple-axis control tasks, we knock several axes off in the begin-
ning, so the student need only concentrate on one axis. As be im-
proves, we introduce the other axes, as appropriate.

Dr. Caro: Go ahcad with vour description.

”. . . WHAT IS THE ADAPTIVE LOGIC. . . ?”

Mg. GanpoErmaN: Whether the performance tolerances are too
loose or too tight can also be a subject for debate. If the tolerances
are too tight, the changes in the adaptive variable can become fre-
quent and quite obvious to the student. If this is the case, I suspect
that the student is going to be coping with the adaptive variable
rather than with the primary task. I favor inconspicuous adaptation.
In other words, the change in the adaptive variable should be so
gradual that it really is not obvious to the trainee.

Dr. Caro: Would vou describe how this change takes place? What
is the adaptive logic?

MR. GanbeLman: The SFTS provides the first rcal opportunity to
have both the application and the research tool combined in one
device. As the students start using it, theyre going to find that
certain values do not work, and they will have to find out what
values do work. In effect, they will be meeting an application and,
at the same time, doing research.

To see what we do now, let’s take the first training period and
the element called bank control. On the first bank-control task, the
student is told to turn to heading 120° from 30°. The task interval
will be a function of the rate of the tum, which we know should be
about 3° per second; so a 90° tun would require 30 seconds. That
is a very short task interval, and it leads to a very basic question:
How much of his ability can you assess in 30 seconds? Well, not
very much, in my opinion. Therefore, after performing the first task,
the student is given five or six succeeding bank-control tasks. The
Jogic is that, whatever the entry level on the first task, there will
be adaptive changes in the difficulty level; and the difficulty level
at which he completes the task is the entry level for the succeeding
task.
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The difficulty scale runs from Levels 1 through 9 in discrete steps.
Level 3 is the anchor condition in which there is no rongh air and
the controls operate normally; the first task is introduced at this
nominal cntry condition. Levels 4 through 9 are defincd by succes-
sively increasing amplitudes of turbulence. If the student cannot
perform within established error limits at Level 3, control damp-
ing is introduced at Level 2 and increased at Level 1 to give the
student further assistance.

The entire task jnterval has been divided into 10-second seg-
ments for the purpose of measuring performance. Why 10 seconds?
Again, we don’t know the optimum length and have arbitrarily
selected 10 seconds. Every 10 seconds we measure the accumulated
time-out-of-tolerence and the error rate to see whether the student
has exceeded the error criterion for adaptive changes. We presently
plan to work at a criterion rate of 10% time-out-of-tolerance.

At the end of a task interval of 30 or 40 seconds, you have a
chance to sample and evaluate performance only three or four
times. The student may have risen from an entry difficulty level of
3 to a difficulty level of only 5, which does not satisfy the exit cri-
terion. The exit criterion is the highest difficulty level possible, in
this case, 9. If the student does not meet that criterion and is at
Levcl 5, then we give him a brand new, but similar, task. He enters
that task at Level 5 and proceeds for as long as is allowed for that
task. We continue giving him additional tasks until he gets to a
difficulty level of 9. To exit from adaptive practice with the SFTS,
the student must be proficient at the highest dificulty level possible.
But, how difficult that is depends upon what have been established
as the adaptive functions. How realistic is the turbulence at Level
9, and what training has been achieved at that level? These are
some very fundamental questions that have not vet been answered.

When the student is able to achieve one element, he then goes
through the same sequence—briefing, demonstration, guided prac-
tice, and adaptive practice—on a new element which is yet more
difficult. That summarizes the adaptive logic and some of the basic
concepts that we've employed in the SFTS.

Dr. Caro: Thank you. Bill Stewart has asked to exercise his right
to interrupt at any time and ask a question.

“. . . 'FLYING’ THE ADAPTIVE VARIABLE. . . .”

MR. STEWART: It may be useful to have a guidnunc who is willing
to step forward where other people are reluctant to go. Apparently
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there is some concermn about whether the student will simply learn
to adapt to the turbulence variable, whether he will be “flying”
the adaptive variable or “flying” the task. It seems to me that if he’s
flying the variable, he is going to learn the task. That's really what
adaptive training is all about.

MR. GanpeLMAN: I doubt that. If he is being trained to fly in very
heavy turbulence, how realistic is it for the operational task of
straight and level flight in the absence of turbulence? The control
dynamics, his response, and everything else arc quite different.

MR. MaxsrErd: The assumption is that the student has demon-
strated that he can fly satisfactorily in still air before you make the
task more difficult by introducing turbulence.

MR. GaNDELMAN: That is the assumption, but is the student learn-
ing how to fly turbulence or is he merely learning how to fly straight
and level in the presence of turbulence?

MR. STEwart: Well, the latter is the case, isn’t it? The specific task
being taught is to fly straight and level with varying amounts of
turbulence. As the turbulence increases, the student has more dif-
ficulty flying, but presumably he eventually flies turbulence at the
level you define as the exit criterion. It seems to me that if he
achieves this criterion, he has learned to fly straight and level. He
might even be getting to the atrociously overlearned stage, but he
has developed a very fine skill in dealing with this particular beast
under unstable conditions. And, that is really the whole purpose of
the training.

MR. GANDELMAN: Operationally, flying in very heavy turbulence is
a different situation from flying with little or no turbulence. For
example, a pilot will tolerate altitude errors of a lot morc than plus
or minus 100 feet. He is unable to anticipate turbulence or gusts,
and his behavior is really not the same as it would be with no tur-
bulence. So, I question what training is achieved by having a stu-
dent leam to fly straight and level in very heavy turbulence.

Dr. Cano: Well, Julius, you say that error tolerance is greater in
heavy turbulence. Operationally this may be the case, but is it the
case in training?

Mr. GanpELMAaN: No. The issue of changing tolerance limits for
adaptive changes has long been discussed. I believe the issue is

basic to the differences among the views of Birmingham, Hudson,
and Kelley.

Dr. Caro: The same tolerance band js maintained while the task
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is made more difficult on the assumption that the student should
be able to maintain that tolerance band operationally with gust
levels up to that which you simulated. Surely you will not include
unrealistic turbulence levels. Level 9 won’t be any more than can
be handled operatjonally by a competent pilot within the specified
tolerance, will it?

MgR. GanpELMAN: That’s right, but the question should be raised.
I'm not really sure of the answer. I merely suspect that the student
is learning to fly turbulence rather than learning to perform the
primary task.

MR. Woop: I think past rescarch bears you out. Hudson demon-
strated that the level of difficulty under which you practice has a
lot to do with the kind of criterion task you will perform best. In
other words, if you practice under conditions of high error, then
you will do a better job on a criterion task with high error. If you
practice under conditions of low error, you will do better on cri-
terion tasks with Jow error.

MRr. GanpELMAN: Also, we're using a constant tolerance band, and
[ suspect that in the flight situation were going to have the pilot
flying at the tolerance altitude rather than the assigned altitude.

Mr. Stewart: What you really need is a variable performance
criterion as well as an adaptive variable so that you train a man to
fly in very smooth weather perfectly or in rough weather less per-
fectly. But, requiring the student to hold altitude within plus or
minus 100 feet at Level 9 turbulence may be unreasonable.

“. . . THE STUDENT GOES WHERE YOU WANT
HIM TO GO. . . .”

Dr. Kerrey: There are several points in this discussion that we
ought to partial out. One concerns whether or not the adaptive
variable is the appropriate one for this task; which is to say, should
turbulence be vsed as one of the adaptive variables? If rarbulence
is not the significant adaptive variable, there is no point in teaching
the student to fly in different levels of turbulence. So we should
separate this question from the question of what technique of
adaptation, or what adaptive logic, is used to progress through the
different levels of difficulty. Turbulence might not be an appro-
priate adaptive variable if unrealistic levels of turbulence were used
or if turbulence so interacted with the performance tolerances that
a change in one required a change in the other.

I believe, as a matter of principle in designing an adaptive task,
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that it makes sense to find out how the task is performed in the
real-world situation, because where you begin in training may not
be so important as long as you end at the right place. But, it is very
important that the student goes where you want him to go and that
he does not go someplace else as a consequence of your adaptive
variable. So, until we know a great deal more than we know now,
I think we have to take a real-world sitnation as an implicit cri-
terion and establish a simplification, if simplification is necessary,
when we're going to use adaptive training. The student will adapt
along a dimension set by some adaptive variable. But, you have to
choose and manipulate that variable on the basis of your under-
standing of the task. You have to choose an adaptive variable that
brings you along some dimension of simplicity-difficulty towards
the real-world task. Now, this seems to me to be pretty much what
they have done in the SFTS.

We could talk about whether or not these are the right adaptive
variables (they don't look too bad to me}), but I'd be much more
concerned about the performance measurement and what goes into
it. I would have real qualms about that. On the basis of this presen-
tation, I can’t judge whether the measures are likely to be un-
reliable or insensitive, but they really have to be investigated.

Miss Kwoor: Could I ask what performance variables are being
measured?

Dr. Caro: They will be measuring parameters of aircraft control,
such as altitude control.

Miss Knoop: Rotor RPM?

Dr. Caro: Rotor RPM, heading, altitude, tum speed, bank, and
things of that sort.

Miss Knoor: Well, the reason I brought it up was that Dr. Billings

at Ohio State found that rotor RPM in helicopter flying is one of
the more sigpificant measures.

Mgr. WeEkss: That was with an old-fashioned helicopter.

Dr. Caro: The design-basis aircraft for the SFTS uses a turbine
engine with a governor control that reduces that problem.

Miss Knoor: That's too bad; it would be a good measure. The other
point I want to make is that Chuck Kelley is perfectly right. We
should not pretend to kmow, at this point, whether or not turbu-
lence is the correct adaptive variable. I think we will all agree that
we do not know.
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. . . THE CRUX OF THE CRITERIA. . . .”

MR. Grerx: The contention that Patty brought up this moming,
that performance monitoring seems to be the crux of the criteria
for adaptive training, holds true for this particular trainer. And 1
think that’s going to be true for every problem we try to solve with
adaptive training. 1 don’t think a set of generalized criteria can be
made. When you try to implement adaptive training into a simula-
tor, a specific set of design criteria for that particular adaptive
feature must be made. In other words, although the generalized
scheme of adaptive training is to be implemented in the SFTS, a
rotary-wing device, a completely different set of criteria might be
required for a fixed-wing device.

I had anotber question pertaining to the exit criteria. Can the
student exit from any point in the element? Although Julius Gan-
delman pointed out that he had to reach Level 9, I'm curious
about why he could not exit, say, at Level 4 before going into the
next element.

Dn. Caro: The way it’s programmed now, the student must per-
form one complete task at Level 9 before he exits.

Mr. Ganperman: This is what we're hoping for. We don't know
whether it's possible.

MRr. Green: I asked the question because training emphasis should
be placed on relevant tasks in respect to each other whether or not
they follow the same sequence with the same weighting.

Mg. GANDELMAN: Yon see, when the student exits from an element,
he goes into an entirely new training situation with a new set of
velated tasks.

MRr. Green: I was thinking of the task in which he will be trying
to intercept the glide path first and then make a certain type of
turn, depending on altitude, speed, and how close bhe is to the
actual touchdown point when he intercepts the glide path. These
factors are all interrelated.

Mr. GanpeLman: We assume the student must be proficient in
each task prior to going to a subsequent task.

MRr. GreEx: But, your definition of proficient means performing at
Level 9.

Mgr. GanpeLMaN: That is true at this stage of the SFTS develop-
ment.
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”. . . GETTING FEEDBACK. . . .”

Dr. McGraTa: You said earlier that the changes in the adaptive
variable or changes in the level of task difficuity should not be
obvious to the students, and yet those changes might be an impor-
tant source of knowledge of results to the student.

Mn. GanorLman: A digital display will tell him what difficulty
level he is operating at. The changes should be continuous or
smooth enough so that his only indication is a feeling that, “I'm
now working harder, but I don’t know exactly when I started to
work harder.”

Dr. McGrata: Why is it important that the student not be able to
discriminate these levels without the digital display?

Mg, GanpeLMaN: Well, this may be a personal rationalization. Part
of the flying task is to anticipate and/or be sensitive to cues—
motion cues, instrument cues, and so on. Developing sensitivity to
a wrong cue would be detrimental to his flight skill. In other words,
if turbulence changes suddenly and obviously, the student knows
he now must behave differently. But, the pilot's overall task is to
be sensitive to gradual changes as they actually occur.

Mn. STEwarT: But, isn’t that a violation of the feedback principle
on which Chuck Kelley criticized Milt Wood's study?

DRr. Caro: No. The student is getting feedback via the score display.
Mr. Stewart: Then that satisfies Jim McGrath’s point.

Dr. Caro: I believe so. The fecdback score has two digits. The first
represents the task number; the second represents the level of diffi-
culty of that task. The feedback scove is continuously displayed and
updated, although the actual change in task difficulty may occur a
few seconds after the change in score.

MR, STEWART: So the student is given a Jead time waming of what’s
about to happen to him?

Dr. Caro: Not necessarily. Since twrbulence magnitude varies
randomly within a given difficulty level and since there is likely to
be some overlap between levels, the difficulty level per se could
change before a perturbation typical of the new difficulty level
occurs. An occasional effect will be a lead-time warning.

MR. Woop: A rule which could be used js this: If an event or series
of events is likely to occur in the criterion task, then the same can
be used in training. Let’s say, for example, that one is flying along
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in an aircraft and all of a sudden turbulence js encountered which
in tumn alerts the pilot to a new set of tracking strategies. Since
these events are characteristic of the criterion task, why not employ
them in training?

MR. GanprLMaN: Let me try to word it a little differently. The
pilot should be sensitive to changes or to cues that occur in the
criterion task. If you make the change obvious in the training task,
you'rc not developing in him any sensitivity ov improving this skill.

”, . . PILOT MODEL THEORY. . . .”

MR. Smvacors: In the sclection of the adaptive
variables, was any consideration given to the
work that has been done on handling quali-
ties and on pilot modeling? For example,
using control damping as an adaptive vari-
able in the SFTS has the function of varying
the effective time constant described by Guy
Matheny (Matheny, 1969). The pilot model
theory states that responses in a helicopter
Mr. Sinacor requirc the perception of angular rate beforc
the pilot can adequately achieve stabiliza-
tion. The theory also states that he will develop a lead equal to
the basic lag of the system, Once achieved, he will then vary the
gain to minimize error, and this depends on the forcing function.
In other words, if the range of the forcing function excceds the
basic bandwidth of the vehicle, the pilot won't be able to do any-
thing about it. The airframe lags would no longer be the dominant
factors, and the error would simply increase while the pilot did
nothing about it. However, if the forcing function is within the
airframe response limits, he will attempt to adjust the gain to
satisfy the ervor criteria.

So, what I'm saying is that the choice of control damping as an
adaptive variable seems to be a good one, because the wntrained
pilot does not generate sufficient amounts of lead. By giving him
increasing amounts of turbulence, you will force him to gradually
increase his lead until it reaches that equal to the basic airframe
lag. At this point, hc can do no more. But, I wonder if the pilot
lead does, in fact, vary from zero to the airframe basic lag in the
SI'TS and if it can be forced wp there a lot faster with the use of
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adaptive logic. Would anybody care to comment on just what has
been the utilization of pilot wnodeling in the choice of adaptive
variables or in the adaptive logic?

Dr. Caro: Well, in a general sense, the pilot-instructor model was
used in selecting the adaptive variables. One of the Army’s require-
ments was that training had to be as realistic as possible. Nothing
would be put in that was purely artificial or did not contribute to
the psychbological illusion that the man was flying a real helicopter.
The choice of control damping came about as we were looking at
what happens in a real training helicopter when the student has
difficulty controlling the aircraft. A good instructor will let the
student have control, but he will keep his own hand on the control.
As the student becomes more proficient, the instructor makes less
and less input, until finally his hand is off the control altogetber.
If he does this smoothly enough, the student doesnt even know
when the instructor’s band is on the control or when it comes off.
This was the general model.

MRr. Smvacont: The instructor’s function was to ensure good response
of the vehicle so that the student would see how it should respond
under the conditions for which he was being trained.

Dr. Caro: More importantly, the instructor’s function was to re-
duce the real-world task to a level that the student can handle
initially and then gradually remove this control assistance so that
the student has the full task.

", . . EXPAND THE TOLERANCES. . . .”

Dnr. Matreny: I share Julius Gandelman’s concem about using a
fixed-tolerance criterion to which the pilot must control the heli-
copter throughout an increasing amplitude of turbulence. This
amounts to changing his control problem and his technique. The
pilot must leam that, up to a certain level of turbulence, he can
control the aircraft within a certain tolerance; beyond this level of
turbulence, he must change his technique and expand the toler-
ances. In extreme turbulence during actual flight, you either change
your control technique tremendously or tear the beast apart. On a
less dramatic scale, the same thing happens in simulator training.
Let's not be rigid about this. There is the problem of selecting the
adaptive variable and difficulty levels, but we should also examine
the need to alter the error tolerances in line with what we know
about the requirements of actual flight.
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Mnr. Swvacort: 1 think you'll find that increasing turbulence up to
the first break frequency of the airevaft that is encountered will be
okay. But beyond that point, a strategy is required for the adoption
of lead that will extend the bandwidth. So a relationship is implied
between the turbulence level and the criteria used to establish the
exror tolerances.

Dr. MatreNy: There should be some optimum tolerance.

Mr. Sivacorr: Up to the basic, or second, lag of the airframe. Be-
yond that, there is no hope of controlling the aircraft, and error
tolerances of any kind would be irrelevant.

Mr. Norvan: You asked to what extent pilot modeling was being
used in selecting adaptive variables or in establishing adaptive
logic. We are planning an experiment in which we will use several
adaptive variables. One is analogous to direct-lift control, another
one is the effective time constant, and the third is the forcing func-
tion. In setting up the foreing function, we appear to have been
able to demonstrate crossaver frequency regression.

Dr. McGrama: What is crossover frequency regression?

MR. Norman: It is a condition in which the pilot must insert lag,
because he cannot follow all of the deviations, and starts averaging
them.

Dr. MaTneNY: The pilot changes control techniques as a function
of the changing task conditions.

MRr. Norman: We could see this happening as a function of his
control inputs.

Dr. MaTHENY: Does the SFTS have a motion p]atform?

Dr. Caro: The SFTS bas a five-axis motion platform: pitch, roll,
yaw, heave, and sway.

Dr. Matreny: You see, the response characteristics of the motion
platform are going to be very critical in their effect upon the cross-
over frequency of the pilot. Adding motion to the trainer changes
the effective time constant of the pilot-machine system and, in most
instances, will act to raise the pilot crossover frequency. This is just
another complication in trainer design for which we don’t have the
answers.

Dr. MonTeMERLO: Well, maybe I just don’t understand something.
Julius Gandelman said a trainee should learn to fly his craft within
certain tolerances at a low level of turbulence, but, at a higher level
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of turbulence, he should learn that he cannot use that same level
of tolerance. Is that what he is supposed to be leaming?

Dr. MaTueNy: That is what he could be required to learn.

Dgr. MoNTEMERLO: I'm not concerned with what he could learn. Is
that what he should learn?

Dr. MaTrENY: It depends on the Jevel of turbulence he must leam
to deal with. In very heavy turbulence, an experienced pilot does
not try to hold altitude within =100 feet any more; he just rides it
out and keeps the aireraft level.

DRr. MonTEMERLO: Then improper response to turbulence is actu-
ally being trained here. You may have a case of negative transfer
of training.

Mn. PovenMire: It depends on how much turbulence there is.
MR. FLExman: A few gusts and a little rain
does not mean a turbulent thunderstorm.
Dr. Mataeny: What does it mean? There is
that question of difficulty levels again.

“_ . . THE STUDENT COULID PRACTICE
INDEFINITELY. . . .”

Mr. GaNDELMAN: A very important related
point is that the adaptive variables may not
be changing at the individual’s best rate.
They are changing at some artificial ratc. We are arbitrarily using
10-second adaptive-change intervals, and we don’t know whether
that interval is optimum for a particular individual.

Mr. Pavenmire

Dr. Caro: I think you are misinterpreting the adaptive logic. The
performance-measurement interval is now set at 10 seconds, but
the rate at which adaptive changes occur is a function of the indi-
vidual student’s performance. So task difficulty will be adapting to
the individual's performance, but it will not necessarily change
every 10 seconds. In the SFTS the student could practice indefi-
nitely without any change of difficulty if he remained within the
programmed tolerance. This is quite different from the way yon
approached it in yonr study, Milt.

MR. Woon: One part of this problem gets back again to the mea-
surement of subject performance and to the question of how much
information you want to throw away. Time-out-of-tolerance is used
in the SFTS, right? It does throw away information, and it would
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seem that a more sensitive measure would be desirable. I would
want to look at some measure of central tendency of student per-
formance, in combination with some measure of variance. It might
be desirable to go a little further and try to come up with 8 measure
of reliability. In other words, why not pull all the information that
vou can out of performance and use it to adjust time and difficulty
level for adaptive practice?

Dr. Caro: I didn’t understand your earlier discussion of central
tendency. Now, in Chuck Kelley’s method, there can be no infor-
mation about central tendency, because error rate is held constant.
There can be some variation in ervor rate, but information about
central tendency bas a limited value,

Mr. Woop: Its interest to me was primarily in terms of relative
shifts in error between the two treatments and relative variations
in error for any given trial. Because statements of error directly
reflect the visual characteristics of the task (the location of pitch
and roll indicators), they can be of some value in discussing task
differences.

. . . A BROADER DEFINITION OF ADAPTIVE TRAINING. . . .”

Mr. StewarT; That raises an interesting problem that troubled me
this moming. It derives from the definition of adaptive training
that Chuck Kelley put on the board and his inclusion of that word
automatically. I don’t know why he put that word i parentheses,
but T assume he is not dead sure that it really belongs in the
definition. Automatically at what rate? I think a broader definition
of adaptive training, one without the automatic im it, would do
away with this problem. Is it enough to say that training is adap-
tive if you increase the difficulty of the task as the person performs
it better, and that whether you change it rapidly or slowly is a
decision you make in connection with the equipment you are using?
I think this point is really central to understanding what the devi)
it is that adaptive training does. To enhance the rate of learning,
maybe it needs to be antomatic, instantly responsive, or as quickly
responsive as you can make it. If you have a ballpark idea of the
reasonable ratc at which students leamn the tasks, then you might
simply change difficulty levels in pre-established incremental steps.
I would characterize the method used by Milt Wood as incremental
adaptive training and the other as continuous adaptive training.
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“. . . LEARNING TAKES PLACE SLOWLY. . . "

DRr. KeLLey: Whether a method is incremental or continuous de-
pends on how adaptive changes are made. Let's not confuse adap-
tive changes with adaptive rates, which are defined by the periods
of performance measurement. Adaptive changes can be made in-
crementally 100 times a second, or adaptive changes can be made
continuously, with a timc averager, so slowly that there is an im-
perceptible change in difficulty during a given training trial. So,
continuous does not mean adapting quickly, and incremental does
not mean adapting slowly.

Now, T've found many people make the system adapt much too
quickly. This can cause wildly oscillatory variations of difficulty
level within trials. Learning takes place slowly in the development
of complex perceptual-motor skills, and there is no reason to make
the task adapt quickly. But, a slower response does not mean that
adaptive changes must be made incrementally; it means only that
performance must be averaged over a long enough period of time
to avoid an undesirable oscillation in the difficulty level of the task.
Mr. Smvacorr: Chuck, are you implying that there may be a basic
time variable jn any problem that is related to processing time?
Dru. Kerrey: What do you mean by processing time? I'm not sure
I understand.

Mr. Smwacorr: The amount of time in the averaging circuit over
which error js measured.

Dr. Kereey: That is one way to do it, in an analog implementation.
In a digital implementation, you would consider how many samples
are averaged over what perjod of task performance. What you
should never do js change the difficulty level as a function of the
instantaneous performance of the student. When you do that, you
permit all of the random error fluctuations to change the character-
istics of the task. Because performance is usually measured un-
reliably—random elements arc perturbing it—it is desirable to get
a sample of performance averaged across a period of time. T am
suggesting that people are in error much more often by making that
period too short than they are by making that time too long.

.. . THE RS LINK. . . .”
Dr. McGRATH: May I suggest a theoretical idea that might explain
onc of the dangers of making the adaptive interval too short? Most
learning situations are conceyned with establishing connections be-
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tween stimuli and responses, S-R, so that an individual learns to
take certain actions in the face of certain events. Now, the peculiar
thing about adaptive training is that the response itself produces
a new stimulus, S-R-S, which calls for a response, which in turn
produces a new stimulus, which calls for a response, and so on,
S-R-S-R-S-R-S-R. . .. Consequently, it is entirely possible to estab-
Jish 2 bond between the response and the stimulus if the timing of
the two is very closc and if the R-S relationship is obvious and
consistent. Perhaps this is why Julius Gandelman doesn’t want the
student to perceive the adaptive change. He may well be establish-
ing an R-S connection in addition to, or instead of, the S-R connec-
tion that is the foundation of learning.

Mr. FrLexman: Incidentally, this does happen when the student
tries to beat the system. There are quite a number of examples in
the literature showing how students respond to stimuli extraneous
to the actual training task and learn that they can control the
stimuli.

MR. StewaARrT: Of course the answer to Jim McGrath’s point is that
you need a lag in the display. The student enters a new condition,
and x seconds after he has been alerted to a change by the inherent
cues in the trainer, the display verifies the change.

MRr. Woop: But, this R-S link is not all bad. It is all right if it is
part of the criterion task being trained.

Dr. McGraTH: Surely it is not a part of the criterion task in flight
training. In fact, the paradox of adaptive training is that the R-S
link in trajning is the reverse of any such link in the criterion task.
In actual flight, a good response produces an improved situation,
and a poor response leads to a worsening situation. On the other
hand, adaptive training js based on an R-S logic in which good
performance leads to a worsened situation, and poor performance
leads to an improved situation.

Dr. LauBer: I'd like some clarification on the adaptive method in
the SFTS. Is my understanding correct that damping on all axes
will be maximum to start with and that undamping will take place
only within one of those axes, say pitch? Does the student Jearm to
contro) pitch while damping is held maximum on the other axes,
or does adaptive damping take place on all axes simultaneously?
I'm concerned that if adaptation doesn’t take place simultancously
—that if you allow variation in one axis while holding others con-
stant—there is fantastic opportunity for the trainec to pick up un-
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realistic modes of response because of all the interactions among
the control axes.

Miss Knoor: Are you increasing difficulty by adding turbulence,
decreasing difficulty by removing turbulence, and then further
decreasing difficulty by adding control damping?

Mr. GanperMan: That is correct.

Dr. KerLey: To comment on John Lauber’s point, sometimes it's
necessary to have unrealistic conditions jn training very complex
skills. When you learn to play the piano, you start with one hand,
then the other, and then leam to use both together. Although I'm
not a helicopter expert, I understand that flying a helicopter is so
difficult that a novice js not normally required to attempt to operate
the controls in all degrees of freedom; that would be simply too
much. So, learning to fly is a bit like learning to play a piano: the
student learns to use first one hand, then the other, and then puts
them together. That, of course, is very unrealistic in terms of what
he finally has to do. Whether it is best to do it that way or to reduce
all tasks to a difficulty level that would permit his learning them
all together is a methodological point. Whatever method is used,
the student is going to start out on an unrealistic task because the
realistic task is too much for him to cope with at the start.

Dr. LauBer: I'm not sure that your example of the piano player
was exactly analogous because, in a sense, leaming to play with
one hand and then the other is a simple kind of addition. In the
case of flying a helicopter, there is an extremely complex interac-
tion; introduction of the second task modifies the first task.

Mz. Woob: Fitts’ theory concemning how we learn a perceptual-
motor task suggests that we first become aware of changes in
position, then we begin to discriminate rate changes, and finally,
as skill increases with practice, we are able to discriminate second-
order and even third-order characteristics of the tasks. If that is a
reasonable theoretical basis, we can perhaps sequentially modify
a task adaptively through these dimensions without causing too
much confusion. Becavse, early in training, the student can perceive
only these lower-order characteristics, only as he increases in ability
can he discriminate the higher-order characteristics of the task.

. .. CALL IN A REAL LIVE INSTRUCTOR. . . .”

Dn. Csro: There is an aspect of the SFTS adaptive logic that hasn’t
been mentioned. The desired error rate is set at 10%. If, at the end
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of a 10-second interval, the student is at a 20% or greater error
rate, the task is made easier; if he is at a 5% or less error rate, the
task is made more difficult. His performance is maintained within
the range +10% or —5% of his desired error rate by making
adaptive changes at the end of each 10-second interval. However,
at the end of the task, a different set of standards is applicd. If the
student has gotten all the way through the task and no adaptive
changes have occurred, that is, he has remained within these fairly
broad tolerances, a tolerance of =+ 2% is applied. So the SFTS will
have two criteria for adapting: the short-term criterion applied at
the end of a particular 10-second time interval and a more stringent
criterion applied at the end of a much longer segment of perfor-
mance.

Drn, Matueny: What happens if he doesn’t meet that second cri-
terion?

Dr. Caro: He continues at the same difficulty level.

Dr. MaTHENY: If you have to reduce difficulty, do you go back to
the 10% criterion?

Dr. Caro: Your target error is always 10%. When it becomes nec-
essary to yeduce difficulty, in effect, you go back one step. You
decrease the difficulty level, say from 8 to 7. You enter the next
series at Level 7, with a criterion of 10% plus or minus the specified
tolerances.

Mnr. GanpeLman: Paul, perhaps you should mention what happens
it the student goes all the way down to Level 1 of difficulty.

Dr. Caro: Yes. If he does, in fact, go through a complete task at
Level 1, in other words, if he has regressed to the easiest task
possible and has made mo progress, the system automatically
freezes, and the “red flag” comes up calling for an instructor. That
is also something that won’t happen in the aireraft; in the aircraft
he would just crash and born.

MR. Green: You also have the possibility of freezing the problem
and repeating the same routinc?

Dr. Caro: We do not have that option automated. It is perfectly
reasonable to have such a feature, but the decision was made to
call in a real live instructor whenever a student goes all the way
through a minimum difficulty problem with no progress. It may be
that the student has fallen asleep and that someone has to take a
look.
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Mg. GReeN: Does the problem have phases to it? In other words,
are there integral parts which do not necessarily Jock the student
into one particular level of proficiency? For instance, if he is not
doing well at landing and he is down to Level 1, can bhe go to an-
other phase, such as tactical maneuvers, where a different form of
flying is required?

Dr. Caro: The tasks have been ordered in terms of judged diffi-
culty. The student completes one task at Level 9 and enters an-
other task at Level 3, but the second task at Level 3 is more difficult
than the first task at Level 3. So, when the instructor sees that the
student is making no progress, the instructor can opt to set him
back to the preceding problem where he was able to proceed to
Level 9. At this point, we are not even trying to automate that
decision; we would like to, but we need additional information
before attempting it.

MR. Green: T suspect such a decision may be warranted within
short order after the device is delivered and operated.

Dr. Caro: Yes. Well, this is a very flexible system. We hope that
we have made some reasonable guesses and that the models we
have selected are correct. But, after we get some data, we can
revise the numbers that have been used in the initial program.

. . . SOME OPINIONS IN WRITING. . . .”

Let's end this discussion and get some opinions in writing. Will
you all please answer these three questions: What are the proper
guidelines for selecting adaptive variables? What problems do you
see in the SFTS implementation of adaptive training? What high-
priority research should be done?

The Proper Guidelines for Selecting Adaptive Variables

Miss Knoop: I think the determination of guidelines for the selec-
tion of adaptive variables is a research study in itself. Furthcrmore,
the experimental determination of guidelines must be made for
different training objectives and different criterion tasks; the “cor-
rect” adaptive variables will be specific to unique training objec-
tives and tasks. Ultimately the adaptive variables should themselves
be selected adaptively, because the appropriate adaptive variables
are likely to differ among trainees and for a single trainee at various
points in the program.
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Dr. McGrath: In the opening session, Chuck Kelley told us not
to be reluctant to state the obvious, so I will: the paramount rule
should be to select an adaptive variable that is clearly relevant to
the operational task being trained. No other guideline matters if
this one is violated. The other guidelines mainly insure that the
selected variable is practicable. That is, the variations should be
easily definable or measurable; the variations should have a signifi-
cant, reliable, and known effect on the performance requirements;
and that effect should be direct and uncomplicated.

MR. Wooap: I suggest the following three guidelines: (1) Identify
possible distortions introduced into the task by adaptive techniques,
and assure that any such distortions provide more positive transfer
than negative transfer. Distortions ¢an occur in terms of task dy-
namies, basic stimulus characteristics, time bases, and so on. Task
distortion and, as a consequence, negative transfer could be mini-
mized by relating elements in the training task closely to those in
the criterion task. (2) The use of feedback variables in the train-
ing paradigm should be defined in terms of theiv impact on criterion
performance. General guidelines are few; however, past research
suggests several techniques for handling augmented feedback situ-
actions. (3) Measures of performance should be carefully chosen
and refined. Measures may need to be sensitive to both central
tendency and variability. Also, the length of timc over which mea-
surement is obtained should provide for relatively siow adjustments
of the adaptive variable.

MR. MansFiELD; The realism that has been apparent in simulation
during the past few years should continue to be a strong dictatox
of the adaptive variables to be used. Although I have sensed, dur-
ing this conference, that some of the participants don’t consider
realism to be that important in accomplishing training objectives,
I continue to feel that it is an important guideline,

MR. STEwWART: The most important guidelines are: the relevance
of the forcing function to the skill trained, the ease of varying task
difficulty level, and the nature of the difficulty dimensjon itself—
that js, whether the difficulty is increased by a physical challenge
(turbulence), attention-dividing (bells, lights), or a design change
(display size, control dynamics).

MRr. Svacort: The following ingredients should be included in any
set of guidelines for selecting adaptive variables: (1) sensitivity
to the generation of errors regardless of what criteria are employed,
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(2) possibility and practicality of adjustment in terms of stability
and resemblance to the real world, and (3) predictabijlitv on the
basis of somec plausible theory.

DR, Mataeny: Guidelines required for selecting adaptive variables
for training applications may differ from those required to select
adaptive variables for research purposes. For training applications,
the adaptive variables must be measurable and must be related to
progress toward the training objective, that is, thc task being
trained. The appropriate performance measures, and so on, must
be well defined before attempting to select the adaptive variable.
For research purposes, the adaptive variable must, again, be mea-
surable; however, it must also be adjustable over a relatively wide
range of skill levels, with particularly good coverage at the lower
end of the continuum.

Dr. Lavser: Adaptive variables should be selected to be consistent
with the real world that the trainee will encounter when training
is complete. The use of turbulence is probably a fine example: it
increases the load on the trainee in a realistic way, and its imple-
mentation is relatively straightforward.

Dr. Kerrey: Each adaptive variable should be selected in accord-
ance with these guidelines: (1) its variation should be along di-
mensions relevant to the skill to be taught, (2) its variation should
be closely related to measured performance so that a change in it
reliably changes measured performance, and (3) it should be
convenient to implement.

Mg. Norman: 1 find it somewhat difficult to articulate guidelines;
however, it seems clear that the adaptive variable must do no ob-
vious violence to the training situation. I think probably the best
approach at this point in time is to be empirical: try the variable,
and if it works, use it.

MR. Harc: The variable should have some relevance to the opera-
tional task so that it won't be perceived as being artificial. Also, it
should be capable of varying in magnitude and should be limited
to changing the task along a difficulty continuum and no other.

Dr. MonteMerLO: I think the approach is quite straightforward.
It should consist of the following steps: (1) behaviorally define
the criterion performance, (2) complete a task analysis of this
criterion behavior, and (3) identify the appropriate adaptive vari-
able, if one is required, from the task analysis. I would never force
the use of an adaptive variable where it could not be easily identi-
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fied in the task analysis. For example, the selection of turbulence
as an adaptive variable would be appropriate only if the task
analysis clearly showed flying in turbulence to be an important
criterion behavior.

MR. Green: Of course, the ultimate guideline js to select adaptive
variables that are most helpful in meeting specific training objec-
tives. When a simulator is involved (and the early applications are
likely to be in simulators), adaptive variables and their sequencing
timetables will probably have to be assigned on an a priori basis.
However, as more experience is gained and as more is learned
about the relationship between trainee performance, the adaptive
variables used, and the adaptive logic, more precise selection guide-
lines may be developed. For example, standard tables relating
student performance to variation in adaptive variables may be
prepared for a number of applications. If this approach turns out
to be reasonable, tables probably would be developed initially for
use with closed-loop systems.

Problems in the SFTS Implementation of Adaptive Training

Miss Knoor: Clearly, the major problem is in the performance
measures. I question both the validity and the reliability of the
measures proposed and strongly recommend that research using
the SFTS be conducted on the performance measurement problem
before very much reliance is placed on the adaptive training fea-
ture of the system. For example, percent of time-out-of-tolerance
may be a useful measure for some of the training, but its usefulness
is a function of the validity of the tolerances employed.

Dr. McGraTi: The 10-second interval of performance measurc-
ment for determining adaptive changes will probably be too short.
The available empirical evidence on adaptive training seems to
favor the slowly adapting system, and so does theory. Moreover,
on the grounds of psychophysics alone, I can think of few aspects
of human performance that can be measured reliably in 10 seconds,
and, if the performance measurement is unreliable, then of course
the adaptive logic is reduced to a largely random process.

MR. Woon: The time-out-of-tolerance measures of performance
may have to be better defined. It is possible that much information
of potential valve may be lost during the “in-tolerance” perfor-
mance. In addition, the very complexity of the SFTS model may
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obscure some of the important factors involved in the adaptive
training process.

MR. MansrieLp: The primary problems will be, first, to sell the
SFTS concept to potential users of the system and, second, to mo-
tivate teachers and students who have been trained in the more
traditional teacher-centered manner to use the system in a proper
and beneficial way.

Mg, STEWART: I suggest an investigation of the value of varying the
sensitivity scales of the instrument displays to enable the student
to fly within closer tolerances.

Mr. SiNacorr: I see five possible problems in the SFTS implemen-
tation. The program may be insufficiently flexible; the choice of
adaptive variables may be inappropriate; the relationship between
performance criteria and task difficulty may be improper; the model
of the helicopter may provide an improper or irrelevant computa-
tional interface with the hardware or hardware dynamics; and the
instrument dynamics may be improperly adjusted.

Dr. Lauser: The planned approach, which calls for the trainee to
practice control on one axis, then on two axes, and so on, might
possibly lead to difficulties in transferring from one task to another
in the training sequence. The freezing of any axis or set of axes
may cause the trainee to adopt strategies that are incompatible
with strategies required when the axis or axes are unfrozen. I think
this situation could result in significant negative, or at least neutral,
transfer from one task to the next.

Dr. KeLLEY: The choice of adaptive variables seems to have been
given a good deal of thought; I think a good start has been made.
Of course, the adaptive logic requires empirical study with a great
deal of attention given to the standards employed. The overriding
problem in the SFTS implementation, however, is that of perfor--
mance measurement. 1 doubt that the measurement approach
presently planmed is reliable and that it will result in eftective
adaptive task control.

MR. NorMax: I see a couple of very practical problems. I think the
appearance of the training situation is going to have to be struc-
tured in such a way as to be creditable in the cyes of the customer’s
acceptance pilots. Also, there's the possibility that the implementa-
tion may “bomb out” because the values assigned to the various
parameters may be too far off the mark and not subject to a “quick

ﬁx »



McGraTH aND Harmis 75

Dg. MoNTEMERLO: The primary problem will be one of spelling out
in sufficient detail the criterion tasks, that is, defining precisely the
behavior required by a good helicopter pilot. A problem related to
this, of course, is that of developing sufficiently valid and reliable
measures of these behaviors in the training situation. Patty Knoop's
discussion highlighted a number of the difficulties in the pexfor-
mance area.

Mr. Green: I believe that, early in the SFTS implementation, a
great deal of refinement is going to have to take place in the exit
criteria and in the way a student js tracked through his training.
I anticipate that the 1-to-9 scheme for scaling difficulty will have
to be revised and that a system for accumulating milestone “misses”
will have to be incorporated. Also, student motivation wjll proba-
bly not be handled very well by the current scheme.

High-Priority Research That Should Be Done

Miss Kxoop: T can think of four research areas to which I would
attach a high priority. First, the performance measures and per-
formance criteria required to implement the adaptive training fea-
ture must be developed and validated. Second, a transfer-of-training
study is needed to compare nonautomated, instructor-managed
training with the SFTS adaptive training concepts. Third, alterna-
tive adaptive variables, variables jn addition to turbulence and
control damping, should be investigated. A particularly interesting
possibility would be the use of task structuring by means of various
degrees of task loading, perhaps via malfunction insertion. Finally,
I think we need research to determine the optimum relationship
between the jnstructor and students in the SFTS. How can the
instructor best be kept informed of the progress of the students?
Is there an optimum instructor-student ratio?

Dr. McGrata: Without more detailed knowledge of the mission
and capability of the SFTS, I would not want to guess at the pri-
orities of its potential uses. However, as a matter of strategy, I think
the first objective should be to accomplish that research which will
most enhance the validity of the SFTS for its assigned mission, the
training of belicopter pilots. The directors of the SFTS program
should resist any immediate temptation to use the SFTS as a gen-
eral research tool for exploring theoretical issues. The technology
of adaptive training would be better served by a mission-oriented
research program. When it has been demonstrated that the SFTS
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works—that it is an effective and practical training system—its
versatility can be tumed to the purposes of basic research. In other
words, SFTS priority should go to the need to solve its own prob-
lems. After all, if the SFTS fails, adaptive training as an instruc-
tional technique fails, for it is billed (intentionally or not) as the
epitome of adaptive training.

Mr. Woon: I think the whole area of adaptive training should be
researched in the SFTS. My specific suggestions are:

1. Research on the kinds and effects of knowledge of results
applicable to adaptive techniques, jncluding how kmowledge
of results should be displayed to the student.

2, Determination of the relative effects of continuous versus dis-
crete adjustment of task difficulty, including the development
of dynamic techniques for setting time and level of fixed
practice sessions.

3. The definition of effective criteria for adjusting task difficulty
based upon student performance, for example, performance
measures which combine central tendency with the variabil-
ity inherent in performance.

4. Ascertaining the importance of varying levels of error during
practice in terms of the effect on the stimulus characteristics
of the task and on subsequent transfer to the criterion task.

5. Definition of the theory of adaptive training: How do theo-
retical concepts support, constrain, or direct the use of adap-
tive techniques?

6. Research on how adaptive techniques can be better used to
improve the learning process, for example, when to increase
task Joad, what task load to provide, and how to relate task
load to skill.

7. Determination of whether or not adaptive techniques have
any predictive validity for selection purposes.

8. Research on the effect of the subject pool (experienced versus
nonexperienced) on the use of particular adaptive models.

9. Evaluation of the application of techniques used in percep-
tual-motor adaptive models to adaptive models for the train-
ing of verbal skills.

Mg. MansFiEeD: In addition to the various problems and questions
that have been raised during this conference—the selection of adap-
tive variables, the development of the training format, the value of
feedback, and so on—the possible use of the SFTS for periodic
refresher training is something I would like to see investigated.
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Mr. Stewart: Many questions about adaptive training remain
unanswered; these should be investigated, if possible, in the SFTS.
For example, does SFTS adaptive training increase the rate of
]eaming, improve rctention, or increase student motivation in com-
parison with other methods? An experiment on the most appro-
priate ways of presenting feedback to the student regarding levels
of difficulty also suggests itsclf. The following methods of present-
ing feedback could be evaluated: (1) warning the student of an
impending change, (2) notifying the student concurrently with a
change, (3) notifying the student only after a change in difficulty
level has occurred, and (4) providing him no feedback at all. A
second series of experiments might compare the simultaneous varia-
tion of adaptive variables to their one-at-a-time variation. Finally,
I think the use of the SFTS as a predictor of subsequent pilot per-
formance should be investigated. Measures of performance, or levels
of difficulty attained, during early trials may be highly correlated
with measures of final performance.

Dr. Roscor: Research programs should be de-
rived from real-world training problems and
organized around available training devices
having maximum capability for adaptive-
variable manipulation. In the aviation field,
the SFTS is presently the most advanced
device available for this purpose, even though
adaptive training research can be conducted
using far less complicated equipment. Two
Dr. Roscoe questions having relatively high research
priorities arc:

1. What are the effects of presenting indications of current per-
formance (true or untrue; continuous, periodic, or aperiodic;
presented directly or inferentially) on speed of learning, ter-
minal levels of performance, and transfer to criterion tasks?

2. What are the relative advantagcs of various representative
adaptive-variable manipulation techniques as applied to
various representative types of tasks in terms of thc depen-
dent variables listed?

Mr, Siwacort: I would like to see the initiation of research studies
that would provide the following: proof of the validity of the adap-
tive techniques, guidelines for the selection of candidate adaptive
variables, value of simulation versus flight methods for training,
the contribution of major hardware subsystems in simulation, and
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psychological and engineering data that would be available for
study by outside groups.

Dr. MateNY: The SFTS would be a good vehicle in which to
explore how adaptive logic can be applied to the progression or
regression from unit to unit within a task element. Such an effort
could help answer some of the questions about measurement needs,
the criteria to be used, the computer programming, and the hard-
ware requirements in moving from automated demonstration to
guided practice to adaptive practice and back again. In the absence
of a detailed knowledge of the SFTS, I can make no further sug-
gestions other than the obvious ones of exploring other adaptive
variables, exploring rates of change, and so forth.

Dn. Laueer: I think parametric studies of all kinds should be con-
ducted. For example, what are the optimal rates of adaptation?
Our greatest need right now is for numbers. A related but inde-
pendent problem concerns the efficacy of adaptive techniques rela-
tive to nonadaptive techniques. The SFTS could be the vehicle
with which to conduct a full-blown transfer study involving real
pilot trainees and real helicopters.

Dr. Kevrey: The highest priority research should involve the im-
provement of the adaptive features of the SFTS itself. Although
primary attention should go to the problem of performance mea-
surement, both adaptive logic and adaptive variables should be
studied. At the next level of priority, the SFTS should be used to
explore a broad spectrum of different and more sophisticated areas
relating to adaptive training. One example would be diagnostic
programming: measuring special complex aspects of performance
(pilot-related oscillation, engine-instrument monitoring) and using
diagnostic measurements for appropriate instruction to remedy the
faults or problems diagnosed. Another would be cross-adaptive
training: permitting more and more of a student’s skill to be freed
for another task, as the primary task is learned.

Dr. Caro: It is difficult to imagine an area of application for adap-
tive training where we know enough to use the technique effi-
ciently. Much of what we need to know relates to what we intend
to teach and why we should consider adaptive techniques for that
training in the first place. Until we have a reasonable approxima-
tion of an optimum curriculum, any research related specifically
to adaptive training will be risky at best. How can we conduct
research comparing, for example, adaptive training with some other
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technique unless we know something about the interaction of each
technique with the content of the experimental training material?

So far as research directed more specifically to adaptive training
itself is concerned, there appears to be much disagreement about
the role of feedback. The requirement for a score and for the form
that score should take should be researched.

The effects upon performance of adaptation rates, the time
sample upon which adaptive decisions should be based, and
whether or not deadbands are needed is another area for research.
Also, where deadbands are used, the width of the bands, that is,
performance tolerances, needs to be determined.

The related areas of performance scoring, such as Patty Xnoop
described, and the specification of criterion behavior also require
research.

MR. NormaN: It should be vsed to help identify the broad under-
lying concepts of adaptive training and the particular characteris-
tics that make it superior to nonadaptive training. For initial ex-
ploration, my candidate is an investigation of the effect of rate of
progression-regression performance criteria and performance evalu-
ation interval on rate of skill acquisition, retention, and criterion
task performance.

Mg. Ganoermvan: I have prepared the following list of research
questions and issues:

1. Difficulty functions must be determined for each of the adap-
tive variables.

2. Distributions of pilot performance for a basic set of tasks
should be developed.

3. Research on performance measurement should be undertaken
to determine the informational content of altemative mea-
sures and correlations among measures.

4. A scheme for “matching” adjustment factors to the individual
is needed to more truly adapt changes to an individual’'s per-
formance.

Mn. Harv: I think the highest priority should be given to experi-
mentation involving the following variables: task difficulty incre-
ments and decrements, length of the performance-samnpling periods,
types of performance measures, and charactenistics of the adaptive

logic.






Session 3. Related Fields of Research

Dr. W. G. MaTtrae~y, Chairman

“. . . EMPHASIS ON THE AND SO FORTH. . . .”

Dr. MaTreny: This session will be concerned with fields related
to adaptive training, such as computer-aided instruction (CAIL),
adaptive methods applied to testing and psychophysics, and so
forth. The emphasis, I think, will be on the and so forth.

Patricia Knoop has been examining the application of adaptive
notions to performance measurement and has graciously agreed to
discuss this work with us. Also, Chuck Kelley will discuss his use
of adaptive techniques in research. In addition, I think we can
profitably spend some time in this session on further defining the
concept of adaptive training. Chuck, will you please start us off?
Dr. KeLLey: [ think that a lot of our cousins have been working on
adaptive training problems under different labels and that it might
do us a lot of good to know about the work being donec in self-
organizing systeras, computer-aided instruction, and whatever. I,
myself, must admit to having worked less in adaptive training than
in adaptive systems for other purposes.

The first study I ever did in this area concerned what I called
self-adjusting vehicle simulators; that was before the word adaptive
had, itself, gained popular use. The study involved submarine con-
trol and illustrated the use of an adaptive variable in design re-
search. The type of submarine under study was a big beast, about
as long as the length of a football field, and had to be controlled
to within a few inches in depth, particularly when the periscope
was up. (A periscope must at times be raised for only very brief
looks around and pulled back down again or risk being picked up
by somebody’s radar.) One of the control problems involved the
motion of the horizontal rudders, the planes. These were huge
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control surfaces, like the yudder of a ship, but located on the sides
of the submarine, stem and bow. They were used to contro] the
depth.

One of the critical problems in designing a new submarine is to
determine how fast the planes should move. Moving them quickly
makes control easier but requires a large motor and high power
consumption, whereas moving them more slowly makes control
more difficult but permits the use of a smaller motor and lower
power consumption. This problem presented an ideal application
for self-adjusting simulation. With speed of the plane motor as
the adaptive variable, variable plane speed could be simulated and
allowed to adjust adaptively. We established a threshold of per-
formance and 2 rule that, whenever the subject was controlling
depth to better than threshold, we would make the plane rate
slower; whenever he was controlling to worse than threshold, we
would speed up the plane mo-
tor, reducing the lag and tight-
ening up the control loop. In
this way we could find out what
plane rate he needed to control
to any performance threshold.
The Navy wanted the boat con-
trolled to between six and 12
inches.

Four runs were made by a
highly skilled subject under four
different performance thres-
holds (levels of RMS error).
These are shown in Exhibit 18.
We found that the subject was
unable to control to within a
four-inch threshold, even when
he was given all the speed on
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Exhibit 18. Plane rate of a self-
adjusting submarine simulator for
four different error threshoids. The
plane rate adjusted automatically,
increasing when error was above
threshold, decreasing when it was

the planes that he wanted.
However, he could control to
within an eight-inch threshold

below. Rates were limited to the
range of 2 degrees per second 1o
30 degrees per second.

at a plane rate of 15° per sec-

ond, within a 10-inch threshold at a plane rate of 8° per second,
and within a 1Zinch threshold at a plane rate of 4° per second. So,
the study showed how sensitive submarine control was to plane
rate and provided the designer with the tradeoffs that would be
made between plane rate and control error.
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Exhibit 19 shows the results of letting the error threshold vary
slowly and letting the plane rate, our adaptive variable, be the de-
pendent variable. We started at the four-inch threshold and very
gradually increased it over a period of about a half an hour to the
12-inch threshold. As the error threshold increased, the plane rate
needed to meet the threshold
was graduwally decreased. This
curve, therefare, shows the im-
portant functional relationship
between accuracy of control
and rate of motion of the plane.
Adaptive  techniques  permit
you to get a direct plot of this
functional relationship.
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The next experiment concerned
'Sr the head-up display in a Navy
L TFX aircraft. Designers wanted
%% 6 5 o 1 to know how bright to make

ERROR THRESRHOLD, INCHES

Exhibit 19. Plane rate versus error
threshold on o self-adjusting sub-
marine simulator. Error threshold
gradually increased, and rate of
motion of the planes adjusted auto-
maticolly from the initial value of
30 degrees per second. The first
two records are on a highly skilled

the display. Because of the
inherent limitations of CRT
phosphors, generating a bright
display is a real problem, so it
is important to know the exact
brightoess requirement. Also,
when you fly over bright clouds,
you have a background bright-
ness in the neighborhood of

subject; the last was a novice.

10,000 foot-lamberts. Can you
sece your head-up display with
this kind of background? If you
can't, when can you see it? If you want to make it bright enough
to see, how bright do you have to make it? The experiment was
conducted to tell the designers how bright they had to make this
display when using various combining glasses.

For those who arc not familiar with it, let me take a moment to
illustrate the head-up display concept. A very bright CRT gener-
ates the artificial horizon and the other display symbology. The
display is projected through optics onto a transparent combining
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glass placed in the forward line of sight of the pilot and then re-
flected back to the pilot’s eyes from the same position as objects
viewed ahead of the aircraft. The pilot looks out of the aircraft
through the clear combining glass and sees the information on the
glass at infinity; that is, he sees collimated images, displayed as if
they were out there, far ahead of him in space. Only a small amount
of the energy hitting this glass is reflected—10% would be a pretty
high reflectance for a lot of these combiners—because of the re-
quirement to view outside objects through the combining glass.

The adaptive experiment involved a discrimination task in sev-
eral simulated displays. Subjects were in a simulator containing a
very bright visual background generated by a xenon lamp. Then,
as we displayed information on the head-up display, every time the
subject made a correct discrimination, we made the image dimuner;
every time he made an incorrect discrimination, we made the image
brighter. The display was made brighter by increments nine times
as large as the decrements used in making it dimmer. This ratio
was used because we were interested in 2 50% threshold; that is,
we wanted to know the display that he would see 90% of the time,
and this ratio of increment to decrement stabilizes at the 90%
threshold in an adaptive system. We had many different combining
glasses to evaluate—trichroic combiners, neutral-density filters, and
so forth. Exhibit 20 shows some data from one typical run.
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Exhibit 20. Raw data from a typical run in an adaoptive head-up display
brightness experiment. Brightness wos decreased a fixed amount after
each correct display reading and increased by nine times that amount
after each incorrect reading.
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I was pleased with this experiment because it showed that the
adaptive technique was an efficient way to gather data and it pro-
vided data we could have confidence in. I felt that these data did
indeed reflect the differences among the combining glasses and
that we were able to supply the Navy with information that was
of real value within the context of a very limited experimental
budget.

Dr. Roscoe: Chuck, the technique you described seems to be very
similar to one of the classic psychophysical methods.

Dr. Kerrey: The method of limits.
Dr. Roscoe: 1 don't see that it js any different.

Dr, KeLLEY: It js essentially an automation of the method of limits.
In the method of limits, the stimulus given the subject is 2 function
of how he performs on a previous trial, and that js adaptation.

Dr. Lauser: I think it’s interesting to note that Blough used an
adaptive technique to obtain dark-adaptation curves from pigeons.
The “running” absolute threshold was determined by having the
bird peck at one key if there were no stimulus light present (or one
below threshold) and at another key if the light were above thres-
hold. If the bird responded to the stimulus present key, the bright-
ness of the stimmlus was slowly decreased. If the bird responded
to the no stimulus present key, brightness was increased, hence
tending to clamp the brightness of the stimulus at the instantaneous
absolute threshold of the bird.

Dr. McGrath: The method is also useful in studies of signal de-
tection where the detection rate must be the same for all subjects.
You see, the number of signals a subject has detected will often
influence his vigilance for subsequent signals. In some research
problems, you must measure individual differences in signal de-
tection, but you must expose all subjects to the same number of
detected signals. This can be done by making signals progressively
easier for subjects who are missing them and progressively more
difficult for subjects who are detecting them. In this way, a constant
signal-detection rate can be maintained, and the intensity of the
signal can be the performance measure. It is an exact model of
Chuck Kelley’s constant-performance-standard technique of adap-
tive training.

Dr. Kerrey: That is a good illustration of a nontraining applica-
tion. When should it be used?

Dr. McGrama: Whenever you must control the subject’s expec-
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tancy for signals. You can do this with adaptive methods by con-
trolling the number of signals he actually experiences.

Dr. Kereey: We did a study of spacecraft control in which we
compared control in one versus two versus three axes and in which
we compared continuous versus on-off control. The adaptive vari-
able was amplitude of the disturbance under control. The results,
illustrated in Exhibit 21, showed that control was better with one
axis than with two and better with two than with three. Also, con-
tinuous control was found to be better than on-off control. All main
effects were statistically significant,

This was a very brief experi-
ment. We had to run only a ‘
couple of subjects in balanced Continuous Controller
sequences of five-minute trials. on-0if Contrat
All the data were gathered in a ) o
day, after the experimental rig
was set up. The brevity of this
experiment is all the more sig-
nificant bccause people had
been studying this set of vari- m
ables for years without any
really conclusive results. The Exhibit 21. Continuous versus on-
study was a good illustration of off cantrol in 1, 2, and 3 axes.
the experimental efficiency of
the adaptive technique; only a modest amount of data is needed
because the data are gathered with precision.
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”. .. AN ADAPTIVE LOADING TASK. . . .”

There is just one other technique I want to throw at you, and
then we can get back to the general discussion. In an experiment
on cross-adaptive control, as we called it, the primary task was
two-axis tracking in which RMS vector error was the measure of
performance. The independent variable was display size—100%,
75%, and 50% of full scale. First, we measured RMS error for each
of the three conditions, balancing sequence effects, and so forth.
Then we introduced a secondary “warning-light” task consisting of
two lights in the periphery. When one of them came on, the subject
had to operate a switch in the appropriate way to turn the light
off. In the course of a trial, the light came on at frequent, unpre-
dictable times, and the subject kept tuming it off. The subject
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would take longer to turn the light off when he was busy than
when he was not. Thus, the total number of lights turned oft was
used as a score to indicate the level of loading.

As shown in Exhibit 22, we

80 - [ obtained no effect on the
secondary task score (upper
s teer - - dashed line) at the 73% size,
Hgg (ol but we got a little at the 50%
3§ Task Conditions P1 size—a few more warning lights
¥w 120r were turned off when the dis-
=5 oob play was full size compared
e ca with when it was half size.
%% sor | These differences were not sta-
Z  sol tistically significant. However,
s o performance on the loaded pri-
r x5 0 uog)—_-:_{—:_m”‘ma‘“‘ mary task was significantly
%é%% 20f = — -+ 7 worse (lower long-dashed line)
g"g% oL , __ than on the unloaded primary

100 78 80 task (short-dashed line).

DISPLAY GAIN

Then we applied the cross-
adaptive technique. Whenever
the RMS error was less than we
wanted it to be, we turned the
loading task on; whenever the
e;vor was greater than we
wanted it to be, we turned the
loading task off. Thus, the load-
ing task came on or off depending on how well the subject was
performing. The two solid lines of Exbibit 22 show the cross-
adaptive task data. An important finding, in terms of the concept
of adaptation, was the lack of any variation in RMS error on the
primary task (lower line). The variation of the RMS error score
was 5o small that we couldn't even plot it—under each condition
it was less than a unit when RMS error itself was 33 units. So, by
the use of an adaptive loading task, we stabilized RMS error pre-
cisely. This illustrates why an error score cannot be used as the
dependent variable in an adaptive task. If the adaptive task is
working right, the error score remains constant; the variance is
thrown into the adaptive variable.

The upper solid line of Exhibit 22 shows the cross-adaptive load-
ing-task score. Notice how beautifully it reflects the three condi-

Exhibit 22. Primary and loading
task means == 1 SD for three task
conditions: P = Primary task only;
Pl = Primary plus Independent
loading tosk; and CA = Primary
plus Cross-Adaptive loading task.
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tions of primary-task display gain. These score difterences are
statistically significant and show the cross-adaptive task to be much
more sensitive to the independent variable tban either the primary
task alone or the primary-plus-loading task.

Well, these are the experiments we bave done that illustrate the
use of adaptive variables. One general recommendation I would
make is to spend a lot of time tuning the adaptive task—choosing
and testing the adaptive variable, the performance measure, and
tbe error threshold—before starting to gather experimental data.

", . . THESE INTERACTIVE VARIABLES. . . .”
Mr. FLexman: Chuck, has this adaptive concept been used in try-
ing to determine an optimum control system for an zirplane, in
determining flight stability derivatives, for example?
Dr. KerLev: Not very much. Although it has been discussed in
meetings like this, I don’t think the adaptive concept has been used
in handling qualities work.
Dr. MATHENY: Suppose you are interested in the interaction be-
tween several variables in a trainer—the characteristics of the
motion platform, the characteristics of the visual display, and the
characteristics of the auditory cues. Instead of conducting a series
of experiments with these interactive variables, could you set them
up to vary adaptively while an experienced pilot flies the system?
Mr. Frexman: Do you mean to vary them simultaneously?
Dr. MaTrENY: Simultaneously. You can envision that there might
be an optimum relationship between motion and audition.
Mr. FLEXMAN: Are you going to try it?
Dr. Matreny: Well, we are toying with this notion right now.
There is an enormous problem with respect to these interactive
variables.
MR. FLExman: Wouldn't that be the same as in a control system
where several functions are continuously varied?
Dr. MaTHENY: There are so many coefficients and equations to
vary in effecting a contro}l system that it gets difficult.
Dr. KeLLEY: Maybe you have to vary them one at a time using a
successive iteration approach. You know, change this one awhile,
then change that one awhile, and, when you know there’s been an
interaction, cycle back and forth to get a successive approximation.
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Dn. MaTaeny: It is a challenging and interesting approach. I shall
now call upon Patricia Knoop to talk a little about her work on
performance measurement, an essential ingredient in this whole
adaptive training area.

. .. TWO VIEWS OF PERFORMANCE MEASUREMENT. . . .”
Miss Kwooe: I will restrict my discussion to the automated mea-
surement of pilot performance. Also, I will consider the perfor-
mance measurement system as consisting of three ingredients—
the measure that describes the individual's performance, the cri-
teria by which performance is evaluated, and the logic that relates
the two.

1 think there are two opposing views of performance measure-
ment; their point of disagreement is primarily in the derivation of
performance ecriteria. One view holds that it is sufficient to base
the criteria on what experts consider to be good performance. For
example, we might base criteria on information in the flight train-
ing guides prepared by Air Training Command that specify stan-
dards of pilot performance. The other view holds that criteria
should be based on what good pilots actually do during operations.
To establish criteria on this basis, normative data must be obtained
by sampling actual performance.

We have been developing performance measurement techniques
for the Air Force T-37 undergraduate pilot training program by
pursuing approaches suggested by each of these two views. The
T-37 is a twin-jet trainer, the aircraft in which student pilots receive
their first jet training. In the current research study, a digital re-
corder on the aircraft records 32 different flight variables during
training missions. After quite a bit of data reduction, a performance
evaluation printout and a series of debriefing charts are produced
on the ground for use in evaluating the student’s performance. The
work is being done at Wright-Patterson AFB by the Training Re-
search Division of the Air Force Human Resources Laboratory.
Results so far are very preliminary, but I can illustrate the type of
student evaluation aid we are developing.

We have found that the relationship between bank and pitch in
the lazy-8 maneuver is a good measure of pilot skill, and we have
developed techniques for plotting this relationship automatically,
so that, at a glance, the instructor and student can recognize per-
formance errors following an in-flight mission. Bank angle is plotted
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against pitch angle, and this profile is compared with a standard
profile. From the example shown in Exhibit 23, it is easy to see that
the student has pitched up too fast at the stast of each half of the
maneuver. Also, from the actval and standard airspeed profiles
shown in Exhibit 24, it is easy to see that the student’s airspeed
dropped way below the criterion values at these points.
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Exhibit 23. Pitch versus bank in a Exhibit 24. Actual versus standard
lazy-8 maneuver. airspeed profiles in a lazy-8 me-
neuver.

Mr. STEWART: Are you measuring against an ideal established
mathematically or against normative data?

. . . VARIATIONS ON A SINE WAVE. . . .

Miss Knoop: I will discuss that right now. I mentioned earlier two
different views of measurement. One evaluated performance
against a preconceived notion of ideal performance. Information
from Air Training Command, from flight manuals, and from our
own research findings, as they developed, provided our initial basis
for measurement. The next task, and one on which we are about to
embark in May, is to collect normative data at Williams AFB. The
idea is to alter the existing measurement programs on the basis of
normative data; in doing that, we will have a comparison of what
can be accomplished with each of the two approaches, plus data
for some work I have yet to describe.

Dr. Roscoe: Patty, it seems to me that it might help if you were to
plot a large number of these lazy-8 records on the same piecc of
paper and then submit them to a Rorschach expert.
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Hank

Exhibit 25. Bank and pitch angle
plots for a lazy-8 maneuver.

Miss Knoop: That may not be
such a bad idea after all. Actu-
ally we have obtained some in-
tevesting jnsights from person-
ally analyzing the lazy-8 data.
For example, the bank angle
plot and the pitch angle plot in
a lazy-8 both closcly resemble

a sine wave (Exhibit 25). These
different variations on a sine wave immediately suggest a Fouwricr
analysis, or a harmonic analysis, and have given us some new ideas
on techniques for modeling normative data,

Mg. StewarT: It is not surprising, is it, that lazy-8 performance is
rhythmic and symmetrical?
Dr. Roscok: That’s the definition of the maneuver.

Miss Knoor: That may be so, but we also found that our precon-
ceived notion of symmetry—that the extent of pitch up should
equal the extent of pitch down—was not correct. The pitch down
turns out to be much less than the pitch up.

. .. WHY A lAZY.8. . . ?”

Mr. FrLexman: I just can’t resist getting into this a little bit, Patty.
I'm a little concerned with why a lazy-8 maneuver is used as a basis
for the standard of pilot performance. If you get your very best
pilots, who, in terms of your standards, are supposed to be well
standardized and the model of performance, I dare say you will
find exactly what we have found in the lazy-8, in the chandelle,
and in every other maneuver in the book. The variance among top
standardized pilots is greater than that among the students.

Dr. Roscor: From one pilot to another or the same pilot at differ-
ent times?

Mr. FLexman: Between pilots. We found, for cxample, when we
required the experienced pilots to make a 60° tum by simply look-
ing outside like the students, their actual bank varied from 35° to
75°. We also had them do lazy-8s while we photographically re-
corded their pitch, bank, and hcading instruments throughout the
maneuver. Instead of doing a symmetrical maneuver by coordinat-
ing pitch and bank, they got all their bank in within the first 45°
of turn. From there on it appeared to them as if they were changing
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bank because of the pitch change. Also, they took all their bank out
during the last 45° of turn. In the past, performance on these
maneuvers has been the model that we used to determine the ade-
quacy of training. But, as I have said many, many times, it is the
various psychologica), if you will, ingredients that have transfer-
ence to other applications of flight skill. Go ahead and use the
maneuver for now, but we should start measuring the psychologi-
cal variables. Paul, I think you have found the same kind of
unreliability with your check pilots.

Dr. Caro: Yes, we have, Ralph.

MR. STEwaRT: The performance measurement program will gen-
eratc the data needed to give you a range of acceptable perfor-
mance—everything outside of that range would be excluded. Then
you will have an Orwellian kind of automatic check pilot. If the
student flies the machine within these limits, he becomes a pilot.

Dr. Caro: You are doing the same thing, to an extent, that we are
in the SFTS. We are measuring what we can define and what we
have had some experience measuring with other techniques.
Miss Kwoor: Even that is difficult enough.

Dr. Caro: Yes. We are not as operationally oriented as we would
like to be.

Miss Knoor: Because we do not as yet know very much about per-
formance measurement, we have emphasized the development of
hard-copy debriefing aids in addition to the several performance
measures that we can validate and compute automatically. We are
better at determining what is relevant to performance evaluation
than we are at making implications of why and how it is relevant.
Thus, we seck a realistic (within state-of-the-art) blend of auto-
mated objective measures and instructor interpretation of these
measures along with his personal observations of performance to
produce an improved performance-measurement technique. As our
research progresses, we will be able to expand the role of auto-
mation in measurement by interpreting as well as describing salicnt
features of the performance.

The approach with which we have begun our studies is very clas-
sical and involves making a priori judgments about the measures
that should be computed. We have based these judgments, so far,
on existing knowledge and literature about the maneuvers. How-
cver, in an attempt to obtain face validity of the mcasurcs, we
have examined, as well, subjective ratings of each performance and
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the rater’s comments about why he rated as he did. Airspeed is one
measwre that appears to have high face validity. This, however,
does not validatc ajrspecd as a measure for the lazy-§; we have yet
to accomplish formal validation, or un-validation, using normative
data. In addition, our task is not to develop the training curriculum
but to work with the existing curriculum to develop improved mca-
surcment techniques.

“. . . UNDERNEATH THE LAMPPOST. . . .’

Dr. MaTHENY: Unless we set up a huge training research program
in which we can introduce a whole new curriculum and validate
it, we arc caught in this circular business of expert judgments.

Dr. KeLLey: I wish we could break out of thijs circle. This has been
the problem i research on pilot sclection. Without a real-world
criterion, selection tests are built to predict the ability to get
through training school. Because all of the combat criteria pro-
grams have foundered on the rocks, we have ncver really been able
to cstablish independent criteria of what makes a good pilot. I feel
we are like the drunk underneath the lamppost who is looking for
the money he lost. Somebody starts helping him only to discover
that he lost his money back in the dark, but he is not looking back
there because the light isn’t good cnough. Thus, we measure what
we can mcasure although we are not at all sure that it has much
to do with being a good pilot.

Dr. Matueny: I think we are on the topic of another seminar,
Chuck.

Dr. Roscok: 1 disagrec. I think that should be the topic of this
seminar. I think that it is time that we pay some attention to what
makes a good pilot. It seems to me that there are four aspects of
pilot performance. One is the ability to manipulate thc airplane,
the perceptual-motor skills. A second one is procedural; it has to do
with communicating, planning, navigating, and cockpit house-
keeping. A third is what we've chosen to call residual attention:
How much attention does the pilot have left over to take care of the
unexpected emergency? Can he maintain his housekeeping and
manipulative performance while attending to the emergency? The
fourth one, and the one that probably really makes the difference
in combat, is what we have chosen to call risk-taking behavior:
‘What kind of ability to predict the outcome of various alternative
courses of action does the man bring to the situation? How well can
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he re-order priorities when the situation deteriorates or improves?
Now, those four aspects of pilot performauce, although not directly
on the topic of adaptive training, cannot be avoided in any discus-
sion of adaptive training. We should look at what it is we are trying
to train the man to do in the long run, whether he’s going to be a
combat pilot or an airline pilot.

Dr. MaTueny: I agree, Stan. These are important problems that
you can attack by many training techniques, perhaps one of which
is adaptive. If I may, I will defer that to the scssion on “Where Do
We Go From Here?” this afternoon.

. . . AN ADAPTIVE MATHEMATICAL MODEL. . . .”

Mirss Knoop: I want to finish my discussion by describing an effort
we launched recently to develop 2 computer-aided technique for
deriving performance measures and criteria. Recognizing the size
of the eftort that would be involved in applying the approach we
are using with the T-37 to all aircraft in the Air Force inventory, we
want to use the T-37 data as the basis for developing a computer
program that can examine data from other aircraft or simulators
and, by adapting itself to the critical parameters, can evaluate per-
formance automatically. An assumption of the effort is that a good
instructor pilot can do a pretty good job of subjectively evaluating
the ability of a shudent. We hope to refine this evaluative ability
through the use of more sophisticated rating methods and through
better control of the setting in which the evaluations are made.
Also we hope to increase the reliability of these subjective ratings
through the use of several instructors rather than just a single
instructor.
Subjective evaluations of per-

formance will be used as a guide e ——

by computer programs for auto- o Pertarance
matically deriving performance (oho)

measures from data recorded i Py

on the T-37 aircraft. The result [ MedexSnem Evatuaten Gorpere

will be the automatic develop- — -
ment of a measurement program
which generates scores that cor- i 96 Adaptive mathematical
relate, to the greatest extent, | 4ols system.

with the subjective expert eval-

vations. This is accomplished through the development of an
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adaptive mathematical model that eflectively learns to evaluate
performance by examining actual data. The adaptive mathematical
model that is generated can then be utilized in other aircraft pro-
grams. This system is diagrammed in Exhibit 28.

We now have an adaptive mathematical model implemented; it
has been tested on a hypothetical task evaluated with a canned
scoring method. The task is an ILS approach-procedure-tum and
landing. The model converged very quickly to a unique scoring
system that produced results closely approximating those of the
canned method that it knew nothing about. Of course, this prelim-
inary study provides little substantial proof of the valuc of the
model; we are now testing it with the T-37 data and the expert
evaluations.

Mr, Woop: Is it an automatic stochastic modeling technique?
Miss Knoop: Yes.

Dr. Caro: T wonder what happens if you are using, for your in-
structor evaluations, a pilot who rates everything on the basis of
airspeed. It would be very easy for your model to come up with
something that correlates very highly with his evaluation, but how
useful would it be?

Miss Knoop: That is a good question. Ideally, this approach should
be validated experimentally with many different instructors or
evaluators giving the best ratings they could.

Dr. Caro: I wonder if you are not compounding bjas, rather than
eliminating it, when you combine instructors.

Miss Knoor: How do you mean?

Dr. Caro: By using evaluations from morc than one instructor, you
are not pecessarily getting a more valid performance measure.
Miss Kxoor: I think you have to admit that it is an improvement.
Dr. Caro: No, I don’t have to admit that, because there may be
some biases that cause instructors to tend to rate alike. You might
be able to eliminate variance among instructors, but you still might
not be getting any nearer to an objective representation of what
takes place in the air.

Miss Knoor: Perhaps we can use thc scores generated by a group
of instructors only as initial guidelines, placing more reliance on
actual lecaming data and the ability of the math models to extract
information from it.

Dnr. Caro: Yes.
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". . . FLYING PATTERNS INSTEAD OF MANEUVERS. . . .”

Mr. FrLExMan: Patty, I invite your attention to the Rand report
that will be coming out as soon as Bill Stewart completes all his
work; I am sure that it will contain an account of the Canadian
system. They have looked at performance measurement systems
for many, many years, and their findings have led them to be in-
terested in performance in flying airport traffic pattems instead of
maneuvers. The guys take off, fly the pattern, and land; this per-
formance has correlated highest with completion-of-training cri-
teria. This is also the direction that the airlines are going because
the patterns are closer to what pilots actually do in an airplane; it
is very seldom that an anline captain flies a lazy-8, and it is very
seldom that a fighter pilot ever does a chandelle.

Dr. Marutny: How do they measure performance in the pattern?
Mgr. Frexman: A group of evaluative pilots, not instructor pilots,
is trained to use a very complex rating form. They categorize per-
formance and use normative data, the percentage of people who
do this, that, and the other thing, against which to score perfor-
mance. This is all they record. On the basis of this score, plus their
subjective evaluation, they reach a pass-fail decision.

Dr. Caro: We also have found that, by using independent evalua-
tors who do not instruct but who are trained to evaluate, we get
more reliable measures.

Dr. Roscog: Our recent experience has been similar. King Poven-
mire and the flight instructors at the Institute have developed a
descriptive five-point scale; I hesitate to say that it is an objective
scale, although it is as objective as they can make it. At least it is
quantitatively descriptive of each of five proficiency levels for each
aspect of performance on which a student is rated for bis private
pilot ticket. From observer-observer flight checks, where we can
have a check pilot in the right seat and the student’s instructor in
the back seat while the student is flying, we have found the relia-
bility of these independent ratings, for most items, to be in excess
of .70.

Dr. MaTHENY: Patty, would you like to summarize?

", .. ALL THE APPROACHES WE CAN THINK OF. . . .”

Miss Kvooe: Yes. I wish to reiterate that I am not really researching
the area of adaptive training, except where performance measure-
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ment plays a role; of course, I think it plays a very critical role. I
think that we should not be premature in our adaptive training
research; we should have a better capability in the area of mea-
surement before going very far because so much about adaptive
training depends on how well we are able to measure performance.
In the T-37 program, we are taking all the approaches we can think
of to performance measurement. One is a very classical approach,
vsing as a guide expert judgments of good performance; in another,
we are relying more on normative data than on expert judgment;
in a third, we are attempting to develop an adaptive mathematical
model to facilitate the measurement of performance on a larger
scale.

Mr. Frrxman: Patty, I would like to give my enthusiastic endorse-
ment of what you are doing. I personally feel that the success of
the performance measurement system will come ouly when we
can control the conditions under which a pilot is flying; that means
using a simulator, However, I do not share your concern about the
lack of adequate performance measures for adaptive training. Per-
formance measures are used in adaptive training as a basis for in-
creasing or decreasing task difficulty. It is really very easy to
measure time-out-of-tolerance on altitude, airspeed, or the other
parameters that define the necessary performance levels that have
to be achieved at the end of the program.

Dr. MaTeNy: Thank you very much, Patty. Perhaps we can ad-
dress ourselves now to some of the questions that you all have indi-
cated an interest in discussing. What is the evidence that adaptive
training js more efficient, produces a better quality product, or
improves retention? Is there anything inherent in this technique
that gives us an advantage in any of these areas? What are your
comments?

. . . ALMOST AS AN AXIOM. . . .”

Dr. KeLLEY: It seems to me that the assumption underlying adap-
tive training underlies a lot of other training as well; that is, there
is an appropriate level of difficulty for the tasks you give students,
and level of difficulty can be too high or too low, making the task
too difficult or too casy. I accept that as a reasonable assumption;
almost as an axiom. If training tasks are much too easy, not much
training is going on; if they are much too difficult, not much train-
ing is going on. If one can accept that as an assumption, then adap-
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tive training by its nature has the advantage of adjusting the level
of dificulty to some predefined level. I don’t think any other as-
sumption needs to be made to justify the adaptive training ap-
proach.

MR. Stewanrt: Of course, the level of difficulty is controlled in all
training. In adaptive training, the difficulty level is adjusted more
immediately to the performance of the student. But the question
remains: If you start ten students in a good adaptive training pro-
gram and ten students in a good conventional program, which group
will arrive at the desired performance quicker?

Dr. MatreNy: What is the empirical evidence, if any, tbat they
leayn any given task faster?

”, .. A HANGUP IN THINKING. . . .”

Dr. McGraT: May 1 first question Chuck Kelley's basic assump-
tion or, at least, the language in which it was put? T would not say
that the basic assumption of adaptive training js that there is an
optimum level of difficulty for different stages of leaning but,
rather, that there are certain stages of learned skills that need to
be achieved before the total task can be performed. In other words,
it is not necessarily a question of arraying a series of tasks from
easy to difficult. It may be that certain skills must be acquired
before other skills can be acquired, and one may be no more diffi-
colt to acquire than the other. In such a case, the order of pre-
requisite skills, not the order of task difficulty, would determine the
training regimen. For example, to apply adaptive techniques to
cognitive tasks, one would not necessarily manipulate task difficulty
but would stage an orderly process of concept acquisition. I believe
the use of the term difficulty produces a hangup in thinking about
adaptive training because one starts looking for varjables that de-
grade or enhance the performance measure, yet these may not be
the variables that are the keys to leaming.

Dn. KeLcey: I think T agree with just about everything you said.
However, I did not say, “An optimum difficulty level,” I expressly
tried to avoid saying that. I did say that the effectiveness of a train-
ing program js reduced when the task is too casy or too difficult.
And I grant your last point that too easy and too difficult ought to
be further defined. Still I do not believe that we can get away from
the concept of easy-difficult in any training program where we
evaluate performance. Some people score better and some people
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score worse, and better-worse corresponds exactly to the dimension
of easy-difficult.

Dr. Roscok: I would like to get back to Jim McGrath’s comment of
a moment ago. As I understood it, his point was that the adaptive
variable does not necessarily have to be metered in terms of diffi-
culty. It can be, as in the case of concept formation, metered in
terms of the amount of information learned. When you have learned
certain things, you procced on to other things.

Dr. McGrata: Much like programmed learning of verbal mate-
rials, where certain branches take you back to a review of previous
material or ahead to new material.

Dr. Roscor: Exactly the point.

Dr. KevLey: But, do you ever really get away from the concept of
difficulty? Performance is always measured in terms of accuracy
or speed or some concept of better or worse—items that are right
or wrong, training materials that are more or less difficult.

Dr. Roscoe: I don't think there is any implication that the twelfth
week of a course is more difficult than the fourth week of a course.
Dr. Kerrey: That is not what T mean. When a variable adapts, in
the sense that I have used the term, there is a functional relation-
ship between the measure of performance and the change in the
adaptive variable. As the subject performs better, meaning that his
score hegins to improve, the adaptive variable moves the task to a
higher level of difficulty. If there isn’t any relationship, any feed-
back, between the change in the task and the performance score,
there is not going to be any adaptation. The many training situa-
tions that do not contain any measured differences in task difficulty
simply do not lend themselves to the concept of adaptation.

Dr. McGRraTH: But, you see, the emphasis upon making the task
easier or more difficult as being the key to producing an adaptive
system can lead to misconceptions in the design of adaptive train-
ers. It is a simplistic notion which might lead the system designer
to concentrate on making the task manipulatable in difficulty while
ignoring the elementary principles of staging the learning experi-
ence. For example, in your Human Factors article, Chuck, you said,
“The only essential requirement is that an adaptive variable sys-
tematically affect the difficulty of the task . ..” (Kelley, 1969, p.
552). That statement can easily give the impression that it does not
matter much what adaptive variable is used as long as it can be
manipulated to vary task difficulty.
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Dr. KeLLey: It is the only essential requirement for making a sys-
tem adaptive, and that is true. But it says nothing about the training
validity of the system. In the same article, I said that a training de-
vice could be made less rather than more effective by being made
adaptive in the wrong way. Jim, you could clarify something in my
mind if you could explain to me how you could make the system
adapt if you could not adjust a variable that had something to do
with difficulty. Just explain how it might be mechanized.

Dr. McGraTH: I can see how you could adjust a variable that did
influence difficulty but was irxelevant to the operational perfor-
mance you are trying to train.

Dr. XeLLry: I can see that; there is no question about it, but you
have begged the question. Can you take a variable that does not
affect difficulty, as reflected in the performance measurement, and
make it adaptive? I cannot see how it could be done.

Dr. McGraTa: I am thinking about applications beyond the train-
ing of system-control tasks, applications in which the adaptive
function is in the problem presented to the student rather than in
the state of some forcing function. For example, an electronics
maintenance trainer might adaptively present a series of malfunc-
tion-locating or circuit-tracing problems to the student. When he
can solve one kind of problem, he is given another. The sequence
of problems could be arranged according to relative difficulty level,
or the sequence could be arranged so as to lead the student through
the logic of the circuitry without regard to which points in the logic
are intrinsically more difficult than others. In the end, all problems
would be presented to the student by either method, and the
mechanization of the trainer would be the same by ¢ither method,
but one method might develop the required skill and knowledge
more effectively than the other.

I did not mean to imply that manipulating task difficulty is ir-
relevant but only that it should not be the central focus of adaptive
training. Not everyone thinks of task difficulty in the broad sense
that you do, Chuck, nor is everyone so aware of the pitfalls in
selecting a valid adaptive variable. So, my concern is that an em-
phasis on varying task difficulty might be misplaced and misunder-
stood. In fact, T would not be greatly surprised if someone designed
an “adaptive” trainer for typists in which the typewriter stand was
systematically vibrated.

M=, Woop: ] have found that I have to distingujsh between objec-
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tive difficulty and subjective difficulty; they do tie together. We
attempt to measure objective task difficulty by means of some av-
erage amplitude of a forcing function through our models to main-
tain constant some level of subjective difficulty. I liked Stan Ros-
coe’s term, residual attention. What we are doing in the adaptive
process is maintaining constant some level of rcsidual attention or
task load.

Dr. Roscoe: Like that measured in Chuck Kelley’s experiment in-
volving the side task of the lights.

Mr. Woob: Right. Now, I go along with Chuck Kelley that you do
have to choose some objective measure of task difficulty and vary
this as the student learns. However, his subjective level of difficulty
is going to remain constant.

", . . UNWISELY RESTRICTING THE USE OF ADAPTATION. . . .”

Dr. Roscok: 1 agree with Jim McGrath rather than Chuck Kelley
on this matter. I believe that we are unnecessarily and unwisely
restricting the use of adaptation to some sort of a fixed process, like
tracking, or some repetitive operation where the task remains es-
sentially the same. Jim'’s point is that we can use the adaptive con-
cept where the task does not remain the same—where new elements
of performance are added, where new items of information must
be mastered, where new concepts must be formed, and where the
person progresses from part-tasks to a whole complex task. Pro-
gression of this sort is not readily metered in terms of difficulty. It
involves the transition from one subtask to another, readily and on
a time-shared basis. By restricting ourselves to performance on a
tracking task or some other simple, repetitive, steady-state type of
operation and varying only difficulty, we are throwing the baby
out with the bathwater.

Dn. KrrLey: We 2ll concede that we should not restrict ourselves
to tracking tasks. However, I am not yet at all clear on how we are
going to get rid of the concept of difficulty.

Miss Knoop: You are talking about programmed learning, Stan.
Dg. RoscoE: I certainly hope so! You mean that is not adaptive?
Miss Knoor: Do we include programmed learning in adaptive
training?

Dr. KeLLEY: 1 would.

Dr. Roscoe: That is the point I am trying to make. By adaptive
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training we should nean some automatic vaviation in what happens
next as a consequence of the inumediately preceding performance
of the student. That is as far as I would limit the definition.

Dr. MonTEMERLO: 1 don’t think you need to restrict the definition,
cither. You asked for an example of an adaptive variable that could
be changed along a dimension other than casy-to-difficult. T did a
task analysis on what it takes to learn Lebesque integration. 1 found
that you have to know some real-variable analysjs, some algebra,
and some calculus. In teaching someone Lebesque integration, it
may takc a year to get him proficient in algebra. Teaching algebra
may be more difficult than teaching how algebra and calculus are
combined in performing Lebesque integration. That may take only
three weeks. Thus, you have the difficult part coming first. When
you get to the criterion task, Lebesque integration, all these very
difficult parts can be put together very simply. You do not have a
lineay procedure because you have tasks that must be leamed
earlier but are not necessarily less difficult than tasks that are
learned Jlater.

Dr. McGratr: 1 would prefer to view the training process as a
progression of behavior, rather than a handling of easy-to-difficult
tasks. Some progression of behavior has got to be defined to model
the training process, and that progression may or may not be sensi-
bly defined as easy-to-difficult. It may all be semantics, but seman-
tics are important in stating principles.

Dr. MATHENY: Let me cxercise the Chair. We are not getting any
closure on this problem.

Dr. Kerrey: May I make a very quick reply to Mel Montemerlo?
In Lebesque jntegration, or any other example that you care to
name, if the student gets all problems right under all circumstances,
the task is too easy; if he gets all problems wrong, the task is too
difficalt. T don’t mean anything more than this by the terms easy
and difficult. Choose different words if you want, but performance
is measured, and people are scored, along some dimension. With
some forms of leaming, perhaps difficulty is not the appropriate
dimension of measurement, but if it is not, there must be another
dimension of measurement that plays an analogous role in the
adaptive system.

”. . . UNENCUMBERED BY EVIDENCE. . . .”
Dr. MaTueNY: Bill Stewart has asked the question, does the intro-
duction of adaptive training get anyone anywhere quicker in terms
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of reaching a proficiency level? What evidence do we have that it
does?

Dr. Roscoe: We can discuss this at length, because we are unen-
cumbered by any evidence one way or the other.

Mr. STEwarT: The application of adaptive principles to tracking
has been done for a perfectly good rcason—it makes a nice, neat,
elegant, controlled experiment. But, in the process of conducting
these experiments, I was hoping somebody would draw off a little
information as to whether or not learning was faster. Milt Wood
has obtained some evidence to the contrary. He found that a staged
instructional program resulted in better or quicker leaming than a
continuously adaptive program. So where are we?

Mr. FrLexmax: 1 think that we have enough history on the adaptive
concept to say that it facilitates leaming. We use it in all our edu-
cational processes. We start a student out on easy tasks and, as he
progresses, give him more difficult tasks.

Dg. MonTEMERLO: I disagree with that. I think most often in schools
you go from the difficult to the simple. That was the message 1 tried
to bring forth in discussing my analysis of Lebesque integration.
The difficult parts were learned first; putting them together was
easy.

MR, FLexman: Well, difficult and simple involve the factor of time
too. Indeed, it is easier to teach algebra to a college student than
to a first grader.

Mnr. Swacort: Can’t we simply be optimistic about it and, by ac-
cepting the fact that all instruction up to now has been adaptive
in nature, view our efforts as looking for more optimal techniques?
MRr. Woop: I think it is important to distingnish between verbal
skills and perceptual-motor skills. Generally speaking, adaptive
training bas addressed itself only to the training of perceptual-
motor skills.

Dr. RoscoE: To the contrary, there has probably been more adap-
tive training done on verbal skills than there has on perceptual-
motor skills.

MR. Woop: Yes, but we call it programmed instruction.

Dr. RoscoE: 1 dan’t care what we call it.

Dr. MaThENY: We should, I suppose, clarify the distinction be-
tween adaptive training and computer-aided instruction. Milt Waod

has pointcd out that we generally associate adaptive training with
P g y P g
psychomotor behavior, closed-loop tracking, for example. On the
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other hand, most of the evidence being used to support the value
of adaptive training comes from the literature of other areas. To
justify drawing upon this literature, the notion of adaptive trajning
has to be expanded beyond the realm of automatically adjusted,
closed-loop, tracking behavior.

Dr. Roscoe: Add “Mahoney” to the list of converts.

“. . . THE DEFINITIONAL HANGUP. . . .”
Dr. Caro: May T get into this? Using an adaptive training model,
we use a computer to modify the material presented to the trainee
in some fashion, based on how the trainee is responding. Computer-
aided instruction might be a better term to describe this. We can
get hung up for a long time on what is adaptive training and what
is not. I propose that we form a new club called, the Society for
the Elimination of the Term Adaptive Training. This might get us
over the definitional hangup and on to discussing how we might
use various tools, such as a computer, to increase training efficiency
and to advance the technology of training. Use adaptive techniques
where appropriate, but do not be so concermned about staying inside
some boundaries that we devise to limit their scope. Part of our
trouble is treating adaptive training as a training technique rather
than as an approach to the adjustment of training difficulty.
Dr. KeLLey: 1 would like to speak to that. T hope that we don’t
change the name from adeptive training to computer-aided instruc-
tion. We should continue to apply ourselves to human learning
broadly considered, encompassing perceptual-motor tasks and cog-
nitive tasks as well. Furthermore, we shounld not tie ourselves to a
specific application—a computer may not necessarily be involved
in adaptive training. It was just this need for a fundamental defini-
tion that prompted me to write out, first thing, what I meant by
adaptive training. Maybe someone would like to take exception to
that definition or reword it.
Dr. Lavser: Yes, ] would like to. I think inclusion of the word
automatic has thrown us off. Aren’t we simply concermned with
formalizing a decision logic and a system for performance evalua-
ton that has always been used in educational contexts by a good
instructor?
Dr. Kerpey: We are, as Jong as that logic is conceived to include
changing tbe nature of the task as a consequence of a performance
measurement.
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Dr. Lauser: An educational setting has always involved feedback,
even when the teacher makes the evaluation. That is, the result of
the teacher’s evaluation changes the task or the subject matter or
whatever. It does not matter whether the loop js closed through an
instructor or through a machine. But, in order to close the loop
through hardware, we have to he able to formalize the logic that
the instructors have been using to make these evaluations.

Dr. Roscor: Well, I guess we are waiting for you to drop the other
shoe.

Dgr, LAuBer; And, we don’t know how.

Dr. Roscok: I think the definition must include some delimitation
of how; otherwise, it is no definition at all.

Dr. LaUBER: [ was not attempting a formal definition.

Dr. Roscoe: I think that maybe you were on the edge of one,
though.

Dgr. McGrata: John, you have defined precisely what the devel-
opers of adaptive training are doing: formalizing a long-standing
educational concept. However, by the practical experience that
has been gained, some key variables that have never been brought
to light before have come out. For example, time varjables prove
to be extremely important in the practical application of adaptive
methods. The period over which the performance is measured
and the rate at which the adaptive variable changes are concepts
you will never find discussed in textbooks on educational practice.

Dr. Lauser: I agree. That is what I see as being the formalization
of it. We are looking closely at the logic, and 2ll of a sudden we
are finding all these relevant variables. Instructors have certainly
not been aware of these; they have been making intuitive evalua-
tions based on who knows what.

Dr. McGratH: There is another concept in adaptive training re-
search that is different from classical educational research. In the
applications that have been described herc, backtracking, making
the task easier, takes on just as much importance as making the
task more difficult. In classical teaching methods, the emphasis is
almost always upon staging up to another level, very rarely on
staging back again.

Dr. Laustr: Probably because the rate of progression is usually so
slow that backtracking rarely becomes necessary.

Dr. KerLey: It is because in training you are normally working with
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independent varjables in which there are successive changes.
Normally, as a person learns, he moves along some dimension from
(if you'll pardon the expression) easy to more difficult, or simple
to more complex. But some independent variables, such as those
that affect visual acuity, do not progress in this manner. It is im-
portant to be able to make the target smaller for people who have
good visual acuity or larger for people who have poor visual acuity.
With these variables it is important to go in both directions.

“. .. THIS IS OUR MICROSCOPE. . . .”

Dr. Caxo: I think in adaptive training, we are trying to simulate a
competent instructor and to make his decisions more rational.

Dr. MonTEMERLO; Do you mean, simulate the entire instructor or
just one or a few aspects of the instructor?

Dr. Caro: Well, we are really simulating the instructional process.
In the case of the SFTS, we are using a computer to handle a few
of the decision-making functions that the instructor usually per-
forms. We hope, of course, that through use of the computer we
will make the process more reliable and rational. As we gain ex-
perience with the SFTS, we should be able to more nearlv accom-
plish this.

Mr. Weekes: Perhaps Patty Knoop’s 32 measurements, when she is
able to evaluate them, will help us.

Dg. Caro: She will be able to help us make our computer program
more rational.

Mgr. WEEKES: Yes, and make it better able to do what the instructor
now does.

Dr. Caro: Perhaps we will even be able to improve upon the com-
petence of the most competent instructor.

MR. Frexman: I would like to retain the concept of adaptive train-
ing as something new and different becaunse, as was mentioned by
Jim McGrath, it is leading to new information on learning theory.
I have not been particularly impressed with what the learning
theorists have given us thus far to help us structure training or edu-
cational programs better.

As in any laboratory work, we have tried to enlarge some of the
critical elements so we can see them better. This is our microscope
for Jooking at a learning process. I am very enthusiastic about our
attention being focused even more minutely on some of these vari-
ables associated with what we call adaptive training.
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Mr. Woop: You were talking about starting a club for the elimina-
tion of adaptive training, Paul. We could take an opposite view and
start a club for using the term adaptive. Programmed instruction is
the older term, but I really think the more global concept is adap-
tive training. It provides the good things of programmed instruction
—self-paced and individualized instruction—and also provides
control over residual attention.

MRr. FLexmaN: I think the role of the computer is excellent for as-
sisting us in developing our understanding, Paul, but I hope prin-
ciples and methods that can be applied to environments free of the
restrictiveness of a computer will come out of this work as well-
For example, using what we've learned thus far about the sampling
period and the rates with which we can increase or decrcase diffi-
culty, perhaps an observer can adjust difficulty against observed
performance without the need of a computer.

Dr. Caro: Let me define computer as some device for facilitating,
rational decisions.

MR. FLEXMAN: It might even be a human.

Dr. Caro: That would make it real tough, but I will concede that
possibility.

MR. STEwART: [ am concerned that a purely adaptive program may
drive the leamer harder than is desirable. When he begins to err,
and you degrade the task rather sharply, it seems to me that you
take him down to a low plateau from wbhich he builds up again
very slowly, Adaptive training may work against the operation of
natural learning plateaus in which the learner solidifies his learning
before progressing further.

MR. FLExMAN: Great subject for research.

Dr. KeLLEY: You could also say that an adaptive task may drive
him easier than is natural. Is there anything about the task being
adaptive that would necessarily drive him harder? Tt depends on
the configuration of the task.

MRr. StewarT: It does.

“. .. WE ARE MAKING SOME MISTAKES. . . .”

Mg. Povenmire: I'd like to say something with reference to Paul
Caro’s remarks. When you talk about doing something the way a
good instructor would do it, you seem to be considering just one
function of a good instructor, that is, telling the stodent when he is
out of limits and adjusting his task. But, adapting to an individual



108 AVIATION RESEARCH MONOGRAPHS

learning problem may be important also. Consider a naive subject
trying to hold altitude in a flight trainer. He is told that he is below
or above altitude, and the turbulence is reduced until he can get
within tolerance. Then the turbulence is increased a little, and he
is told that he is above or below altitude, and so on. Proceeding in
this way, he would not get past a certain Jevel of performance. On
the other hand, if he were told that he was fighting something that
the airplane would do by itself and if he were shown this sinusoid
oscillation, he would have the insight needed to progress further.
He could go on to adjust his control pressures to coincide with the
natural oscillation.

Dr. Caro: Telling the student when he is out of tolerance and
adjusting his task are those instructor functions most relevant to
adaptive training. In the SFTS, adaptive training is not the only
automated training technique. In fact, it is a relatively minor one.
Functions, such as verbal coaching, also are at least partially auto-
mated. I agree that there are many aspects of the learning situation
that we're not yet smart enough to automate. To paraphrase what
Chuck Kelley said yesterday moming, at this point in our ignorance,
we are making some mistakes and only doing part of a job, but we
are learning.

Dr. Matreny: Although the Chair is supposed to summarize at
this point, the best I can do is to provide a couple of observations.
The introduction of simulators has caused us to become concerned
about what we can do with training simulators, and that has got us
to be a little more objective in the training objectives. Adaptive
and computer-aided instruction and all the rest have caused us to
be very specific about the techniques we use, what we are trying
to teach, and bow we are going to measure what is taught. I think
the adaptive logic and the mechanization of that adaptive logic are
somewhat incidental. You do that part of it in the best way you can
within the hardware restrictions and the state-of-the-art.



Session 4, Where Do We Go From Here?

Mz. Rarrx E. FLExMAN, Chairman

. . . WHAT EVIDENCE DO WE HAVE. . . ?"

Mg. Frexman: As we structured the conference initially, we
thought it appropriate first to review the basic issues of adaptive
training, then examine some specific applications, and finally to
make some recommendations as to where we go from here. How-
ever, it hasn't worked out exactly that way. We have been identify-
ing and discussing basic issues during most of the conference.
Perhaps this is for the best becausc we cannot begin to realize the
potentials of adaptive training until we address ourselves to these
issues. So, although I hope that I will be able to summarize where
we should go from here at the very end of our session this after-
noon, I would like to get to that point by first reviewing the ques-
tions that have been raised. First, what evidence do we have on
the advantages of adaptive training over other trajning concepts?
Do any of you have any specific evidence that you might bring
up at this time? Chuck, can you point to any specifics that suggest
unique advantages?

Dr. KeLrEY: Adaptive training should be beiter because it has
theorctical advantages, but empirical evidence that it truly is better
than nonadaptive training does not really exist. We do not know for
sure that adaptive training will shorten learning time, although we
hope it will. Also, we do not know for sure that training will be
more effective in terms of some ultimate criteria because we very
seldom have any ultimate criteria with which to measure training
effectiveness.

M=r. NorMaN: I have some suggestive evidence that adaptive train-
ing improves retention and accelerates learning. The performance
of a fixed-progression group was compared with the performance
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of a continuously adaptive group in learning to fly through turbu-
lence in the UDOFTT. Two training sessions were conducted with
each group; the two sessions for each group were scparated by
about one week. The continuously adaptive group reached criterion
performance by the end of the first session and continued at this
level in thc second scssion. The fixed-progression group, on the
other hand, did not reach criterion performance in the first session
and actually performed poorer at the start of the second session.

Mr. Frexman: In applying the adaptive concept to the SFTS,
we have found many problem areas. I asked Julius Gandelman to
list some of the problems that we have run into; he gave me about
four pages of problems. It is obvious that there are too many re-
search issues for us to take up here; however, I did ask Julius to
discuss briefly some of the more important problems.

”. . . IF WE KNEW THESE RELATIONSHIPS. . . .

Mr, GanpeLman: [ am at a loss to know where to start; all of
these problems seem important to me. Furthermore, I am frustrated
because the adaptive process has not been well stated analytically
and because neither theory nor experiment shows an explicit re-
lationship between task difficulty level and the performance of the
trainec. In Chuck Kelley’s scheme, a constant performance standard
is maintained, and difficulty is related to some ancillarv variable.
He says that difficulty level represents student performance, but he
does not say exactly how it is represented. Is that correct?

Dr. KervLey: I think not. The relation between the difficulty level
(the adaptive variable) and the performance measure is precisely
and explicitly stated by the adaptive logic. I have emploved a logjc
that changes the derivative of the performance measure so as to
maintain a constant performance over the period of learning or
across the conditions that form the independent variable of the
task. However, I don't say that this is the way all adaptive tasks
should be structured or the way that all adaptive training devices
should be built; there are other considcrations.

MR. GanpeLman: All performance change is reflected in the adap-
tive variable; so one infers that the adaptive variable reflects per-
formance. I would like to sce an cquation cxpressing difficulty as a
function of learning or performance. I find it somewhat disturbing
that one has not been forthcoming.

Dr. KeLLey: What kind of an equation would satisfv vou? I don’t
quite understand your point.
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Mg, GanoeLMax: Can you show me, for example, distributions of
performance measures for various levels of turbulence and how
these distributions will change with trials over time? This is what
I wounld like to see. If we kuew these relationships, maybe we could
be a lot more efficient in choosing the adaptive variables and se-
lecting their ranges of variation.

Dr. Caro: Julius, you want to see the relation between the intensity
of the adaptive variable and performance. The problem js that
performance adapts to each adaptive-variable intensity level.

Dr. MatHENY: Nevertheless, I sympathize with Julius Gandelman.
The fact is that, if you are going to introduce turbulence as the
variable in an adaptive training situation, you have to decide how
to adjust it as a function of some limits of performance. Should the
range be plus or minus 2,000 feet or plus or minus two feet? Obvi-
ously, the task is going to differ as a function of the range chosen.
You have to have some information about these relationships just
to apply the adaptive concept.

Dr. Kerrey: You even need that general kind of information to
design a nonadaptive training system.

Dr. Roscoe: Well, maybe it js time to start talking about where we
go from here; it seems that there are several questions that we could
answer experimentally, Before listing these, I think we nced to
agree on the way we will eventually evaluate different systems. It
seems to me that the only sensible way of evaluating anv training
system, or technique, is in terms of its transfer to some operational
criterion task. For example, helicopter training has to be evaluated
in terms of the effectiveness of helicopter pilots in operational situ-
ations. Of course, this approach is difficult because we have a hard
time getting that kind of information. However, if we can agree
that a measwre of transfer to eventual performance on an opera-
tional task js what we are striving for, some of these questions are
very simple to state and perhaps not even too difficult to test,
particularly if you have versatile and flexible and powerfutl instru-
ments like the SFTS.

The question of the smportance of knowledge of results in adap-
tive training situations has come up repeatedly. Chuck Kelley feels
that it is very important although he has asserted that he has no
evidence, from any experiment, to support his feeling. Others here
have conducted experiments in which they have not bothered to
show to the trainee the momentary status of the adaptive variables.
So here is a simple experiment that can be done. In the course of
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doing adaptive training research, we should include a control con-
dition to give us a direct answer as to the relative advantage of
kmowledge of results.

Next, there are a number of questions concerning the relative
advantages of different ways of manipulating one or more adaptive
variables. The answers are not theoretically important, but I think
they are of considerable practical importance to anyone who is
trying to develop an adaptive system. Different experimenters have
already used different means; these could very well be the subject
of some experimentation.

A third question concerns the spectrum of tasks that are appro-
priate for adaptive applications. We have talked about applications
in the leaming of tracking tasks, procedural skills, concepts, and so
on. We need some idea of the spectrum of applications of adaptive
techniques in training. Although not profound research efforts, I
think the results would have considerable practical value.

MR, FLexmaN: Most of the formal work to date has been done in
the perceptual-motor skills; I think more effort should go into
applying adaptive techniques to the acquisition of cognitive skills
and then comparing the results to those obtained from the applica-
tion of the branching logic of programmed learning. Considering
the problems that we have in adaptive training, we can have as vast
an experimental program as you have in learning. If we understood
all the essentjal variables in adaptive training, we would under-
stand the learning process too.

Gene Hall, would you like to take this opportunity to summarize
or direct our attention to a particular problem?

“. . . SELLING IT TO THE MANAGEMENT. . . .”

Mr. Harr: Here is what I think is happening. We ali implicitly
believe that there is some value in adaptive trajning, but none of
us really knows what this value js. We have faith that a general
transfer will result from adaptive training; furthermore, we hope
that we are doing more than just teaching the trainee to cope with
the adaptive variable itself. Juling Gandelman’s concern has been
that you may not be teaching the trainee to fly better but only to
cope with increasing levels of turbulence. In the process, you are
forcing on him a special flying technique, one that may not neces-
sarily be related to the general flying technique you are trying to
develop. If all we are doing in the SFTS is automating the presen-
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tation of turbulence, adaptive training would not seem to be very
worthwhile.

Mr. Frexman: I think your point is well made. However, most
pilots would probably agree that general flying skills are being
developed while the student learns to handle a greater level of
turbulence—his response rate becomes quicker, and his sensing
capabilities and residual attention are expandcd.

Let me call upon Jack Mansfield to give us a layman’s view. Jack,

what kind of an impression do you have as to where we are and
where we ought to be going to end up with something useful for
the applied end of the business that you represent?
MR, MansrieLp: I underscore your use of the term layman’s view.
My orientation is certainly more toward practical operations than
toward training theory. We at American Airlines are hopeful that
we will benefit from what is Jearned with the SFTS and that we
will get some guidance on how to more effectively utilize the train-
ing equipment that we have already purchased. American has just
recently purchased the DC-10 simulator with programmed instyuc-
tion capability; right now we are concermed with how to fully utilize
it. We are concerned that our instructions to the programmer will
not be sufficiently complete and that, when we do get the ability
and knowledge to put together an effective training program, we
will have left some critical requirements out of the contractual
agreement. One of the primary problems that I foresee with some-
thing like the SFTS is selling it to the management people in our
business in a way that will lead them to give it a fair trial, to put it
to test.

. . . STILL AT THAT MELANCHOLY OCCUPATION. . . .”*

Mg. Frexmax: I am going to call next on a guy who has been ap-
plying adaptive concepts over many years of pilot training, Dick
Weekes.

Mr. Weekes: My function at this conference, as I view it, is to seek
answeys. Therefore, I do not have auy answers for you, ouly ques-
tions.

My first question concerns a discontinuity between my under-
standing of adaptive practice and that which appears to be the
view of some of the other participants. This two-day symposium
was opened with a discussion of the definition of adaptive practice,
and now, at the end of the conference, we find that we are still at
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that melancholy occupation. I am reminded of the play character-
istic of golfers; the group progresses around the course as a team,
each man taking his turn at play, yet each man addresses himself
only to his own ball and to his own difficulties.

Before I started writing the SFTS program, I thought [ under-
stood what constituted adaptive practice, and my conferees nodded
their agreement as I expounded my views. My understanding was
essentially this: The complexity or the difficulty of the task is ad-
justed to the student’s ability to cope with it; specifically, the stu-
dent is relieved of as much of the total task workload as necessary
to allow him to concentrate on some subtask or some component
sequence. As the student becomes more expert and more experi-
enced, he progressively assumes responsibility for greater propor-
tions of the total task. These total task rcquirements are auto-
matically added to or subtracted from his current workload, as
necessary, to assure that cach trainee will be working on a problem
at a difficulty level optimally suited to his stage of training and
relative skill.

With my conferces nodding their agreement, I went to work
without a worry. As I began construction of the course of study, I
was careful to introduce course content in small increments of
advance, with detailed presentation of concepts, and with extended
practice in manual and perceptual skills. At the same time, I made
considerable effort to so structure each lesson as to permit auto-
matic manipulation of the sequence of presentation of course con-
tent as necessary to accommodate to a specific unique difficulty of
one student. But after I completed the scenario with a satisfied
sigh, my advisors said, “That js wonderful. Now let’s exercise the
student in adaptive practice.” My reaction to this suggestion was,
“Heavenly bodies! If what I have been laboring to accomplish is
not an application of the principle of adaptive practice, then what-
ever in this world is adaptive practice? That spotlights my lack of
understanding.

Historically speaking, teachers have been utilizing the principle
of adaptive practice throughout the ages to prevent instant failure.
We let a toddler clutch our finger as he attempts his first steps, re-
linquishing control to him as he becomes able to manage his own
support and balance. We employ the same procedure financially
when he gets his fixst job but continues to live at home and eat at
the family table. The swimming teacher gives as much support to
a nonswimmer as the student requires until he learns how to keep
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his head above water. We put safety wheels on bicycles. Similarly,
the flying instructor assumes as much of the total flying task as
necessary to prevent the student from being overwhelmed by the
diverse requirements of the total task and to permit him to concen-
trate on the specific subtask under scrutiny.

MR. FLExXMAN: Welcome to the club, Dick. Let me turn to somcone
who is in the business of building trainers. Sandy, what is your
view of this problem?

MR. Green: 1 have a few general comments about adaptive train-
ing. At the present time the primary emphasis on the use of adap-
tive techniques is in the area of fight simulators. However, I would
like to see more interest in their potential application to operational,
real-time systems. I make that statement because these systems,
such as new military weapons, appear prior to any formal training,
and there will be an increasing need to train qualified people to
operate one-of-a-kind systems.

Previously, systems were more generalized in use. In the weapons
systems realm, this is not true any more. Even in the piloting realm,
there are so many differences between the aircraft that adaptive
training is going to be a form of on-line, real-time implementation.
What format they will have, no one can really delineate at this
point. However, 1 foresce a heavy emphasis in that area. For in-
stance, 1 think the determinants of transfer functions arc going to
be derivatives of highly specific system designs and applications.
I think the development of adaptive training systems and the de-
velopment of adaptive operational systems are going to have to go
down parallel roads, and at some point they will be joining and, of
course, correlating information.

. . . A VAST FIELD FOR OUR EFFORTS. . . .”

Dr. Roscok: I would like to amplify my earlier remarks about the
desirability of studying the effect of knowledge of results in the
adaptive situation. Guy Matheny winced when I brought the sub-
ject up, and then Paul Caro immediately attacked me on the sub-
ject during the coffee break. 1 don't think there is any question
about the efficacy of knowledge of results, but I think there are
some serious questions about what kind of information should be
presented. For example, should you present correct or incorrect
information? Guy Matheny did an experiment in which he pre-
sented incorrect information and got beautiful results. So it is not
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necessarily best to let the student know exactly how well he is
doing. At least, it is a good experimental question. Should knowl-
edge of results be continuous, periodic, or aperiodic? That is a
practical question when you are setting up an adaptive ftraining
program.

Should knowledge of results be presented directly, by inference,
or in some other way? There are many ways in which you can
imply what the performance is to the student. I don’t know the
answers, but T suggest that no one else does eitber. So it is a legiti-
mate subject for experimental investigation and one of some practi-
cal importance in designing a training program.

Now, one other line of discussion, and I will be through. I men-
tioned the desirability of establishing operational criteria for the
evaluation of any training system or program. [ realize this is hard
to come by. Assuming that we have to establish some training
standards that we hope are related to operational criteria without
any proof thereof, I still believe that the proper evaluation of the
training program is in terms of the transfer to operational tasks.

Now, there are some intermediate measures that could be taken
along the way, and these should not be overlooked. One obvious
measure is the speed of leaming to reach the performance level
that is specified by the training program. Another obvious mea-
sure, and a corollary of the first, is the terminal level of the per-
formance achieved in a given period of training time. Through
adaptive training, perhaps we can achieve a higher level of per-
formance in x number of hours than we can through nonadaptive
training. We should know whether or not that is so.

Another criterion of great jmportance is retention over periods
of disuse of a skill or knowledge. The question of overlearning
comes in here, but it is possible for adaptive training to result in
either better or worse retention. Perhaps it will result in achieving
a given level of performance more quickly but will not yield the
same degree of retention.

Finally, all of these concepts should be evaluated in terms of
their transfer to as nearly operational criteria as we can devise.
These are good experimental questions, and nobody here knows
the answers.

Mr. Frexman: It would be nice if we could form an organization
to systematically explore some of these critical problems. Unfortu-
nately, we cannot expect the Naval Traiming Dcvice Ceuter and
the Air Training Command to provide all of the support for the
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necessary research in this field. I think this is a relevant question
for the Department of Health, Education, and Welfare, the Depart-
ment of Transportation, and many other agencies. Perhaps the
publication of the views expressed here will stimulate greater re-
search interest in this area.

Research is needed not only for training but for the extension of
the adaptive concept to completely unexplored applications in
many other areas—as a prediction device, as a new approach to
personnel selection, as a means for operating on-the-job equipment,
as a means for controlling the priority of information presented to
a task-loaded operator, as an extension of programmed learning,
and so forth. There is a vast field for our efforts, and the only way
we will make progress is by the right presentation of the method
and its potential to the profession. Now, by the profession, I mean
the behavioral scientists, the design engineers, the educators, and
the vsers,

. . . ONLY TWO TRULY UNIQUE IDEAS. . . .”

Dr. McGrata: Adaptive training could become recognized as just
a special branch of flight simulation. That is a distinct possibility,
and it must be avoided. The only way these broader applications
can be obtained is by broadcasting the principles of adaptive train-
ing that can be generalized. These are very difficult to identify, as
we have discovered during this conference.

Nevertheless, adaptive training research and development efforts
have produced several benefits for general education and training.
One benefit is the emphasjs on near-continuous performance mea-
surement during the training process. Another benefit is a more
searching analysis of the variables that can influence student per-
formance or task difficulty, because the adaptive training paradigm
requires that all of these variables be considered in the choice of
the adaptive variables and the development of the adaptive logic.
I think further work on adaptive training will result in a quentita-
tive mapping of the human leaming process because one of the
tangible payofis of adaptive training is a detailed record of the
development of skills and koowledge.

However, there are not many original ideas in adaptive training
when you come right down to it. Many of the concepts discussed
in this conference are basic to the traditional approaches to teach-
ing, and as nearly as I can tell there are only two truly unique
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ideas attributable to the adaptive approach. One is the formalizing,
or even computerizing, of the link between student performance and
the presented task. Traditional educational methods have provided
such a link, but in adaptive training it is far more structured and
requires a deliberate logic. This logic is central to the adaptive
training paradigm, whereas it seems to be incidental to most edu-
cational theory. The other unique idea is Chuck Kelley’s method
of maintaining performance constant. I think this characteristic
sets adaptive training aside from all other kinds of training, I am
not convinced of the benefits, but it is nevertheless unique to
adaptive methods of training.

Now, if we really want to encourage others to think about how
to apply adaptive methods, we must identify all such generalizable
principles that characterize adaptive training or are used in de-
signing an adaptive system. These should be principles that can be
applied to training problems that have nothing to do with aircraft
control or tracking performance. For example, have you ever con-
sidered how adaptive training methods might be applied to the
training of athletes, such as pro football players? Then, consider
the trajning of typists, letter sorters, and other business machine
operators. Think about the training of surveillance cyews in target
detection and recognition. Think about the vses of adaptive meth-
ods in teaching languages or in studying risk-taking and gaming
behavior. Adaptive techniques might even be useful in the broad
field of social behavior. For instance, a law enforcement officer,
these days, must be trained to make flexible responses to very subtle
cues. He must learn to perform under stress, much like 2 pilot. He
may also need desensitization ftraining so that he does not over-
react to provocation. Possibly such training problems would yield
to imaginative applications of adaptive training principles.

But it is not for us, who have no expertise in these areas, to say
how adaptive training techniques can be applied. That can be done
only by those who thoroughly wnderstand the operational problems
and the training environment in these other areas. So it is necessary
to get the information on adaptive training technology to experts
in these other fields, if we are to extend its applications. Those
experts are the key people who will have to apply the adaptive
training method, but they can’t do it unless they have a good un-
derstanding of the generalizable principles of adaptive training.
Dr. Caro: I think Jim McGrath made a very significant statement.
He wound up by saying we nced to convey techniques of training
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to people with subject-matter knowledge. Adaptive training is
nothing but a technique for presenting certain types of information
to a student. It is going to have no impact unless it is accompanied
by a solid understanding of the task and a critical look at the cur-
riculum. I am reminded of a comment I read recently about closed-
circuit television. CCTV has had a large impact on education in the
past decade or so but only becauvse it has brought about a very
critical look at the content and organization of the curriculum. I
think if we omit that step in our use of adaptive training, adaptive
training won't be around in a few years.

.., RUNNING INTO A ZEITGEIST. . . .”

Mgr. Frexman: Thank you, Paul. I'm going to continue on around
the room to get everybody’s final statement conceming their views
on the subject of this meeting.

Mr. Normax: T think adaptive training may be running into a
zeitgeist against depersonalized instruction; this exists now particu-
larly in the university. There may be a great deal of opposition to a
fully automated SFTS in which the student flies and flies and re-
lates to nothing more personal than a stack of IBM cards.

Dr. Caro: I wish we had the capability of causing that to be a real
issue in the foreseeable future. We are not going to have a fully
automated SFTS. I wish we could because there are many other
questions that could be addressed thes.

Mnr, FrLexman: The PLATO System, as some of vou will see to-
morrow, has had some spectacular successes in the training of
nurses. Yet, there has always been a very small minority of student
nurses who react vigorously against the dehumanization of that
training process. However, the increased learning rate and the
fantastic increase jn retention obtained suggests that it is well
worthwhile. Perhaps we need to present these training processes
differently.

Dr. Caro: Charley Slack did some resecarch a few vears back in
which he conducted psychotherapy without a therapist. The patient
entered a box, then talked into a microphone, and his verbal be-
havior was reinforced. The results were fascinating. They suggested
that depersonalization is not necessarily a consequence of getting
the therapist out of the system. It should be possible to make in-
struction very personal by having it conducted bv a computer
rather than a human instructor. The instructional logic is the key.
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Dr. KeLeey: There are two issues in the dehumanization question.
First, the numerous people involved in the very powerful union of
educators are threatened because they may be replaced. This con-
sideration has certainly limited the use of instructional television,
for example. Everyone would agree that it is far better to have a
good lecturer, who really knows his subject, lecture to you through
the medium of television than it is to sit in a hall and listen to a
second-rater. Nevertheless, the latter method still prevails by and
large in university systems. Second, there is the real question of
what qualities in instruction are, in fact, lost when the human in-
structor is yemoved. Unions aside, some things are changed when
you computerize, and I think we should be very sensitive to these
changes. The first issue is not one we should concern ourselves with
as scientists, but the second one certainly is.

Dr. MaTHENY: That reminds me of the response of a British ad-
minjstrator to the invention of a young scieptist. He said, “The
brilliance of the ingenuity of your invention almost blinds me to its
utter uselessness,”

Dr. McGraTH: In the tradition of science, we may not know what
weTe doing, but we're doing it very carefully.

MR. FLExMaN: Or the airline captain who addressed his passengers
over the speaker system, “Our navigation equipment has gone out
on this trip, and we're now complctely lost, but we're making a
wonderful groundspeed.”

Dr. MaTHENY: It is extremely important to remember that we are
dealing with the complete individual, even though we have been
restricting ourselves to thinking of a man as the pilot in an aircraft.
The research that has been done in this area has been mostly uni-
modal, primarily with visual inputs. Well, a ot of other inputs are
involved, and this multimodal problem may give you fits. For
example, if the characteristics of the motion platform are not ap-
propriate, some very weird things may happen as a function of
increased turbulence.

Regarding the broader question of how we get anyplace in this
business, we have to face the facts and look to the United States
Government for research funding. There is so much to be done.
At this point, we cannot show anyone that we can save them
money, Or even propose to, as an argument for getting money for
research and development. The SFTS does offer an opportunity to
get some information. Exploit it to the utmost. Now, I pass to Milt
Wood.
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”. .. IN A SOMEWHAT CONFUSED STATE. . . .”

Mg. Woop: There are several items on my list of issues that I wish
to mention in summary.

First, I certainly agree with Jim McGrath that general principles
which define adaptive training need to be identified and stated.
Perhaps it is time to start forming a theoretical basis for adaptive
training. We could look to modern learning principles and to the
interesting area of information processing to see to what extent
they support, constrain, or direct the concepts of adaptive training.
Also, I have been looking at adaptive training specifically in terms
of perceptual-motor skills; on the basis of our discussion here, 1
now feel that the concept should be more encompassing.

Second, we need to look into the potential of an adaptive ap-
proach in providing us a rationale for when to increase task com-
plexity. We may be able, for example, to define an index of avail-
able attention that can be used for increasing task complexity.

Thixd, there is the question of the subject pool. In talking with
Don Norman and trying to decide why the results of our two efforts
were different, we agreed that the subject pool may have played
a part—he was dealing with trained pilots, and I was dealing with
naive students. Perhaps different adaptive models will have to be
employed with different subject pools.

Fourth, there are basic questions conceming overall adaptive
design. My study pointed up some of the issues involved; so did
Chuck Kelley when he emphasized the need for models that handle
leaming as the gradual process that jt is. I suggest that we look at
different ways for using the best of several worlds, perhaps the use
of fixed levels of performance, adaptively modified. We have a
long way to go, and we are just starting, but I guess that is quite
obvious.

MR. FLExmaN: Thank you, Milt. John, I know that you have not
been closely associated with this area but have been exposed to it.

DR. Lauger: I feel much relieved. Yesterday morning when we
started, I was convinced that I was the only person who was con-
fused about some of the issues, definitions, and methoads of this
area. Now, as this conference nears the end, I realize that I have
company and that adaptive training has not advanced to the point
where there are no issues to be resolved. Hopefully, at the “Second
Annual Workshop on Adaptive Training,” some of these questions
will have been answered.

Mr. Frexyan: Mel?
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Dr. MonTEMERLO: I, like John Lauber, cane here in a somewhat
confused state. However, I now see some specific questions for re-
search, one of the foremost being the question of where adaptive
training is more effective. I would propose a study along the lines
of what Cronbach calls an aptitude-treatment-interaction study:
high-aptitude and low-aptitude pilots would perform high-, me-
dium-, and low-difficulty tasks with adaptive and nonadaptive
training. This would be one way of determining where adaptive
training would have its highest effectiveness. Earlier, when I men-
tioned that we should do some studies on adaptive training versus
the nonadaptive training provided in existing systems, you indicated
that we were not ready for that type of thing. What do you think we
are ready for? Do we need implementation of adaptive training,
more realistic training tasks, or more research?

Mn. FLexman: Well, had I not been involved in the SFTS program,
1 would have said that we are ready pow. But, you know, it js one
thing to talk about doing something and another to do it.

Dr. Caro: I think you would have to say that, if we started now
on a second SFTS, it would be much better than the first. We have
learned a good deal.

Mgr. FrLexmaN: Yes, we have.

Dr. Caro: But, I hope that what we have learned is not that we
should not have built the first one.

MR. Frexman: I don’t think so at all. Bill, what do you have to say
in summary?

“. . . RIGHT DOWN THE GROOVE. . . .”
MR. STEWART: 1 agree with everybody. Instead of summarizing, I
wish to throw in one final detail which specifically addresses the
SFTS work. A possible adaptive variable, and an interesting one
to me, might be the sensitivity of instrument display. Ask the man
to flv to very, very close tolerances, and give him a variable in-
strument so that, as he gets better, the instrument becomes more
sensitive. The level of sensitivity of the instrument could be dis-
played to him. At first, a tolerance of 5° off course might be estab-
lished, and then gradually, as his in-tolerance time increases, the
instrwments would become more sensitive, providing him with
more precise flight deviation information. Pretty soon he is flying
right down the groove. This approach might be most applicable
for improving performance in very stable conditiops.
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Mr. Frexman: That is certainly an interesting avenue to pursue.
John, may we hear from you next?

MRr. Sivacorr: I wrote down a list of possible contributions to the
adaptive scheme that the control analyst may make. T will go
through it briefly. In general, I think the adaptive concept has
potential, and I am most anxious to see experimental results that
verify its value, I see the control analyst continuing to play a sup-
porting role in this area; this role may never change. Remember,
engineers tend to see a human being as an aggregate of wires, logic
elements, sensors, computers, and so forth-—a view that may be
quite vseful only in this role.

Here are some of the considerations. First, the identification of
possible adaptive variables and the determination of their sensitiv-
ity are certainly within the realm of the pilot modeling theory.
Many of us did not believe in the pilot modeling technique, when it
was fist advanced by McRuer, and tended to pooh-pooh it. He
said that, even if you don’t accept it, you should at least accept the
chance it offers for structuring experiments so that you can prove
or disprove it yourself. It may have some similar value on the
adaptive scene as well. It may help us to better understand some of
the principles and to be able to make predictions of some sort.

The second consideration on my list is the identification of spe-
cific operator techniques for task performance, with emphasis on
schemes for shaping and eliciting appropriate behavior. An ex-
ample is the human interface with motion that I have studied. The
Jast one is a better definition of time structuring and a determina-
tion of what is involved in making this aspect of training more
effective. In other words, training has to devote much time to each
particular task, and obviously there are many tasks typically in-
volved. Henry Jex, using an eye-tracking device, was able to mea-
sure instrument scan rates, dwell times, and so on for a 707 ILS
approach task. Using these data he was able to verify, with a good
deal of accuracy, a number of contentions about when exactly a
pilot will be saturated and how much time he has available to him
for various tasks. This type of work might provide us some insights
into the time-structuring question.

7. . . THE INSTRUCTOR’S CONTRIBUTION. . . .” ~
Mg, FLexman: Thank you, John. Patty, I think it’s about your tum.
Miss Knoop: Well, for one last and final time, I am of the feeling
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that once we have solved the performance-measurement problem,
we will know much more about what needs to be done in adaptive
training. Everybody probably feels pretty much the same about
that. Another point I want to make was stimulated by all the talk
of replacing the instructor in flight simulator training. I think it
should be in the record that, while we can do a great deal through
automation to improve the effectiveness of training, there will al-
ways be a place for an instructor and his observations in a training
system. So, rather than trying to replace the instructor, we should
think more in terms of aiding him to the point where he has more
freedom to exercise the unique skills that he brings into the train-
ing system and cannot now fully utilize in the simulation environ-
ment,

Mg, FLexmaN: Admittedly, many of us have the objective of re-
placing the instructor; however, I think that we also realize that
this may be an unrealistic objective and that the instructor, with
his managerial and diagnostic skills, should be in the system. With
good adaptive systems as tools, maybe he can become a better
manager and diagnostician by using the information from the com-
puter and prescribing remedial training situations. Perhaps he will
become more sensitive to motivation. Even if our efforts were to
completely replace him, this would not necessarily be bad. The
impetus to take over more of his functions and see if we can do
them better makes us work harder and assess our results more
rigorously. On the other hand, I think there should be equal efforts
going on to enhance the instructor’s contribution to the learning
process, and maybe these two efforts can be mutually supportive.

Miss Knoor: I'm thinking more of the importance of the instructor
in performance evalvation than in training operations.

MR. FrLexman: Yes, T doubt if a computer is going to be able to
assess that this guy almost grabbed the wrong thing, that he is very
nervous and unsure of himself, and that he is right on the precipice
of pure panic bebavior. Paul, do you have any summary state-
ments?

Dr. Cano: I agree with what each of you says about research needs
individvally, but putting it all together, I hear too much emphasis
on the techniques of adaptive training. Adaptive training is a tech-
nique that will allow us to manipulate the training environment
under machine control. But we need to be concerncd about the
definition of that environment and the curriculum, something more
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than just the mechanization of the adaptive model. The emphasis
should be on better system analysis, curriculum engineering, and
performance assessment. We need to pay more attention to what
and how well we are teaching than to the particular technique of
teaching it. The tail must not wag the dog. We must guard against
any application where adaptive training could become an end
rather than a means to more efficient training.

“. . . CLOSING UP SHOP. . . ."”

MRr. Frexman: Chuck, you have had more experience and back-
ground in the area than all of us put together. I think that it would
be very appropriate for you to wind this thing up.

Dr. Kerrey: T will attempt to keep my remarks pointed, becanse
many of the things I would say in summary have already been said
by others. I would like to amplify the point that Patricia Knoop
made. The problem of performance measurement in the context
of an adaptive system must be brought to the forefront. In the
SFTS case, it is very easy to forget that you arc taking three adap-
tive variables that you don’t know very much about and manipu-
lating them on the basis of performance tolerances that are quite
arbitrary and that have relationships that are unspecified.

Performance measurement is the key to these considerations.
Now, if we—the people who know as much about this problem as
anybody else—tend to lose sight of the problem of performance
measurement, what is going to happen when adaptive systems are
used as routine training instruments? So we have to keep coming
back to the same point: How do you measure performance? What
exactly are you measuring? Is the measurement reliable, sensitive,
and, above all, valid® You can’t ask those questions too often, and
if you ever forget them, they will come back and kick you in the
head.

When you talk seriously about adaptive training or try to mech-
anize it, then you have to look at training in a way that you may
pever have looked at it before. No training concept can be taken
for granted; all the assumptions and techniques must be examined
in detail. 1 believe the more significant the skill or knowledge we
seek to impart, the more difficult it is to even quantify what it is
we are really trying to train, much less make it adaptive.

In many areas, adaptive training cannot do much beyond help-
ing pcople get the basic initial skills, Adaptive methods can be



126 AVIATION RESEARCH MONOGRAPHS

used to train music students, but what it takes to make a truly fine
musician, for example, is something that we cannot reasonably
expect a computer to recognize. When skills that are very difficult
to acquire and that really matter in the world are the object of
training, we must never lose sight of the many complex criteria that
are jinvolved in properly assessing those skills. We must never let
the simplification that jis involved in adaptive training distort in
our minds the complexity of the real task that we are dealing with.

I have leamed through somc hard experience how little we know
about ultimate criteria of performance in difficult real-world tasks.
Yet, this is the direction we bave to go if we are really going to
make significant progress. Just a little bit of progress in that direc-
tion, just one new way of measuring what a pilot really does in
flying an airliner, will prove immensely valuable in structuring the
training program; we can make our training program more effec-
tive becausc we know something important about flying the aircraft
that we never knew before. We have to find, in a sense, new per-
formance measures in the real world before training benefits can
tall out.

Mg. FrexMaN: Thank you, Chuck. We are closing up shop; does
anyone have a final word?

Mr. HasLer: Does anyone need a ride to
Vandalia?

Dr. Caro: I would like to say something.
You have done a marvelous job, Ralph, and
we all thank you for putting on this confer-
ence. It has been a valuable experience.
Mg, Frexman: It has been a surprisingly
compatible group. I hope we can do it again. y
Whether our time was well spent will be ' '
proven in our new perspective of the prob- Mr. Hasler
lem area and in our future reactions to that perspective.
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