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If enough interest is expressed to warrant such a workshop, a suitable time will be
established for convening cue at the Center, and correspondenis will be notified.

LEARNING, RETENTION AND TRANSFER

DR, GENE 5 MICHELI
Head, Training Technology Department

The mission of the Training Technology Department of NTDC's Human Factors Labora-
tory is to conduct in-house research in the area of applied human learning, such as the
transfer of training in complex human task, the identification of new indices of human learn-
ing, and the evaluation of basic learning research findings in complex applied settings.

This department of the Human Factors Laboratory has two programs of research,
namely;

1. Physiolegical factors in relation to training.

2, Learning, retention and iransfer,

Today I will talk only about the Iatter of these two programsa. I will try to give you an
overview of projects from this program. The projects [ have chosen to discuss are those
thai I hope will most interest you and/or those on which you may be most likely te help us
in golving some of our problems. !

This program will investigate the variables of learning, retention and transfer and
their interrelationships in order to determine the conditions which lead to the best on-the-
job performance. We seek to obtain the kind of information that will be readily tranglated
to the design and utilization of training devices.

We think the need for this program is obvious, Military personnel st learn pew skills
and retain them for long periods of time, The tasks used must allow transfer of skills from
the training situation to the operational one, These three functions, namely, learning, re-
tentlon and transfer, are thus of central significance to military training, Thelr relation-
ghips must be understood if training is te be efficient, Unfortunaiely though, there is not a
well established body of experimental findings concerned with the learnipg of complex skills,
nor reliahle information about the nature of the tasks used for military training, nor adscquate
information available about the transfer value of tasks nsed to study learning in the lahora-
tory.

We need to develop and evaluate new training methods and to determine the optimal utili-
zation of established training meihods for specific training situations. In addition, we need
to identify those characteristics of the training situation that lead to effective on-the-job
performance and to determine the measures of performance during traiming that are pre-
dictive of retention and transfer.

The projects of this program that I will discuss today are grouped under two subprograms.

A, Training Methods.
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B. Relationships among Learning, Retention and Trangfer.

A. Training Methods

This subprogram will develop and evaluate new training methods and will determinea
the gptimal utilization of established training methods for specific {raining aituations.

Projects

1. Adaptive training (self-adjustive circuiiry}

Recently some pioneering work has been done on adaptive training uging self-
adjustive circuitry (by Edwin Hudson of Otis Elevator Co., Charles Kelley of Dunlap and
Aszsociates, and Henry Birmingham of NRL) wherein a tracking trainer automatically adjusts
the difficulty of the task as a function of how well the trainee is performing. (For the pur-
pose of our discussion we wicsh to defipe tracking as a continuous control task invalving the
following and “lining up' of one systers with some other system. )

We decided to add adaptive circuitiy to 2 piece of research equipment called the
Gereral Vehicular Research Tool (GVRTY which was originally fabricaled for us by Duniap
and Associates). Alfred Weinrauch, of NTDC's Computer Laborztory, and I decided to have
the self-adjustive circuitry change the relative proportions of the cosfficienis of the fracking
order components in the system equations so that the dynamics of the tracking task can auto-
matically vary from zero order (that is, a simple positioning task) fo second order {that is,
a task with acceleration dynamic s) and varmus cambmatmns of zero, first and second order
dynamics.

We are in process of conducting an in-houwse study, using Stetson University stu-
denis as subjects, to determine whether it ie more beneficial to have adaptive circnitry keep
trainees at an eagy, medium or difficult level of performance throughout iraining, consider-
ing also the ahility tevel of the trainees. In other words, good and poor irackers will he
mixed in each of the easy, medium and difficult levels of performance, The apparatus will
adjust the task so that both the good and poor trackers in, say, the medium iangk, are kept at
a medium performance level. Of course the task will bave to be made more difficuit for
the better trainees in order to keep them at a medium level of performance. Then trans~
ferring to a test tast without adaptive eirenitry will show the influence of adapiive training
on tracking.

2. Umnder contraci we have studies being conducted on:

{a) Whether training effectiveness can be increased by employing training methods
which differ as a function of trainee characteristics; and

{b} The effects of cuing and kaowledge of results ag trajining techmiques for avudi-
tory deiection and audilory dlscnmmation with a view lowards sonar operations,
Fi :
Dr. Kasten Talimadge of the American Institvies for Research obtained Navy Basic
Battery aptitude scores, composed of & General Classification Tesi, an Arithmetie, Mechani-
cal, Clerical and an Electrumc Technician Selection Test, and admuustered the Spatial
Onentatlon and Spatial Visualization subtests of the Gualiord Zimmerman Aptitude Survey
and the Xuder Preference Record io Navy Radarman trainees.

Two experimental versions of the Maneuvering Board segment of the Navy Ridaran
course were designed. The firsi of these experimental courses was designed to emphasize
Gazne's Type 3 {Chaining} learning. It was oriented ipward the rote memerization of fixed
procedures for solving maneuvering board problems. The second experimental course was
designed to reflect Gagne's Type T (Principles) learning, and emphasgized the teaching of prin-
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ciples, toncepts, and rationales involved in meaneuvering board operations.

No interactions were found between trainee aptitude or inferest characteristics and
method of training. S

This finding of no significant interactions between trainee characterisiics and train-
ing methods, may, however, be a positive finding. That is, pe rhaps it is not possible to
advantagecusly use a "track' system in radar fraining.

TFurther research is investigating the posasibility that interactions hefween irainee
characterigtica and training methods may appear when the variable of subject matter content
is introduced into the design.

In the other contractual study mentioned, Dr. John Annett of the University of Hull in
England gave some trainees information as to when a signal would appear or whether the
signal was of greater, egual or less intensity than a standard signal pricr to the appeararnce
of the signal (this was called cuing). Other trainees were given the same information after
they made a decigion (this was called knowledge of resulis, or ER). There was no significant
difference in these training approaches on test trials in terms of percentage of correct de-
teetions or diseriminations. However, cuing and KR resulted in different response eifects,
That is, KR resulted in risky behavior—a more lax response eriterion (as shown by a large
number of false detections), while cuing resulted in a more cautious approach shown by a
decrease in false positives.

The relative effectiveness of cuing versus KR as training methods may be a function
of the specific task being learned. KR appears more advantageous when the task requires
the detection of larger percentages of signals, regardless of the number of false responses.
On the other hand, cuing gives better results when cautious bebavior, that is, few false de-
tections, are desired, ' o |

For further work on this project, sonar sounds are to be analyzed into component
sounds. Then, as one training approach, a pastiche of sounds will be built up.

3. The last project X will mention under this subprogram is one ¢n a Motor Skills
Kinesthetic Trainer which was developed by Human Factors Research, Inc. A trainee ina
tracking task holds on to and follows the motions of hig control stick, which is slaved to the
conirol stick of another trainee.

The hypothesis tested was that trainees would learn something Irom the kinesthetic
and proprioceptive fesdback they received {rom this situation, which will shorten the time
it would ordinarily take to learn the task,

The results found were unexpected. I believe that different results would be obtained
if the master control was an experienced tracker, instead of another trainee. We obiained
the equipment from HFR and will repeat the study in-house, this time adding a condition
using an experienced tracker.

B. Relalionships Among Learning, Retention and Trangfer

This subprogram will identify those characteristics of the training situation which
jead to effective on-the-job performance and will determine the measures of performance
during training which are predictive of retention and transfer.

Projects

1. A classification of task functions, training devices and training problems.
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In developing iraining devices engineers tend to slmulate aperational sifuations
and equipment in as realistic a way as possible. There have been relatively few attempts to
determine the relative success of this approach. A few studies have suggested that non-
realistic simulation may somelimes be as effective in {raining as realistic simulation. 1t is
also possible that some kinds of training requivements can be most effectively met hy realis-
tic simulation and others by some abstract process or by some combination of the two.

In order to solve this problem, it is necessary to describe the nature of different
training tasks, ss well as the components of training tasks.

It is necessary to develop a clasaification of training devices, training tagk func-
tions, and training problems. Such a classification could provide a basis for the choice of
tasks and problems to uge in laboratory siudies that have a relation fo the real-world.

Most experiments performed in laboratories have little obvious relevance to the
kinds of situations typical of military problems, In order to judge the possible transier
value of typical laporatory tasks far the military training situation, we need to know some-
thing about their relative similarity to the components of military tasks. :

Dr. Arthur Bilaiwes of our staff is currently performing this task of taxonomy.
He is developing a classification system and is obtaining, by means of interviews, and
possibly by a questionnaire, information about the skills required in using training devices,
the kinds of decisions involved, and the difficulty of the sequences of events that occur,
among other things. In other words we are trying to specify the population of training devices,
tasks and functions in current use so that samples of these tasks can be chosen ior regearch
which will facilitate the translation of research findings into practice.

2, A theoretical analysis of transfer of training.

This problem is important because of the fact that much training is conducted
under conditions or at & time that may differ from the conditions in which the traiming will
be used. For all practical purpoges the entire training process demands extensive {ransfer
of training (or carty over) if the training is to have any value,

We hope to conduct this study in-house, but current lack of manpower has prevented
us from starting this yet. Perhaps you ¢an help us here.

The variables we are most interested in are: (1) The role that similarity of
stimuli and response have on the amoant 2nd direction of {ransfer of training. (For the
psychologists in the audience I will just meation in this connection the Skaggs-Robinson
hypothesis and Houston's and Osgood's transfer surfaces); (2} The time interval between
original fraining and application in an operational situation. (This variable haa received
some attention from researchers in transfer of training, It is particulariy significant in the
development of training devices, because a considerable amount of time may elapse between
the original training and the use of the training in an operational situation); (3) Initial level
of skill where trajning is begun; {4) The degree of proficiency achieved on the training task;
(8) The amount of retention over time; and (6) The type of task used.

3. Component practice in training devices.

We are in process of planning an in-house study in this area, which is related to
the whole versus part training problem, The purpose of this project is fo find ways of modify-
ing the standard practice sequences used with training devices o as to take into account
difficulty level of the component parts of the task.

_ Training on complex military systems requires extensive repeated practice, and practice
on training devices is typically given in the normal sequence in which the total tagk is performed
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This orocedure tends to give equal practice to each vart of the task, even though the different
aspects of the task may be of varyving difficulty. The resuit of this approach is to make the
easy components of the task well learned and the difficult components of the tagk relatively
less learned.

We plan ta analyze the component functions trained for in a complex training device (or
situation) and the sequences in which they occur. Ancther analysis will be made of the re-
lative difficulty level of each of these component functions (or part-tasks). We hypothesize
that differential amounts of practice on specified components of the complex skill and/or a
systematic re-arrangement of the component parts will result in greater amounts of transfer
{0 the tofal task than does a "natural” arrangement.

If this approach is successful, it could lead to a reduction in the time needed for training
and/or a higher level of performance may be acguired,

4. Relationships among learning, retention and transfer.

The similarity of this project’s title to the title of our whole program gives some
indication of the importance we attach to it. We hope this project, which will be a two-year
contractual effort, will be the start of a long-term series of experimenis designed io
establish parametric relations among learning, retention and fransfer,

A great dezal of Iearning research has been done by psychologists, A surprisingly
small amount of regearch has been done in the area of iransfer of training, This should be
distrbing to 211 of us in the training business, since the ultiinate objective of training is the
transfer of what was learned to the operational situation.

Most research focuses primarily on elther learning, reteniion or frapsfer, to the
exclugion of the other twg, In this project, however, we are inferested in performance dur-
ing training, performance at gsome Iater time with respect te the maferial learned earlier,
and performance on some task different {rom the one used in training.

Conditions of learning have been set {forth {e. g., graded difficulty; lmowledge of
results). Jome factors affecting vetention {e. g, overlearning; interpalated activity} and
transfer (e. ., stimwlus and response similarity) bave been identified. However, litile
attention has been given to determining the effects on learning that optimizing the conditions
for retention or transfer might have. 'The purpose of this project is, through investigating
these three performance measures and their interrelationships, to identify those character-
1stics of the training situation which will lead to effeciive on-the-job performance and to
determine those measures of performance during training which will be predictive of re-
tention and transfer. This proposed study has been advertised in the Commerce Business
Daily. We would welcome expressions of interest and eapability in this area from those of you
in the audience who have not already <ione so,
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