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Dear Dr. Brimhalls

. Because of the marked interest ln problems
of training, the Commlittee on Selection end Training of Alr-
eraft Pllots considers 1t desirsble to 1ssue immediately, in
advance of the publicuation of the propoeed text on Aviation
Psychology, the attached chapter entitled "The Psychology of

in Relation to Flight Instructlion.” Thls seems
perticularly appropriate because of the use which has beem
wade of thip materisl in the Training Methods Unit of the
fontrolled Seocondary Imetructor Course recently prepaved by
the Committee, in cooperation with the Divislon of Research,
Civil Aeroneutics Adminlstration, for the War Training Service,

It is recommesnded that the attached chapter
be included in the serles of technical reports which are bew
ing 1ssued by the Division of Research, Civil Aercnautics
Adminlstraticn.

Cordially yours,

Mo 4 L~

MSV/es Korris S. Viteles, Chasirman
. Committee on Selection and
Training of Alreraft Pilots
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FORENORD

The histery of the Committee on S8election and Training
of Aircraft Pilots has been marked by a iransition from an initial
emphasls upon pilot selection to a growing concern with improved
methods for training pilots. This parallels & changing orienta-
tion in the Armed Forces, where the extreme importance of training
as & device for promoting the effective use of manpower is receiv-
ing ever—growing conslderation.

Regeerch on pllot training, such as that condueted under
the auspices of the Committes on Selection and Training of Aircraft
Pilots; represents an extension of the type of experimentation that
has long been conducted in university laboratories and in industry.
In view of this fact, investigators in the field of pilot training
will find much of value in the critical summery of the literature
and of the paychologicel principles of leerning in relation to flight
instruction included in the material which follows, prepared with
the editoriasl =ssistance of Dr. Norman L. Munn of Vanderbilt
University, for publication in the proposed text of Aviation Pay-
chology. The chapter is published at this time ac tiat its material
may become immediately svellable to thoee interested in the problems
of pllot training. '
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THE PEFTHOLOGY 37 LRARNIRG
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i, INTEODYOTION

Psyzhologists have beea inveatigating the learming process for
more than f£ifty yesrs. Invaatigabions weve first carried out in the
g yoanlogicel aboratary, tub isisz ertended Lo enbruce achivities of
the cinssroom cnd incustrial oitamt. The “scrpivy process In aviation has
regn{ved cousiiorable atbenbion ia the renserch program of the Natlional
Roeseareh Counell Cormitbleo on dolzetior aad Jraining of firereft Pilots,
arpeeiaily with tne elm o facllitating fiight truiniag. Recognizing
et the hest aslestion wothods woula bo 92 very restricted value unless
efrsotiie tral..ng mothod wera eiso ussd, the Committee has sponsored,
erd conbimes wo gponsor, several vvojects aimed st the isprovement of
troidag mstheds. These urojects and thelr ocutcomes are considered in
the .resen’ stevey along with othar rolzvent nateriel from laboratory,
cia- Toon, gng ndusbriel plsni,

sunngasheg to the problem of learning., Laboratory investige-
Lwows ol iearniag heve been motivated by a desire to dlscover what learn-
inz is, perticularly in terms of the conditions which proauce it (or
interfere with it) and its representation in the nervous system. In
pursusnce of these saims the laboratory investigator nas developed scien-~
tific methods of studying the lesrning process and has discovered a
number of principles whereby this process may be speeded up and its re- N
sults made more permanent. Studies of learning in the classroom, in
industry, and in aviation have built upon this groundwork of leboratory
research. '

s e .

Lenrning curveg. Progress in the acquisition of skill is illus-
trated by the learning curve, a graph showing changes in performance as
a result of practice. Practice periods or intervals during which psr-
formance 1s sampled are represented along the base (abscissa) and correct
responses, errors, time, or other indices of progress at the side {ordinate)
of the graph.

Figures 1 ard 2 presenti learning curves drawn to illustrate . —:;%'
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improvement with practice in two psychomotor skilla, Figure 1 shows the
average improvement mede by 33 subjects during 6 trials on a two-hand
coordination test (52). In this test, improvement in performance is
measured in percent of time that the subject is able to do the task cor-
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rectly. A higher percentage of time, therefore, indic:tes better per-
formance., When the results of the test are plotted directly (per ceat
of time on the ordinate and practice trisls on the abscissa) improve-
ment is showna by & rising curve. In Figure 1 it will be noted that the
88 subjects were performing correctly only about 45 per cent of the
time during the first trial, but that they improved with practice until
in the sixth trial they were performing correctly epproximately 60 per
cent of the time.

65 -
60 r /
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Per Cent of Time
3

45 -
.w L.
i 2 5 4 5 é
Trisls
FIGURE 1

CURVE EROWING IMPROVEMENT IN THE THO~HAND
COORDINATION TEST AS A RESULT OF
SIX PRACTICE PERIODS

Figure 2 1llustrates the average improvement made by 7 sub-
jects during 10 practice trials on a serial reaction~time test (27).
In thip test, improvement in performance is in terms of the totul num-
ber of seconds 1t takes the pubject to react to a series of stimuli. A
ghorter reaction time, therefore, indicates a better performance. When
this time score is plotted aguinst the practice trials {time in seconds
on the ordinate and trials on the abscissa) improvement if shown by a
curve which declines as learning or improvement proceeds.” In Figure 2
it will be noted that the 7 subjects were taking a total of about 374
seconds to react correctly on the firat trial, but that they lmproved
with prectice until in the tenth trial they were reacting correctly in
approxinmately 225 seconds.

1, declining curve will aiso be found wien the mu.rber of errors is pioiied
against trials. '
- "
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Most learuing curves for motor skills have certaln common charac-
teristios. Especially notable 1s the fact that learning ususlly proceeds
rapidly at first and tben more elowly as practice continmues. In other
words, as far &s the measursble aspeols of learning are concerned,
Jater practice periods tend to exhibit diminishing returns. This is
clearly evident in the two curves presented in Figures 1 and 2,
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FIGURE 2

CURVE SHOWING IMPROVEMENT IN PERFORMANCE OF THE
SERIAL REACTION-TIME TEST AS A RESULT OF
TEN PRACTICE PERIQDS

The chief reason for diminishing returns in later practice perlods
is the faot that, as learning proceeds, an individusl is approaching
his physioclogloal 1limit or limits provided by the nasture of the problem,
An individual who runs the 100-yard dash in 94 seconds, for oxanmple,
cannot be expected to improve as mech as one who requires 10 seconde.
The former 1s already runnimg just apdout as fast as muscular and ner-
.vous syatems will allow.

) When time scores are used tc measure learning there is always, as
in the 100-yard dash; a physiological limit. The individual, assuming
that he is working with maximal motivation, mey reach a speed which can-
not poseibly be improved, However, if improvement is measured in terms
of srror scores, the curves when plotted may reach & point at which no
further srrors &re made. Likewise, curves plotted in terms of correct
responses may reach an upper limit which is 8 function of the problem
rather than of ipdividual limits nf performapce. i are not justified
in a4suming thati thess curves iralcete bhe indiviuusl's physiolagical
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Furthermore, many responses mey be further perfected by con-
tinued practice, even though the learning curves show what is apparently
"perfect® performance in terms of exrors or correct responses. Aspects
of learning which do not yield to precise measurement, but which are
nevertheless of great importance, are being acquired during the final
period of little or no epparent gain. In aviatlon these would include
such factors as gaining increased proficiemcy in getting the "feel of
the plane" and echieving eutomaticity of performance. In guch ceses,
the amount of gain in relation to cost of training becomes a particularly
lmportant consideration.

When curves are plotted for individuals, there is usually ruch
fluctuation in efficiency from trial to trial and the general trend may
thus not be observed readily. The trend is more obvious when dsta for
several individuals are averaged, &3 in Figures 1 and 2.

2, MEASURING PROGRESS IN FLIGHT PERFORMANCE

Paulty methods of operation necessarily characterize the per-
formance of the ilnexperienced pilot, and the instructor's task is to
eliminate these as early as possible in the training program. A prac-
tical approach to the imgtructor's task is through the study of what
happens as the pilot learns, for only by enalyzing the learning process
will 1t be posaible to arrive at useful recommendations with respect to
methods of lnstruction. ,

As in ell experimental work, the analysis of the learning pro-
cess should preferably be based upon objective and accurate measurements
of performence. Difficulties in obtslning asuch meesurementa under
actual flight conditions, however, have usually made it neceasary to
resort to qualitative evaluations based on direct observation. Recent
investigations, on the other hand, by Viteles end Thompson at the Univer-
sity of Pennsylvania (50, 51) and by Kellogg at Indiana University
(19) have shomn that progress in flight performance can be studied by
means of cbjective techniqueas,

Whether objective msasuraess or qualitative evaluations are used,
the task of analyzing the learning process msy be approached in two ways.
The firet is the global epproach, in which an effort is made to evaluate

the total performance of the student pilot; the second approach is to break

the total operation into pimpler components, such as movements made in
controlling rudder, aileron, and elevator, and to determine what changes
take place in each of thepe components during the training period.

In the studies at the University of Panns&lvania both quelitative

estimates of over-all (or global) performence and quantitstive measure-
ments of the underlying flight components were obtained from analysis of
motion photographs of pilot performence during flight. Standardizetion
of £flight test conditions 80 as to minimize the effects of variablea other

-
-8



-5 =

than the training process was obtained by the use of Stendard Flights
developed 39 one phase of the University of Pemnsylvenia Research Pro-
ject (50).~ These flights provide standard test situations by specify-
ing the order, character, and flight pattern of the maneuvers included
in each flight. Fach maneuver is appreopriately preseribed as to altl-
tude, length (in terms of degrees of turn, time, or change of mltitude),
ground reference points (when necessary), angle of bank, etec. Separate
flights are used for each of the four stages of the C.P.T. Program.3
These provide for a repeat performance of the basic maneuvers included
in the previous steges. Weather and air factors ere controlled by set—
ting up a fairly narrow range of conditions of wind velocity, visibility,
and air turbulency under which the flights may be made. Use of these
flights thus makes possible comparison of performance from flight to
flight and a study of the progress of learning from stage to stage.

A method of analysis of the photographs by means of direct
inspection during slow-motion projection was developed which provided
rellable gualitative estimates of flight performance.4 This method
when applied to photograph recorde of the flight performence of 33
C.P.T. students at the end of approximately five hours of instruction
(within Stuge A) and of approximately 35 hours (within Stege D) revealed
a statisticelly significant correlation between estimatea of over-all
performance at the two steges of instruction. The relationship was
not sufficiently high, however, to warrant the use of initial perfor-
mance (as evaluated) as an accurate predictor of the final performance
(48). An interesting by-product of the investigatiog was the finding
that there was higher intercorrelation among aspects’ of flight per-
formance in the Stage D flight then in the Stage A flight, suggesting
thut with incressing progress in learning the individual has "rounded
out," l,e., bus developed each of these uspects of performence to more
nearly the same degree.

2 e Suppleunent to this report has also been issued as (45).

The controlled C.P.T. flight course is divided into four stages: A,
B, C, and D. Stege A ends when the student solos, usually between the
elghth and the tenth hours. Stage B covers five additional hours,
through the thirteenth hour. Stuge C ends at approximately 25 hours,
and Staege D at 35. Provision is made for additional hours in sach
ptage in cases where the student needs further practice on certain
DADEUVeTE.

4 4 detefled description énd an evaluation of this method of analysis

are found in (51).

5 In this study elght aspects such as Wing Control, Nose Control, Direc—
tional Control, Slip-Skid Tendency, etc., were rated separately.




In addition, a method of quantitative analysis based on measure-
ments durlng successive freme-by-frame projection has been developed at
the Univerasity of Pennsylvania (§1). A control recorcer (mountea on the
instrument panel} provides an indication of the position of the three
controls by peans of pointers moving horizontelly along linear scales.
Movements of the pointers represent change in the positicn of each of
the three controls (rudder, aileron, and elevator).

For convenience in studying the progress of learning, e quanti-
tative description of control movement hablts is provided. This des-
cription is in termp of such indices a3 the number of discrete movements
of each control during a maneuver, the per cent of total meaneuver tinme
during which & control is in motion, the total extent of movement of emch
control, the number of regressive movements, and the frequency of short
and small movements {80).

Quantitative indices, when obtained from several flights,may
bs plotted to form a learning curve. Learning curves of student groups
exhiblting varying degrees of succesgs in flight instruction can then be
atudied In order to determine which aspects of flight performence differ-
entiate the groups.

An example of the type of comparisons made posslble by this
method is found in Figure 3, which presents learning curves based on
data obtained in an investigation by Viteles snd Thompsqns A group of
nine students was divided into "superior® amnd "inferior"™ sub-groups by
use of a composite rating based upon peired comparisons by the instructor

.at three stages of training, direct observation by the instructor durlng

stendard flights, and the final flight-test rating made by an inspector.

Anelyais of the firat grsaph in Figure 3 reveals that the two
sub-groups are not differentiated with respect to rudder adjustment dur-
ing the photographed 30 seconds of straight and level flight for any of
the four flights taken. In addition, neither group changes significantly
from flight to flight in respeet to rudder adjustment.

The two groups are likewise quite similar with reapect to all-
eron adjustment except,poasibly, in the final flight {Flight 3B). 1In
this flight the inferior group continues to decrease its percentage of
total maneuver time during which the ailerons are in motion while the
superior group exhibits a fairly large increase over the previous flight.

. The graph representing the per cent of time during which the
slevator was in motion, however, shows a fairly consistent increase in
successive flights in both groups with the "superior® group obtaining
higher values of this index in all four flights.
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FIGURE 3

CONTROL ACTIVITY INDEX - STRAIGHT AND LEVEL FLIGHT
FOR 30 GECONDS
(After Viteles and Thompson.)

The GControl Activity Index was computed for each stu-
dent by dividing the totel length of time the control
was in motion by the total time taken by the maneuver,
The obtained quotient whem multiplied by 100 represents
the per cent of the total maneuver time during which

a control was in motion. In the above graphs, the
solid line represents the average value for the superior
group and the broket line the average value for the
inferior group. Flight 1A was made after 10 hours of
instruction, Fiight 1B after 16 hours, Flight 2B after
24 hours, and Fiight 3B after 35 hours.

The results shomn in the graph are deacribed by Viteles end
Thompson as only provisional and illuatrative in character, because
of the smell number of cases involved. However, insofar as the results
are acceptable, they suggest that with incruasing flight experienee,
pllota tend to keep the slevators in motion during e larger percentage
of the total maneuver time in order to maintain level flight, and that
the better pilots ere more sensitive to the need for this type of adjust-
ment than the poorer pilots.
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Another example of learning-curve analysis may be taken from
an investigation at Indiana University under the direction of Kellogg
(19). By means of the Kellogg Pilot Response Recorder (a graphic recorder
in which movements of the conirols are pecordsed as tracings on e moving
tape) graphic records of control movements were obtained during a stan-
dard fiignt performed by studeat pllots. The flight involved four left
and three right turas.

Traces representing control novements were measured with a
graphometer which reduced them to numericel form in terms of the total
extent of control movement. A studept's performence weas then described
ag the ratio obtained by dividing his score (in terms of graphometer
readinga) by the instructor's score on a similar flight made immediately
before or after the student's flight. This comperison flight provided
an indlrect weether gontrol in that & bzse or standard wes provided for
each student flight.

A learning curve based upon elevator movement is shown in
Figure 4. This curve indicates that elevator movements decressed, with-
in five test flights, to about ome-fifth of their original exteant. From
this point, the average extent of elevator movements clossly approxi-
mated that exhibited by the instructor.

The data from which the leerning curves in Figures 3 and / were
drawn are not comparable. In the first pluce, the curves in Figure 3
are for straight and level flight alone while the curve in Figure 4 is
for a flight course involving four left and three right turns. In the
second place, the first-mentioned curves are based upon the proportion
of time during which controls were in motion and the other upon the aver-
age extent of elevator movements.

In presenting these curves, it may be well to mention the
limitations of the methods and results: (1) Photographic and mechanical
records of the simpler aspects of flight, while useful in studying how
individuel control-movement habits are acquired and how they are orgenized
into the appropriate patterns of response for particular maneuvers, are
nevertheless limited in scope when the totel task to be le:rned, includ-
ing judgment, observation of regulations, etc., is considered. (2) As
indicated earlier, the number of subjects is too smell as a basis for
generalization, More than & single sample of a maneuver should be analyzed
at each stage of instruction, particularly since many of the maneuvers,

&3 for example the 90° turn and 45° bank, require only a few seconds of
time for their completion.

In general, these illustrations from the work of Viteles and

.Thompson and of Kellogg should be considered at this point as examples

of approach rather than as definitive findings. Presentetion of definitive

- -
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6 This assumes, of course, that vuriations in weather conditions affect
the instructor's performance to the same relative degree that they
affect student performance.



-9 -
5.0
4.0
g_ solo
e 30
e
&
2.0 T
1.0 V/X,%vﬂvé
I‘llllLLi]_l I TN I W T

2 4 6 8 10 12 14 18
Test Flights

FIGURE 4
ELININATION OF OVERCONTROLLING IN USE OF THE ELEVATOR
(After Kellogg.)

This figure presents the student-instructor ratios (8/1)ot
elevator movement obtained from one student for success-~
ive flights made after sbout every 30 minutes of flight
instruction over a period of 12 hours of instruction.
Inspection of the graph shows that the student at first
moved the elevators five times as much as the instructor,
hence overcontrolled to & considerable extent. Elevator
overcontrol was gradually reduced until, at the end of
the fifth period, the amount of elevator movement equal-
led that of ‘the instructor and thereafter remained neear
.the inatructorts level. )

findings awaits the completion of a more extended current project at the
University of Pennsylvania involving further refinement in wethods of
photographic analysis.

of - The chief advantages of having
instructors or other experienced flight observers rute a student's
perfornance at various stages of flight training aret (1) Expensive -
equipment is not necessary. (2) 4 time~consuming enalysis of records
is not required in order to determine the nature of each student's per-
formance. (3) Ratings may be confined to relatively simple mechanical
aspacts of itotal performance, as in photographic and mechanical recording,
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or they may take in such aspects of over-all performance as observance
of regulations, confidence, and judgment. (4) The observer can put
together a mass of observatiqna not recordable.

The chief disadvantage of ratings by instructors and inspectors,
however, is that such ratings are notoriously unreliable. In other werds,
the same individualt's performance tends to be rated differently by dif-
ferent raters. This is true evern when all retings are made during stan-
dard flights. Moreover, instructors often have fixed ideas which prevent
them from reting in an objective menner. Thus one instructor would not
rate a student better than grade 3, regardless of his actual progress,
because he believed that "no student can fly better than grade 3 until
he has had at least 30 hours in the air"(§).

The value of rating scales for investigations of improvement

in flight performance has recently been incressed by development of the

hio State Fiight Inventory (29)./ This 1s used (by raters especially
trained for the job) to rate performance during specified maneuvers of
stendard flights. It pleces emphasis upon checking the presence or
absence of specific movements of the pilot and attitudes of the plane
rather than upon rating performance "average,® "grade 3," or the like.
In observing turns in climbs, for example, the rater checks, at the
stage of entry, such specific end objectively cbservable items &3 "simul-
teneous application of controls,® "uses rudder, no aileron on entry,"
Rkeeps nose up during entry," etc.

The use of instructorts ratings to plot learming curves is
illustrated by Kellogg's (19) study, in which rating was in terms of
such errors as getiing the nose too high, losing altitude, slipping,
banking too steeply, etc. One of these curves is presented in Figure
5. There s to be noted a rapid initial decline in the number of
errors observed by the inatructor, follewed by & relatively slow de-
cline. The representativeness of thls learning curve may be chellenged,
however, on the ground that it is based upon the lmprovement of only

7 Early stepe in the development of this inventory are deseribed by
Edgerton and Walker (5). Later stages in its development have been
under the direction of R. ¥, Walker, as Director of Training for the
Natlonal Research Council Committee on Selection and Training of
Aircraft Pllots,

8 Other agpects of flight performance, such es judgment, emoticnal con~
trol, and relaxation, &re rated by another improved scele, the Purdue
Scale for Rating Pilot Competency (21). (This scale, frequently

referred to as the Purdue Rating Scale or the Kelly Scalz, wes pre-
pared by E. L. Kelly and is printed by the Purdue Researca Foundation.)

While preliminary studies by Kelly and Ewart (23) suggest the utility
of the ecale both as a predictor end as & criterion, thers is not yet
conclugive evidence that it is adapted to studies of learaing.
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FIGURE 5

LEARNING CURVE BASED UPON RATINGS BY AN INSTRUCTOR
(After Kellogg)

This curve shows a decrease in the number of errora
observed by the instructor during the successive test
flights of one student over a ground course involving
geven turns,

one student. Moreover, the rellebility of the instructor's ratings is
not known. A4 curve having a somewhat similar trend is reported for
ancther atudent..

3, TRIAL AND ERROR, UNDERSTANDING, AND INSIGHT

Irie) and error in learning. When confronted by the need for
acquiring new skills, individumls usually exhibit "trisl and error® be-
havior. Their responses are exploratory, but to & large degree random.
When the instrument to be manipulated is completely unfamiliar, learning
must "start from scratch.” This situation i3 frequently present when
industrial operations removed from the sphere of everyday experiences
are to be learned. In learning to operate such familiar mechanisms as
a bicycle, however, the individual's exploratory activity is reduced by
reason of the fact that he knows that he must sit in a certain place,
thut his feet must manipulate the pedals, that balance may be achieved
by movements of the handle bars and distribution of bodyweight, and
that a thrust forward of the right handle bar turns the machine to the
left. The triel-and-error uspects of learning to ride a bicycle apply,
therefore, only to skill in making movements already ‘nown to be required.

It is obvi us thet foreknowledge _ike that »f the would-be
cycliet may yield a large decrease in randcr behavior, hence s saving
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in time and energy. The averagé aviation cendidate has no such precise
foreknowledge of the way in which airplanes are operated. If he has
any preconceived notions concerning the operation of planes, these are
frequently false.? Ome of the first things the candidate must learn is
that airplanes sre not guided like bicycles, automobiles, sleds, and
other devices with which he may already be familiar, for planes turn

to the right when the right rudder bar is thrust forward. Moreoever, he
is likely to underestimate the complex coordinations celled for in such
an apparently simple maneuver a&s turning.

¥hen the student lmows beforehand what to do in operating an
airpiane, he must, of course, still acquirs skill in doing it. However,
his practice becomes "directed" in that attention is focused upon the
fundemental features of the cperation and upon getting the proper com-
binations and timing of movements necessary for acceptable performance.

It has been demonstrated in industry that the efficiency with
which operations are carried out is lncreased by eliminating as much
trial and error as possible at the outsel. This ies uccomplished by
demonatrating correct methods end insisting that treinees practice omly
these. The value of discovering correct methods eand focusing all
activity upon these from the start has bsen brought out in studies by
Viteles (49), Shaw (43), and Cox ( 3).

Viteles, who studied the treining of street car motormen, found
that it wes customary to send & trainee out with different motormen each
day. But each motorman had his own "tricks" including many thet were
quite inefficlent, hence a trainee was confronted by different and some-
times inefficient patterns of operation from day to day. Moreover, the
methods of one operator often differed so much from those of other
operators that much confusion occurred, Viteles (49) says,

"Instead of receiving from day to dey umiform training in
a definlte series of responses involving the same muscu=-
lar combinetiona, there were variations in the patterns
of response employed from day to day. For handling the
air brake, for example, one motormen recommended talting
"long bAites' of air, another 'short bites.! One man
enployed one technique, involving one series of muscu-
lar actiona for closing the door and starting the car
similtaneously; another had a sscond method, involving
another, almost antagonistic series of muscular responses.

-

9 This criticism will, of course, become increasingly less pertinent aa
young people cbtaln more extensive knowledge of airplane operation,
such as ia being given in the current progrems in the secondary schools,
developed through the initlative of the Civil Aeroneutics Administra-
tion.

%gﬁ“ﬁ,f



. _:_‘;" FLa

"The total effect was to create interference in habit
formation —- & condition which retards the development
of skill, lengthens the training period, and promotes an
uncertainty of response which continues after the close
of the traein period to the danger of the public and of
the operator® {pp. 395-397).

This situation waa corrected by studying the methods used by superior
motormen and teaching these alone to trainees.

Shaw {43) describes how detailed analysis of efficient move-
ment patterns (mlcromotion analysis) provides a means of ascerteining
and then teeching correct methods of work and how the efficient operation

. of industrial plents and the satisfaction of workers in their jobs are

thereby increaped.

The value of temching correct methods of work and et the same
time making operations meaningful to workers is well illustrated in
Cox's (3) study on different methods of training individuals to assemble
electric lamp holders. In this study two methods of learning were com-
pered. One, designeted as "practice™ wag that of allowing the individual
to learn by sheer mechenical repetitlon. Subjects were given no in-
structions concerning the proper method of operation. ALeft thus to
their own devices, they exhibited much trial and error end progressed
slowly. With the other group, & "treining"™ method was used. Tralnees
were inatructed in general principles underlying efficient pracedures
znd were also glven exercises which emphasized important aspects of
the assembling operations. When learning curves for groups of individ-
uals with equal initisl ability, but either "practiced" or “trained,"
were compared, it was evident that "training" produced significantly
greater gains in proficlency than did sheer "practice." This is illus-
trated by the fact that a "tralned" group equalled in 40 triels the
score made by & ®"practiced" group of equal initial ability only after
300 trisls. The score involved in this comparison was the time required
to. perform certain assembling operations. Tranafer of skill to different
operations was practically absent in the “practiced" and present to a
signiflcant degree in the "trained" subjects. In his conclusions Cox
says,

"These results appear of great practical sigmificance,
wherever work requiring manual skill is involved, es-
peclally when 1t is remembered that the limits of
proficlency to be atteined by training may far exceed
those attainable by uninstructed repetition. The re-
sults indicate the wastage that must be produced by the
customary practice of allowing beginners in the asseumbly
room to drop into the work as hest they cen. And they
suggest that a very real advantage would focllow from the
replacemént of this current crude procedure by & short

i
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course of systematic training in the general principles
underlying manual control illustrated by specific ex~
axwples from manual operations. 4 like procedure may. be
frequently adopted with advantaege in other forms of manual
activity ..." (p. 176).

Determination of the most effective behavior patterns for specific
flight meneuvers is es important for avlation as determination of efficlent
patterns of specific kinds of work is for industry. Probablythe most fruitful
means of determining correct flight operations is to take moving -ictures

.of wuperlor pilots during performence of specified flight maneuvers.

Viteles and Thompson {50) mode such photographic records by placing a moving
picture camera in the cockpit of the plane in such & position that the
pilot's manipulationa of the conirols could be recorded. The records were
then subjected to a minute study (both frame-by-frame end slow-motion
analysis) in order to discover movement patterns and their timing. Such a
atudy of photographic records of performances of pilots rated as superior
reveals information concerning the most effective behavior patterns for

each bssic flight waneuver.

Such photographic recorda have the added advantage that they pay
be used to teach both instructors and students the methods used by superior
pilots. Study of photographic flight records also mskes possible discovery
of those "tricks of the trade® which add to efficient performance. These
may then be passed on to students directly. W®ithout such direct instruction
the students mlght not learn these "itricks." If tney did leara them, it
would be only through good fortune in getting a superior flyer as an in-
structer or throuEh eventual discovery of them, perhaps after much needless
trial and error.t

Understanding. Within recent yesrs there hss been discussion
among psychologists and educators concerning the fact that, while it 1s
possible to acquire skills without kmowledge of their fundamental nature,
the most efficlent learning is that which arouses understanding.

Some individuals acquire understanding more cr less spontane-
ously as an outcome of trial-and-error activity. Understanding is bast
fostered, however, by explanetions given during the learning process.

In learning to fly, especielly, the individual needs to learn the ®why"
of what he 1s doing. That this is not a necessary outcome cf the process
of acquiring skill is {llustrated in Kelly's @0 ) atudy of instructor-

10 fThere are also indications that the Ohio Stcte Flight Inventory (29)
can be used effectively for training purvoses by emphasiaing during
instruction those faults which are noted on the Ianventory. Actually,
the Ohio State Flight Inventory may become more useful for instruction
than it is am a criterion device, the purpese for which it was ori-
ginally intended.
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student conversations during flight. Expert instructors sometimes did
not understand their own flying behavior sufficlently well to make opera-
tions understandable to thelr students. One instructor, for example,
told the student that a plane is steered "like a sled."™ This is poor
teaching for, while the steering mamipulation as such is like thet of a
s8led, the same maripulation leads to diametrically opposite results in
asled and plane. A thrust forward of the right foot, for example, turna
the sled to the left, but it turms the plane to the right.

Cox's "training” method gained much of its advantage from the
fact that operations were made meaningful to trainees from the start.
Each trainee was not only told the correct things to do, but informed of
underlying principles as well.

Ground school instruction, flight manuals, deily instruction
sheets, and instruction in the air may facilitete acquisition of under-
standing as & means of facilitatlng and making more effective _the acquisi-
t.ionofak:l.ll The Fynds 1 Flanentia Y npuverg {9) and the

day a5 : N BT 5 (1o)navn peen eapcinlly designed
with thia in mind. Their use mny lead to & marked reduction in the trial
and error respongses of flight students., These sheets, based upon research
. sponsored by the N.R.C. Committee on Selection and Training of Aircraft
Pilots, enable the student to think over in advance and thus to gein in
his understanding of the new maneuvers to be undertaken in the next flight
perlod. They also provide cues which individual inatructors might fail
to call to the student's attention, via., "Ride with the plane during the
turn,” "Don't lean toward or awey from the bank," etc.

Another factor which facilitetes understanding is use of dea-
criptive and explanatory terms which avoid ambiguity and which are uni-
formly used throughout the training and poat-training period. Development
of Patter books (35) (37) has to a lerge degree satisfied this need.l

Ingight. The term insight is sometimes used to depignate &
Yype of learning, in contradistinction to trial and error, and souetimes
to refer to a product of learning. Regarded as a type of leaurning, insignt
is characterized by & more or less sudden "grasping® of relationships.
The individual after a period of little or no apparent progress, "gets
the idea®™ and the problem is, as it were, solved at a single stroke. Such
sudden leurning is evidenced by a precipitous improvement in the learning
curve.

Insight is facilitated when individuals lecrn to relinquish
responses which lead nowhere and to try new ones. It 13, as everyone

1l Patter books are training alds in the form of small booklets contain—
ing carefully prepared descriptions of each of the maneuvers in the
primary and secondary C.P.T. courses. The Patier is intended for the
uge of instructora and is written in the style which instructors would
use while actually instructing during flight.

M



-16 -

lnows from his own experience, a comm-nplace practice to repeat inadequate
responses time and agein (perseverate) when confronted by a problem having
no ready solution. That this perseverative behavior may be reduced by
proper instruction and that such reduction greatly fecilitates solution

of problems is illustrated in a study by Maier {28). College students
were given various mechanical problems to solve, one of which was thet of
blowing out a candle from & distance of elght feet. The only equipment
comprised two four-foot rods, six paper clamps, three shart lengthas of
rubber tubing, and four short pieces of glags tubing. The sclution was

to join rubber and glass tubes alternately, to stiffen the eight-foot tube
thus produced by clamping it to the rods, and to blow through the tube.

One group of 206 students tackled the problem without preliminary instruc-
tiongs. On the other hand, a group consisting of 173 students comparable
with the first in ebility was given a 20-minute preliminsry lecture which
was finelly summarized as follows: "(1) Locate a difficulty and try to
overcome it., If you fell, get it completely out of your mind and seek an
entirely different difficulty. (2) Do not be a creature of habit and stay
in & rut. Keep your mind open for new meanings. {3) The solution-pattern
appears suddenly. You cannot force it. Keep your mind open for new com-
binations and do not waste time on unsuccesaful efforts.® Within the time _
limits allowed, 43 per cent of the uninstructed end 63 per cent of the in-
structed students solved the problem.

When a group of 169 students in the same study tackled two prob-
lems of equal difficulty, one with and one without the preliminary lecture,
twice as many achisved a solution with as achieved 1t without the lecture,-
It is quite evident, then, that insight is facilitated by instructions
such as those described.

Avietion offers meny opportunities for insight. At times, the
difference between.life and death rests upon the pillot's ebility to grasp
the significence of situations and mske the correct response almost im-
mediately. Informetion given during the tralning process, understanding
aroused, warnings against the dangers of blind trial and error, and especially
of perseveration, may all add to the chances that & pilot will ect with
insight when situations call for it. ;

In speaking of insight as a product of learning, we ere using
a synonym for understending. As slready suggested in our discussion of
, trisl and error, short cuts in the learning process may be produced by
making every operation as understandable to the studertes possible. Some=~
times an individualts "insights" may be anticipated, the informestion other-
wise obtained by insight being given to him beforehand. Studenta are, for
example, often left to discover for themselves that they should not lean
with the plane in a bank, that flying "through the small snd of the sock®
or "coming out of the large end of the sock" ie the best gulde to the cor-
rect direction in landing, etc. They could just as reaiily be given these
"insights® directly as part of their instruction as be left to discover them
by trial and error.

ok,
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4. LEVELS OF COMPLEXITY IN LEARNING

Studies of the leerning process.in telegraphy, typing, and
other relatively complex skills have shown that acquisition of simpler
movements, like hitting the correct keys of the typewriter, is followed
by organization of movements into increesingly complex patterns. Thus
the individual who is et first conscious of the need for hitting the
correct keys comes to forget about the keys and to concentrats on move-
ment patterns such as produce words. Later, in typing familiar phrases
and sentences, he pays no attention to words, but is aware only of the
larger units. He may even be far behind his copy, his fingers automa-
tically teking care of materisl previously read. Since they involve
habit patterns of increesing complexity built ome upon another, such com-
Plex habits are referred to as "habit hiererchies™ or "higher order™
habits (3,8).

It 1s obvious that flying skill iz an extremely complex hablt
hierarchy. Thompson's introspective reports while learning to fly an
Aeronca Chiefl? ghow this just &g cleerly as it was shown in the casges
of telegraphy and typewriting. He was at first aware primarily of the
necessary movements of the separate controls. As these movements be-
cane familiar, they fell into patterns which seemed automatically to
give the plane desired attitudes., Later still he was able to turn atten-~
tion away from the controls as such, and to look for familiar landmarks.

As experience in flying continues, pilots report that the "feel"
of the plane is acquired, that they "fly with the seat of their pants,"
and that flying becomes "instinctive,® in other words, movements made in
controlling the plane become increasingly esutomatic. They require e de-
creasing amount of thought, Spurrell %u,) writing in the early deys of
military aviation, claimed that

"A flying fighter must undergo three distinct stages in
his education. He must be taught to fly. He must

learm to fly instinctively with no more comscious men-
tal effort in handling his machine then a cavalryman of
the old school exerted in keeping his seat and meneging
his horse. Secondly, he must learn to fight, to drop

his bombs with calculation and precision, but meking
many of the incidental movements subconseiously, and to
manipulate his machine gun with a trained but free ming,
Thirdly, having learned hoth to fly and to fight in the
air, he must learn to use military intelligence. He must
be able to watch what is going on in & melee, decide
quickly whether to single out an opponent or go to the
ald of a friend, to use judgment when bombing in choosing

12 Excerpts appear in Viteles and Thompson (80).
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objectives, and using informetion which may come his way.

“Learning to fly may be compared with learning any other
motor accomplishment. The required movements have to be
worked out...until they become the property of reflex
centera and cen be performed automatically, not merely
without requiring thought, but without interrupting
thought® (pp. 559~560).

It is often claimed that wings, ailerons, and rudder becqme, as it were,
extensions of the expert pllot's own body and that he then flies with
as little effort and forethought &s is required in welking.

Several orders in a habit hierarchy mey develop simultaneously.
For example, while the "letter habits” of typewriting (see p.l7) are
being acquired, the individual is alsc to some degree learning “word
habits®™ and "phrase habits." Since couplex skills are usually formed
in this way, there is questionable value in attempting to teach them one
unit at a time. This problem, however, will ag.in be conaidered when
part-whole learning is discussed.

5, LEARNING, REZEMBERING, AND FORGETTING

An esgential factor in learning is retention. In order that
one trial shell bring improvement over performance inm previous trials,
the nervous system must retain certain effects of previous activity.
This retention is memory in a purely orgenic sense. It may occur with
or without the individual's awareneas of its existence. Highly auto-
matized habits, as we have seen,tend to function purely on this uncon-
scious or reflex level.

The term ®remembering" is used primarily to refer to recall
end recognition of verbal materiel, such &s numbers, words, poetry,
and verious kinds of information. "MRemembering® may, however, alsc be
used to refer to aspects of motor skill such, for example, as recalling
correct movements and recognizing previously encountered aspects of a
situation.

In a purely organic sense we probably never forget. Psycholo-
gists have demonstrated that recall, and even recognition, of things that
an individual hes learned may later be impossible, yet the same material
(whether a poem or a motor skill) be relearned with & large saving in time
and effort over that originally required.

It is perhaps obvioua that activities practiced most tend to
be retalned best. DMotor skills, like riding a bicycle or flying a plane,
are remembered much better than poetry, because such motor skills are
repeatedly performed whereas poetry is mot repeated frequently. Investi-
gations of learning in which motor end verbal skills were practiced to
the same degree demonatrated that both skills were forgotten with approxi-
mately equal readiness (32,48).
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Flight instruction, however carried out, has & large verbel
element, but retention of verbel instruction ia greatly fucilituted by
the fact that the verbal is soon integrated with the motor, as when a
student who 1s told the prccedures to be followed in landing, actually
puta them inte prectice. Such instructions are orimarily to aid the
development of motor skills, end are in line with what has already been
suid ebout the teaching of principles and correct procedures.

Studles of forgetting have been cerried out in the classroom
and laboratory. These indicate thet forgetting is at first rapid, then
slow, Thus in the classic investigation of Ebbinghaus (4), about 42
per cent of the nonsense syllables which he had memorized were forgotten
within 20 minutes, 66 per cent in a day, 72 per cent in two deys, 75
per cent in six days, and only an additional 4 per cent in 31 days.
Later investigations of forgetting have tended to support the findings
of Ebbinghaus.

Several investigators have discovered ways of slowing down
the forgetting process. Among the most significant of their findings
are the following: (1) that sleep or other relative inactivity, if it
closely follows the learning process, tends to retard forgetting; (2)
that forgetting is slower the more one repeats the activity; (3) that
use of efficient learning methods (viz,, distributed effort and recita-
tion) tends to reduce forgetting; and (4) that understending or insight
greatly facilitates remembering (4, 17, 18, 25).

6. MOTIVATION IN LEARNING

Motivation. Individuals are motivated to the degree that they
exhibit activity focused upon & task, whether this be the making of a
touchdown, the mchieving of a good grade in school, or learning to fly.
Highly motivated individuals throw themselves wholeheartedly intc the
tasks confronting them. We say, especially with reference to wholehearted
group activity, that good morale is present.

Needs such as those for food end for the ordinary comforts of
life play an important role in motivating individuals. MNevertheless, one
often finds that interests and attitudes which do not at first seem to S
be directly related to such needs are also importent. L

The investigations reported by layo (30), Roethlisberger (40),
and Roethlisberger and Dickson (41), which were carried out at the Haw-
thorne Works of the Western Electric Company over the years since 1927,
auggest that favorable attitudes and sentiments concerning the job, the
penagement, and other workers sometimes play & larger role in producing .
naximom effort than do increased pay, shorter hours of work, and improved i
physical working conditions like better iilumination, reat psuses, and

R
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refreshment periods. In one of thease experiments five girls, whose job
was to assemble relays, were segregated from other workers over a perlod
of years while their individusl and group output was observed., After
records of output under "“normal® conditions had been obtained, the follow-
ing changes in working conditions were introduced: rest pauses of varlous
lengths and frequency, rest perlods with refreshments, end shorter work-
ing deys and weeks, Eeach condition successively inereased the number of
relays assembled. It thus appeered that the increase was due to the ex-
perimental variations in work conditions. However, when the workers were
returned to the original conditions after e period of 13 months of experi-

mentation, output contlnued to irereasge,

The conclusion finelly recuched was that merely experimenting
with it had changed the group. There was spparently a marked improvement
in morale. The girls were now "participating members of a working group
with all the psychologlcal and social implicetions peculier to such a
group....Thexahad become bound together by common sentiments and feelings
of loyalty.” There wap alsoc an improved atititude toward the management
end supervisors because of their apparent interest in the welfare of the
girls., It is reported that cach girl came to feel that she was important,
that she was no longer a mere cog in & machine.

The above and other experiments by the same investigstors all
suggested that attitudes not directly allied to getting more money and
greater physical comforts have an important place in motivation. An
interview program was finally introduced. Each employee was now able to
air his worries, criticisms, etc., to a skilled interviewer who reportad
these to the management, but not the name of the person who made them.

As a result, there developed the feeling that the manageuent was interested
in battering each worker's lot. Ewen though the things criticized wers
not necessarily changed, many workers felt that suggested improvements,
such as better food in the cafeteria, had been instituted. They sometimes
thenked the interviewer for heving the conditions "ecrrected® when the

or..y change had been in their own attitude.

The goals toward which effort 1s directed are frequently referred
to as "incentivea.® In the classroom and industry we attempt to arouse
maximum effort by use of such incentlives as money, grades, promotions, and
soclal recognition, Milltary aviation provides somewhat compareble incen-
tives, but it offers additional inducements to meximum effort in the form
of knowledge that mastery of the plane 1s good 1ife insurance, knowledge
that such mastery enables the individual to get at the enemy in an effec-
{ive manner, and knowledge that aviatlon involves greater individusl fres-
dom, greater opportunities for initiative, and greater chences for per-
sonal glory than some other branches of the service., PFor some individuals,
moreover, satlsfaction of the desire to fly 1s in itself sufficient incen~
tive to arouse highly motivated behavior. Almost all who enter pilot

13 Reprinted by permission of the President and Fellows of Harvard College,

14 he relation between "desire to fly" and achievement in learaing to fly
has been investigated in studies sponsored by The National Research Coun-
c¢ll Committee on Selection and Treining of Aircraft Pilots. Results of
these studies will be made avellable in technical reports published by
the Division of Research, Civil Aeronautics Administration.
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training do 8o on their own initiative because they wish to fly.

The desire to fly, snd other incentives like those menticned above, '
provide an extraordinarily high motivation for scquiring the primary

skills of aviation.

Motivation and the learning process. That motivation la of
great importance in learning has been shown by the results of nuserous

experiments. Its validity has been demonstrated for a large number of
skills, both motor and verbal, and for a variety of incentives, which
have included such items as food, money, praise, social recognition of
various kinds, and avoildance of blame or physical punishment. These
studles have showm not only that motivation is necessary for efficient
learning, but that the efficiency of learning is, by &nd lerge, greater
the more intense the motivation (56).

The importance of motivation in learning 1s especially evident
when we apply new incentives after the learning curve hag flattened.l’
It has been shown in industry, especially, that bonuses and other incen-
tives may increase the output even of experts. Kitson (24), for example,
found that typesetters of long experience increased their average output
by over forty per cent following institution of a bonus dependent upon
units of accomplishment above a particular standard. Likewise, the
skllled relay assemblers of the Hewthorne Plant experiments discussed
above, increased thelr output when attitudes toward the job and the
management became more favorable,

In aviation, as in a classroom, the attitude of students
toward the instructor may play a large role in determining the degree
of motivetion aroused. Loyalty is sometimes a strong motivating factor.
On the other hand, lack of confidence in the instructor, or attitudes
of distrust and resentment, may work against maximum motivation.

Some instructors constantly "bawl the atudent out® while others
make a judiclous use of praise and encouragement. Ssveral laboratory
experiments have indicated that praise is generally more effective than
blame in producing efficient lesrning (56). In one study (47) the experi-
menter provided liats of 40 words each arbltrarily joined with a number
from 1 to 10. The liats of words and the numbers they were paired with
were read through very quickly to the student servimg as subject. The
experimenter then read the words one &t & time and the student was required
to respond by saying one of the numbera from 1 to 10, Every time the
student responded correctly by saying the right number he wes rewarded
(praised) by being told "right.* If he said the wrong number he was pun-
ished {reproved) by being told he was "wrong," end then required to keep
guess until he made the correct answer. The results showed the re-
warded ("right") responses to be repeated a great many more times than
the punished ("wrong") responses. )

15 When the curve flattens out and then, because of increasing motivation
or some other factor, shows further improvement, we refer to the portion
exhibiting little or no change es a pleteau. The final stages of many
learning curves, which appear to indicate that the physiological limit has
been reached, would be regarded merely as plateaus if additional incen-
tives were offered and, as a result, the curves indicated further
improvement.
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A study by Hurlock (18) elso demonstrates the relestive value
of pralse and reproof as incentives to improvement. On the basis of
en arithmetic test, 106 students were divided into four groups matched
in ebility. Esach group was given five practice periods of 15 minutea
each in similsr aritluetic tests. One of the groups worked in a
separate room as a control group. The other students all took the
tests in a single room, but the individuals in one group all received -
orulse-at the hegimning of each session, those ln & second group all
were reproved, while those in the third group were completely ignored.
Results showed thut in most cases, regardless of age or sex of the
students, praise waes superior to reproof as an incentive to repid
improvement in the arithmetic tagk. Some students actually reacted
adveraely to the reproof, doing more poorly than they probably would
have done 1f left alone. Students who were ignored, that is, neither
pralsed nor reproved, showed less improvewment than either of these two

ETOURS .

Mowrer (34) stresses the importance of instructor-student
relationships for good motivation in leerning by pointing out that

"One individual cen produce learning in another iadividual
by either of three methods: {1} the 'teacher' may create
the fproblem,! i.e., meke the 'student' uncomfortable,
and the student may sclve 1t; (2) the student may have
the problem, and the teacher may help him find the solu-
tion; or (35 the teacher may both create the help solve
the student's problem. 4&lthough the same basic leerning
vrocess will be involved in any case, the sociel conse-
quences will be very different according to which of these
three methods 1s employed. If method 1 is used, a nega-
tive (avoident) ettitude toward the teacher will develop;
if method 2 1s used, & positive (epproach) attitude will
develeop; if method 3 is used, & mixed, or ambivalent, attitude
will develop; the good 'leader’' like the good 'teecher,’
?atural%y enploys method 2 as extensively as possible"

Pe 424). .

These &and other aspecta of the student-instructor r?%ationship are of
extreme importance in promoting efficient learning.”

Supplying the individual with accurate information on his
improvement with prectice may often be satisfactorily employed as a
motivating technique. In this technigue the individuel is informed

16 Tbe practicel aspacts of such relationships will be discussed in
subsequent publications.
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of his previous level of attainment in a glven task and is thus led
to compete with his own past performence. The value of supplying
information or "knowledge o results" obtained as an incentive to
increased output is well illustreted in experiments by Roas (42).

Rosa studled 59 college students in a simple motor tesk of
"tallying." At the outset of the experiment he gave sufficient prac-
tice irials to bring all students to approximately the seme level of
efficiency. Following these trials he then divided the group inte
three sectlans. Individuals in Section I were given complste and:
accurate information regarding their own progress from day to day,
i.e., they knew exactly et what level of efficiency they were'working
and how this compared with their previgus records. Individuals inm
Ssction II were only pertially informed of theilr progress, i.e., they
knew only whether they were above or below the average performance
for the group. Those in bection III were given no information on
their progress. At the end of 9 prictice trials the group with full
knowledge of results {Section I) had gained from 2.2% to 8.5% more
than Section II (only partially inforwed) and 4.5% to 12.6% more than
Section III which had been given no information.

An experiment by Elwell and Grindley {6 ) also clearly
demonatretes the purt played by knowledge of results. Individuals
attempted to direct & spot of light on te the bull's-eye of & target
by meens of coordinuted movements of the two hends. In practice
trials the light was visible all of the time; in experimental trials
with knowledge of resylts the light wes visible in the sterting
position and as soon gs the movement was ‘completed; in experimental
trials without lmowledge of results the iight was not visible at all,
1t wus found: (1) thet there was ho improvement in the accuracy of
performence when the subjects were prevented from seeing which part
of tne teryet was struck, (2) that performence rapidly improved as
soon as the subjects were allowed knowledge of their results, and
(3) thet removal of the source of knowledge of theilr results after
the habit had been perfected led to a deterioration of the perform-
znce. The experimenters indicate that lknowledge of results appeers
to influence the acquisition and maintenance of a muscular skill in the
following ways: (1) Subjects tend to repeat only those operations which
they myw were successful. (2) They tend to mo-~1fy their responses
in the direction of the pattern of performance iwirich they know to be
correct. (3) With kmowledge of their results, they show a general
attitude of "interest" or "keemness," which is conducive to accurate
performance. ' .

The importance of the above-mentioned factors in flight
iraining is brought out in an analysis of student comments by Ewart
(7). He says,

"The most consistent complaint of practicelly all
students in their retrospections was thut the in-
structor was extremely reticent in offering raise
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%or encouragement, and particularly that he never
let them kmow how they were doing, whetaer good
or bad. The students reported that this left them
with a feeling of uncertainty, lacking confidence,
and in meny cases give them little motivailon to
improve their performance” (pp. 1-2).

7. EFFICIENT METHODLS OF LEARNING

The importunce of teaching correct methods from the stert,
instead of allowing individusls to engege in random ectivity, has
alrendy been pointed out {(pp. 12-14). Assuming that we know the most
efficient operations for a given task and arrange to teach these
alone, a further problem is to see that they are lesrned with maxi-
mum efficlency. One prerequisite, of course, is that the lesrner be
highly motiveted.

Ap=rt from the principles of teaching correct methods only,
and of arcusing geod motlivation, psychologists have discovered certain
econcmical training procedures which, although they heve not yat been
tested in relation to flight instructiorn, at Least have suggestive
velue in this comnection. Three principles which have been found to
induce economical learning in the classroom snd laboratory sre’ (1)

An appropriate distribution of practice periods and rest periods leads
to a saving in time and effort. For exumple, Ebbinghaus (4 } demon-
strated yeurs ago that 63 concentrated repetitions of nonsense syll-
ebles gave less leerning than 33 repetitions distributed over three
different pructice periods, inserting ore day between sessions, These
results were later corroboratad by other investigators (26, 38) and
extended to & veriety of other tasks. (2} Frequent recitation facili-
tetes acquisition, This principle is well 1llustreted in an experiment,
by GYates (11), who found thet efficiency in the learning of nonsense
syllables and blogruphies wvaried directly with the percentage of the
total learning time which was given over to reoitetion. (3) In some
situations and in some skills, it is better to tackle each problem as

a whole rather than piecemesl.

¢t must be noted that none of these principles holds for
all situctions or for all people. Whether a given principle will
operate depends to & large degree on the complexity of the tesk, the
past performance habits of' the individual, the length and difficulty
of the tesk, the pressure of time, etc, There is a definite need
for research in the specific situutions ol Tlight inatructicen, if
such principles are to be properly epplied.

Distribution of effort. That distributed practice in learn-
ing is more economicel than concentrated practics has been shown in &
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large number of researches dealing with both verbul and motor skills.
There are two problems here, vis., the optlmel lenosth and the distri-
bution of pructice periods. While research has shown that certain
lenygths and distributions .of periods are better than others in the
cage of particular sgkills, particuler orgsnisms, and particular condi-
tiore of motivation, etc., they have not indicated an optimel length
and distribution of periods which might be applied to gll skills or
under a&l) conditiona. Thus, if treining in eviation is to involve an
optimal distribution, this must be worked out in relation to the par-
ticuler skills involved.

As a matter of fact, it is quite possible that practical
considerations demend highly concentrated rather than widely distri-
buted practice in aviation treining. Motivation and the tima availsable
for training are important factors here. 4f the student desires his
wings as soon a3 possible so that he can get at the enemy, he may
actually work mere effectively with concentrated praetice then would
otherwise be the -case. Moreover, competition with others -in his group

gives the student motivation which might counterect otherwise undesir- -

able concentrations of practice.

There is another practical consideration. Suppose, for
example, that as much is learned in 50 practice sessions distributed
over 50 days as in 60 practice sessions telescoped into 30 days.

Even though the wider distribution required 10 fewer practice sessions,
it might be of practical advantege to glve 10 extra sessions and save

20 days. FWhich would be more practicel, one session a day for 50 days
or two sessions & day for 30 days, would depend upon how quickly trained
indaividuals were needed, end upon the number of instructors and amount
of equipment available.

Optimal distribution of learning is a problem which, up
to the present time, has not been investigated in aviation, although
Brimhall (39, pp. 52-53) and others nave seen the possible significance
of dlfferent distributions than are now in use. The problem can be
solved for aviation only by an experimental atteck which takes cqgni-
zance of practicel considerations such ag those mentioned.

Recitation snd review. HRecitation vs. pessive learning hes
been studied primarily in the classroom and with verbal rather than
motor skills. The usuael procedurs has been to have one group of sub~
Jects learn by putting 100 per cent of its time into reading, a compar-
able group by putting 80 per cent of its time into reading and 20 per
cent into recitation, and so on, with different distributions of time
given to reading and recitetion. These investigations have shown un-

equivocally that a large amount of recitation is desirsble. This prin-

ciple is in line with the adage that "We learn best by doing."

The sdvantege of recitation over passive learning is due
to a number of factors. One of the most jmportaent of these is that

[T
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recitation constitutes a review of what has been read. In his efforis to
reproduce, the individual becomes sware of his deficlencles and of his
strong points as he could not possibly become aware of them while engaged -
in merely repetitive activitiss.

The recitetion principle may be utilized to advantage both in
the ground school and in relation to flight instruction. As far as purely
varbsl ground schosl work like leerning the pringiples of aerodynamics
ia concerned, recitation may be used as in any other classroom. On the
other hand, actual flight is a "recitation™ of much that has been lesrned
previously on & verbal level. In order that this "recitatlon®™ might be
made more &ffective, menuals have besn developed (see p. 15) which coordi-
nate ground instruction end flight instruction in such & way that each
period in the air is a definite rehearsal of what has been studled on the
ground. Thus the student studies the use of the rudder and brakes and the
various conditions to be cobssrved in taxilmg, inagines himself taxiing,
then actually practices taxiing; and so op with other mansuvers. By use
of such a panuval, the student 1s constantly aware of the faet that what
he is studying on the ground will shortly thareafier be rehearsed in the
plano .

Objective methods of measuring flight performance (19, 50) and
standardiszed flight lnventories such as the Ohio State Flipght Inveatory
{5, 29) elso provide a means of reviewing the student's eir work after
he has returned to the ground. By means of photographe or other records
of performance his strong and wesk poilnts may be made obvicus to him ard
he may study them at leisurs. Kelly's procedure for recording conversa-
tiona between student ard pilot during flight (22) also offers opportun-
itiep for later review of the lesson. :

Mhole va. part lesrning. A f{undamental problem in the deter-
wination of efficient metlkods of learning is tiue question of the relative
efficlency of whole va. pert learning. In part lesrning, the learmer
concentrates on one porticn of the materlal, or on one aspect of the
skill, at a time, mastering each separately and later combinlng the sep-
arete parts. The whole method, on the other hend, calls for practics of
tho entize tagsk as e unit without ipolation of the elements meking the
vwhoie.

Definitive research on the problem of whole vs. part learning
as epplied to aviation 1ls of extreme luportence since the task of piloting
& plune 1s not & gingle skill but 2 complex of meny skilla. The four
basle elements of throttle, ruddsr, alleron, &nd elevator control adjust-
ment muat be combined Into desirable natterns of coordinsation for even
the simplest maneuvers., Further, the baslo maneuverz of strgight end
level flight, climb, glide, and turn are combined toc form the advanced
maneuvers. Even ths most complex meneuwvers of acrobatics and combat
tactics are merely elaborations of these four basic maneuvers.

The present training program seems to be oriented largely from
the viewpoint of "part® learning. During the first lesson, the student
is given practice on the controls separately so as to learn the effect
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of pressures on sach of the controls. Straight glides and gliding turns
are individuslly practiced before being combined to form am apmroach to
landing. Even after the student gets into the advanced meneuvers, pro-
vision is made for re-practice of the basic mansuvers individually through-

out the later atages of instruction.

This emphasis upon the elements in flying may result in a pilot
who thinks endedts in terms of the individuel controls rather than of the
plane as a whole. It may underlie, also, the tendency of students to con-
sider the rudder and elevator as "exchanging" functions when the plane ia
banked for a ateep turn.

4 question of'ten raiged by flight instructors concerns the use
of instruments in flying. Should beginning students be first taught to
fly "by the seat of the pants® in light planes containing the absolute
oinimum of inatruments, or should they be given from the beginning en
opportunity to add information cbteined from flight instruments to the
¥isual cuea concerning plene attitude and flight path obtgined from obser-
vation of the plane during flight? The problem is largely one of whole em.
part learning since the addition of instruments after learning to fly re-
quires a reorientation as to he total information used by the pilot.

The need for research on the relative efficiency of part va.
whole learning 1s further emphasized becauss the vast amount of research
already carried out in the leboratory, classroom, and indusatrial plants hea
shown that it is extremely dengerous to epply the findings in one field or
on one task without confirmetion by actual experiments. Investigators have
arrived at different conclusions, depending upon the type of task to be
learned, the method of learning, the intelligence of those learning, ete.
Woodworth (55), in his summery of laboratory and classroom research on this
problem, comes to the conclusion that

®"The net result of ell the studies of part end whole learn-
ing seems to be something like thls: +the parts are easier to
learn than the whole and the learner ia often happier and better
adjusted to the problem when beglnning with the parts. He car-
rles over some of the skill and knowledge gained in learning the
parts into the subssquent learning of the whole performance.
But he finds that putting together the parts is & serious pro-
blem requiring much further work. In the end he may have saved
- time and energy by commencing with the parts - or he may not -
much depending on the size and difficulty of the total task and
on the learner's poise and technique, If he can adjust himself
to the whole method and handle it properly, he can learn gquite
complex performances effectively by the whole method. In a
practical situation it is probably better to start with the
whole gpethod while feeling free to concentrate at eny time on
a part where something special is to be learned® (p. 223).

gt

Rl S R

\-( N
TR gl

L7y
(é‘i‘l;ﬂ‘;:_:



P A

o A

-28 -

Viteles (49), after summarizing a& large amount of resesrch
on whole va. part learning in relation to industrial training, feels
that, in gemeral, the part method 1s to be questioned. Hs believe=s
that it is perhaps best to acquaint the learmer with the jolad mrocess
and then to split it into ™natural subdivisions," each ®as large as
possible in order to take adventage of the asgoclations beiween move-
ments inherent in the task as a whole." He points out, moreover, that
a careful esnalysis of each process to be lsarned is necessary before
the most effective use of whole or part-whole methods cen be made.

8. TRANSFER OF LEARNING

The problem of transfer is tlat of determining to what degree,
if apy, the learning of one subject or ons skill influences learming of
other subjects or other skills.

Tranafer hes been investigated extensively, using a variety
of verbal and motor activities. Among the motor activitlies involved in
such investigations have been nase tracing, shooting at targets, mirror
drawing, sorting cards, and typing.

In research on transfer, experigental end control groups com-
parable in all eignificant respecte, such as intelligence, sge, sex,
previous experience with the problem involved, etc., must be used. The
experimental group is trained on a perticular skill which we ghall deslg-
nate ap skill A. The other group raceives no training on A. Then both
groups are required to lesrn skill B, If the experimenteal group learns
this in significantly fewer trials, with significently fewer errors, or
in a significently shorter time than does the control group, we concluds
that learning of A has facilitated acquisition of B. In other words,
positive transfer 1s evidenced. If on the other hand, the experimental
should be leas efficient that the control group in learning habit B, we
would be foreed to conclude thet lemrning of A interferes with learming
of B. This is what 15 referred to as nggative tranafer or habit inter-~

ference, e.g., transfer from stick to wheel control or vice vsrsa, Both

kinda of transfer have been found in laboratory, classroom, and other
situations. However, positive 1a much more prevalent than negative trang-
fer.

~ Some transfer problems in aviation. Aviation training railses
several questions in which the problem of transfer of tralning is funde-

mental, One of thepe concerns tha former Civilian Pilot Training course
in general. Did training of civilians in light planes have value for the
services? More specifically, did it facilitate scquisition of skill in
plioting largar, faster, and more complex military aircraft?

4 partial answer to this question 1s now being oblained from
knowledge of the success of Civilian Pilot Training studente who have
entorad the air carps of the army or navy. A recent report indicates
that the washout rate of former C.P.T. students 1s only about 40 per
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cent of that of studeni® who had not had previous C.P.T. courses., It
should be remembered, however, that C.P.T. students who enter the ser-
vice constitute a group which, spart from its previoua training, le
more highly selescted than the pnon - C.P.T. group, It is a group from
which a certain number of washouts have already beem eliminated and it
may be more highly selected in terms of intelligence and education., We
should thus expeet a lower washout rate quite apart from the factor of
transfer.4¢ At present 1t 1s impossible to tell how much of the grester
success of C,P.T. students is attributable to selection, how much to
transfer of learning, and how much to the exact identity of tasgks per-
formed at the iwo lewels of training.

Another series of problems concerns the possible vglue of
apparatus which, like the Link Trainer, 1s eimed et development of fly=-
ing sli)]l on the ground. Thet such subatitutes for ectual flight con-
ditions facilitate development of ultimate aviation gkllls is often
accepted merely on the basis of falth In positive transfar.

Tranafer experimente with the L Trainer. Recent prelimin-
ary laveatigations with the Lirk Treiner suggest that contact training
with this device may have transfer wzlue with respect to such factors
as air time before the solo and control of certain ship attitudes.

Conlon (2 ), whoase study iavolvad only 10 C.P.T. students end apparsntly
did not include & comtrol group, offers the tentative conclusion that
five to seven hours contact instruction in the Link "{eaches a correla-
tion of controls, etc. equivalent roughly to three hours of flight in-
struction® (p. 25_ Acceptance of such a conclusion on the basis of an
experiment involving only 10 students, would of course be quite hazardous.

Gresne'e (12 ) study, in which 10 C.P.T. students were given
about six howrs of Link tralning prior to regular flight instruction,
likewise produced inconclusive findings. No control group was used,
the numbeors were too sm2ll to produce reliable results, aad the students
appeared below par in ability, since two were dropped for incompetency
and the remaining eight were below everage in rated flight ability at
the end of their course. The instructors reported, however, that "the
Link training seemed to have given the men unusually good coordination
and calmness in the air.® It ia estimated that there was a saving of
about 23 hours of air time priocr to the solo as & result of the six hours
of Link training. However, as Greene himself points out, an experiment
with large comparable groups, one given the Link treining end the other
not, will alone show whether the above-mentioned advantages are real or
illusory.

‘l? In addition there remains the possibility that the C.P.T. course
gives confidence in flying, reduces tenseness, is good “propaganda® for
avietion, etc, Moreover, we should not be satisfied with merely coupar-
ing the relative progress of the two groups during a particular stage of
military aviation. Differences indicating transfer might also show up
in combat performances.
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Greene, Chamberlsin, and Cramnnellis {13) recent study doss
little to decide the actual value of Link training for, like the studles
diacussed above, it lacks adequate numbers of subjects snd suffers from
deficiencles in experimentel deslgn., Three groups of 14, 8, and 11 C.P.T.
ptudents were giwen, respectively;10, 5, and 1 hour of Link training
prior to regular flight instruction. Each group, as Iindicaied ty initial
scores on the Link, appeared to have the same average competeacy. The
students were rated by instructors for both Link and flight performance.
Graphic records were also available for theae performances. Flight in-
gtructors did not lmow the natuvre or extent of thelr puplls’ Link exper-
lence, hence apparently wers not influenced in their ratings by procons
ceptions councerrming the valus of Link treining., The chief results of the
experiment weres (1) Groups with the graater amcunt of Link training
were rated higher than those with only ome hour of such treining., {2)

The differencs in favor of the groups with greater amounts of Link train-
irg decreared tcward the later siteges of flight training, but was still
evident in the later phases of primery flight training. (3) Studentz with
the greater amounts of Link instruction, as ehcwn by records frcm a Redhed-
Bavage Ride Recorder, had less tendency to slip while turaing. However,
they were not superior in avoidance of skids.

The smallness of the groups involved in thils experiment, strik-
ipg inadequacies in the experimental design, and & wide variastion of compse--
tence within each group render highly questicnable the significence of
differences obtalned. It ie contended by the authoras, howevar, that ®the
consistency with which the groups with more Link time are fcund to be
superior throughout the battery of ratings and other teate of flight com~
pe;ency suggests thet some real difference in ability may be present® (p.
21).

In view of the inedequecy of research results, no sound conclu-
8icns can be drawn on the usefulness of the Link as & contact pretralner.
Before the status of the Link as e pretrainer can be ascertained, research
must answer such questions ass Which, if any, aspects of flight traizning
ars facilitatsd by contact pretreining in the Link? How muwh of an advan-
tage, 1f any, may be expected? Is this advantage sufficiently large to
warrant the neceasary outlay for Link treiners and for pretraining instrue-
tional personnel? Which operations, if any, are most edvantageously (from
the standpoint of their transfer effect) taught in the Link? Whet is tha
optimal duration of Link treining for production of such transfer? Is the
transfer effect, 1f any, pprmanent or temporary?

One should not, of courase, overlook the possibility that some
habits aeguired in contact training with ths Link interfers with acquipl-
tion of cerisin espects of flying skill. IV has been peinted out, for
example, that the Link is deliberataly built as a completely unstable alr-
plane, whereas &ll reual planes posssees & high degree of inherent stability.
Ae a repult, the student may acquirs habits cf operetion on the %Link whieh
are undesirable in the operation of a reel plane in resl sir. &9, for:
example, the sensitivity of the unsteble instrument may resuit : i habltas of
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oroieonbiellivyg lo terms of frequeacy and undercontrolling in {erms of
preasuris. It seoews nertinent Lo inquire, therefore, whether resasrch

dirilnzes wny negeblve trenafer «f{ecte and, 1f so, whether the pozitivs
Faols are pufficienily great to warrant lgnorlng these nasgative ones.

Habit interference dn sviation. IMabit interforence, or
nagetbive transfer, 1s & sorisus problem in aviation. There are several
pituations in which the tendency for one habit to interfere with another
ray result in increased learning time or in aciual danger. A recent
eccident was reported which cccurred when a pllot, in attempting to
correet for undershooting a field, pulled bask on the throttle and pushed
the atick forward, resulting in a nose dive into the ground. Thle incor-
rect pattern of adjustment was due izthe fact that the pilot was flying
& plene in which the controls were placed differently from those in the

. plene in which he had besen trained. He was used to advancing the throtile

with the right hand and pulling basck the stick with his left hand and the
®ieft hené back, right hand forwsrd® habit pattern transferred 1ltself
automstically, to the pllot's astonishment and resulting dlstress. This
Instance 1s un exawple of the possibility of habit interference result-
ing from the laeck of standardizaticn in light plene construction.

inong other specific instences of hablt interference which
are botheraczse in aviation trzining are: the tendency to use the wheel
or stick rether than the rudder pedals for turning, as carried over from
eutousbile driving; the tendency to push the left rudder pedal to stert
& right turn, carried over from sledding; and the trenafer from stick
cperetion to wheel operation snd viee versa.

9., EMQOTION AND THE LEARNING PROCESB

The relation beiween emotionel streps end learning has so far
recalved little atlenllon from experimental psychologists. HNaverthelsss,
thig problem 18 so relevent to lenrming of eviation skills that it szems
worthy of dircussion In the aresent chapier.

in sspaelslly sugrestive study is that of MeKinney (33) im
which cullegs studeats, lewrning 1o trace through @& stylus meze under
conditiong of emotional streszz, rede slznifiecantly more srrors than did
a comparable group learning the same glkill under normal circumetances.

The most emotion-provoking situation of those used, and the one assoclatoed
with the greetest number of errors, was that in which the studenta were
made to feel inferier, They were instructed as followss

¥You ghoulid not teke over sis gplhutes to master
this tesk. 7This is sufficlent for a person of average
lntelligenca, At the lapse of this period an interval
bimer will ring. Should it happen that you have not
finished by then go ah=ed uwntil you have finished,®

& buzzer sounded every minute. This, =3 shown by the subjects® reports,

-9"#
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723 sn additional emotion~-provoking factor. Control subjects wera told
nothing about a time 1imit and were not stimulated by means of & busger,
Zrrors (entrances into blind alleys) everaged 53 for the control and 136
for ths experimental group.

Experiments on trial-snd-srror responses in problem situations
hate shown that subjects working under emotional stress exhibit & maximum
of random (and especielly perseverative) responses end & minimum of those
evidencing rationality. Even though they have bsen behaving with a high
degree of rationality, subjects tend to revert to less asdequate responses
following the unexpscted onset of such stimull es an electric shock, cold
ghowar, or klaxon horn (Patrick, 35). 8imiler phencmena are considered
in abnormal peychology under the concept of regression.

A further problem is that of forgetting. It is a well-known
fact that strong emotion mey produce amnesia for events juast preceding it.
Hzrden (14), investigating this experimentally, found that en emotlonal
situetion which just follows learning of nonsenss syllables tends to re-
tard their recall. The emotional situation involved electric shock,
collapee of the ehair in which the subject was seated, firing of a gun,
the sound of falling metal, and sudden darknees. One subject who exper-
ienced this situation beczme completely emmesic for the material previocusly
momorlzed.

Although problems of emotion end learaning like thoze dlscuszed
have not yet been investigated in relztion to acquisition of flyinmg ekill,
several inveetigators are studying the incidence and causes of emotlionel
stresa or "tension® under flight conditions. Particularly applicable to
regearch in this field are methods developed by Kelly {20) to record con-
verautions of inptructor and student, while at tne same time obtaining
measures of emotional stress in the latter. Jenkins (16) and Filliams
(53,54) have developed waya of investigating "tension™ durlng fiight and
present evidence that instructors who are themselves tense turn oul tense
studente. Jenking says,

®...there is a2 statistically significant veriation in
recorded tenaion in terms of the inaiructors involved.
That is to say, there is s stetistically significent
variation between students trained by e particular
ingtructor end thoss tralned by another instructor,

in terms of amount of tension recorded...

*T sat out in Lowell Kelly's laboratory and listenad

to two men teaching apins., One chap...had & youngster

up for his first spin. He had not talked very much through
the rest of the fiight, tul he began to talk very delib-
erstely and very slowly end he said, '411 right now, I

em going to come back on the stick, and you will notice
that the nose of the airplane continues to rise.! He told
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the student about the teil buffeting and stalling.
Pregently he told him that he was going to give some right
rudder and then pointed cut that the airpleane was rotating
viclently. Then he toid him that he was going to bring it
out of the spin, which he did snd all of this in the same
level of spsech, and the ssme tempo and the same piteh.

®inother man, with & very large rumber of hours who

obviously did pot 1ike apinning, produced a very different

record. The youngster, sitting in the back seat with a

| total of 12 hours or gume other large amount of time,

j hears the fellow up {ront on whom his life depends, and

| whon his voice rises a full octave and his speech speeds

i up, well, aven & baby is & pretty good muscle reader and

this 18 not a baby back here. They told me that every

! student this man turned out was spin-shy. HNow he is a
darn good pilot, he is a darn good instructor, except that,

when 1t comes to spins, he 18 very umhappy and his un-

happiness transmits itself to the kid im the back seat.

*That 1s exactly what we find end I think it is a vy
important result. There 13 this characteristic variation
batween the atudents trained by different instructoras, in
the amount of tension that they axhibit {pp. 75-76).

| 10, SIMGIARY

i Froblems invelved in learning to fly may bs investligated by
| amethods which have alreedy proved their fruitfulness in laboratory, claas-

rocm, and industrial plant.

Progreas in acquiring akill may be represented by a laarning
curve. This is a graphic plot of changes in some aspect of performance
! a8 a function of the amount of practice. Learning curves have been plot-
! ted for aspects of flight performance, but these curves ars inadequate in
} certain respects which have been indicated. Some of them are nevertheless
| similar In general trend to those found in scquisition of other complex
| motor skills. For most of these skills the measurable aspecie of perform-
| ance have been found to exhibit & rapid initiel lmprovemeut followed by
‘ relatively slow progrees:. The finel stages of practice, sven though
| characterised by little measurabls improvement in skill, may nevertheless
| involve increasing proficiency in terms of such factors as gatting the
/ "feel of the plane" and achieving sutomaticity of performance.

: Researches in laboratory, classroom ‘and industrial plant
) have shown adventages in teaching “correct® methods of work from the
| start. The alternative methods of utilising instructors whose perform~
| ances differ widely and of allowing trainees to learn the correct re-
( eponges through trial and error, are wasteful., IMethods used by expert
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flyers in parforming bezic flight mensuvsrs have besn investigsted by
photographi. recording of skilled verformence: Records of this nature
are valueble not only in discoveriag the moot effective procsdures io
neach but also ir teeching these precedures to instructors and trainees.

The moat efflcient learning oscurs under conditions where
trainees develeop understanding ss wsll as gkill. Understanding la
facllitated by teaching of priaciples snd use of unambiguous ard uwnl-
form terminology throughout treiring. Insightful beshavior occurs most
readily when individuals are instructed in the wvalue of quickly relin-
quiphing inadequate responses in favor of other possible slternatlives
or of looking for new meaninga. W%ithout such instruction thers is fre-
quently & tendency to repeat inadequate reactions agein and sguin {per-
severate). Insighta which students a&re often laft to discover for them-
salves should, where possible, be taught from the outset, thus speeding
the zequisition of efficient flight perforuence.,

Many skills involve levels of complexity and are refsrred tec
as Fhigher corder habits® or "hablit hierarchies.¥ Flying is a very com-
plex habit hierarchy. In formation of such cowplex skills, certain
subsidiary habits must be learmed, at least to some degree; before there
is progress toward meatery of the complex heblt patterna. Laboratory
atudies of leaerning end observations reported by flyers indicate that
several suvbsidlary skills ere normelly mastered at the same time and thai
progreas on complex coordinations occurs, to a certain degree, while
gimpler oves are being learned, It sesems fruitlems, therefore, to confine
attentlon to one subsidiary akill st a time. Thers is muek to be sald for
treining on total behavier patterns &t the same time that subsidiary oves
are being masterad, The final stage in acquisition of motor skilla epprox~
inates complete automaticity of the rsactlons involved.

Motor skills liks flying & plene tend to be remembered much
bettyr than verbel skills. This is dus not to any inherent difference
belweon motor and verbal skiils but to the fact that motor skills recelve
much more repetition than verbal ones, and perheps suffer less habit inter-
farence. Flying involves both verbal and motor skille. Leboratory experi-
wents on forgetting show that the process ie at first rapid then slow.
Certain factors tend toc slow up the forgetting process. Among these ars
relative inactivity following a lesson, repstition of a skill beyond the
level of sheer accomplishment, use of efficient learning methodas, and
arousel of understanding or insight concerning what is lesrned.

Lesrning is most efficient when the learmer is strongly
motivated, Some conditions surrounding motivated behavior have bsen
indicated and we have pointed out the high degree of motivation present
i flight nandlidates. That attitudes of students toward their instruc-
tors play an important role in motivated learning has also been mentioned.



Studiaz in the classroom ana laLoratory have shown that
iearning tends to be most efflicient {1} when the size and distributicn
of practice periods sre _ptimal for the particular gkill being lsarned,
{2) when opportunities fur recltstion sad review ere offered, and {3}
when, at least in some situations and for some sillls, the task to be
learned 13 approached us a whols rather than piecemeal. Thess factors,
while tesias in laborstories, classrooms, and industrial situations,
have not yet been suriiciently investiguied in relation to flying.
Although distributed learaing is theoretically more efficient than
nagsed lsarning, the lsiter mey prove more practlical in aviation.
Improved opportunities for recitation end review are now evalleble
in avietion “raiming. MNo experimentel detn sre availsble, but 1t
appears likely that graater smphasis upon whale than upon part learn-
ing would inorease the effectiveness cf flight training.

Trapsfer kas been siudied with the Link “vainer. Thelp
taveatipators asuggest that contant trainivg with the Lipk prior to’
reguiar flight inestructien rey euve air time= and facilitate gaguigition
of the 8kills involwved 1n performing certain menesuvers, but the experi-
mentnl evidence for thim conclusian is inadequate. The possible transfar
value of preflight trsining in the Link nesds “urther lovegtigation.
Hebits ezquired prior to flight training sometimes intarfere with acquis-
itlon of flylng skill. Yariatione in the controls of diffsrent ships also
introduce the problem of negstive transfar.

Experinents on emotion in relation to the learning process
guggest that emotionel stress not only retards ecquisition but also
interferes with retention. Thess factcrs are Just peginning to be
examined irm relation to flight training.
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