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Dear BTi8hl.l~ 

Because of the marlred intereet in proble~W 
of twu, the committee on ~elect~on and ~ a i n i n g  of d~r- 
craft Pilots oonsidere it desirable to issue immediately, in 
advance of the publication of the proposed text on Aviation 
Psychology, the attached  chapter  entitled "The Psychology of 
perning in Relation to Flight Instruction.n Thie seems 

made of W e  material in the Training Methods U d t  of tho 
particularly appropriate  because of the UBE 0hioh has bem 

the Codttee, in cooperation  with  the  Division of Research, 
Controlled Seoondary Inetructor Course recentlp prepared by 

CiTU Aeronautics  Administration, for the W a r  Training Sesvice. 

be included i n  the series of  technical reports which m e  be- 
b g  issued by the Division of Research,  Civil AeranautZm 
Administration. 

It is recommended  that  the  attached  chapter 

cordiayy youre, 

htomis S. Viteles, C b i r m a a  
C d t t e e  011 Selection aad 
Training  of  Aircraft  Pilots 

c 



of Aircraf t   Pi lots  has been marked by a t ransi t ion from am initid 
The his tary  of the Committee on Selection and Training 

emphasis upon pi lot   se lect ion to a growing concern with laproved 
methods for t ra ining  pi lots .  This para l le l s  a changing orieab- 
t ion in the h e e d  Forces, where the  extreme importance of training 
as a device for promoting tha effective  use of manpower is receiv- 
ing ever-groming  consideration. 

Research on pi lo t  training,  such as that conducted under 
the  auspice$ of the Committee on Selection and Trainlng of Aircraf t  
Pilots,   represents an extension of the  type of experimentation that 
has long been conducted in university laboratories and in industry,  

w i l l  f$nd much of value in t h e   c r i t i c a l  summaq of the l i t e r a t u r e  
In view of this fact ,   invest igators  in the   f i e ld  o f  p i lo t  training 

and  of the  peychological  principles of learning in re la t ion   to  flight 
instruction  included i n  the material which follows,  prepared w i t h  

University, for  publication in the  proposed text of A v i a t i o n  Pey- 
the   edi tor ia l   ass is tance of Dr. Norman L. Puna of Yanderbilf 

chology, The chapter is  published a t  t h i s  time so that ito material 
may become immediately svailable t o  those  interested i n  the problems 
of pi lot   t ra ining.  
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,~;~.;;..~~G@~~._~J the Droblem of learning. Laboratory investiga- 
i,-:w:. of L f 2 ; m m . q  have been motivated by a desire  to  discover w h a t  learn- 
ing is, par t icu lar ly  in terms o f  t h e  conditions which  produce it (or  
i n t e r f e re  with i t )  and its representat ion  in  the nervous  system. In 
p u r s w c e  of  these aims the  laboratory  investigator has developed scien- 
t i f i c  methods of  studying the lehllling  process  and hae discovered a I- 

number of  principles whereby this process may be speeded up and its ra- 
sults nade more permanent. Studies of  learning i n  the  classroom, i n  
industry, and in aviat ion have b u i l t  upon this groundwork o f  laboratory 
research. 

.. 

.* 

&Wniaa C U N E B .  Proyess i n  the  acquisit ion of s k i l l  i s  i l lus-  
. i  

t ra ted  by the learning curve, a graph showing changes in performance as 
a result of practice.  Practice  periods or intervals during which plr- 
formance i s  ssmpled are represented along the  base  (abscissa)  and  correct 
responses, errors, t h e ,  or other indiC6S of progress a t  the side (ordinate) 
of the graph. 

I 

Figures 1 and 2 present  leruning  curves drawn to illustrate .. . 
'%,.~>* ~ improvement n i th ,p rac t i ce  in  two psychomotor skills. Figure 1 s h s  the ., :',. 

average improvement made by 33 subjects  during 6 trials on a two-band 
coordination test (52). I n  this test, improvement in performance is  
measured in percent  of  time that the  subject i s  able t o  do the tad cor- 

. ..+ 
. ,. 
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rect ly .  A higher  percentage of time, therefore,   indichtes  better per- 
formance. lhen the results of the   t es t  are plot ted  direct ly  (per OO€& 
of time on the ordinate and practice trials on the  abscissa) improve- 
ment is s h o m  by a rising c m .  In Figure 1 it will be noted that the 
88 subjects were performing  correctly  only  about .65 per cent of the 
time during the first trial, but  that they improved with practice until 
in the s ix th  trial they were performing  correctly  approxhhtely 60 par 
cent of the time. 

Figure 2 i l l u s t r a t e 8  the average improvement made by 7 sub- 
jects  during 10 practice trials on a aerial reaction-time  teat (27). 
In thi~ test, hprovement in performance is in terms of the tot& nm- 
ber  of  seconds i t  takes the subject t o  react to a series of etimuli. A 
shorter  reaction time,  therefore,  indicates a be t t e r  performance. When 
t h i s  time  score is  plo t t sd  agLinst, the  pract ice  trials (time in seconds 

. .  on the ordinate and trials on the abscissa) improvement i shom by a 

. ~. , , 
, ., curve Which declines as learning or improvement proceeds.' In Figurn 2 

it w i l l  be noted that the 7 subjects were taking a total   of  about 37.4 
seconds t o  reac t   cor rec t ly  on the f i r a t  trial, but t h a t  they improved 
w i t h  p r u t i c e   u n t i l  in the tenth trial they were reacting correct ly  i n  
appzoximately 225 seconde. 
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Most l~dog cusves f o r  motor sirills have cer ta in  comnnn charm- 
te r i s t ios .  Eepec,ially notable is the f a c t   t h a t  l d n g  usually proceeds 
r a p i d l y   a t  first and then more slowly as practice  continues. In o t b r  
Horde, as far a8 the raeasuseble aspecta of learning  are conaerned, ~ 

l a t e r  practice periods tend t o  exbibit diminishiag returna. This is 
clearly evident in the two aumes presented in Mgvss  1 and 2. 

1 ; C S 4 5 6 7 8 9 ~ 1 0  
.Trials 

FIGURE I? 

CURVE SHOWING 1WROVE)LENT I N  FE;RPDFMANCE OF 
SERIAL REACTIOLTIME TEST AS A RFSJLT OF 

TEN PFUCTICE PERIODS 
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t h u d  practice,  even though the learning  curves show nhat i s  apparently 
"perfectn performance in terms  of errors or  correct  responses.  Aspects 

nevertheless  of great importance, are  being  acquired  during  tne final 
of learning which do not   yield  to   precise  measurement, but which are  

period of l i t t l e  or no apparent gain. In aviation  these would Fnclude 
such factors  as gaining  increased  proficiency in ge t t ing . the   " fee l  of 
the plane" and achieving  automaticity of performance. I n  such  cases, 
tne amount of gain in re la t ion   to   cos t  of t ra ining becomes a part icular ly  
important  ,consideration. 

Furthermore, ma111 responses may be further  perfected by  con- 

fluctuation i n  efficiency from t r ia l  t o  t r ia l  and the  general  trend may 
thus  not  be  observed  readily. The trend i s  more obvious when da ta  fo r  
several individuals  are  averaged, as i n  Figures 1 and 2. 

men curves are plotted  for  individuals, there is usually ouch 

2. IsEaSURING PROGRESS IN F L I G H T  PEFO'WUANCE 

formance of the inexperienced  pilot, and the inst ructor 's   task is  t o  
eliminate  these as early as  possible in the  training program. A prac- 
tical approach to the instructor 's  taek i s  through  the  study of w h a t  
happens as the pilot   learns,   for  only by analyaing the  learning  process 
will it be possible to a r r ive  a t  useful recommendations with  respect  to 
methods of Instruction. 

Faulty methods of opera t ion   necessar i ly   chac ter ixe  the per- 

cess  should  preferably be  based upon objective and accurate measurements 
As i n  all experimental work, t h e  analysis of the learning pro- 

actuhl f l i g h t  conditions, however, have usually made it necessary to 
of performance. Difficulties in obtaining such  measurements under 

resor t   to   qual i ta t ive  evaluat ions based on direct  observation.  Recent 
investigations, on the other hand, by Viteles and Thompson a t  the Univer- 
s i t y  of Pennsylvania ( 50, 5 1  and by Kellogg a t  Indiana Univarsity 
(19) have shown that progress in f l i g h t  performance  can  be studied by 
means of objective  techniques. 

Whether objective measures or qualitative  evaluations are  used, 
the task of analyzing  the  learning  process may be approached i n  two nays. 
The first i s  theglobal auuroach, i n  which an e f f o r t  is  mads to evaluate 
the t o t a l  performance  of the  s tudent   pi lot ;   the  second  approach is  t o  break 
the  total   operat ion into SimDler cornDonen-&, such as movements  made in 

take place i n  each of these components during %he training period. 
controll ing rudder, a i leron,  and elevator, and t o  determine what changes 

I n  the  etudies a t  the  University of Penneylvania  both qua l i ta t ive  
. .  estimates of o v e r 4  (or global) performance  and quant i ta t ive measure- 

motion photographs  of p i l o t  performance during  flight.  Standardisation 
of f l igh t   t es t   condi t ions  so as t o  minimize the   e f fec ts  of arriablee  other 

. .. menta of the  underlying  flight components were obtained from analysis  of . 
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than t h e  training process was obtained by the use of  Standard  Flights 
developed s m e  phase of the  University of  Pennsylvania  Research  Pro- 
ject (5.0).’ Them fl ights  provide  standard test situations by s?ecify- 
ing the order, character, and flight pat tern of the maneuvers included 
in each flight. Each w e u v e r  i s  appropriately  prescribed as t o  alti- 

ground reference pointa (when necessary), angle of bank, e t c .  Separate 
tude, length ( i n  terms of  degrees  of turn, time, or c lmge of a l t i tude) ,  

flight8 are used f o r  each  of  the  four  stages  of  the C.P.T. Program.3 
These provide for a repeat performance  of the basic  mneuvers  included 
in the previous  shges.   leather and air fac tors  are controlled by s e t  

and air turbulency  under which the  flights may be mde. Use of these 
ting up a f a i r 4  narrow  range  of  conditions of wind ve loc i ty ,   v i s ib i l i ty ,  

flight8 thus makes possible comparison  of performance from flight to 
flight and a study of  the  progress  of  learning from stage to   s tage .  

inspection  during slow-motion projection was developed which provided 
A method of  analysis of the photographs by means of d i r ec t  

r e l i ab le  aualitative estimates of f l i g h t  performance.4 This method 
when applied to photograph  records  of the flight perfonnance  of 33 
C.P.T. students a t  the  end of  approximately f i v e  hours  of instruct ion 

a a t a t i s t i c a l l y  s ignif icant   correlat ion between estimates of over-all  
(within  Stage A) and  of  approximately 35 hours (within  Stcge D) revealed 

performance at  the two stages of instruction. The re lat ionship was 
not  sufficiently  high, however, t o  warrant the use of init ial  perfor- 
mance (as  evaluated) a8 an  accurate  predictor  of  the final performance 
(48). An interest ing by-product of  the  investigatio was the  f inding 
tht there was higher intercorrelation among asrmctsg of flight per- 
formance i n  the  Stage D flight than i n  the Stage A fl ight,   suggesting 
thtit with increasing p - o g e s a  in learning the individual has “rounded 
out,” i . e . ,  has developed  each of these aspects  of performance t o  more 
nearly  the same degree. 

2 ~ h .  sapfiement t o  this report  has a l a 0  been issued ma (45). 

3 The controlled C.P.T. f l i g h t  course i s  divided into four stageas A, 
B, C, and D. Stage A ends when the  student  solos,  usually between the 
eighth  and  the  tenth hours. Stage B covers  f ive  additional hours, 
through  the  thirteenth hour. Stage  C ends a t  approximately 25 hours, 
and Stage D at 35. Provision is  made for   addi t ional  houre i n  each 
skge in cases where the  student needs Rrrther  practice on cer tain 
maneuver a. 

are found in (61). 
A detailed  description &nd an evaluation  of this method of analysis 

In this study eight aapcts mdh as W i n g  Control, Nose Control, Dim- 
t i o n a l  Control, 8lip-Skid Tendency, eta., m e  rated separately. 



mente during  successive frame-by-frame projection has been developed a t  
the  University  of  Phsylvania (61)c A control  recorder (mounteo. on the 
inetrument p a e l )  provides an indication  of  the  position o f  t:he three 
controls  by  means of pointers moving horizontally  along  l inear  scalee.  
Movements of the  pointers  represent change i n  the  posit ion of  each of 
the three controls  (rudder , ai leron,  and elevator) 

I n  addition, a method of  auantltative  analysis based on measure- 

For convenietice i n  studying  the progress o f  learning, a quanti- 
t t t ive  descr is t ion of control movement habi t s  i s  provided. This des- 
cr ipt ion i s  i n  tarma of  such  .Indices as the number of d iscre te  movements 
of  each  control  during a maneuver, tho p r  cent   of   total  maneuver time 
during which a control is  in motion, the total extent of movement of  each 

and small movements (60) ,  
control, the  number of regressive rcovements, and the frequency  of  short 

be  plotted  to form a 'learning  curve.  Learning  curves of  s tudent   goups 
exhibiting  varying  degrees  of  success  in flight instruct ion can then  be 
studied in oraer t o  determine which aspects   of   f l ight  performance d i f fe r -  
ent ia te   the groups. 

Quantitative  indices , when obtained from s e v e r a l   f l i g h t s p i y  

method is found i n  Figure 3, which presents  learning  curves based on 
An example of  the type of compsrisons made posaible by this 

d a t a  obtained i n  an inveetigation by Viteles and Thompson, A group of 
nine students was divided  into  "superior" and "inferior" sub-groups by 
use of a composite r a t ing  based upon paired comparisons by the  instructor  

. a t  three stages  of  training,  direct  observation by the  instructor  during 
standard f l i gh t s ,  and t h e  f i na l   f l i gh t - t e s t   r a t ing  made by an inspector. 

Analysis of the first maph in Figure 3 reveals that the two 
sub-groups are  not   different ia ted w i t h  respect  to  rudder  adjustment dur- 
ing the photographed 30 seconds  of s t r a igh t  and level flight fo r  any of 

from flight t c ' f l i g h t  in respect  to  rudder'  adjustment. 
the  four  f l ights  taken. In addition,  neither group  changes s ign i f icant ly  

eron adjustment  except,possibly, in the f inal  f l i gh t   (F l igh t  3B). In 
tkls flight the   in fer ior  group  continues  to decrease i t s  percentage of 
t o t a l  maneuver time during which the  a i lerons are in motion while the 
superior group exhlbits a fa i r ly   l a rge   increase  over the  previous  f l ight.  

' The two groups are likewise  quite similar with respect t0 ail -  

The graph r q r a s e n t i n g  the per cent of time during which the 
*levator was in motion, however, ehms a fairly consistent  increase i n  . 
successive  f l ights in both groups with the "superior" group obtaining 

- .. ~, ~ higher  values  of this index i n  all four   f l ights .  
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F I G U R E  3 

CONTROL ACTIVITY INDEX - STRBIGHT AHD LEVGL FLICHT 
FOR 30 SECONDS 

(After Viteles and Thompson.) 

The Control  Activity  Index was computed f o r  each stu- 
dent by dividing  the total length of time the control 
was i n  motion by the t o t a l  time taken by t h e   w e u v e r .  
The obtained quotient when multiplied by 100 represents 

a control was in motion. I n  the above graphs, t h e  
the per cent of the t o t a l  maneuver time during which 

group and the  broken l i n e  the average  value  for  the 
so l id  line represents  the average value for the superior 

in fer ior  group. F l igh t  lA was made after 10 hours of 
instruction,  Flight lB after 16 houre, Flight  28 after 
24 hours, and F i i g h t  3B a f t e r  35 hours. 

. i  

I 

> _  . .  

I ~, .. . 

Thompson as only provisional and i l l u s t r a t i v e  in character,  because 
of the small number of cases involved. However, insoper as the resu l t0  
m e  accepkble,  they  suggest that w i t h  in tzraa in i  fl&@t-ucprriul.., 
pilota  tend to keep the elevators in motion during a larger  percentage 
of the total maneuver time in order to maintain l eve l   f l i gh t ,  and that 
t le  b e t t e r   p i l o t s  &e more sensi t ive to the need for this type of  adjust- 
ment than the  poorer pi lo ts .  

The r eau l t s  shown in the graph  are  described by Vitelee and 
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an investigation a t  Indiana  University  under the direct ion o f  Kellogg 

in which movements of  the  controls are  recorded  as  tracinga on a moving 
(19). By mans of the Kellogg P i l o t  Response Recorder (a graphic  recorder 

tap) graphic  records of control movements were obtained  during a stan- 
dard flight performed by student  pilots.  The f l i g h t  involved  four l e f t  
and three  r ight   turns .  

Another example of  learning-curve  analysis may be taken from 

Traces  repreeenting  control movements were measured wi th  a 
gr;rhphometer which reduced them t o  numerical form in terms of the t o t a l  
extent of control movement. A s t u d m t ' s  performance WLS then  described 
88 the ratia obtilined by dividing his score ( i n  terms  of  graphometer 

before or after the  student's flight. This comparison f l i g h t  provided 
readings) by the  instructor 's   score  on a similar flight made h e d i a t e l y  

an  indireot  reather ont ro l  in  that a b s e  or standard was provided f o r  
each  student flight. g 

Figure 4 .  This curve  indicates that elevator movements decreased, r i th -  
in f ive   t es t   f l igh ts ,   to   about   one- f i f th   o f   the i r   o r ig ina l   ex ten t .  From 

mated that exhibited by tne   instructor .  
this point, the average a r ten t  of elevator movements closely approxi- 

A learning  curve  based upon elevator movement is shorn i n  

The data from which the  learning curves Fn Figures 3 and 4 r e r e  
drawn are  not comparable. I n  the first place, the curves in Figure 3 
a r e   f o r  straight and l eve l  flight alone while the curve in Figure 4 i s  
f o r  a f l i g h t  course  involving  four l e f t  and three   r igh t   tu rns .  In the 

of-  during which controls were in aotion and the other upon the aver- 
second place,  the  first-mentioned  curves are based upon the  proportion 

age && of elevator movements. 

In presenting  these  curves, it may be w e l l  to mention the 

records of the  simpler  aspecte of f l i g h t ,  while  useful i n  studying how 
l imitat ions of t he  methods  and resu l t s :  (1)  Photokraphic and mechanical 

individual control-movement habi ts  are acquFred  and how they are organized 
i n t o  the   appropr ia te   p t texns  of  response  for  particular n:aneuvers, are  
nevertheless  limited in scope when the t o t a l  task to be leirned,  includ- 
ing judgment, observation  of  regulations,  etc., is considered. (2) As 

generalization. More than a single sample of a maneuver should  be analyzed 
indicated  ear l ier ,   the  number of subjects is  too small as a basis  f o r  

a t  each  stage  of  instruction, particularljr since many of the maneuvers, 
&s for example the 90° turn and 450 bank, require  only a f e r  seconds of 
time f o r  their  completion. 
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4.0 s 

1.0 

ELIMINATION OF O ~ C O N T R O L I N G  Dl USE OF THE ELEVATOR 
FIGURE 4 

(After  Rellogg.) 

T h i s  figure presents  the  student-inatructar  ratios (8,h)of 
elevator movement obtained from one student for success- 
ive f l i g h t s  made after about every X,  minutes of flight 
instruction over a period of 12 hours of instruction. 
Inspection of the  graph shows that the  stueent a t  first 
moved the elevators five times as much as the  instructor;  
hence overcontrolled to a considerabls  extent.  Elevator 
overcontrol was gradually reduced until, at the end of 
the fif th period, the mount  of elevator mwanent equal- 

. the   ins t ruc tor ' s  level.  
l ed  that of ' t he  instructor and t h e r e d t a r  remained near 

, ,  1 - .  
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o r  they my take in such aspects of overal l  performance as observance 
of regulations, confidence,  and judgment. ( 4 )  The observer can put 
together a mess of obsemtiqns  not  recordable.  

The chief  disadvantage  of  ratings by instructors  and inspectors, 
however, is that such ra t ings  are notoriously  unreliable. In other words, 
the same individual's performance tends  to   be  ra ted  different ly  by dif-  
ferent raters. This i s  t r u e  even when all rat ings are mde  during stan- 
dard  f l ights.  Moreover, instructors   of ten have fixed  ideas which prevent 
tiem from ra t ing  i n  an objective manner. Thus one inst ructor  would not 
r a t e  a student better than 'pade  3, regardless of his actual progress, 
because he believed t h a t  "no student can ply be t t e r  than grade 3 u n t i l  
he has had a t  l e a s t  30 hours in the air'( 8 .  

i n  f l i g h t  performance has recent been increased by development of the 
The value of rbt ing  scales   for   invest igat ions of  improvement 

ghlo State Fliuht  Inventory (29)y This  is used  (by raters especially 
t ra ined   for   the   job)   to   ra te  performance during specified maneuvers of 

absence  of specif ic  movements of the p i l o t  and a t t i t udes  of the  plane 
standard  f l ights.  I t  pleces emphhsis u9on checking  the  presence or 

re ther  than upon r a t ing  performance "aver&ge,' "grade 3," or the l ike.  
In obseking turns in climbs, for example, the rhter checks, a t  the 
stage of entry, such  specFfic end objectively  observable  items 8s nssimul- 
taneous application of controls,o nuses rudder, no ai leron on entrySR 
.keeps  nose up during entry.,n etc.8 

The use of   instructor ts   ra t ings  to   plot   learning  curves  is  
i l l u s t r a t e d  by Kelloggls ( l 9 )  study, in which rating was in terms of 
such errors as get t ing the nose too  high, losing altitude, slipping, 
banking  too  steeply,  etc. One of these  curve8 is  presented i n  Figure 
5 .  There i s  to be noted a rapid in i t ia l  decline in the number of 
errors observed by the .instructor,  followed by a re la t ive ly  slow de- 
cline.  The representativeness of this learning  curve m y  be challanged, 
however, on the ground that i t  is based upon the improvement of only 

Early step8 in the development  of this inventory are described by 
Edgerton +d Walker (5). Later stages in i t s  development  have been 

National  Research  Council Committee on Selection and Training of 
under  the  direction  of R. Y. Viaalker, as Director of Training for   the  

Aircraft Pi lots .  

Other  aspects of f l i g h t  performance,  such 88 judgment, emotiopal con- 

Scale for  Ratina P i l o t  ComDetency (ia). (This scale,  frequently 
referred to as the  Purdue Rating WQ or the Kelly Scalg, luis pre- 

Rails preliminary studies by Kelly and Bart (8) suggest   the   ut i l i ty  
pared by E. L. Kelly  and is  printed by the  Purdue Research Foundation.) 

of the ecale both as a predictor and as a criterion,  there is not   yet  
conclusive  evidence that it is  adapted  to studies of leaming. 

?, t r o l ,  and relaxation, m e  ra ted by another improved scele, the Purdue 
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This  curve shows a decrease i o  the number o f  errore 
observed by the instructor  during  the  successive test 
f l i g h t s  of one student  over a ground course  involving 
seven  turns a 

one student.  Moreover, t he   r e l i6b i l i t y  of the   inatructor 'e   rht ings i s  
not  known. A CllCvB having a somewhht similhr trend is reported  for 
another atucient, 

3. TRIAL AND ERROR, UNDEKSTMDINC, AND INSIGHT 

Trial and error in learning. When confronted by the need f o r  
acquiring new skills, individuals  usually  exhibit  "trial and error" be- 
havior. Their responses are exploratory,  but t o  a large  degree random. 
When the  instrument   to  be manipulated i s  completely  unfamiliar,  learning 
must "stclrt from scratch."  This  situbtion i s  frequently  present when 

are t o  be learned. In  learning  to  operate  such familiar mechanisms ae  
industrial   operations removed from the  sphere of everyday  experiences 

a bicycle, however, the  individualla  exploratory  activity is reauced by 
reason of   the   fac t  that he h o w  that he must sit in a certain place, 

by  movements  of the  handle bars and dis t r ibut ion of  bodyweight,  and 
t h a t   h i s  feet  must manipulate  the pedals, that balance may be achieved 

tha t  a thrust forward of the  r ight  handle bar turns the machine to   t he  
l e f t ,  The t r i a l a d - e r r o r   a s p e c t s  of' learning  to   r ide a bicycle  apply, 
therefore, only t o  s k i l l  in making movements a l r ead j  :'sown t o  be required, 

I t  is  ,obvi US that farelmonledge r:ke th t  d t,he would-be -. 
~ ,. , Sy;~ I 

cyc1.int say yieid n lnrge decrease ia rai7dr.r. behavior, hence a saving .~ 

http://cyc1.int
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in time and  energy. The average avihtion candidate has no such  precise 
foreknowledge of the ray  in which airplanes are operated. If he has 
any preconceived  notions  concerning the operation of planes,  these are 
frequently falae.9 One of the first things  the  candidate mast learn i s  
that airplanes sre not  guided like bicycles,  automobiles,  sleds, and 
other devices with which he may already be familiar, for planes  turn 

i s  l i k e l y  to underestimate the complex coordinations  called  for i n  such 
to the r i g h t  when the right rudder bar is  t.hrust forward. Moreoever, he 

an apparently  simple mnneuver as turning. 

When the  student knows beforehand w h a t  t o  do i n  operating an 
airplane,  he must, of course, s t i l l  acquire skUl in doing it. However, 
his practice becomes "directed" i n  that s t ten t ion  is  focused upon the 

binations and timing of movements necessary for acceptable performance. 
fundamepltal features  of the  operation and upon get t ing the proper com- 

It has been demonstrated in industry that t h e  efficiency w i t h  
w h i c h  operhtions are carried  out is increased by eliminating as nuch 

demonstrating  correct methods and insisting that trainees   pract ice  only 
t r i a l  and error as possible a t  the  outset.  This i e  8.ccomplished by 

ac t iv i ty  upon these from the s t r m t  has been brought  out in studies by 
these. The value of discovering  correct methods and  focusing a l l  

ViteLea (49), Shaw (43 ) ,  and Cox ( 3 ) .  

-Viteles, who s tudied  the  t ra ining  of   s t reet   car  motormen, found 
that i t  was customary t o  send a trainee  out  with  dif:?eren$ motorr.mn each 

qui te   ineff ic ient ,  hence a trainee 15s confronted by di f fe ren t  and some- 
day. Bu t  each motorman had his own "tricks"  including many that were 

methods of one operator often differed so much from those of other 
t h e s   i n e f f i c i e n t  patterns of operation from day t o  day. Moreover, the 

operators  that  much confusion  occurred.  Viteles (49) says, 

"Instead of receiving from day t u  day unifom training in 
a definite series of responses involving  the same muscu- 
lar combinations,  there were variat ions in t h e  patterns 
of response employed f r o m  day t o  day. For handling the 
air brake, f o r  example, one motorman  recommended taking 
qlong bi tes '  of air, another 'short bites. '  One man 

lar actione for closing the  door and s ta r t ing   the   car  
employed one technique,  involving one series of muscu- 

simultaneously;  another had a second method, involving 
another,  almost  antagonistic  series of muscular  responses. 

9 This cr i t ic ism w i l l ,  of course, become increasingly less pertinent as 
;j , '  ' young people  obtain more extensive knowledge o f  airplane  operation, 

developed  through the   i n i t i a t ive  of the Civ i l  Aeromutics Administra- 
such as is being given in the  current programs in the secondary  schools, 

tion. 

;,, 
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"The total e f f e c t  was t o  create  interference in habit 
formation - a condition which retards the development 
of  skill, lengthens the training  period, and promotes an 
uncertainty of response which continues dter the close 
of the train period t o  the  danger of the public and of 
the  operatorn ? p?. 395-3971. 

This Situation was corrected by studying the method8 used by 8UperiOr 
motormen and teaching  these  alone t o  trainees. 

ment patterns (micromotion andpis) provides a means of  ascertaining 
and then teaching  correct methods of work and holr the eff ic ient   operat ion 
of industrial plants and the  sat isfact ion of workers i n  their jobs are 
thereby  increaeed. 

S h a w  (0) describes how detai led  analysis   of   eff ic ient  move- 

The value  of  teaching  correct methods of work and a t  the same 
time making operations  meaningful to workers is  well  Fllustrated in 
Cox's (3) study on d i f fe ren t  methods of  training  individuals  to assemble 
e l ec t r i c  lamp holders. I n  this study Wu methods of  learning were com- 
phred. One, designated as "pr6ctice" was' thht of allowing the  individual 
t o  leara  by sheer  mechanical  repetition.  Subjects were given no in- 

the* o m  devices,  they  exhLbited much trial m d  error and  progressed 
atructions  concerning  the proper method of operation.  Left  thus  to 

slowly. With the other group, a "trhining" method wa8 used. Trainees 
were instructed in general  principles  underlying  efficient  procedures 

the aasembllng operations. Pihen learning curves  for  poups of individ- 
m d  were a l s o  given  exercises which em9hasized  important  aspects of 

wrre Compared, it was evident that "training" produced s ignif icant ly  
uals w i t h  equal i n i t l a l  abil i ty,   but  ei ther  "practiced" or "trained,' 

greater  gains in proficiency than did sheer  "practice." This l a  i l l u s -  
t ra ted  by the   fac t  that a "trained" group equalled i n  40 trials the 

300 trials. The score  involved i n  this comparison was the time  required 
score made by a 'practiced"  group of equal i n i t i a l   a b i l i t y  only a f t e r  

to. perform certain assembhg operations: Transfer of skill t o  d i f fe ren t  
operations was practically  absent in the  'practiced" and present ta a 
significant degree in the  "trained" subjects. In his collclusions Cox 
w a ,  

"These r e s u l t s  appear of @'eat practiced  sigbificance, 
wherever work requiring manual skill i s  involved, es- 
pecial ly  when it is  remembered that the limits .of 
proficiency  to be at ta ined by t ra ining may far exceed 
those attainable by uninstructed  repetition. The re- 
sults indicate the wastage that must be produced by the 

room to drop  into t h e  work a8 bes t  they CM. And they 
customary practice of  al.lming  beginners in the  assembly 

replacesent  of t h i s  current  crude  procedure by a short 
suggest that a very real advantage would follow from the 
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underlying manual control illustrated by specif ic  ex- 
course  of systematic training in t h e  general  principles 

amplss from manual operations. A like procedure q ~ b e  
frequently adopted  with  advantage i n  other forms of manual 
a c t i v i t y  . .*. (p. 176) a 

f l i g h t  maneuvers is as important  for  aviation as determination  of  efficient 
Determination  of the most effect ive behavior patterns for specif ic  

patteiPs of specif ic  kinds of work is fo r  industry. Probablythe moat f r u i t f u l  
means of  determining  correct  flight  operations is' to  take moving 7ictures 

,of superior p i l o t s  during prformance of specified fl ight maneuvers. 
Vitelea and Thompson ( 5 0 )  made such  photographic  records by placing a moving 
picture  camera in the cockpit of the plane in such a posit ion that the 
pilot 's  manipulations of the  controls  could  be  recorded. The records were 
then  subjected t o  a minute  study  (both frame-by-frame and slow-motion 
analysis)  in order t o  discover movement patterns and the i r  timing. Such a 
study of photographic  records of performances o f  p i lo t s   ra ted  hs superior 
reveals  information  concerning  the most effective  behavior  patterns for 
each  basic   f l ight  maneuver. 

Such photographic  recorda have the added advetntage khat  they m y  
be used t o  teach  both  instructors and  sturients the Lethods  used by superior 
pi lots .  Study  of  photographic f l igh t   records   a l so  makes possible  discovery 
of thoae  "tricks of the  trade" which add t o   e f f i c i e n t  performance.  These 
may then be passed on to  students  directly.   l l l thout such d i rec t   ins t ruc t ion  
t i e  students might not   l earn  the3e "tricks." If tney  did learn them, it 
would be only  through good fortune i n  ge t t ing  a superior   f lyer  as an in- 
s t ruc tor  or thou   eventua l   d i scovery   o f   the ,   perhaps   a f te r  nmch needless 
trial and error. I F  

among psychologists end educator8  concerning  the fact that, while it is  
possible to acquire   ski l le 'wi thout  knowledge of t he i r  fundarnenntal nature, 
the most e f f ic ien t   l earn ing  i s  that which, arouses  understanding. 

Understanding. Within recent  year5 there has been discussion 

ously as an outcome of tr ial-and-error  activity.  Understanding is best  
fostered, however, by explanations  given  during  the  learning  process. 
In learning  to   f ly ,   especial ly ,   the   individual  needs to   l earn   the  "why" 
of what he is  doing. T h a t  t h i s  is  not a necessary outcome cf  the  process 
of acquiring s w l  is  i l l u s t r a t e d  in Kelly's ) atudy of instructor- 

Some individuals  acquire  understanding more cr  l e s s  spontane- 

lo There are also  indicat ions that the -x (a)' 
can  be  used effect ively  for  training purposes by cmphtrsiaing during 
instruct ion  those  faul ts  which are noted on the Inventory.  Actually, 
the Ohio State  Flight  Inventory may become  more useful   for   inst ruct ion 
than it l a  as a criterion  device,  the  purpose  for which it was ori- 
ginally  intended. 



student  conversations  during  flight. Expert instructors  sometimes did 
not  understand  their om flying  behavior  sufficiently  well to make opera- 
tions  undarsfandable  to  their  students. One inst ructor ,  for example, 
told  the  student that a plane i s  steered "like a  sled." This is poor 
teaching f o r ,  while  the s t e s r i n g ~ u b t t i o n   a s  such is  l i ka  thMt of a 
sled, the same d i p u l a t i o n  leads to  diametrically  opposite  results In 
aled and plane. A thrust forward of the  r ight   foot ,   for  erample, turns 
the  sled to t h e   l e f t ,  but i t  turns  the  plane to the rinht. 

f a c t  that operations were made menningful t o  tralnees from the start. 

underlying  principled as well. 
Each t ra inee mas not only told  the  correct things to do, but  informed of 

Cox's 'training" method gained much of i t a  advantage from the 

Ground school i n s k c t i o n ,  flight manuals, dally inst ruct ion 
sheets, and inst ruct ion i n  the a i r  may fac i l i t a te   acquis i t ion   o f  under- 

t ion  of skill. The hdamen 
standing as a means of f a c i l i t a t i n g  und making more effective  the  acquisi- 

with t h i o  in mind. Their uae may lead to a marked reduction i n  the trial 
and error responses of fl ight  students.  These sheets,  based upon research 
sponsored by the N.R.C. C d t t e e  on Selection  and  Training of Aircraft  
Pilots,  enable the student to th ink  over in advance and thus to gain in 
his understanding of the new maneuvers to be undertaken in the  next   f l ight  
period. They also provide cues which individual  instructors might f a i l  
to   cal l   to   the  s tudent 's   a t tent ion,   v ia . ,   Wide with the plane during the 
turn,"  nDon't lean toward or away from the  bank," etc.  

tals or f mna . (9 )  a d  th. 
ental8 Of S e C O ~ d a m  Fl iRh t  k l l  -wen e z l l y  desigea 

Another factor  which f a c i l i k t e s  understanding i s  uaa of des- 
c r ip t ive  and explanatory terms ahlch  avoid  ambiguity and which are uni- 
formly used throughout  the  training and post-training  period. Develo ent  
of a books (36) (37) has t o  a large degree eatisfled t h i s  need. 1E" 

Ineipbt. The term insight  is  sometimes used to designate a 
& ~ g  of learning, in contradistinction to trial and error, and s o n e t h a  
to   r e f e r  to a product of learning. Regarded as a type of learning, inslgiit 

The individual after a period of l i t t l e  or no apparent progress, .gets 
is  charhcterized by a more or less sudden mgraspingm d relationships.  

the ideam and the problem is, as it were, solvud a t  a single stroke. Such 
sudden letrrpinp: is  evidenced by a precipitous improvement in the laamlng 
CUPtrB. 

Insight i o  f a c i l i t a t e d  when individuals leum to rellnquish 
responses which lead nowhere and to try ner ones. It is, as everyone 

,' books are training aids in the form of small booklets oontrin- 
ing carefully prepared descriptions of each of the maneuvers in the 
primary and oecondary C.P.T. courses. The Pat te r  is  intended for the 
use of instructors  and i o  written in the style which i n s t r u c t o r s   r o a d  
use while actually  instructing  during flight. 
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~ M S  from his o m  experience, a commxplace prac t ice   to  repeat Inadequate 
responsed time and again  (perseverate) when confronted by a groblem having 
no redy solution. That this perseverative  behavior m y  be reduced by 
proper instruct ion and that such reduct ion  great ly   faci l i ta tes   solut ion 
of  Foblems .is I l l u s t r a t ed  in a study by b i e r  (28). College  students 
were given various mechanical  problems to solve, one of which was that of 
blowing out a candle from a distance of   e ight   feet .  The only  equipment 
comprised two four-foot  rods, six paper clamps, three  short  lengths of 
rubber  tubing, and four  short   pieces of glass  tubing. The solution was 

thus produced by clamping i t  to the rods,  and t o  blow through  the t u b .  
to join rubber and glass tubes al ternately, to  s t i f f e n  the  eight-foot  tube 

One group  of 206 students  tackled'  the problem without  preliminary  instruc- 
tions. On the  other band, a group consisting of 18 students comparable 
with  the first in a b i l i t y  was given a 20-minute preliminary  lecture which 
was f i n a l l y  summarized as follows:  "(1)  Locate a d i f f i c u l t y  and try t o  
overcome it. If you f a i l ,   g e t  it completely  out of  your mind and seek an 
ent i re ly   d i f fe ren t   d i f f icu l ty .  (2) Do not  be a creature of habit  and stay 
in a rut .  Keep your mind open fo r  new meanings. - (3) The solution-pattern 
appears  suddenly. You cannot  force it. Keep your m i n d  open for new com- 
binations and  do  not  waste  time on unsuccessful  efforts."  Within  the time . 
limits allowed, 48 per cent of the uninstructed  and 68 per cent of the in- 

, structed  students  solved  the problem. 

When a group  of 169 students i n  the same study  tackled two prob- 
lems of e q d d l f f i c u l t y ,  one with and one without  the preliminary lecture,  
twice as many achieved a solution  with as achieved it wi$hout t!m lecture.. 
It is quite  evident,  then, that insight is  f a c i l i t a t e d  by inst ruct ions 
such as those  described. 

Avlation offers  meny opportunities  for  insight.  A t  times, the 
difference  between.life  and  death rests upon the   B i lo t ' a   ab i l i t y  t o  grasp 

niediately.  Information  given  during  the training process,  understanding 
the significance of s i tua t ions  and make the correct  response  almost h- 

aroused,  warnings  against the dangers of bl ind trial and errorI and especially 
of  perseveration, may a l l  add t o  the chances that a p i l o t  w i l l  act with 
insight when s i tuat ions call  for it. 

In speaking  of insight as a product of learning, re are using 

, trial and error, short   cuts  in the  learning  process may be produced by 
a synonym for understanding. As already  suggested in OUT discussion of 

making every  operation as understandable to   the  stUdppltas possible. Some- 

wise obtained by insight  being  given  to him beforehand.  atudents are, for 
times 811 individual's  "insights" may be anticipated,  the  information  other- 

with  the  plane in a bank, that f ly ing  "through  the small and of the  sockn 
example, often left t o  discover for themselves that they  should  not lean 

rec t   d i rec t ion  in landing, etc.  They could j u s t  as reaif3.y be  given these 
"insights '   directly as part of their instruct ion as be 1ef.t to   discover  t h e m  
by trial and error. 

..., or "coming out of the large end of the sock" is the  beat guide to the cor- 
, *> 
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I. LEVELS OF COMPLEXITY IN UURNING 

o t h e r  r e l a t ive ly  complex skills have shom that aoquisition  of simpler 
movements, l i k e  hitting the  correct  keys of the typewriter, is  followed 
by organization of movements into increasingly complex patterns. Thus , 

the in3iyidual who is  a t  first conscious  of  the need f o r  hitting the 
correct keys comes to forge t  about the  keys and to  concentrate OD move- 
m e n t  patterns such as produce words. Later, in typing familiar.phrase8 
and  sentences, he pays no at tent ion t o  words, but i s  awere only of the  
larger units. He may even be far behind h i s  copy, his f ingers  automa- 

habit pat terns  of increasing  complexity  built- upon another, suoh com- 
t i c a l l y  taking care of material previously  read.  Since they involve 

habi ts  @.,8). 
pler   habi t s  are referred to as "habit  hierarchies" or "higher  order" 

Studies  of the learning  process.in telegraphy, typing, a d  

It is obvious that f l y i n g  skill  is an extremely complex habi t  
hierarchy. Thompson's introspective reports while learning to f l y  M 

of telegraphy and typewriting. He was a t  f i rs t  asare pr inar i ly  of the 
Aeronca Chiefu show this jus t   aa   c l ea r ly  as it was shown in the case8 

necessary movements of the  separate  controls. ks these movements  be- 

give the plane  desired  att i tudes.   Later s t i l l  he was able  t o  turn  atten- 
cme  familiar, they f e l l  into pat terns  which seemed automatically to  

t ion away from the controls as such, and to look for familiar landmarks. 

of the plane is acquired, that they  "fly w i t h  the  Beat of their  pants," 
and that f ly ing  becomes "instinctive," in o t h e r  words, movements made i n  
controll ing the plane become increasin l y  automatic. They require a de- 
creasing amount of thought.  Bpurrell h) writing in the ear ly  days of 
military aviation,  claimed that 

As experience in f lying  cont inues,   p i lots   report  that the "feel" 

"A f ly ing  fighter must undergo three dis t inc t   s tages  i n  
his education. He must be taught to f ly .  ne must 
learn to fly inst inct ively  with no more conscious men- 
tal e f f o r t  in handling his machine than a cawlryman  of 
the  old  school  exerted in keephg his seat and managing 
his horse.  Secondly, he must learn  to f ight ,  to drop 
his bombs w i t h  calculation and precision,  but &king 

manipulate his machine gun with a trained but f ree  mind. 
many of the incidental  movements subconsciously,  and t o  

Thirdly,  having  learned  both to f l y  and t o   f i g h t  i n  the 
air ,  he must l ea rn   t o  use military  intell igence.  He must 
be ab le   t o  watch w h a t  i s  going on in  a melee, decide 

a i d  of a friend, t o  use judgment when bombing in choosing 
quiclily whether t o  single  out an opponent or go t o  the  

l2 Excerpts  appear i n  Viteles and Thompson (80). 
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objectives, and using information which may  come his way. 

'Learning t o  f l y  may be comphred with  learning  any  other 
motor accomplishment. The required movements have t o  be 
worked out...until  they become the  property of reflex 

without requiring thought,  but  without interrupting 
centers and c m  be performed automatically,  not merely 

@ 

thought. (PPI 559-5601, 

It is often  claimed that wings, ailerons,  and rudder becqme, as it were, 
extensions of the exper t   p i lo t ' s  own body and that he then f l i e s  wi th  
as l i t t l e   e f f o r t  and  forethought as is required in walking. 

For example, while the  " l e t k  habits' of typewriting (see  p.l7) are 
being  acquired,  the  individual is a l so  to some degree  learning 'word 
habits"  and "phrase habits."  Since complex sk i l l s  are   usual ly  formed 
in this w a y ,  there  is questionable  value i n  attempting  to  teach t h e m  one 
u n i t  at a time. This'problem, however, will a g ~ i n  be considered when 
part-whole learning is discussed. 

Severel  orders in a habit  hierarchy may develop  simultaneously. 

5 .  LEQRNING, ~ ~ ~ E R I N C ,  AND FOHCETTING 

An essential fac tor  in learning is  retention. In order that 
one trial shall bring improvement over  performance i n  previous trials, 
t h e  nervous eystem must retain cer ta in   effects  of previous  activity. 
This  retention is  memozy in a purely  organic  sense. It m y  occur  with 

m t i z e d  habits, as we have seen,tend  to  function  purely on this uncon- 
or without  the  individual's  awareness of i t s  existence.  Highly  auto- 

scious or ref lex  level .  

end recognition of verbal  material, such as numbers, words, poetry, 
The term @remembering" is  used primarily t o  refer to r e c a l l  

and various kinds  of  information. "Remembering"  may, however, also be 
used to refer to aspects of motor skill such, f o r  example, as recal l ing 
correct movements and recognizing  previously  encountered  aspects  of a 
s i tua t ion  . 

I n  a purely organic sense we probably  never  forget.  Psycholo- 

an individual has l e m e d  may later be impossible,   yet   the  sme  material .  
(whether a poem or a motor sk i l l )   be  relearned. w i t h  a large saving i n  time 
and e f f o r t  over that originally  required.  

I 
7 giata have demonstrated that r e d l ,  and even recognition, of bungs  that 

It i s  perhaps  obvious that act iv i t ies   p rac t iced  most tend  to  
> . I  be retained best. Motor e U s ,  like riding a bicycle or f ly ing  a plane, 
r . - .  are remembered mch better than poetry,  because such motor &Ills are  

4 repeatedly performed whereas poetry i s  not  repeated  frequently.. Investi- 
gations of learping in which motor and  verbal skills were prac t iced   to  
the anme degree  demonstrated that both skills w e r e  forgatten w i t h  approxi- 
mately equal  readiness (32M). 
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element,  but  retention of verbal  instruction is  greaWy f t c F U b t s d  by 
the f a c t  that the verbal i s  soon integrated w i t h  the  motor, as when 8 

puts them into  practice.  Such instruct ions are  '?rimarily to aid the 
student who is  told  the  prccedures  to be followed in landing,  actually 

development  of motor skills, and a r e  in l i n e  with w h a t  has already been 
shid about  the  teaching of principles and correct  procedures. 

Studies  of  forgetting have been carried out  i n  the classroom 
and laboratory. These indicate that forget t ing is  a t  first rapid, then 

per cent of the  nonsense syl lables  which he had memorized were forgotten 
slow. Thus in the classic   invest igat ion of Ebbinghaus (I) ,  about 42 

within 20 minutes, 66 per  cent in a day, 72 per cent in two dags, 75 
per  cent in six days, and only  an additional 4 per cent in 31 days. 
Latar investigations of forget t ing have tended t o  support  the  findings 
of Ebbinghaus. 

Flight  instruction, however carried  out, has a large verbal 

Several   investigators have discovered ways of slowing d m  
the  forgett ing  process.   bong  the most s ign i f icant  of their findinge 
are the  following:  (1) that sleep or other   re la t ive  inact ivi ty ,  if it 
closely follows the learning  process, tends to   re ta rd   forge t t ing j  (2) 

use  of e f f i c i en t   l ea re ing  methods (vie . ,   d is t r ibuted  effor t  and reci ta-  
that forget t ing is  slower the more  one repeats   the  act ivi ty;  (3) that 

tion) tends t o  reduce forgett ing; and (L) that understanding o r  ins ight  
greatly facilitates remembering k, 17, l8, 25). 

6. ?dOTIVATION IN LEAHNINC 

Motivatioq.  Individuals are motivated to the  degree that they 
exhibit   activity  focused upon a task, whether this be the  making of a 
touchdown, the  hchieving of a good grade i n  school, or learning  to   f ly .  
Highly  motivated  individuals throw themselves  wholeheartedly into t he  
tasks  confronting them. Re say, especially  with  reference t o  wholehearted 

ac t iv i ty ,  tht good morale i e  present. 

Needs such as those  for food and for the ordinary comforts of 
l ife play an important r o l e  in motivating  individuals.  Nevertheless, one 

be di rec t ly   re la ted  to  such  needs are a lso important. 
of ten  f inds that interests and a t t i t udes  which do not  a t  first aeem t o  

The investigations reported by Mayo m), Roethlisbergem kg), 
and Rosthlisberger  and Dickeon' (u), which were c6rried  out a t  thr  Haw- 
thorne Works of the Western Electr ic  Compnny over the  years eince 1927, 
suwest that favorable attitudes and sentiments  concerning  the  job,  the 
aanagement, and other workers sometimes play a *per ro l e  in producing 
maximum effort than do increased pay, shorter hours of work, and improved 
physical working conditions llke better  iilUBination, rest p&uses, and 
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refreshment  periods. I n  one of  theae experiments  five girls, whose job 
was to asoemble relays,  were segregated from other morlcers over a period 
of years f i l e  their   individual and  group  output was observed.  After 
records of output under bnormal" conditions had been obtaioed, the follow- 
ing changes in. working conditions were introduced: r e s t  pauses of various 
lengths  and  frequency, res t   per iods with refreshments, and shorter work- 
ing  days and weeks.  Ehch condition  successively  increased t i e  number of 
relays assembled. It thus  appeared that the  increase was due to   t he  ex- 
nerimental variations in work conditions. However, when the  workers were 
ie turned  to   the  or iginal   condi t ions after a period of 13 m5nths of experi- 
mentation,  outuut  continued  to  increase, 

with it had changed the ,goup. There was apparently a marked improvement 

with all the  psychological and social  implications  peculim  to  such a 
in morale. The g i r l s  were now "participating members of a working  group 

group....The had become bound to&et'fler by  common sentiments and feelings 
of loyal ty  I & There weD a l s o  an improved a t t i t u d e  toward the management 
and  supervisors  because  of  their  apparent  interest  in  the  welfare of the 
girls. It i s  reported that mch g i r l  came t o   f e e l  that she was important, 
tfrt she was no longer a mere cog in a machine. 

The conclusion f i n a m  rcached was that nerely  experimenting 

The above and other experiments by the same investigators a l l  

greater  physical  comforts have an important  place in motivation. An 
suigeited that at t i tudes   no t   d i rec t ly   a l l i ed   to   ge t t ing  more  money and 

interview program was finally  introduced. Each employee was now able   to  
a i r  his  worries, crit icisms,  etc. ,   to a skil led  interviewer who reported 

AS a resu l t ,  there developed  the  feeling that the management was interestad 
these t o   t h e  management, but  not  the name of the person who made them. 

not  necessarily changed, m y  workers fe l t  that suggested improvements, 
. in bet ter ing each  worker's l o t .  Even though the  things  cr i t ic ized were 

such as be t t e r  food in the cafeteria,   had'been  insti tuted.  They sometimes 
thanked the  interviewer  for  having  the  conditions  "corrected" when the 
or..L$ change hail been i n  t h e i r  own a t t i tude .  . 

, 

t o  as Vncentive8.w In  the classroom and Industry wa attempt to arouse 
maximum effort by u s e  of such  incentives as money, grades,  promotions, and 

t ives,   but it offers  additional inducements t o  m a x i m u m  e f f o r t  in the form 
social  recognition.  Military  aviation  provides somewhat comparable incen- 

of knowledge that mastery of the plene is  good l i fe  insurance, knowledge 
that such mastery enables  the  individual  to  get a t  the eneay in an effec- 

dom, greater opportuni t ies   for   ini t ia t ive,  and greater chences for per- 
t i v e  m6nnerJ and knowledge that  aviation  involves greater individual free- 

sonal  glory  than some other  branches of the service. For some individualn, 
moreover9 sa t i s fac t ion  of the   des i re  t o  f is in i t se l f   suf f ic , ien t  incen- 
tive t o  aroune highly  motivated b h a v h r - ~  Almost all who en te r   p i lo t  

l3 Reprinted by permission of the  President and Fellows of Rarp.cicd College. 

The goals toward which effort i s  directed are frequently referred 

' .  

The re la t ion  between "desire t o  fly" and achievement i n   l e a r n i n g   t o   f l y  

c i l  Committee on Selection end Training of Aircraft Pilots.  Results of 
has baen investigated in studies  sponsored by The National Research Coun- 

the  Division of  Research, Civil  Aeronautics  Administration. 
these studies w i l l  be made evailable i n  technical  reports  published by 
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tralnlng do so on t he l r  om initiative because they wish t o  fly. 
The desire  to fly, and o the r   i nca t ives  like those  mentioned  above, 
provide 89 extraordinarily high motivation for acquiring  the primary 
skills of  aviation. 

Motivation and the learn- process. That motivation b Of 
great importance in learning has been ahom by the  resul ts  of nwerous 
experiments. Its va l id i ty  has been demonstrated  for a large number of 
skills, both motor and verbal, and fo r  a  variety of i n c m t i m s ,  which 
have included  such  items as food, money, praise, social  recognition  of 
various kinds, and  avoidance  of blame or  physical punishment. These 

learning,  but that the  efficiency of learning is, by end large,   greater 
studies have shorn no t  only that motivation i s  necessary  for   eff ic ient  

the more intense  the  motivation (56). 

when we apply new incentives after the  learning curve has flattened.15 
It has been shorn in industry,  especiallp, that bonuses  and  other  lncen- 
t i ves  may increase the  output m n  of  experts.  Kitson (24) , for example, 
found that   typeset ters  of long  experience  increased t h e b  average  output 

un i t s  of  accomplishment above a part icular  standard. likerime, the 
by over forty per cent  following Institution of a bonus dependent upon 

sk i l led  relay assemblers  of the Hawthorne Plant  experiments  discussed 
above,  increased their output w h e n  a t t i t udes  toward the job and the 
management  became  more favorable. 

The importance  of  motivation in learning is  especially evident 

In aviat ion,   as  in a classroom,  the  attitude  of  students 
tcrard the instructor may play  a  large  role in determining the degree 
of  motivation  aroused.  Loyalty is sometimes a strong motivating  factor. 
On the  other haud, lack of confidence in the  instructor,  or a t t i t udes  
of d i s t r u s t  and resentment, may work against maximum motivation. 

Some instructors  constantly "bawl the  student  out"  while  others 
make a judicious use of praise and  encouragement. Several  laboratory 
experiments have indicated that ?raise i s  generally more effect ive than 
blame in poducing  efficient  learning ( 5 6 ) .  I n  one study (47) the  experi- 
menter  provided lists of 40 words each arbi t rar i ly   joined with a number 
from 1 to 10. The lists of words and the numbers they were paired  with 
were read  through very quickly to the  student  serving as subject. The 
experimenter then read the  words one at a tlme and  the  student was required 
to respond by saying one of the numbers from 1 t o  10. Every time the  
student  responded  correctly by saying the  r igh t  number he was renarded 

ished  (reproved) by being  told he was "-,' end then required  to  keep 
(praised) by being told n-." If he said  the wrong number he was pun- 

warded guess? responses to be repeated a great many  more times than 
until he made the  correct answer. The results showed the re- 

the  pueished ("mrongn) responses. , 

, , :,' ' ._ 

When the curve flattens out and  then, because of increasing motivatkp 
or some other  factor,   shars  further improvwnent, we r e fe r  to the portion 
e x h i b i t i n g   l i t t l e  or no change as a plateau. The final s t a p o  of many 

bean  reached, would be regarded  merely as plateaus if additlolul incm-  
learaing curves, which appear t o  indicate that the  physiologiaal limit has 

tives weme offered  and, as a result, the curves i nd iaahd  further ,> 

L n p r O ~ m e l l t .  ~. , . . ~. ,~ I . 



A s t u g  by IIurlock (U) also  demonstrates the relative value 
of praise  and reproof as incentives to improvement. On the basis of 
an ar i thmetic   tes t ,  lob students were divided  into  four  groups matched 
in ab i l i t y .  Each group was given five  practice  periods  of  15  minutes 
each in simIl6.r ar i t lwet ic  tests. h e  of the groups worked in a 
separate room a s  a control group. The other students a l l  took the  
t e s t s  in a single room, but the indlvi6ual.s in one grodp all received I 

pcrise.at  the  beginning  of  each session, those in a second group a l l  
were reproved, whi le  those in the  t h i r d  group mere completely  ignored. 
Results showed tbt in no& chses, regardless of age or sex of the 
students,  praise was superior to reproof as an incentive t o  rapid 

adversely to the  reproof,  doing more poorly t i  they probably would 
improvement i n  the arithmetic task. Some students  actually  reacted 

have done if l e f t  alone. Students who were ignored, that is, neither 
praised  nor  reproved, showed l e s s  improvement than either  of  these tu0 
groups. 

relationships for good motivation in learning by pointing  out that 

"One individual can produce learning i n  another  individual 
by e i ther  of three methods: (1)  the  'teacher' may create  
the 'problem,' Le., make the  'student'  uncomforthble, 
and'  the  student nay solve it; ( 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. Although the sane basic lemning 

&nces w i l l  be veq different according  to which  of these 
urocess will be  involved in any case,   the  social  conse- 

three methods is employed. If method 1 i s  used, a nega- 
t ive  (avoidant)  et t i tude toward the teacher w i l l  develop; 

develop; i f  method 3 is used, a mixed, or ambivalent, a t t i t u d e  
if method 2 is used, a posit ive (approhch) a t t i t u d e  w i l l  

will develop; the good 'leader' like the good ' teecher,' 
n a t u r d l y  employs method 2 as extensively as possible" 

M o m r  (34) s t resses   the  importance  of  instructor-student 

(Pa 424). 
These and other aspects of the  stuaent-instructor  r@tionship are of 
extreme i.m>orttlnce in promoting eff ic ient   learning.  . 

Supplying the icdividual with accurate  information on h i s  
improvement w i t h  practice may often be satisfactorily employed as a 
motivating  techuique. I n  this technique  the  individual is informed 

16 The prac t ica l  aspects of such relat ionships  w i l l  be  discussed i n  
a b s w U a t  publications. 
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of his   previous  level  of attainment in a given task and 1s thus led 

information or "knowleage Q results" obtained as an incentive to 
t o  compete nith h i s  own past performance. The value of supplying 

increased.output i s  well i l l u s t r a t e d  .in experiments by Ross (42). 

"tal1ying.n A t  the   ou tse t  o f  the experiment he,gave  suff ic ient  pPac- 
Ross ;itudied 59 collqge students i n  a simple motor task of 

tice trials t o  bring all studehts t a  approxFmately the m e  l e v e l  of 
efficiency. Following  these tr,ials he theq  divided the group into 
three  sections.   Individuals i n  Section I were given complete and. 
accurate  information  regarding t h e i r  ovn progress from day t o  day, 
i.e., they hew e x a c t l y   a t  =hat leve l  of efficiency  they were'working 
and how t h i s  compu-ed with  their  previpus  records. I n d i v i a l s  i n  
asction I1 were only  peztially informed d f  t h e i r  progress, i . e . ,  they 
h e r  only whether they were above or below the  average  performance 
for  the  'coup. Those i n  bection I11 sere given no informktion on 

lrnonledge of results  (Section I) had gained from 2.2s t o  5.55 more 
their  progress. A t  the  end of 9 p r u t i c e  trials the group with full  

than  Section I1 (only   . a r t ia l ly  informed) and 4.5% t o  12.6s more than 
Section I11 which had been e v e n  no idformation. 

An experiment by Elwell and  Grindley ( 6  ) a h 0  c lear ly  . 
demonstrttes  the p r t  2ltqed by  icnowledde of results.   Individuals 
htternpted t o   d i r e c t  a q o t  of  i i g h t  on-'to  the  bull's-eye of  a t a r&e t  
by means of coordinnted movemenfs of  the two hands. In   pract ice  

with howledge of  r e sy l t s   t he  l i g h t  whs vis ib le  i n  t h e   s k r t i n g  
trials t i e  l i g h t  was v i s ib l e  a l l  o f  the time; in  experimental trials 

posit ion and as soon 4s the movement was 'completed; in experimental 
triels without  laowledge of r e s u l t s   t h e   l i g h t  was no t   v i s ib l e  a t  ell. 
It whs found: (1) Chit  there was no improvement i n  the  accuracy  of 
p r f o r w c e  when the  subjects were prevented from seeing which part 
of t i e  th rge t  was struck, (2) that performance rapidly 'improved as 
soon a s  t h e  subjects were allosed knowledge of the i r   r e su l t s ,  and 

the  habi t 'had been perfected  led  to  a deterioration  of  the perform- 
(3) tbt  removal of  the  source  of knorvledge OP t h e i r   r e s u l t s   a f t e r  

&me. The experimentefs  indicate that bowledge of results appears 

following ways: (1) h b j e c t s  tend to  repeat  only  those  operations which 
to   inf luence the acquisition  and,maintenance of a muscular skill in  the 

they knuw were successful, (2) They tend t o  moAify their   responses 
in   the   d i rec t ion  of the  pat tern of performance v 3 c h  they know to be 

a t t i t u d e  of " interest"  ,or "keenness," which is  conducive to   accurate  
correct. (3 )  With knowledge of their resul ts ,   they shdw a general 

aerformance. ' ,  
t ra ining i s  brought  out i n  m analysis  of  student comments by hart 

The i m p o r b c e  o f  the; above-mentioned fac tors  i n  . f l i gh t  

( 7 ) a  He says, 

'The most consistent  complaint of pract ical ly  all 
students i n  their   re t rospect ions was tht- the in- 
structor  n s  extremely  reticent. :n ~ f f e r i n g  ::raise 

.. , . 
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"or encourogement,  and par t icular ly  that he  never 
l e t  them know how they were doing,  whether good 
o r  bad. The students reported that this l e f t  them 
with a fee l ing  of  uncerthinty,  lacking  confidence, 
and in many cases  give them l i t t l e  motivation t o  
improve t h e h  performancep  (pp.. 1-2). 

7. EFFICIENT ldETiiOUS OF LEAMIING 
. 

The importtvlce  of teaching  correct methods from the stert, 

already been gointed  out (pp. f244). Assuming tha t  we h o w  tine most 
instead of allowing  individuals t o  engLge i n  random ac t iv i ty ,  has 

ef f ic ien t   opera t ions   for  a given task anfl arrange  to  teach  these 
alone, a fur ther  problem i s  t o  see t ha t  tiey are  learned w i t h  m a x i -  
mum efficiency. One prerequisite,  of course, i s  that t:ze learner  be 
highly  motivated. 

A p a t  from the principles  of  teaching  correct methods only, 
and  of arousing good. motivation,  psychologists have discovered  certain 
economical training  procedures which, although  they heve not   yet  been 
t e s t ed   i n   r e l a t ion  to f l igh t   ins t ruc t ion ,  a t  l e a s t  have fiug,estive 
vt lue i n  t h i s  connection. Three pr inciples  which  have bean found t o  
induce  economical learning i n  the closoroom  end laboratory are: (1) 
Bn appropriate   dis t r ibut ion of ;T1.a,ctice perlods and. rest periods  leRds 
t o  a saving i n  time  and ef for t .  For exun?le, Ebbinghaus (6 ) dsmon- 

ables gave less learning tban 33 repet i t ions  dis t r ibuted  over   three 
s t r a t ed  yems ago that '69 concentrated  repetitions of nonsense sy l l -  

different   pract ice   per iods,   inser t ing orie dny between sessions. These 
r e s u l t s  were later  corroborated by other  investigators (26, 38) and 
extended t o  a vzriety of  o t h r  tasks. (2) Frequent  recitation  facil i-  
tates  acquisit ion.  This principle i e  null i l l u s t r c t e d  i n  an experiment 
by Gates (n), whg found t i t  efficiency i n  the  learning of nonsense 
syl lables  and biographies  varied  directly with the   prcentage of  the 
t o t h l  learning  t ine which was given  over  to  reoitction. (3)  In  some 
Situations and i n  some skills, it  i s  bet tar   to   thckle   each problem as 
a whole rbther  than piecemeal. 

a l l  s i t u l t i ons  or f o r  all people. viheth6r a given  principle will 
operhte depends t o  a large  degree on the   coqlex i ty-vf   the  task, the 
past prformance  hhbits  of  the  individual,  the  length and difi'iculty 
of the task,  the  pressure of time,  etc. There i a  e def in i te  need 
f o r  research i n  the  specific  si tuations cc Flight I:lstructlc&,, If 
such pr inciples  are to  be,properly.applied,  

I t  must be  noted thht none of' these pr i r~c ip1 .e~  kolrts f o r  

Distribution  of e f for t ,  That d i s t r ibu ted   prac t ice   in  learn- 
ing i s  more economical than concentrated  practice, nas been  shorn i n  B 
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Ling w i t h  both verb1 and motor skills. 
rise,. the optimal lenut4 and the d i a t r i -  

lengths and distributions.of  periods are better than  others  in  the 
of practice  periods. Nhile research has shorn that certain 

case of particular slcills, part4cular  organisms, and par t icu lar  condi- 
t ions  of motivation,  etc.,  they have not  indicated an optimal length 
and dis t r ibut ion of periods which might be applied  to skills or 
under& conditions. Thus, if t ra ining in aviation i s  to involve an 
optimal  distribution, this mst be worked out in re l a t ion   t o   t he  par- 
ticular skills involved. 

considerations demand highly concentrated rather than widely  distri-  
buted practice in aviation  training.  Motivation and the time avai lable  
for t ra in ing  are  important  factors here. If the  student desires his 
wings as soon as possible so that he can get  a t  the enemy, he may 
actual ly  work more effect ively with concentrated  practice  than would 
o t h m i s e  be the  case.. Moreover, competition  with  others  .In~hi.s  group 

able  concentrations of practice.  
gives  the  student  motivation which might  counteract  otherwise undesir- ' . .  

As a matter of fact, it is  quite  possible that prac t ica l  

example, that as much is learned in 50 pact ice   sess ions   d i s t r ibu ted  
over 50 d a y s  as in 60 practice  sessions  telescoped  into 30 days. 
Even though the  wider  distribution  required 10 fewer practice sessions, 
i t  might be of prac t ica l  advantage to  give 10 extra  sessions and  save 
20 days. Which would be more pract ical ,  one session a day fo r  50 days 
or two sessions a day f o r  30 days, would depend upon how quickly trained 
inaividuals were needed,  and upon the number of instructors  and amount 
of equipment available. 

There is another  practical  consideration. Suppose, for 

Optimal. dis t r ibut ion of learning is a problem which, up 
to  the  present time, has not been investizated i n  aviation;  although 
B r i m h a l l  (390 pp. 52-53) and others have seen  the  possible  significance 
of different  distributions  than  are now in use. The problem  can be 
solved for aviation  only by an experimental  atthck which takes  cpgni- 
aance of  practical  considerations  such  as  those mentioned. 

been studied  primaFily i n  the classroom and wi th  verbal rather  than 
motor skills. The usual  procedure has been to have  one  group of sub- 
j ec t s   l ea rn  by putting 100 per cent of i t s  time into  reading, a compar- 
able  group by putting 80 per  cent of its time into reading and 20 per 
cent   into  reci ta t ion,  and so on, with  different   dis t r ibut ions of time 
given t o  reading and  recitation. These investigations have shorn un- 
equivocally that a l a rge  amoarnt of rec i ta t ion  i s  desirable. This prin- 
ciple  i s  in line with  the  adage that "We learn  best  by doin&" ,. 

Recitation and review. Hecitation vs. passive  learning has 

to a number of factors. One of the most important of these is that 
The advantage  of  recitation  over  passive  learning i s  due 
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reci ta t ion  const i tutes  a review of w h a t  has hen read. In h i s   e f f o r t s   t o  
rsproduce,  the  individual becomes RRLWB of his deficiencies and of his  

in m e r e l y  r epe t i t i ve   ac t iv i t i e s .  
strong points as he could  not  possibly become aware of them while engaged 

the  grand  school  and in relatloti  ta f l igh t   ins t ruc t ion .  As far a8 purely 
vwbS.l ground schoolwork l ike  Learning the   p r inc lpha  3f aerodymmica 
is  concerned, r ec i t a t ion  my be used as in any other  classroom. On the 
other hand, a c t u a l   f l i g h t  is a wreci"&tionn of much that has been learned 
previously on a verbal level,. In order  that  this 'recitation" might te 
made more Qffective,  w u a l s  have been developed (see p. 151 which coordi- 
nate ground inst ruct ion end flight instruct ion 3m such a way that each 
period in the air I s  a definita  rehaareal of whnt has been studied on the  
ground. 'RIUS the  student etudies  the use of the  rudder and brakes and the 
VCW~OUS conditions to be observed Ln taxiing, imghes himself  taxiing, 

of such a roanual, the student is constantly aware of the fact that what 
then actually  practices taxiing; and so, 00 w i t h  other manamem. By use 

he is  studying on the   @mod  r i l l . shor t ly   thareaf te r  be rehearsed i n  the  
plane. 

The reci ta t ion  pr inciple  may be u t i l i z e d   t o  advantage both in 

Objective methods of maewing flight performme (IS, 50) and 
shndaxdiaed  f l ight  inventories mch as the Ohio State  Fliafit  Inventorx 
( 5 ,  29) a l a 0  provide a means of  reviewing the s t u d m t ' s   a i r  work after 
he has re turned  to  the ground. By means of photographs or other  recorda 
of performance his strong aud weak points may be made obvious t o  hlm lrnd 
he may study them a t  leisure. Kelly's procedure  for  recording ccmveraa- 
tiona between student a d  p i l o t  during f l i g h t  (22) also offers  opportun- 
i t i e g  f o r   h t e r  review  of the leeson. 

mination o f y f f i c i e n t  metlads of learning i s  tue question of t he   r e l a t i a ,  
efficiency of rhola  VS. part learning.  In part learning, the lsamer 
concentrates on one portion of the as t e r i a l ,  or on one aspect of the 
skill, a t  a time, mastering ench separately and later combining the sep- 
arate parts. The whole ac%th&, on the  other hand, c a l l s  for pract ice  of 
tho  enttrn bsk as a unit without  iaolation of the elements making the 
whole 

Whole ve. uart learning. A fundmental problem in the  deter-  

a6 applied  to  aviation i a  of extpema h p o r b c e  since  the  task of pi lot ing 
a plme is not n single skill but e conplex of a n y  skills. The four 
basic  elements  of  throttle,  rudder,  aileron, and elevator  control ad jus t -  
ment must be combined i n t o  ciufiirable ?atterns of coordination  for even 
the  simplest  naneuver~.  Further, $he basia maneuvers of s t ra ight  and 
l e v e l   f l i g h t ,  climb, glide, and t u rn  m e  combined t o  form the advanced 
maneuvers. Even tha most complex mlinewers  of acrobatics and combat 
t ac t i ce  are  merely elaborations of these h u r  basic maneuver8. 

Definitive  reaearch on the problem of whole VS. psrt   learning 

The present  training propan seems t o  be oriented  largely from 
the viewpoint of "part' learning. During the first lesson, the  student 
i s  given practice on the controls  separately so as to  learn the  effect  



of preeeures on each of the  controls.  Straight glides and gliding turna 
are individually  practiced before blng combined to  form an aplroach t o  

vision i s  made for  re-practice of the  basic maneuvers individually through- 
-. Even a f t e r   t h e   s t u d a t   g e t s  into the advauced meneuvera, pro- 

out the latar stages of instruction. 

This emphaeia upon the  elements , i n  f ly ing  may result in a p i l o t  
Tho thinks  and&s in terms of the  indipidual  controls  rather then of '  the 
plane as a whole. It nay  underlie,  also, the tendency  of  students t o  oon- 
sider  the  rudder and elevator as "exchanging"  functions when the  plane is  
banked for a steep  turn. 

of instruments in flying. Should  beginning  students be f i r s t   t s u g h t t o  
fly "by the  seat  of  t h e   p n t s "  in l ight   plenes containing the abeo lub  
m i n i m u m  of instruments, or should  they be given from the  beglnning m 

Wieual cues concerning plane e t t i t ude  and f l i g h t  path obtained from obeer- 
opportunity t o  add  information  obtained from f l i g h t  instruments to the 

ration of the plene during  f l ight? The problam is  largely one of whole w. 
part learning  since  the  additim'of  instruments && l sa ra ing   to  fly re- 
quires a reorientation as to b e  t o t d  information  used by the pilot .  

A question  often  raised by f l i gh t   i n s t ruc to r s  concerns  the use 

The need far research on the   re la t ive   e f f ic iency  of part vse 
whole learning is  fur ther  emphasized because the  vast  amount of researoh 
already carried  out in the laboratory, claaeroom, and  industrial  plants haa 
s h m  that it is  extremely  dangerous t o  apply the  findings in ong f i e l d  or 

arrived  at   different  conclusions,  depending upon the type of task t o  be 
on one task without  confirmation  by  actual  experiments.  Investigators have 

Woodworth (55), in hie  summary of laboratory and  claesraom  research on t h i e  
leaned ,   the  method of learning,  the  intelligence of those learning,  etco 

prob1em)comes to the conclusion that 

.The net result of a l l  the  studies of part and whole learn- 
ing seeme t o  be some&ing lFke this; the parte are easier t o  

adjusted to the  problem when beginniag  with  the  parts. He w- 
learn than the whole and the learner is  often happier and be t t e r  

r i a  over some of the skFU and howledge gained in learning.  the 
parts into the  subsequent  learning of the whole performance. 
But he f inds  that putting  together  the parts i s  a serioua pro- 
blem requiring much f m t h e r  work. In the end he may have saved - time and energy by commencing with the parta - or he may not - 
much depending on the  size and d i f f i cu l ty  of the t o t a l  task and 
on the learner's  poise and'  technique. If he cau adjust  himaelf 

complex prformancee  effectively by the whole' method. In a 
t o  t h e  whole nethod and hendle it proprly, ha can learn q u i b  

h o l e  vethod while  feeling  free  to  concentrate a t  any t h  m 
praot ical  situation it is probably  bet& t o  start with  the 

a mt where something special is  t o  ba learned" (p. a). 
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Viteles (99), after summarizing a large amount of research 
on w h o l e  vs. part lentnlng in relation to industr ia l   t ra ining,  feele 
thet, in general ,- the  part  method is t o  bo questioned. Be believep 

and them to s p l i t  it iuto "natural suhlivisions," =ah %a large as 
that it is perhaps best t o  acquaint the learner  with  the &$& vr-4 

possible in order to  tako  adventage  of  the  associations be.Lween  move- 
m n t s  inherent i n  the task as a =hole." Be points out, moreover, that 
a careful analysis of each  process t o  be  learned is  necessary before 
the moat effect ive use of whole or part-whole methods c m  be made. 

8. TRANSFER OF W I A O  

The problem of t ransfer  i s  tht of  debrmkring  to what degree, 

other  subjects or other ski l le .  
if any, the  learning of one subject or one skill influences learning of 

of verbal and mto r   ac t iv i t i e s .   bong   t he   ao to r   ac t iv i t i e s  involved in 
such investigations have been mae tracing,  shooting at  targets ,  mirror 
drawing, sorting car&, and typing. 

Transfer  has been inveatigated  extensively,  using a var ie ty  

parable i n  all s ign i f i can t   r eapc te ,  such a8 intell igence,  age, sex, 
In research on transfer,experimental and control groups con- 

previous experience  with  the problem involved, etc,, must  be uaed. The 
e x p e r h n t a l  group i s  t r a h e d  on a particular skill which me ahall  desig- 
nate as s k i l l  A. The other group receives no t ra in ing  on A. Then bath 
groups are  required t o  learn a l l  B. If the expePimata1 group l earns  
this in s ignif icant ly  fewer trials,  with  signlficantly fewer errors, OF 
in a signif icant ly   shorter  time than does the  control group, we concluda 

posit ive transfer is evidence%. If on the  other band, the experbentel 
that learning of A has fac i l i t a ted   acquis i t ion  of B. In other words, 

would be forcid t o  conclude that learning of A in te r fe res  w i t h  learning 
should  be l e s s   e f f i c i e n t  that the  control group in learning  habit  B, we 

of B. This i s  w h a t  is referred t o  as nsaative  transfer or h h a r -  

kinds  of  tranafer have been  found in laboratory,  classroom, and other 
ference, e.g., transfer from s t i c k   t o  wheel control or vice VBTM. Both 

s i tuat ions* However, posi t ive is  much more prevalent  than  negative trans- 
fer. 

I 

Some t ransfer  uroblems in  aviation.  Aviation  training raises 

mental. h e  of these  concerns  tha  former C i v i l i a n  Pilot  Training  comae 
several question8 in which the problem of t ransfer  of training is fun*- 

In general. Did t ra ining  of   c ivi l ians  in l i g h t  planes have value for tha 
scrvices? Yore specifically,   did it fac i l i t a te   acquis i t ion  of skill in 
pi lot ing largsr, f a s t e r ,  and more complex mi l i ta ry   a i rc raf t?  

L phrtial answer to this queetion is  now being ot.&ained from 
knowledge of the ~ U C C Q B S  of Civilim Pilot  Training  studante who b v e  
entered t h e  air cmpa of tkm army or navy. A recent   report  indicates 
that the waahout r a t e  of farmer C.P.T. students is  'only about 40 per . 



cent of that of students  rho had not had previous C.P.T. coursesu It 

vice  const i tute  a group w h i c h ,  apart f r o m  i t s  previous t rainhg,  i e  
should  be remembered, however, that C.P.T. students who enter   the ser- 

more highly selected  than  the non - C.P.T. group. It is  e group from 

may be more highly selected in terms of intel l igence and education. We 
w h i c h  a cer tain numbcr of  washouts  have already been eliminated and it 

shoulp t h u s  e q e e t  a lower  rashout r a t e  quite apsrt from the  factor of 
transfer.AT A t  present it is  impossible t o  tell how  much of the greater 
success of C.P.T. students is  a t t r i b u t a b l s   t o  selection, hoa much t o  
transfer of learning, and how much t o  the exact  identity of taaks per- 
formed a t  t h e  two levels of training. 

apparatus which, l i k e  tha Link Trainer, i s  aimed a t  developmeut of f ly -  
i n g   s k i l l  on the ground. That such aubst l tutes   for  actual f l i g h t  con- 
d i t i o n s   f a c i l i t a t e  development of u l t ima te   avh t ion   sk i l l s  l a  often 
accepted  mrely on the   basis  of f a i t h  in posit ive transfer. 

Another series of problems  concerns the possible vdue of 

Transfer emeriments with the  L i n k  Trainer. Recent  prelimin- 
a r y  investigatioaa with the  L1P;li Trainer  suggeet that c o n h c t  t ra ining 
wi th  this device nay have t ransfer  value with  respect   to  such factors  
88 air tims before  the solo and control of  certain ship  a t t i tudes.  
Conlon ( 2 1, whose study  involved only 10 C.P.T. students and apparently 
did not include a coalrol group, offers the  tentative  conclusion that 
five bo seven  hours  contact  instruction in the Link "teaches a correlr- 
t ion of controls etc.  equivzlent roughly to three hours  of  f l ight in- 

experiment involving  only 10 students, would of course be q u i t e   W d o u a .  
atruction" (p. 2 j S  Acceptance of such a conclusion on the   bas i s  of an 

Greane's ( I2 1 etudy, in which 10 C,P.T. students were given 
about six hours of Link t r a i n i n g  prior to regular f l igh t   ins t ruc t ion ,  
likewise producad inconclusive  findings. No control group m s  used, 
the numbors  were too smal l  t o  produce re l iab le   resu l t s ,  and the  s tudents  
appeared beLon per i n  ebilitjr) since two were dropped f o r  incompetemy 
and the remaining eight were below average in r a t e d   f l i g h t   a b i l i t y  at  
the end of their course. The instructors  reported, however, that   " the 
link t ra in ing  seemed t o  have given  tha men unusually good coordination 
and calrPaees i n  the  air." It i e  estimated that there was e saving  of 
about a hours o f  a i r  t h  pr ior   to   the  8010 as a result of  the e ix  hours 

w i t h  l a rge  comparable  groups, one given the Link t ra in ing  and the  other 
of Link training. However, ea Greene hisself   points  out,  an experiment 

not, rill alone show whether the  abovedentionad  advmtagea,are real or 
i l lusory.  

," In addition there remaina the   possibi l i ty  that the C.P.T. course 
gives  confidence in f 4 i n g ,  reduces tenseness, is good "propaganda" far 
aviation, etc. Moreover, we should  not be sat isf ied  with merely coapr- 
ing the r e l a t ive  progress of the two groups during (L par t icu lar  stage  of 
military aviation. Differences indicating t ransfer  might elso ahor up 
in combat performances. 



Greene, Chamberlain, and CrannellnB (33) recent  study doee 
l i t t l e  to decide  the actual value of Link t ra in ing  for, l i k e  the S t U d i e E  
discussed above, it lacks  adequate numbers of subjects and suffere from 
deficiencies in  experimentel design.  Three groupo of U, 8 ,  and ll CuB.Te 

prior t o  regular f l igh t   ins t ruc t ion .  &.ch group, as indicatod by i n i t i a l  
otudents were given, reopectively,lO, 5 ,  And 1 hour of Link trajnming 

scores on the  Link,  appeared to have the same average competency. The 
students were rated by inst ructors   for   both L i n k  and f l i gh t  performance. 
Graphic  records were a l s o  available for  these  performances.  Flight in- 
structors did  not b o w  the  nature  or  extent of thelr   pupi ls '  Link  expar- 

ceptions  concercing  the  value of Link training. The chief   resu l t s  of the 
. iance,  hence,appaerantly were not  iaflumced in thnir ra t ings  by praaon- 

were rated higher thm those  with only one krow of  such trckning, (2) 
experiment were8 (1) Groups d % h  the grenter amount of Link training 

The difference in favor  of  the  groups  with  greater amounts o f  Link t ra in-  
ing  decreased t o r a n d  the later s t q e s  of f l igh t   t ra in ing ,   bu t  was still 
evident in the later phases of primary f l igh t   t ra in ing ,  (3) Students with 
the greater amounts of Lit& instruction, as ahown  by records frca e Rcdhed- 
8evsge Ride  Recorder, had l e e s  tenda4.Cy t o  s l i p  vhiln turnSng. However, 
they were not  superior in a v o l h e e  of sklde. 

The smallness  of  the  groups  involved in t h i s  experiment, etrlk- 
ing inadequaciee in the  exprimental  design,  and a wide variation of coepe- 

diffarences  obtained. It ie contaded by the  authors, however, that *.the 
tence within each group render highly  questionable the significsnce o f  

consistency  with which the  groups w i t h  more Link time are ~QuWI to be 

petency  suggests tht some real difference i n  a b i l i t y  may be present. (pa  
superior  throughout the battery of ra t ings  and other  tbato  of flight corn- 

21). 

In view of the  inadequcy of  research resdts ,  no,sound  conclu- 

Before  the  status of the Llnk as a pretrai-ror can be ascertained, research 
sions can be dram on the  usefulness of the Link as a contact  pretrainer.  

must answer such  questions as: Whfch, i f  any, aepects of flight t ra in ing  
are  f a c i l i t a t e d  by contac t   pe t ra in ing  in the Link? Bow mwh of an ad-- 

warrant  the  necessary  outlay  -for Link trainers and f o r  pretreinhg inetruc- 
hge, if any, m y  be  expected? Is this advantage aukficiently large t o  

t i ona l  PerSOTm~l? Which operations, if any, are most advffntageoualy (from 
the  standpoint  of t h e k   t r a n s f e r   e f f e c t )   t a u g h t  in t h e  Link7 Whit is  the 
O p t M  duration of Link t ra in ing  for production of  such  transfer? Is the 
transfer ef fec t ,  i f  any, prmanent or t e m p o r q ?  

One should  not, of cowse,  overlook  the  possibil i ty  that  some 
habits acquired i n  contact  treining w i t h  the Link interfere with acqulai- 
t i o n  of cer ta in   aspects  of f ly ing  skill. I t  hns been pointed out, far 
example, tha t   the  Link is 6e l ibe ra t e ly   bu i l t  ae R complehly usetab& ah- 

As a rewlt, the  student may acquire habits of operation on the  Link wMch 
plane, whereaa a l l  real p h e e  possess a high  degree  of Inherent s t ab i l i t y .  

m e  undesirable in the  oparation of a rea l   p lane  in real air .  P'D, for '  
ePsmp.l.e, the sens i t i v i ty  of the  unstable instrument may r e s u l t  :. 3 habiter of 
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o.-orccr~lL;rd.Li:,g .Lo -temu of freqwscy and undascontrolling in tsrme of 

~.~!l.~.::?sos my nei;~~.tLve tzmafew e f fec t s  and, if so5 whether the pt3itLvPI 
~ Z L W J J ' L ~ ~  I: ~ t ~ e u n  p e r t b c n t  t o  hcpi re ,   therefore ,  whether reoearch 

._._ - t"? - ~ WLS are s.Jffic1wtl-y great Lo iaarrmt igxoring them  negative o m s ,  

-~ IhbLt h k r f e r a n c e  i n  aviation. &.bit interference, or 
nog&tiw tzamfm, i s  a S P F ~ S U S  problem in aviation. There are several 

may re3ult in increaosd learning time or  i n  ac tua l  danger. A recent 
oituathouo Fn which the tmdency  for one habit  t o  interfere with t m O t h 6 r  

cccident was reported which occurred when a pi lo t ,  in attempting t o  
correct far undershooting a f ie ld ,   pul led bad on the t h r o t t l e  and puahed 
the s t i c k  forward, resulting in a nose  dive int3 the ground. " h i m  inem- 
r e c t  p t t e r n  r,f' adjustment was due ib t h e   f a c t  that the   p i lo t  Itla f lying 
a plane i n  which the  controls, lrsre  placed  differently from those in the 
p h 5  in which he had been trained. He waa uaed t o  advancing the thrott l .  
w i t h  the   r igh t  hand and pulling hack the st ick  with his l e f t  hand and the 
"left hand back, r i gh t  h d  forwud'  habit pattern t rmsfe r red  itself 
klahm..tically, to   the  pi lot ' s  tlstonishment and resul t ing  dietress .  Thia 
Ins-knce is tsn example of the  possibi l i ty  of habit   interference result- 
Lnng f ro= the lack  of   s tadardizat ion h light  plane  construction. 



~m an additional  emotion-povokhg  factor,  Control  subjects werd to ld  
riothing abmt a the limit and nere not stimulated by meas of a busserr. 
iWi%ops (entrancus into blind allleyo)  averaged 53 for the  control and 
f o r  the experbmntal group. 

Ga-re shom that subjects working undar  emotional  streae  exhibit a mxbum 

evidencing  rationality. Even though  they have baen behaving with a high 
of randon (and especially  perseverativo)  responses  and a m i n i m u  of those 

degree of rationali ty,   subjects  tend t o  r e v e r t   t o  lerta adequate respmees 
following the unexpected onset of such a t b u l l  as an electric shock, Cold 
ahowor, o r  klaxon horn (ratrick, 35). BiFilar phenomena are considered 
i n  abnormal psycholo&y under the concept of remession. 

&prime& on trial-md-error responses i n  problem eituationo 

A further probl?m is that of forgett ing.  It is a mell-ham 

Earden (I&), Investigating this experimentally,  found that an emotional 
f a c t  that strong emotion m a y  produce amnesia for events just preceding it. 

si tuet ion which j u s t  follows learning of  nonsense syl lables  tends t o  re- 

c o l l q a e  of tha   ahair  in which the aubjeat m s  seated, f i r i ng  of a gun, 
tard their recal l .  The emotional. e i tuat im  involved electrio shock, 

the sound of fa l l ing  metal, and sudden darkness. One subject who expsr- 
ienced this situation be- completely m e s i c  for the material previously 
memorized. 

Although  problens  of  snotion cmd learning  l ike  those  discussed 
have not   yet  been iUVeStigR+&d in re la t ion  t o  acquisit ion of f l y b g  s k i l l ,  
aevwal  inmetigatore are studying the hcidence  and fx&uBea of amotiond 
streas or "tension'  under flight conditions.  Particularly app1icabl.o t o  

vero&tions of inetructor  and student,  while a t  the same timo obtaining 
roaawch i n  this field are  methods developed by Kelly (201 t o  record con- 

m ~ ~ a w e s  of emotional stress i n  the latter. Jenkina (16) and l i l l i m a  
(53#54) have developed ways of investigating  "tension"  during flight and 
present evidence that instructors  who a r e  themoelves tense turn out tease 
atudenta. Jenkins e v e ,  

recorded  tension i n  terms of the hstructors involvede 
'...there is  e &atistically  significant  variation in 

variation between s tuda te   t r a ined  by a particular 
That i a  t o  s a y ,  there i s  a a t a t i s t i c a l l y  EignificatLt 

instructor  and those trained by another instructor, . 
in terms of amount of tension recorded... 

.I Bat out i n  Lowell ReUyts kbora to ry  and l is tened 

up f o r . h i s  first spin. Be had n o t  talked  very mch tlwough 
t o  t.0 men teaching  epins. One chap...had a youngmflter 

the rest of the flight, but  he began t.o talk very delib- 
erately end very s l m l y  end he mid ,  'fill r i g h t  mt, I 
em going t o  come k c k  on the   s t ick,  a d  you r i l l  notice 
that t h e  nose of tkm airplane  continues  to ris0.8 told 
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the student  about  the tail buffeting and s t a l l i ng .  
Preeantly he told hia that ha was going to give some right 
ruddw and then  pointed out thgt the airplane waa rotat ing 
violent lyi  Thm ha t d d  him that he was going to bring it 
out of the spin, which he did and all of this in the same 
l eve l  of speech, and the 881118 tempo and the same pitch. 

obviously did not like spinning, produced a very di f fe ren t  
uAnotber man, wlth 0 very large fiumbsr of hours who 

record, The youngster,   si t t ing In the back seat with a 
total of 12 hours or wnue other large amount of time, 
hears  the  fellow up f ron t  on whom h i s *   l i f e  depends, and 
whon his voice rises a f u l l  octave and his speech speeds 
up, well, even a baby is a pre t ty  good muscle reader and 
U s  is  not  a baby back hsre. They to ld  me that every 
student this man ,turned out was spin-ahy, Aw he is a 
daryr good p i lo t ,  he is  a darn good instructor,  except that, 
when it  comes to   spins ,  he is very unhappy and h i s  uu- 
happiness transmits i t ee l f   t o   t he  kid Ln the back seatf, 

"hat i s  szact;r w b a t  we f ind  and I think it  i s  a m y  

between the strtdente trained by different   inst ructors ,  Fn 
important result, There is th i s   charac te r i s t ic   var ia t ion  

tha amount of teualou that they amhibit (ppo 75-76], 

Problem  involved in learii ing  to  f ly may be inveatiga7.d by 

room, and indus t r ia l   p laa t ,  
methods which have already proved the i r   f ru i t fu lneee  in laboratory,  claes- 

Progress in acquiring ski l l  may be represented by a learning 
cxvea  This is a graphic  plot of changes i n  some aspect of performance 
(IS a function of the amount of practice,  Learning  curves have been plot-  

certain respects which have been indicated, Some of them a r e  nevertheless 
ted  for   aspects   of   f l ight  performance, b u t  these  curves are lnadeqwta  in  

sFmilar in g e n e r a l   t r e a d   t o   t b s e  found i n  acquisit ion of other complex 
motor skills, For most of these a k i u s  +..he measurablm aapecis of  perform- 
ance have been found to exhibi t  a r a p i d   i n i t i a l  improvement followed by 
re la t ive ly  slm propeas, The f i n a l  stages of practice,  even though 
characteri6ed by l i t t l e  measurable  improvereat in skill# mag nOVOrthehQs 
involve  increasing  proficiency iul terne of such factors  as get t ing  the 
nfee l  of the plane"  andachieving  automaticity of  performance. 

have shown advantages in teaching  *correct. methods of work from the 
Researches in  laboratory,   ClaEiEr~'e.Ud  induetrial   plant 

start, The a l te rna t ive  methods of u t i l i a ing   ins t ruc tors  Those perfon- 
a c e s  differ widely and  of allowing trainees t o  learn the  correct re- 
BpOIIses through t r ia l  and error,   are  wasteful.  Methods used by expert 

. 
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The most e f f i c i en t  l ea rn ing  o x x r s  under  conditions where 
t ra inees  develop understanding a8  well a8 skill, Underatending i s  
f a c i l i t a t e d  by teachinz of pr.tnciples exd ase of' ur.mbiguous mci uni- 

readily when individuals &re instructed in the  value  of  quickly relin-, 
f o r m  terminology  throughout t ra ining.  Insightful  behavior o c c w s  nost 

quinkLng inadequate responses !a favor of other   poasible   dtsrnat ives  
or of  looking f o r  new neaninga. Without such instruction  thera is fre- 
quently a tendency t o  repeat  inadsquah  reactions again and again [per- 
severate).  Insights which etudenta are often l e f t  to  discover for them- 
selves  should, where possible, be taught from the outset,  thus  speeding 
the  ecquis l t ion of e f f i c i an t  f-ht p r f o r a n c o .  

Pany skills involve  levels of complexity  and m e  referred to 

p le r  ha t i t  hierarchy. In formstion of such complex s k i l l s ,  cer ta in  
a5 *higher order  habits" or %abit hierarchiesc* Flying i s  a very com- 

subsidiary  habits must be learned, at l e a s t   t o  some degree, before there 
is ;regress Gomard maatery of t h s  complex habit  patternso  Laboratory 
s tudies  of learning end observations  repocted 5y f lyers   ind ica te  t h a t  
a e v e r d   s u b s i d i a r i   s k i l l s  are norlually  mastared a t  the same time and that 
propees  on complex coordinations  occurs,  to (I certain  degree,  while 

a t ten t ion  Lo one aubsidLtrry skill a t  a time. There is much t o  be said f o r  
siropler ones a re  being  learned, It seems f m i t l e s s ,   t h e r e f o r e ,   t o   c o n f h a  

u e  being matwed .  The final stage i n  acquisit ion of motor rakilla d.ppra- 
troining on + 4 t a L  behaviar  pattarnu a t  thc aame tim thgt subsidiary o m s  

hates  complete automaticity of  the  reactions  involved. 

Motor skills Like f ly ing  o phns tend t o  be remsmtmred Fuch 
b s t t w  t b  verbnl e l r i l b .  This is due rrot t o  any inhereat  difference 
between motor and verbal skills bu t  t o  th f a c t  that motor skills receive 
much more repatition  than verbal ones, arxJ perhaps suffer leas habit inter- 

ments on forge t t ing  show that the procens ie a t  first rapid then slow. 
ference.  Flying  involves  both  verbal and rr,otor skiale.  Laboratory erpri- 

Certain factor8 tmd t o  slow up the forget t ing procees, Among these are  
r e l a t ive  inactivity fol lowing a iesson,   repet i t ion of a s k i l l  bayond the 

arousal of  uudersthndkg or ins ight  concerning what is  learned, 
leve l  of sheer accomplishment,  use of e f f ic ien t   l earn ing  methods, and 

t e e m i n g  is 'moet   eff ic ient  when the learner is  strongly 
motivated, Some conditions  surrounding  motivated  behavior  have been 

i n  fl.ight nlrndidates. That a t t i t udes  of students toward their   ins t run-  
imdlcated  and we have pointed  out  the  high  degree of motivation  present 

tors play an inportant   rc le  in aotivated learning has also been mentioned, 
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