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ABRTRACT

Transfer smong perceptiml-mctor paired-associats tasks was studied as a
function of cwmiani and varied training conditions. Over 10 days of train-
ing, one group practiced the same task every day (constant conditions), while
training =as varied for two other groups. One of these groups practiced 10
diiferen? tasks, one each day; the other group practiced ths same task with
the stimmli and respcmes re-paired each day. Following trairing, all groups
were tested foo transfer to four additional tasks. Transfer was tested over
four aeys. Two of the four ransfer tasks were used on each transfer day, so
that half the subjscus in eiach group were tested with one tazk, half with the
otber task, on sach day.

On ti:® whols, varied itraining yielded supsricr transfer tc constant
training. However, this result was almost entirely due to the group trained
wth different tasks. Specifically, the different-tasks group performed
signifizantly bettsr than vhe constent-conditions group on both tasks on the
first iransfer day, on one task on the second transfer day, and during the
inikial half of practice on one task on the third transfer dey. In contrasi,
tie group trained by daily re-pairing the stimudi and responses of the same
task exhibited better transfer than the constant-conditions group on only
one occasion, namely, on one task on e firsu Lransfer day. The results
wore eccoumted for primarily in terms of leerning to differentiate stimuli
both within and among tasks and suppression of interference.

These findings imply that treining devices which provide a numner =i
training task variaticns will yleld greater initial transfer to operational

eGuipment than training devices that provide only one training task. The
results of the complete esperimental program, of which this study is only a
part, wlill reveal whether this conclusion is lim_*mi to ths high levels of
tra*_&ng &xd large number of trninin.s tasks ussd im this study. However,
even vhe preseirt Jindings dc not lzply thut the grealer transfer produced by
& training device that provides a variety of tasks will 2lways be sufficient
%6 Justify the cost of daveloplng such 2 davice. Even in thoss cases where
supsrior transfer occurred after varied training, the duration of the superi-
crity was at most thrws days. This is considerably leas than the time that
was spent in devsloping the traiming task variations.
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TRANSFER AFTE2 10 DAYS OF PRACTICE WITH
ONE TASK OR WITH VARIED TASKS

INTRODUCTION

This paper reports a portion of a larger study dealing with traunsfer i
percentual-motor tasks as a function of constant as compared with varied train-
ing conditions. The basic plan consists of giving certain groups training on
2 single task (constant conditions), while other groups practice on several
tasks ail cf the same ciass (varied conditions). After the same total amount
of training, in terms of time or trials of practice, all groups are tested for
transfer Lo new tasks. The design of the complete experimeni.’ program is
presented in Appendix A. :

It will be recognized thet the varied training procedure used here, i.e,,
practice on several tasks of the szme class, is the iypicai method used in
studies of learning-how-to-learn (10). Since it is well known that subjects
improvs in performance when they practice a series cf similar tasks, i.e.,
they demcnstrate learning to learn, it might be expected that better transfer
o a final task would result rrom such traininy than from the same total amount
of practies on a singcle task., Cartaialy the assumption was implied in Hearlow's
(7) recormendation that veriation shonld be introduced eariy and frequently in
training. His recommendation was a generalization from his work on learning
sets (6), althouzh he 3id nct actually compare transfer after training on
geveral tasks with transfer after an squal amount of practice on one task.

Such a compariscn has boen provided by a few studies (2, 3, 9, 13, 14), and in
general they have found superior transfer for the varied-training groups. In
most of these studies the groups that practiced a single task were considerably

superior during trainlng, but when tested on the transfer task their performance

S
~n oo

cpped below that of the varied-training groups, for which the transfer task
was merely the last in a series.

A more analytical spprosch was taken by Cratts (2) in one of the most
thorough investigations cf the problem to date. Using card sorting, digit
cubsvitubion, and typewriting, Crafits found better transfer fcllowing varied
training only when there were "coumon elements® in the training and transfer
tasks. For exampie, in the first card sorting experiment, subjects sorted
nine packs of cards each day fcr five days. On each day sorting the first
eight packs was defined as training; sorting the ninth pack was the transfer
task. The gpatial arrangement of the boxes intoc which the cards were sorted
remained the same for the constani-training group for all eight training packs.
For the varied-training group the arrangement was different for cach of the
eigcht packs, The ninth pack, the transfer task, was sorted into an arrangement
which was new for both groups. The results were that the varied-training group
showed nc better *ransfer than the constant-training group.
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Crafis argued that varied training yielded no better transfer pecause
there were no elements common to both training and transfer tasks. This idea
was tested in a secord experiment by having cards with ceriain numbers on them
sorted into boxes wiih different munoers, regardless of th: spatial arrange-
ment of the boxes., The card nwaber corresponding to a particular box number
was the same for all training and transfer tasks; this was the common element,
The results supporied the hypothesis; varied training produced significantly
betliiss transfer. The differennces in the rasults of these two card-sorting
experiments were cuplicaied in the substitution and typewriting experiments.

In siort, when common elements were introduced, varied training yielded superior
transfer; when they were eliminated varied and constant training produced equal
transfer. In no case, however, did varied *raining result in less transfer.

Crafts! resuiis make clear that varied training will yield superior trans-
fer oniy under certain conditions. The present paper reports part of a larger
study in which certain other conditions are investigated (see Appendix 4Je
Specificelly, the major variables of the larger study are the lengih of the
training veriod and the number of training tasks. Comparisons will be made,
as measured by transfer, between groups oracticing a single task and groups
practicing several tasks during training, with variation in both the number
of training tasks and the length of the training psriod.s In addition, two
ways of providing differeni training tasks will ve employed. The basic purpose
of ihe study as a whole is to test for interactions between the mumber and kinds
of training tasks and the lengiih of the training pericd.

The present paper servez to report the over-all method;, and the results
for three groups given the longest training period. The data for thess ithrse
groups were collected first.

METRUD

A atus

The response portion ot the apparatus consisted of a lever, 24 inches
long, pivoted at its lower end in a bali and socket joint. The lever could
be moved into any c¢ne of 13 slots cut one inch deep end one inch apart in a
strel plate., The slots were arranged in a semicircle concave to the subject,
A small red jewel light was immediately above, snd a microswitch immedistely
below, ezch slot. Movement of the lever into any slot depressed the iiicio-
switch and flashed on ths 1ight above the slot which was correct for tha
stimulus showing., Thus, the subject wes informed which slot was correct
imnediately aftar each »esponss. As & further aid to the sutject, the siots
were numbersd cne to 13, from left to ripght, with a large numeral printed
abovc each slot.

The lever was always coperated from a sitting posiiion. The subject
grasped the lever such that the top six imches of the lever projected above
the hand; STORS ON UNE LoVl Preveiluou muvaing onc aoha uf 2t domm. Tha +an

———— -

free end of the lever entered the slot.
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In the sitting positiocn the lights and mumerals above the slots were at
or slightly Lelow eye lcvsl. Immediately abeove the lights and numerals was
the aperture of a memory drum, The drum fitted into a hole cut in a lavrge
scresn which prevented the subject from seeing the experimenter or the resi
of the apparatus. The view from the subject's side is shown on the left in
Figure L.

Behind the screen the experimenter faced two rows of 12 lights esch.
The light which was on in the top row indicated the correct slot for the
stimulus showing. When the subject moved the lever into a slct, the lignt
in ths bottom row indicated which slot had been entered. HRecoxding oi cor-
ract and ingorrect responscs was done manually by the experimenter.

The ¢ii'Guils connecting the subject!'s and the experimenter's lights were
controlled by a selsctor switch operated off the memory drum. KEach time the
drum; run by its own motor, moved forwsrd tz present a new stimulus, the
selector switch moved forwerd simultanecusly. In its new position the switch
turned on the "correct" light on the experimenter's panel of 13 lights and
prepared the circuite so that as soon as the subject responded tne ‘icorrecth
1ight would aiso appear cn his panel. A sst of 13 telephone jacks permitted
rapic  -pairing of stimuli and slots, The experimenteris side of the apparatus
is shown on the wright in Figure 1.

Tasks

Since the responses were always movemenis of the lever into ihe sleots, 2
vask is defined as a set of 13 stimuli which the svbject had to learn to
associate with the appropriate slots, There wers 1) training and four transfer

tasks. Each training task consisted cf 13 relatively meaningless forms., All 13

Figure 1. The apparatus: subject's view on the left. exverimenteric wiaw an
the righnt,.
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forms within o task were rroduced by drawing elaboratiuns on a single "thems,"
such as a circle, an H, etc. A different theme was used for each tack. Thus,
no stimulus in any task had any obvious similarity tc a stimulus from another
task., Because of this there was probably very little transfer between tasks
resulting from stimuli in different tasks appearing similar and, by chance,
being assigned to the same response. Nevertheless, over-all intertask sinmi-
larity was nct especially low, particularly in the training tasks wherc all -
stimuli wers forms. Intratask similarity was probsbly high, particularly in x
the training tasks, although an effort was made v minimize similarity within !
a task while sticking to the theme, i

The four transfer tasks werz: {aj H figures, 13 forme built on 2 theme

- (basic figure a capital H) nct used for any training task, (b) nonsense syllables

of low associatior values and low intratask similarity, {c) Gibson figures, 13

selected from Gibson's (5) four lists, (d) colors, patches cut from 13 shades of ‘//
colored paper. AL: training and traasfer tasks,except the colors, are shown in

Appendix B.

All sets of training and transfer siimuli, except the eolors, were drawn
end phetographed on white patches about one~half inch square. These patches,
as well azs the color patches; were dry-mounted on tapes which had been cut to
fit the memory drum.

To prevent serial learning, the 13 stimuli in each task were mounted in
12 different orders in a single vertical column on the tape. Since the tape
was er endlescz Lgli, there was no particulair begiining or end of a tausk. The
stimuli were machine paced, each stimulus appearing for fcur sec. After every
36 stimulus presentations {ihree irials or three orders) a blank spsce on the
tape appeared for four sec, during which the selactor switch controiling ihe
slot lights shifted to another bank of contacts. As a further enforcement of
paired-asscciate learning, the taps was never started at the same blank spacs
on successive days of practice.

DT g

Conditions

In this report the results for three training conditions will be presented.
wWas Lralisd weder constant condivious; Group II and III each practiced
under a different type of varied conditions during training. In Group I each
subject practiced on cne task throunghout all 1O training days. The 10 training
tasks were assizned to subjects in turn. In Group i1 each subject practiced
231 12 trsining taske. ona task per day. Y¥or each subjact the task to be
practiced eé=cn day was determined by a 10 x 10 Latin square in wiiich subjects
were represented by rows; within each block of 10 subjects no task was assigned
te more than .ons . suwject on any day. In Creup TII each subject practicsd 10
ditferent psirings of one set of stimuli with the slots: (one task), As in
Group 1, each subjecu within a block of 10 subjects was assigned a differeat
training task. The stimuli and slois were completely re-paired before practice
began each day. In these 10 re-pairings no stimulus was &ver paired witih ihe
samc slot more than once. .Thus, whereas Group II was confronted with a different
set of ctimuli every day and had to learn to peir them with tne correct slots,
Uroup III saw the same stimulil every day and only had to learn a new set of S-R
associations. '

WADC TR Sh-115 lm
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Twenty-one trials were given each day. Since the pacing was fairly slow
{each stimulus appearing four sec.), no rests were given other than the four-
sec. blank after 372 stimuli, or three trialis.

Hazsuring transfer.

- g 3 1

In this and in future reports the data of chiel interest are performance
or. two transfer days following the end of training. The transfer tssks pre- i
sented on these days are the H-figures and the nonsense syllables. In testing {
for transfer each of the three main groups is split into two .subgroups. One
aubgroup is tested with the nonsense syllables on the first transfer dey and
the H-figures on the second day. The order of tasks is reversed for the other
subgroup. Taus the transfer tasks are counterbalanced over days.

When the schedule cf experimentation permits, one or two additional trans-
fer days are run. The CGiltson figures and the cclors are the tasks used on
these days. Wnen additicnal transfeor days are run, no attempt is made to coun-
terbalance all iransfer tasks over all dsys.

In the present stvdy both additional transfer daye were run, making &
totai of four transfer days. Those subjects in each of the three main groups
who were tested wilh nonsense sy*laULas on the firsi transfer day and B=-figures
on ine sscond transier day were given Gibson figures and colors on the third
and fourih transfer days respectively; these subjects will hereafter be called
subgroups A. The remaining subjects, sutgroupsz 8, went through the transier
tasks in the order: H-figures, nonsenss syllahbles, colors, Gibson figures.

Mg omon daa  men o

Twenty-one Liials were given ca eacn transfier task. i

Subjects and preocedure.

The subjects were male and female undergraduates a% Northwestern University
2nd were paild for their services. The number of suhjects in each group will bs
given later. The subjects worked a five-day weel:, thus, the 10 days of training
required two weeks, and transfer was tested on the first four days of the Lhird
week,

Instructions to the =hiscts described the asture of the tank and emphasised
making as many correct responses as possible. The instructions were giveu every
day t0 all sublects since conditions changed evary day for Groups II and III,
and since the repeated emphasis on making correct responses was intended to

counteracd possitls carvlessness in Group I late in training.
The instructions alsu specified that it was necessary to make a respense .

evsry time a stimulus appeared. Thus, there is no independexi srrr - measure.
The data are reported in teruws of correct responses.

&

RESULTS

COmparabilit¥>g£ Froups.

All six subgroups were equated on Cuul correct responses for trials Z-b
on ths Iirst urairang tasc (correct recpinses on trial 1 would be largely chance).

“AIC TR SL-115 .-
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These trials wers used because in a later report compariscas will be made '
betwesn the present pgreups and others given quV four trials on the first : l
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on the first task, eaiating on total of trials 2-f could te checked against «
total of altl trials. !

The original number of suvjects in each subgroup ranged from 20 to #3. i
Those with uvausually high cr low totals on triais 2-i4 were eliminated. i
Table 1 shows the resultant mumber of subjects in each subgroup and the mean
totals both for trials 2-L and for all trials. Equating on trials 2-l yielded
mean totals for ali trials that did not differ significantly; the largest

t-value, that Letween Groups IA and IB, was 1.03. p
] TABLE 1 ' |
{ Comparzbility of #abgroups at two stages of
’ practice on the Lirst itraining task, indsxed
by mean total correcu responses
¥
!
' Trials 2-l All trials ?'
i ‘
] A Group N Mean o, Mean g i
N " K "
fa E IB 18 608’3 07 l)-l7022 8.37 ]
| ITA 19 6.63 69 138.47 8.7 |
’ 1IB i7 6.88 .68 142,35 8,36
‘ IIIA 28 - 6.89 69 132,94 10.L0
| Imm 18 6,72 Lk 13L.94 11.43
? Training
i Iittle nsed be said comcerning perfcrmance of Group I dur uring training,
i since theae suhiecis practiced the same task for 10 davs. Rr the end of
| tho third day (42 trials) only three of the 37 subjects in this group were
! stil]l meking one or two errors per trial., No subject made more than an
0ol occasiongl error after the fourtn day. '
o
f ' Both Group II (a new set of stimuli svery day) and Group IXI (the same
’ stimull re-paired every dsgy) showsd J.earnmg to learn in typical fashion;
intertask improvement was rapid at first, with gradually decreasing 5ams.
Figure 2 shows performance of toth Groupa II and IIT on four of the 10 training
days. (The aatz for all training days for Groups II and IIT a.z“ given 11
Appendix C.) It may be seen that most of the lee.rning-tcwle.-m transfer in
both groups occurred by Day 7, alvhough 8light gains ceaiinued e;ven t hrough
| Day 1J. While only a few subjects achieved errorless perfomam,e 13 correct
! Fuomonudd e fntell why $he lpizs 2= P Bee 1 oy Say ic suut perivimanve
was essentially characteristic of all subjects in bolh groups. In Figure 2
the meene, based on 26 subjects, run from 22,8 to 12.9 correct respon.-;\s on
g thie lagt fow wwrials of Day 10.
! WADC TR 54-1i5 -bm
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Comparison of tine left and right sides of Figure 2 reveals that Group III
showed somewhat more rapid wimprovement from day to day than Group II during
the earlier days of training. Group IIl made a significantly greater gain thaxz
Croup II from Day 1 to Day & (t = 2.06). This appears more clearly in Figure 3,
where the two groups are compered on mean performance ca 2ll training days.
The problem faced by Sroup II of differentiating among new stimul.i every day,
as well as connsciving them with responses, is presumably the reason for its
slower learning to learn during the first halt of treiming. This point wiil be
elatcrated later. The groups do not differ by the end of training.

Figure > shows another fact worthy of remark: the sharp improvement of
Group, III from Day 5 to Day 6. This does not avpear to e merely a chance
fluctuation. The gain irom Day 5 to 6 was greater, on corresponding trials,
than either the gains from Days 2 to u or 4 to 5 an 18 out of the 21 trials.
Figure 3 salso shows that performance on Day & was the highest, although by
only a fractional amount, of any achieved during training. With regard to this

Deys 5 ana O, whereas all other intertask intervals were 2, hr. The suggestiocn
is that the longer intertask interval permitted greater forgetting of factors
counteracting positive intertask transfer. This »oint will be brought up

azain tn later discussion.

Comparison or Day 1 with Day 10 in Firsures 2 and 3 shows that considersgble
learning to learn occurred during trairing. 0One way of expressing this improve-

-uua.igﬁ ek
ment quantitatively is in terms of the change; {rom Lay 1 to Day 10
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probebility that a2 correct response would cesur on the trial immediately following

the trial in which it was first made ccorrectly. The maximum possible number of
such ccenrrences was 468 (13 responses x 36 svbjects) in Group II, the group on
which the probebility index was computed. There were 175 such immediately-
repeated correct responses on Dsy 1, and 309 on Day 10. Thus, the probability
that a response would ke correct on the trial following its first correct
occurrence was .37 on Day 1, and 66 on Day 10. Even this difference does not
adequately expreas the amount of learning to learn that took place, since 2n
Day 10 cases of two consecutive correct responses occurred sarlisr in practice,
and were followed by fewer subsequent errors, than on Day 1.

Transier

thz trausier data showed that uhere were rather imporiant

diiferences in performance as a function of the particular task being used to
maasure transfer., Therefore, for any one transfer dgy the resuits will be
reported separately for the two tasks used on that day.

Performance on the first transfer day is shown in Figure 4. The transfer
task was nonsense syllables for the A groups, snown on the leit in Figure U,
and H-figures fzr the B grcups, on the right of Figure L. By imspection,the
curves show diffzrences between the. constant condition groups (Groups IA and IB)
and the coriesponding varied training groups, especially for those groups that
practicad on 10 diiferent tasks during training (Groups IIA and IIB). A possible
differentiel eifect of the twe trensfer tasks is also indiecstzd, pariicularly om
those subjects who practised re-pairings of thie same stimuli and responses during
traininz (Groups IIIA and TTTR). :
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different from IA at the 1% level; the t values were 3.13 and '3.35 respect ively.
differerce between Groups IIA and ITIA was not significant; t was .20. These

Differences among the A groups were evalualed by simple analysis of varisncs
on total correct responses over all 21 trials.

The F was 7.05, which for 2 and
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results snow that when transfer was tested with the nonsense syllables task,
both methods of varied traiaing yieided equivalent amounts of iransfer.

This iransfer was superior to that of the group trained uudsr constant cone-
diticns, even though this grouwp showed considerable improvement over its own
performance on the first itrsining dsy {(from a mean total of 121.58 corsset
resposaes on the first training day to a menn total of 157,11 on the first
transfer day).
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groups by * yielded the fcllowing: Group IIB was significantly superdior to
Group IB at the 1% level; % was 3.52. Group iIIB did n»>t differ significantly
Tom Group 1B; t was 1.03. The varied-training groups differed significantliy; g
Group IIB was superior to Group IIIB at the 5% level (% = 2,59 with 50 df). £
Thus, these anslyses show that when transfer was tested with the H-figures
on the first transfer day, cnly one of thie methods of varied training (10
different tasiks) yielded tranafer erzater than that resulting from comstant
cenditions of training. Train.ng with 10 re-pairings of the same task did not
produce =2 sigznificant effect. !

R IOTTCNEINY 1A B W R AN T R TR

Turning now to the data [or the second transfer day, it will be recallied i
that the A groups were tested on H-figures on this day, and the B zroups were
tested on noansense syllables, Performance of both sets of groups is shown in
Fizure 5. Inspection of this figure shows ihat thc differences among groups |
are much reducsd as compared with the firsi transfer day (Fiz. 4). In par- i
ticuliar, all E groups perform much thz same on nonsense syllatles. :

|
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Fig. 5. Performance on the second transfer dsy both on the H-figures task
* on the ieftv, and on the ncnsense syllables task on the right.

Analysis of variance on the A groups (H-figures) yielded F = 3,52. 7his
value is significant at the 5% level for 2 and 53 4f, Comparison of pairs of
eroups by t shwwed that Crowz ITA was significantly different from (renn T2
at the 5% Tevel; t =as 2,45, Croup ITTIA did not differ significantly from
Group IA (£ = 1.50), nor from Group ITA (t = .57). Although ths differences
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were smaller than on the first tiransfer day, the 10-task group, and only this
group, contimied te show transfer superior %o the comstant- condiiticons group
when tested with the H~figures on the second day.

Anelysis of variance of the B groups gave an F-waiuc less than one.

The groups did not differ when tested with nonsense S"JAquES the sacond

t is clear that, with the method uscd here of counterbalancing transfer
3 tasks over transfer days, differences in transfer produced by varied vs coustent
training c\“uLu&ons are much reduced on the second tranafer day. Comparison of
Figures L and S shows that this is largely due %o the gains made by both Groups IA
and IB from the first to the second trdnsfpr day. The mesn tctal correct re-
sponses of Group I (A & B combined} was 155,86 on the first., and 175.97 on the
secuind transfer day. Group III showed a slight gain cver transfer days; from a
mean of 182.,1L to 2 mesn of 186.36. Group II showed a slight decrease over
transfer days, from 195.L42 to 192.06.

L L

Further trangfsr tsacte,

As noted earlier, the major data of this ana future reports are obtained
vhen transfer is Lested on the first two days immediately following the end oI
training. However, the croups reported in this paper wzre also tested on a
third and a fourth trarsfer day. The tasks used on these days were Gibscn

figures and colors., The A groups learned the Gibson figures on the third day ,
Lir.!

mmD resmm e chla Pasiesdl dn o LR ry BRe vty s .
CO4OI8 Sduias Idulvn “:_-‘)- The B OTOIRS were »u_x‘vcm the color bvask on the bh

day, Gibson figures on %the f‘ourth°

Pertformance on the third transfer day is shown in Figure 6. The Gibsca
figores arc learned rapidly by 211 three A groups. 4s a matter of fact, 2ll
56 suhjects in *he A groups were errarless (13 correct responses) on trials
20 ana 2i. 7The color task is learned l1less rspidly and the B groups show
differences among themselves.,

Figure & shows that the performance of all three A groups is essentially
asymptotic beyond the tenth trial. Therefeore. only the totzl score for the
first 10 trials was used inthe analysis of variance. though Figure 5 shows
that the rank order of the groups over the first 10 trials was what would be
expected from previous results, i.e., II above IIL and III oheve I, ths dif-
Soronnas were not of onifiocant IF waa 9 )

- oy e o —— P

Pertormance oX the B grcups on the color task was evaiuated by iwo analyses
sriance, cnz on total for 211 21 triais; ond ona oa total far the first 1D
.3 only. Over all trials the ifferences were not significant; F was 2. 62.
the first 10 trials F was 3.3C, which with 2 and 50 df is significant at
= 5% levsl. By t~test, TGroup TIF differcd significantly from Gronp 1B

+t = 2,52), tut Grcup ILIB did not \r «.1.675.  Thus the different-tasks gronp
showed some superiority ts the constant-conditions group on vue third transfer
day, but the re-paired group did not.
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Performance on the fouiih transfer day is shown in Figura 7. On the
left of Figure 7 the performance of the A groups on the color task is represented.
ALinougn UIGUp LA 18 lower, the groups do not ditter significantly when tested
oy analysis of variance. Using tolal over all trials as the score, F was 2,88;
over the first 10 trials F was 2,53, -
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vitterences among the B groups on the Gibson figures, on the right in }
#ijure 7, are so small that no tests cf significance wers neriormed. Iy the i

fourth tranafer day differences among ali. groups have lergely disappsarsd.

DISCUSSION

If one asks whether training varied in some way will yieid superior
transfer (o that provided by constant practize on one task. common 2ense would
seom to favor the varied method. The pressnt data certainiy permit the con=-
clusion that varied training yiclds greater transfer, but they also indicate
that this conclusion should be qualified on two counts. In the first place,
much of the relative advantsge ol varied training had disappeared as early as
the second day of testing for transfer. This was almost entirely due to the
gains made by the congiant-conditions group from the first io the second
“ransfer days, rather thanto any losses by the varied-training groups. After
Laving highly overlearned their one training tack, the subjects in the constant-
training grusp were maierially benefitted by the single "yariation" provided
by the tasks presented on the first transfer day. In short, the relative
superiority produced by varied treining was not particularly enduring.

The second reason for qualifying the conclusion of better transfer per-
Tormance following varied training iz the relationship found between the

kird of varisd tiraining and the nature c¢f the transfer taslk, Only those
subjects trained with & different set of stimili every day were superior to }

the constant-trzinsd group on more than cone transfer task. Even on ths first
test for transier, the suvjects trained by re-pairing the same task did no
betuer than the constant group on the H-figures task. Thue, this finding
raises the problem that ths effect of certsin kinds of varied training may

not be very general, may, in fact; be restricisi to only a few tasks with which
transfer mipght reasonably be tested.

In furthsr emphesic of
affsz.ed than ihas Te-naired

the finding that tha differsn.~tasks grcup was less
graud by the particular transfeir task used, it may
be roted that in one way the methed of training by re-pairing the same task

"looks™ much more like training on differsnt tasks than it does to dontimuod

practice on cne task. Xvery dzy duriag training the re-pairad group had to
start from scratcn, as did the different-tasks group. in the senze ihet sazh
of .5 stimuli had to be assceiated will a different reazponse. The subjedts hzd

2T Saee

ne way of knowing which response was going to bs correct. (It is true thai,
by trying to recall what associalions had been correct on the previous day or
days,; the re-paired group mighi eliminate certasin pessibilitiss, wut it will
be sgued below tiiat such reterntion of earlisry associations world be a nindranne

et

20

rather tihan a help.} There was ne improvement o vhe first trial from day to
de: during itraining in either the re-paired or different-tasks groups. Furtaer-

more, both intra- and inter-task performance of these groups dwring training
was mte gimilar, as Fipgures 2 and 3 show.

In contrast, vne constani-iraining group hiad, as reported apove, largely
lea» sou their one task by the end of the first day of training. ALl subjects
in this group had mastered the task alter four daye, =c itihic puurest subject
spert at 1o ot 5ix duys, iZ0 trials, overlearning the same task. Thus, the
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ccnstant grcup and the re-paired group were irained quite uifferently, and yet
they ¢id not differ, ever on the first transfer day, when tssted with che E-
Tigurss task. It is clear thsat mere practice at associatiig stimili with re.-
5p 3, on which the re-paired group had a3 much training as the different-
tasks group, is ondy a porticn ¢f learning to lsarn.

This last remark leads us t¢ inguire what information concerning learning
to leam can be gleaned from a comparison of the re-paired with the different-
tasks conditions. The chief aifferences hetween the groups are that the re-
paired group showed riore rapid improvemert early in training but were equallec
lste in training by the different-tasks group, and that, on the whole, ihe
different-tasks group performed better on the iransfer tasks. In attempting
to account for these differances certain factors can be disposed of immediately,
since ‘they were the same for both proups, Specifically, whatever is ccntributed
to learning to learn by practice at associating stimuli and responses, and by
response differentiation or other factors on the response side, should hava been
identical for both groupe. Tae same cern be said for such factors as getting
uscd to the situation, reduction oi tension, etc, '

It appears that the performance differences noted spove must semehow be
related to the stimlj presented during training and dusing transfer. One grou
hai the same stimuli every day; the other group was confronted with a newr zet ¢
stimuli every day. One explanation for the more rapid learning to iearn hy the
re-paired group early in training might be based on retention of thc assceiations
made on the previous day or days, wnich would allow the subjects to r ject tliose
essociations as possibilities on later daye. {The re-paired subjects were told
each day that all 13 stimuli and responses had been re-paired.) This expianation
might account for the poorer performasice of the diffecrent-tesks group early in
training, but it cannot 20cccunt for the differential effect of the transfer tasks,
since these { asks involved stimuli whicn were new to both groups. In addition,

it will be argued later, in ancther connection, that retention of the associations
learned the preceding day would be an interference rather than a facilitatiom.

D
&
-

&n expianation that appears more promising is one based on some kind of
stimulus differeatiation. The argument runs as follows., The stimuli of all
training tasks were rslatively meaninglsss forms; thus, intratask similarity
appeared t¢ te Ligh. Doun ohe re-paired and different-tasks groups may there-
fors have learnsd, on the first training day, to differentiate the stimuli
while simultanecusly associating them with responses. Of course, =11 13
stimuli in any task could be sren as different if ohasrved all tagether., But
28 nesd here stimuius Aiifsrentiation meavs that, due to experience with the
stimu3i, vhey are more guick'v or mores easily discriminated from each other
thar belors; they have achieved "identityM in Hebb's (8) sense. And, still
following Hebb. stimuli thet pcssess ithe property of "identity" enter more
easily into S-R connsct.ions,

-On’ the remaining training days the re-paired group was zonfronted with
the same sghtimuli whick had already been zt lcash partly diffcrentiated the

first day. The different~tasks group lackea tThis advaitare: thege sublestsz:
were confronted with o M LEOcraent seb of stimuii every day, Thus, the more

rapid improvement of s re-paired group <arly in training is understandable
oG this hasis, -
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ﬁ. Lave in Lralning the different-tasks group equalled, and on the transfer

s tests uid better in ccveral cascs, wkan the re-paired grouvn. 4 »essibis Tzason

i

b3

for this may lie in the fact that the 10-task subjects had considerable wmractice
at differentiating stimuli, If such practice is helpful it shouid show up most
elearly later in training and particularly on the transfer tasks, where, for
the first time since the initial training day, the groups practiced on tasks
wnoz=s stinuli were equally new to bsthe

Loileilads
i ErenER

It should also be noted that differentiaticn or stimili may occur not only
amonz the stimuli within one task but ameng the stimuli comprising diffsrent
tasks as well., Practice at intertask differentiation would help in wsuppressSing
intertask interference. As Kiopeslle (1Z) has recently demonstrated, suppression
of interfask interference occurs during the development of learning sets, If
tiie different-tasks group had developed grester sbility to supprczs intsrtask
interference, ths finding that their performance on the first transfer day was
better than the re-pairsd group on H-figures but nct on nonsense syllables is
understandable. The H-figures are more similar to the training tasks than ars
the nonsense syllables and are thersfors moure susceptible to interferencs.

Although the inferences discu.. ! above concerning learning to learn were
derived from comparisons of the different=tasks and the re-paired groups, it
is clear that the discussion could as well aprly to comparisons between the
transfer perfoirmance of the differeni~itasiks and Lhe constant-conditions groups.
Practice at differentiating stimuli both hetwsen and amcag tasks with the con-
sequent ability to suppress intertask interference, processes which arc assumed
to develop with trzining on diffsrent tasks, would account for all cases wherse
the 10-task subjects were superior to the one-tesk group on the tramsfer tests.

%
;
EA

-.._
| =3
o

Turning attention now to a different matter, it will be recallesd that
during ireining i he re-paired group showed a sharp gain from the fifth to the
gixth training days {see Figure 3). It has been noted that 2 72-hr. rest |
intervened between (training) Days 5 and 6, whereas all other training days
were separated by 2L-hr., It was suggested that the longer rest permitted
reater forgeiting of interfering acsociations. We shall try to show that in
the light of certain other [indings, this seems to te =z reasonable assvmption.
Gagne, Baker, and Foster (L) have argued that negative transfer will result
when subjects are required to learn a second task which is consiructed by re- .
pairing the stimuli and responscs of the first task. An experiment (11) testing
this fully confirmed the przdiction. With verbal 1iste of 12 nadred_=z-=gcizte
I8 ¥ere made On Lbe re-paired list than cn the first list. But the resuits
he preszent study with the re-paired group are directly contradictory. Figure
shows considerable positive transfer from the first to the second treining doy,

=L ¢

It is believed that this contradiction can be explained by the fact that
in the adjective-list study the intertzsk interval was only two min., whereas
in ths present siudy the intcrval was at least 24-hr. In the adjeztive ‘
experiment there was little or no forgetting of the first task, with the result
That dunsideisule interierence occurred during learming of the re-pairsd task
from the sirong first-task.assceiationz. It is assumed that in Usg STessnt
axpariment the 2L-hr, interval pormitied some forgsiting of the interfering
QAP Anrmantians VTeowoeaal Al meao.oo . »

Lp mastisns Moirmel vis peovidus Wy \-.'.1'1_;_19 iactors contrituting to positive
L d » 3 - f A Y .
transfor were apparently better retained. (Buncn (1) ha3d reperted
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that ge..sra.l tranafer effects are retained better than specific S-R associ-
ations.) It should also be noted that in the adjective study the stimulus-
mapon-- interval was only two sec. wherreas in the present study it was four

sec.; with the longer time there ic more opvortunity to suppress ¢rronccus
response tendencies. Thus, it should follow that a 72-hr. interval would
allow even greater forgetting of previously-learned S-R connectiond, permitiing
positive tranafer fuctors to appear more strongly. Furthermore, it is even
possibls thal the droo in performance from the sixth to the seventh training
day (Figure 3) may be due to the quitz strong, and therefore too well retained,
associstions learned on the sixth day.

DPLICATIONS FOR THE DESIGN OF TRAIVIN

£

The situations cvcnfronting military personnel. in the performance of regular
duties are often quite *raried. SicJliful performarnce in response te varying
protlems demands a certain degree of flexitiiily ¢n the part of the personnel
concerngd. The question therefore arises as to wiataer it is possible to pro-
vide training that will facilitate a flexible approach to the varying denands
of the operational situaticn:. In particular it wculd help to know whuthes
training devices shoulé be désigned to requirs corsi:larable variation in the
beh&vior of the trainse, thus simulating more clotely the demands of the
cperational situation. Although the research upor. which this report iz bas
was designed primariily to contribuite 10 a background of information and the
development of principles which willi be widely applicable, the present results
have certain implications relevant to the above questicns.

Some of the findings detsiled in this

report imply that it would Le
worthwhile to develop traj.ning devices that can provide varied training. 1In
the first vlace, it wes shown that, in gener al, var 1eu training resuited in
supericr transfer performance. Perhaps more important was the finding that
those trainees who had te respond during training to several difterent sets

of stimuli perfermed wall on all tronefor tesks, Fow 3t 3o 1ikelw thpt most
military situations rsquiring the operation of complex squipment pre,e?n* the
operator with a varisty of situations. It is therefore implied that in training
personnel to operate complex equipment, tralaisg devices might well te designed
to provide a considerable variety of input information.

some m.est:.ons about the a-i-::sas:.:.:.’y of des;gn:mg In.g‘zu:-; i‘laqble traming
:’.svices,' Ingregsing the comgle‘n. r of training dsiices is l,lkénr to be ex-

the=n die ismmye Y - N,
1 oy -h?.-...'“"“, fravied Lroinines iE mone ciaglex to administer and ey

0H

ve mere expemicive, It 1s pertinent to ask whethar the advantapges to be gained
aru worth it. 1In the first place; it maybe inferrel irom the. prsseant nesults
that not every kind of variztion which might be bui .t 1n Vo traininyg devices
will ne 8sarily be helipful. The résults presentel for those sul 1ects trained
hy re-psiring aach day the stimli and resmanses of ono x5 sh .

apon e Lask chow Vhat mers
practics at associa ing stimili and rsspouses does [10i. ziways provide superior
iransfer. Thiz was true eventhough such practice hid been considersvle in
smount and transfer was tested with tasks =mimilar i1 ma -z wesperts o ths trainine

task, It is perhape not surprising that the results snould Jlev that not eveiy

method of varying training. vhich might be provided by appronriate design of
tralning dsvices, will facilitate performance on operational. equipment.
WADC TR 5i-115 -16-
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first, such supericrity may be relativsly temporary. This occurred in the
present study. Thus, the resulils imply tha! one must weigh the exira cost
complexity of higily flexible training devices against the total gain teo
achieved.,

and

Ry

'.

Secondly, althasgh varied training may result in supericr performaincs at

L O

B
¢
i
B
&
% CONCLUS IONS i
;
ﬁ: 1. In generai, varisd training resulted in better parformance upon testing :
%’ for transfer than did training restricted to continued practic: on ©one
? task.
; 2. Varying i?ainiﬁg by requiring practice on different tasks effected superior
] performance in several of ths tsst: for transfer.
k 3. Varying uraining by requiring pract.ce on the saue task re-paired asvory day
1 produced more transfer in one transfr test only.
E 4, Mueh of the difference in transfer performance vetween varied and constant
3 training conditions had disappeared after the first day of testing for
] transfer. Ail groups were squivalent in performance after the third transfer
! day.
{ i 5. It was suggested that the facilitation of transfer performande following
| training with different tasks was due %o practice at differentiating stimuli
§ E both within and between tasks and consequent suppression of intra- and
. intertask interference,
: £
f 6. The results impiy that flexible training devices may produce better transfe.
it to operational situations than ncn-flexible training devices. 1t is a
! E separate guestion as to whether the costs of providing fliexivle training may
i f outweigh its advantages.
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APPENUTIX A

The design of the training conditions for the experimental. prezram as a
whole is presented below.
are mariced "X!.
inios two subgroups at tne time of testiny for transfer.

Fach 3 ubgroup goes
through the transfer tasks in a different order.

The design is incomplste in

Thne three cells on which the present report iz based
As explained in the text, the subjects in each cell are dilvided

that the type of varied training provided Ly different tasks, shown in the first

three rows for 10, 5, and 2 different tasks, is not completely dupiicated by

corresponding rows f{or the type of varied training provided by re-peiring the
stimuli and responses of one task., Since the one ruw for the re-paired task

type oi wraining indicates tlal ths task was re-paired 13 times, this row is

comparable to the row for 13 different tasks.

Number of training days
Type of training

) 10 5 2
19 different tasks X
S different tasks
2 different tasks
1 task b4
1 tneX re-paired

1) times X;
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APPEHDIX B

On this =nd the next two pages ar: shown the sets of stimmli comprising the
different training and transfer tasks. The 13 stimuli within each of the 10
training vaslic arc arranged in adjacent columns under a rumbered bracket. Tires
o the trensfer tasks. the nonsense syllables, the H-figutes, and the Gibson
irigures, are snown. Transfer task four consisted of patches of 13 different
coisrs and is npot shown,
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APPENDIX B ‘
i {continued)
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APPEDTX C

Msan correct resporsss rer i lil oo exch of the 10 training days for
(roup II, the group tralmed wih & differant task sach day,

iraining day
Trial 1 2 k. ] s 3 ? f s 1c
1 i.3 i3 l:’_‘ 2.1 291_ 1.9 1.7 ZeT aes 1.9
2 17 225 3.3 3l BeZ 3.7 o8 leh 4o bJh
3 2 301 h_:?b hoe L':? 5:1- S’L' 506 6.2 691
b 2:7 2,8 5.9 5.6 662 5.8 743 T3 T a7
5 3oh ho; 6.7 6.8 752 8ci§ 3.6 8.!3 8;3 8;9
6 b,O 6.3 7.7 T 83 9.4 5.5 101 5.3 9.6
7 k.7 6.2 8,6 8.0 9.3 10,0 10.4 11.0 20.3 11.2
8 3.9 7.1 8.8 9.3 10,2 i0.8 11.i 11.3 20.9 1l.h
9 €l 7.5 9.7 9.7 10.3 131.5 1ll.8 ii.5 11.7 11,8
10 6.5 8.5 10’.1 5/.9 1009 11-9 ]J..ﬁ 1)/..9 1201 l‘eu
11 8,5 8.9 10,3 10.8 11.5 12,1 12,1 12.1 11,.% 12.2
12 Toi  9e4 10,7 10.9 11.6 12,k 12,3 12.5 12,3 12,5
1 835 9.8 IL.U 11.5 :!-109 L€oed LCoy 1200 1:.3 :.2.’5‘
1 6.8 10,3 Ll 11k 22,3 12.hk 12,5 12.h 12.7 2.6
15 950 lOef; li-ou 11.8 l?:h 12e3 12:6 1296 12.7 1267
16 9e7 10,6 11,8 12.1 12,5 12.6 247 1Ze§ 12,6 12,7
17 9¢9 1l.l 11,8 11.9 1245 12.6 12.8 12.7 12,8 12,7
18 9.8 11.3 12.2 12.2 12.6 12,7 12.8 13.6 12,7 12
19 10,6 11.¢ 12.3 12.3 1.6 12,8 12.9 12,8 i2.7 12.8
20 ilel 1367 12.4 22,4 12,7 12,8 12.82 2.8 32,8 328
21 111 21,8 32:.6 12,4 12.6 2.8 12.8 132.8 12.9 12.%
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{ contizued)

Mezn correct responses per trisl m each of the 10 training deys for
Croup IIX, the group tradned by re-paiiring the stliuilii and responses of the
sais task every day.

Tradidng day
Trial 1 2 3 b 5 6 7 8 $ 12
1 11 1e3 105 286 2.2 16 1.8 1.8 1.8 2.
2 2.1 3.3 ki b6 kS 60 S1 5.6 52 5.5
3 2.0 ki Ses 5.6 5.6 7.3 6.3 6.7 5.9 6.8
b 2.8 T4 S.9 Te3 T2 B.8 1.6 8.5 7.5 7.9
5 3.8 ! 509 100 70“ 70,9 905 807 9.1 9.3 8.8
& 3.8 6.9 BO 8ok 8,5 9.9 8.9 9:7 10.1 9.7
7 Be2 Tl B9 9.0 94 10,6 10.2 10.8 10.2 10.2
8 50& 801 903 907 968 loc9 19.9 ll.h 3.1.5 uol
9 6e3 Be6 9.3 10,1 F5 11.5 11.2 11,9 11.7 11.%
1.0 6.3 9.2 10.2 10.3 10,6 1.9 11.5 11.9 n.8 12.1
1 6.7 9.5 10.6 1C.2 11,3 12,4 11.9 12,2 12.0 12,3
I Tam 10eZ AUey 1le3 il 12,3 12.1 120“ 12.1 iz.k
Ik 8,3 10.5 ].‘..h 11.5 11.8 l‘os 1-203 1‘06 41-2.5 12:5
15 8,&} mo9 !_1.8 11.3 1202 12.v 12.3 12.5 12.5 1296
14 8.8 15.5° 122 12,0 12,3 12.6 12.3 12.8 12,7 12.8
17 9.5 11.3 121 12.2 12,k 12,6 12.2 12,6 12.7 12.7
1A Ve 3 11.bh 12,0 12,2 12.}0 12,7 12 12,6 12.7 12.9
iy 9_ u.s 12.3 12.3 c\h 12.7 1205 1207 12::7 1208
>0 1G 11.8 1203 120‘1 12.‘ 07 1208 12.8 12.9 12o8
pa ! :-,t,},h 11e9 12,5 12.3 12.4 12,7 17,5 i2.7 1.5 12,2
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