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FOREWORD

The Personnel and Training Research Laboratory of the Army Research

Institute for the Behavioral and Social Sciences (ARI) conducts research
to support training methods to optimize skill acquisition and retention.

A variety of research is being conducted on the effects of various learn-

ing strategies on skill acquisition and retention. ARI, in cooperation

with the Defense Advanced Research Projects Agency (DARPA) , is especi-

ally interested in training strategies for acquisition, retention, and
transfer of motor skills. This report discusses the learning, retention,
and transfer effectiveness of several different learning strategies for

a procedural task involving sequential motor responses.

Research was conducted at Florida State University under contract
MDA903-77-C-0020, which was monitored by Joseph S. Ward of ART under
Army Project 2Q161102374F and funded by DARPA.

Technical Director

V



THE INFLUENCE OF LEARNING STRATEGIES IN THE ACQUISITION, RETENTION,
AND TRANSFER OF A PROCEDURAL TASK

BRIEF

Requirement:

To analyze and compare the effectiveness of different learner
strategies on learning a sequential procedural motor skill task, as
part of an investigation on training and retention of motor skills.

Procedure:

A computer-managed task apparatus provided a variety of control
switches which had to be manipulated in a predetermined sequence. Five

learning strategies were randomly assigned among 40 college-age partici-
pants: (1) imagery, with instructions to use mental pictures to remem-
ber the response sequence; (2) chunking, with instructions to remember
responses in groups of three; (3) rote verbalization, with instructions
to name each response aloud while moving each switch; (4) informed
choice, with instructions on all three strategies and free choice to
use any or none; and (5) control, with no strategy instructions.

Each participant performed two familiarization and two practice
trials, then eight acquisition trials; after a short rest, a one-trial

retention test, a 2-minute break, and an eight-trial transfer task re-

quiring a different set of responses.

Findings:

Significant learning occurred during the trials, as shown by a

marked decrease in both time and errors from trial 1 to trial 8. Also,

significantly more errors were made in the middle of a sequence than

at the beginning or end (position effect) . The informed-choice group
made the fewest errors during the acquisition trials, but the imagery

group made fewest errors during the transfer trials and consistently

took the least time to finish. That the control group ranked second

or third throughout, however, suggests the participants had fairly ef-
fective preexisting learning strategies.

Utilization of Findings:

Basic research on how people learn to perform complex sequential
motor actions contributes to the development of more effective training

of many military skills.
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THF "TFLUEN:' CF LEARNING STRATEGIES IN THE AC$QUIITION, RETELTION,
AND TRANSFER OF A PROCEDURAL IASK.

INTRODUCTION

In recent years, researchers have shown an increased

interest in the cognitive processes which may primarily

influence the learning of various matter. This thrust,

in turn, has generated numerous approaches to examine

the effectiveness of a number of learner strategies to

facilitate the acquisition and retention of verbal material.

To a much lesser deoree, the use of strategies within the

motor learning domain has been of concern.

A\n effect ive lea rni ri- strategy has been defined as

the si! ptest :lih most eF-icielt OFeas a Uprocess o, he an-

orn:t ion i h oreI t i : sit6a1:t ii ('Kewel 1 , K I 1o , '

a s i V it n 1 1r, at ons I-.- 1oI :eIIres pa learner :oriy adopt

to a lcjrm i ', r' ' ,iit, ad to r-et' r Ic differemit ktii of i F r -

:,Iat io,1 . irI i I l , I'Iti e r, Goodnoiw , aId \S t in 19 t haIve

written thait -LratcV ',,rovides the learner with a pattern

3,7 is i F I, E 0 Ie i i it ion, r( ('ItI ton rI d it I'Ie

tt ii zat 1 i oF it forriat ion. 3:Ea;ed ,,pon an mte rI') t lit on

o f th~e *'r -e~l r;; .," i a a:l;, it Aokl d a (,:Ir t"Li t i st r:-

I-.....I.................-I I i1 '.

t prv I' V0 v hta i fICd ,tnol ledge ( lrunor , 1001
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Within the area of verbal learning, the use of learner

strategies has facilitated the acquisition and retention of

specific information across a variety of age groups

(Belmont & Butterfield, 1971; Bruner, Goodnow, & Austin,

1956; Hagen, Hargrove, & Ross, 1973; Kingsley & Hagen,

1975). Various strategies such as mnemonics, encoding,

rehearsal, and labeling have proven to be effective in the

acquisition and retention of information for immediate

recall. Typically, experiments involve the presentation of

letter lists which must be committed to memory in order to

be recalled immediately following presentation. The ef-

fectiveness of particular strategies is usually assessed

by the length of interim pauses during list learning

(Belmont & Butterfield, 1971) and correctness of response

during serial recall (Maccoby & Hagen, 1965).

In order to ascertain the effectiveness of naming or

labeling stimuli during acquisition on later recall,

Atkinson, Hansen, & Bernbach (1964) devised a serial

recall task. Picture cards were arranged in a horizontal

line and displayed one at a time to the subject. After

presentation, each card was returned face down. Once

four to eight cards had been shown, a cue card was pre-

sented and the subject's task was to point to the card

in the series that matched the cue card. Results indi-

cated the subjects who used a labeling strategy were able
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to recall a higher percentage of pictures correctly

than control subjects. Additionally, the serial order

recall was better for strategy groups than for non-

strategy groups. Hagan and Kingsley (1968) developed a

similar paradigm in which children 4, 6, 7, 8, and 10

years of age were tested in conditions where verbal naming

was either required or not required. Results indicated

that with middle-age group children, labeling facilitated

learning while at the youngest and oldest levels, no

change ill recall occurred.

Re.sea r:,hers have demonstrated that concrete stimuli

(i.e., pic turcs and designs) are mure easily retained than

abstract verbal material (Bevan & Steger, 1971; Paivio,

1!9L9) d111L] that imagery appears to be a more effective

mnemonic than verbal labeling in paired associate tasks

using concrete noun pairs (Paivio & Foth, 1970). Similarly,

when learners are instructed to imagine a mental picture

formed by specific word-pairs or to use a visual image

(Bower C& Winzenz, 1970; Paivio & Yuille, 1969) learning

is enhanced.

Although particular strategies may be more adaptable

to specific tasks, the general conclusions in studies

designed to determine the effectiveness of learner stra-

tegies are unequivocal. The application of appropriate

mental operations which are compatible with a learner's
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cognit ive capab ilit ies 1leads to superior per formance

at tainmeont as compared to in dividualIs Who do (10o1t Ut i I i Ze

the same strategy operations.

Learning strategies canl also fac ili tate the storage

as well1 as retrieval of verbal information. Seve ralI

types o f st rat cg -i es that have been Shown t o) promote I ea mu1 in 11

are the learner' q free choi ce of mnnemjoi ic t echo i ies , xvar i -

ous encoding instructionls, Or ins.truictions in the use of'

particular Strategies (Cra ik ti Lockhart, 1972; Cra ik ti

Tu Iv i ng, 197 5) . Al though thle dependent mea0,sures di ffer,

the conclusions drawn remain s imil1 ar. St rateoy usage

has a fad 1 itatory effect onl thle acquis ition and retent ion

of informiat ion.

The imlpI icat ion for motor learn in g wool U appear- to

he that the use of- strategies shoul.1d facil itatC the

learning process. However, whle I there exists anI abun -

dance of' Supportive evi deuce for St rat egy usage withIiin

thle verbal lea mu1ig a rca, researich is severecly lacking

wit hini the m1otor learning doma in. Thuls, in fermences mu11st

be drawn fmoml ye mba 1 1 ca mu i ug rese c Is to thet pot en -

t ial henetficial eltects of" various typtes of' straltoios

on t he a cqpi s it ionl .1id ret en t io o f mio tor in>k i Is.

In III aIt tellpt to a p l x ikiI b Iill ;11,s t aIeij~ies

o ai motor t as , (la I,)--) requ ired 1111)Jccts to reprio

klik C~ I .1 c i tcrin posit5 i on oil al 11m ili, lever x



positioning apparatus after exper ienci ng the movement

once. Of the three groups t es ted , one group was pro -

vi ded with rel evant labels , one group created its own

irrelevant labels, and one group had no labels. The

relevant label group showed significantly higher recall

scores than either of the other two groups. Additionally,

no dec rement ill rCCl I was observed over time (00 se)

when relevant Labels were provided. Such results lend

credence to the notion that a meaningful label ing st ra-

tcg ulltmila : the storage ol" intformat ion 1 5 i'( I I IS iLI

Sit:I it I I Itt l It' a i .

ti itil iti jul t~rlvt thnU tlJ 0itlul l U19 : i ii\,tllull '

ft)lu 1it 1 t id 1 : l i' , Sut! .c t ' t-'~ 'e tl-t insl tt I'' c ito 1 o

Mil I a t (2 A metll t 1 1 ) i t t 1' ) 1 til1e2 i r I tI. d J lmo S I tt IIv t ( tIIt' C r i

t Lr Ion pi 0 1 it i (111 1 a t t lie end l oca t i 0 o i , t . 1, ring,

re s t inttr l I., . W >111) c'I 1C 1 vre rc't ii rcd t, r c JI1 o.v

il tI; i i I I L chc: ltII l I I i I C othe rs Ie(re p ro h i i t l i rou

r lI c I r i,11,' h\ tK t;i 1C of is t -: (to, tasks IcsnI I t i -)

* * I 11 1 t i I. 1' i v

* , ' :t ' \1 I) t' ! t l I ' I ' I 1)*' :It i . > }5 ,

t t I" 1 T
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kinesthetic awareness on the learning of six serial

positions in a curvilinear repositioning task. However,

Hagenbeck required imagery subjects to mentally picture

the criterion positions as analogous to the numbers of

a clock face. Of the three strategy groups, imagery

was found to be most effective during reproductive move-

ments.

Ridsdale (1978) compared chunking, overt rehearsal,

forced choice, and free choice strategies and their in-

fluence on subjects attempting to learn a card sorting

task. The chunking strategy was shown to be more effec-

tive for skill acquisition while free-choice (self-generated)

strategies yielded better performances in retention. it

would appear from data such as these that particular stra-

tegies may be appropriate with particular types of people,

e.g., a strategy X cognitive style arrangement. IW.hetlcr

or not such a notion is tenable remains open to speculation.

However, the results of preliminary investigations oil

the effectiveness of strategies within the motor learning

domain closely parallel verbal learning findings inl that

individuals who are guided in their use of strategies shlow

superior performance in relation to control grouips.

Although tasks of location reproduction and card

sorting require both cognitive and motor capabilities, the

demnands of everyday life often require individuals to
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perform motor skills of far greater complexity than these

tasks. Additionally, they might have to transfer know-

ledges and skills to new learning situations. However,

while the use of cognitive strategies has been shown

to facilitate the acquisition and retention of newly

learned material (e.g., Campione & Brown, 1974; Kendler,

1964; Kendler F Kendler, 1962), the generalizability

(transfer) of these same strategies to different situa-

tional contexts is questionable.

Still, there are those (Gagne, 1977, Singer & Gerson,

in press; Wichelgren, 1974; Wittrock, 1967) who contend

that rather than being oriented to specific kinds of

external content, such as language or numbers, cognitive

strategies are and should be, largely independent of

content and apply to all types of learning conditions.

As Gagne (1977) has pointed out, the difficulty

lies in arranging conditions so that transfer can be de-

monstrated. Strategy transfer usually cannot occur unless

the initial learning environment includes some reference

to the transfer situation (Brans ford, Franks, Morris, ,

Stein, 1978; Campione & Brown, 1974), such :is the temporal

structuring of the components within each task being

similar (Keele F Summers, 1976). Campione and Brown

(1974) suggested that transfer is best when the form of

the two situations remains the same. More specifically,
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context may well direct one's attention toward relevant

facts. A familiar problem in a new context fails to

elicit any strategy since nothing in the situation cues

the learner how to approach the problem. Investigations

dealing with elementary children (Campione, 1973) have

provided additional evidence for the context-tied problem.

To overcome this circumstance, Campione (1973) suggested

that when individuals learn useful problemn-solving stra-

tegies, these strategies should be employed in a variety

of situations so that a particular strategy is not re-

stricted to a specific context. It would appear, then,

that strategies which enhance skill acquisition and reten-

tion also have the potential to transfer to the learning

of a skill in a new situation with similar parame t ers.

Until recently, there has been a lack of research

on the cognitive control an individual imax' exert o'er

motor behavior. AlthouI,,h1 several motor heha x iorists

e.g ., Pew, 1 971 ; 1c 1 i (I t , 1 975) haXe cm ph; , i zcd t he

iIIpo rtallce of the s ud,v of pro(ces <cs sli i I n tl e r ic 1:11 no in

skill icnisit ion, Cc inIvest i , ; t s lax [,I t lr Ii ll , i III.,

t :: 'i I Iu c o " [1 1) 1 I),

>. .I l, V...................-

1 1
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accompany motor performance and (2) those strategies

that will lead to enhanced retention of learned material

and yet will also possess transfer potential for related

learning tasks.

While previous efforts in the analysis of motor skill

learning have been geared to relatively simple tasks which

placed minimal demands on a learner's organizational and

decision-making capabilities, the demands of everyday

complex tasks require a learner to utilize more sophisti-

cated cognitive processes. This is especially true with

procedural tasks 'hich involve: a series of operations

in a redesiina teJ sLeuece. Such tasks require the ac-

complishment of a sequence of activities in order for

sat is factory pe0r fo rmance to occur. The procedure an

individual follows to start an automobile may be viewed

as a simplistic example of a procedural task. From the

unlocking of the car door, to the foot pressure on the ac-

celerator, a series of operations must be performed in

the correct sequence in order for the goal to be attained.

.lthouL,1h few investigations have dealt with p'U-
c ed a ral ti';ks rsts indicate that, uni ike continuous

!rackin i' tasks, p ro~ edo ra tasIks are prone to Forgetting.

llowct'cr, practice (rhearsal ) during retention intervals

has been shown to redoce forgettinig HBrown , Br igS, (I

N, jv I or, I ) . Ill : recent sttody iulvolk\ilg the e ilect i vene s
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of three different training strategies upon initial

learning, retention, and transfer, Johnson (1978) con-

cluded that imagery strategies which require a learner

to provide his or her own cueing and feedback from memory

are effective in increasing the retention of procedural

tasks.

Therefore, it was the purpose in the present study

to analyze the effectiveness of specific strategies on

the acquisition, retention, and subsequent transfer of

a procedural task involving sequential motor responses.

The following strategy conditions were investigated:

imagery, chunking, rote verbalization, and informed

choice.

In line with the consistent finding that strategy

usage enhances initial learning, it was hypothesized that:

subjects applying a particular strategy would display

superior performance across all three conditions (ac-

quisition, retention, and transfer) when compared to con-

trol subjects who employed no designated strategy.

While there exists little evidence to support the

effectiveness of strategy usage for a procedural task,

it would appear that either imagery or chunking (Hlousner

& Hoffman, 1979; Ridsdale, 1978) would enable a learner

to acquire initial skill more effectively. Therefore,

it was hypothesized that during acquistion and retention
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trials, subjects in the imagery and chunking groups

would perform better than the rote verbalization group.

Although the potential for the transfer of stra-

tegies from one task to another is evident, relatively

few investigations have dealt specifically with this

area. However, it would appear that strategies that

are compatible with the learner's cognitive style (Pask,

1975; Ridsdale, 1978) may be more amenable to transfer

situations. More specifically, imposed strategies may

enhance initial learning and retention, however, transfer

situations require an individual to identify the existent

similarities between tasks. Thus, a self-imposed stra-

tegy, consistent with the learner's cognitive style,

may be more easily applied in transfer tasks. Therefore,

it was hypothesized that subjects in the informed choice

group would display a greater degree of transfer learning

between the acquisition and transfer phase of the in-

vestigation.

METIHODS

Subj ects

Fifty male and female undergraduate and graduate

students (NI age = 20.74 yrs; SD = 3.50) from Florida State

University volunteered to participate in this stud)y.
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Apparatus

The Serial Manipulation Apparatus (SMA) (cf. Singer,

1976) is a computer-managed task that engages two computer

systems for operation. A Cyber 74 stores the software

that is used to generate the control programs for the SMA,

and an Imsai 8080 microprocessor actually controls program

operation and data collection. Data recorded by the micro-

processor are transmitted directly to the Cyber 74 for

storage and future reference. The two systems are linked

via an Astroset modem, and the communication interface

is a Lear-Siegler ADM-3A terminal. A video monitor was

also used to allow the experimenter full view of the

subject and the apparatus (see Figures 1 and 2).

The hardware portion of the SMA is a wood and metal

structure, with a horizontAfl platform situated at the

table-top height. A rectangular encasement in the hack

of the SMA houses a Rad i o Shack TRS-80 video monitor

that was used to display both visual instructions and

knowledge of results to the subjects, and a Sony video

monitor showed the same in format iin to the experimaiN cv.

In addition, a loldspcaker as iol ted :Ihl xcx t]! L i a:rA -

t us and CnneC t ad ;1 a 11Ki 1 n tc I' - , aI t' I

talpe lIyerrec)rdel. hl' 1tIa i , 1 1:-C.I IC

)povi de d~p~ i n.< t i'ti iol an < c 'L .
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various locations throughout the task display. These

mechanisms are the same at each location point but differ

from location to location. The response mechanisms con-

sist of light switches and a crank located on the side

panels of the SMA, and pushbutton microswitches, knife

switches, pressure switches sensitive to touch, a rheostat,

a probe-hole device, and a telephone dial at different

locations on the back panel of the apparatus. The plat-

form section has a simulated calculator keyboard of nine

buttons mounted on the left side, and three toggle switches

placod on the right side. A "home" button is situated

in the center of this section and nearest the front edge.

In the present study, the home button had to be depressed

by a subject to initiate and terminate the response

sequence. Finally, four foot pedals are located on the

base of the SMA in a left-to-right manner.

Each response mechanism has a light emitting diode

(LED) placed next to it which serves as an additional

visual cue to subjects. The LED's for the foot pedals

are located on the platform surface near the front edge

and directly above their corresponding pedals. The LED's

and the response mechanisms are housed in white metal

boxes that protrude slightly from the various surfaces

of the equipment. This ensures easy access to the switches

and lights in case maintenance and repair work become
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necessary.

In addit ion to the var iety o f responses requ i red by

the d1i fferent locat ions, tile SMA o ffeors another fundamentalI

a tt rac t ionl. A var ia blIe numbe 0r o f p0.oS ib1)1 re0S ponlSeS Ca n

be made ait each Choice point. For example, four light

switches are located in a panel on the right side of the

SMA, while nine alternativos are available in the Simulated

calculator keyboard. Three toggle switches and three kunife

switchecs provide an equ ival ent number of response alIter-

na t i VeS. On thle le ft S id e of thle aIppa ra tuIS, On I \ two I i t" 11t

s w it chles a nd t wo lpress u r bu t ton s of f er a IteCrna t i v cs . The

v a ria bi I i t y i n thei n umbecr o f alItecrnia t i ves a t ea ch recSp1)onsec

Io c at 0il i S del i be 0ra te , a S th1i S tenId s to0 in11c rca' s c the1

complexity of the skill.

In the present study, nine location po0inuts weore

selected fromn those available, and these- had to he lcearned

in a sequence. None were, repezited duir ing a t ria I

Procedu res

Sub I oct s entered thc test a rke t% C I C iI i!v

randomlly' assigned a st ialegy colldi t ion.

'roiiis were I ~ rv ' , I~ th sIhi (-c

p]i ace' each res l1 Meeh;IInI i II!
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verbalI i Zat ion, iith su)j cts reclui red to repeac;t calch

St imuI LI S aIouid as; thle responsc wa s made C ( 1 ) i n1 formlled

Cho0ice0, W ith 1subjCt S ins truc ted i n thle usec o f thle

three previouIs 11( 01e01sn tc told to selcICt one0 Of-

thlemi, a coinbinat ion of themn, orI a s trategy of the i I- own;

and (5) 1 cont rol group, where Subjects were, not pro -

vided Specific st rategy instructions.

Thle suib icc t were sea Ited inl ;I cha ir inl front of the

SNA fac i iic, thle v- ideo m1onli tor IVi t h thle home1 hult tonl inI

:I i i n th'i t h) i -Cc totl t he ill i' I inc F tihe ho' - C": i i

ti jed t : k :1 11 -1-t Cra tc r ins)t r'ct N: V% Cn 1e re l:1 vd C r t ho"

thle scireen to ensutre tinders t aioi of the tas-k to he

The subj cc ts rece ived tw~o fain) i Ii a ri :I t ioil t r i Is

LlLC5 i "nued to01C III' cui nt them11 with theC a1ppa ra'tuIs andJ subh

Sequent procedure_. Onl thle I i st tr-ial, thle deCS i i,'ted~

I oca t ion po int and the snecc i Fi c sw itch were dli s,, I :ivCkl

to t il I L, t in tkvo wa v let te r a IdI' aI nraher i ap

1 ri n I I t 'er 10 V C' (' r , and thle ;TP Ii no'\t 1 0

the paI r t c on 1 aj r* rC s pou11se iicch la 1 i sin I i t up The[re Icrc

I ie rsposestita t hdto he m1ade to comp I c t( cT Ire1S

qucTI C Onl th secon SC OIlfani i Ii a1 1- ,I at i onl t I- i aI I , the suh -
-jec t was repri red to rcpca lt theL Sanel fix.e I oca It ioins
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without the aid of the visual monitor or the LED's.

The familiarization trials, and all ensuing trials,

were initiated when the subject pressed the home button.

On the first familiarization trial and the first practice

trial with all nine locations, both visual cues appeared

and the subject responded appropriately. Immediately

after a correct response was made, the second set of

St imul i appeared. Following this correct response, tile

cues for the third response were activated. This pro-

cedure was repeated until all five switches had been

correctly manipulated, at which time the subject was

required to return to and depress the home hItton to

terminate the response sequence.

When the home button was pressed at the end of the

sequence, feedback information appeared on the screen.

The information was the subject's react ion t imc, movement

time, total response time, position errors, and total

response errors for each trial. The subject viewed this

information for 15 sec, and then the screen bianked for

the 10 sec intertrial interval. The subject was now

ready to begin the learning phase of the experiment.

Prior to engagement in the acqiisition trials, the

subjects received taped instimctionis on tihe lise of the

particular straItegy that was randomly ass igned to them.

Following strategy instructions, they received two
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practice trials with the same responses that were to be

used during the actual learning phase. On these practice

trials, subJects were cued as to the correct response

through the video monitor and the LED next to each switch.

The only difference between the familiarization and prac-

tice trials and all subsequent learning trials was that

the latter trials required nine responses instead of

five. However, the initiation and termination of all

response sequences necessitated depressing the home

but ton.

After the two practice trials, subjects performed

eight acquisition trials from memory. No cues were avail-

able on the screen, nor wvere the LED's lit. The response

sequence involved pressing the home button, manipulating

nine mechanisms in the correct sequence, and returning

to the home button. Depression of the home button at the

end of each sequence caused the feedback information to

appear on the screen. If the button was pushed in the

middle of the sequence, or a mechanism was manipulated

out of order, anl "error" message flashed on the screen.

The message remained there until the correct response

was made. When all nine responses were made in thle cor-

rect order, and the home button was pressed, one trial

was completed.

Subjects were required to finish eight acquisition



20

trials, after which half the sulbjects in each strateyv
group rested during the intertrial interval and the 2iJ -sec

retention interval, while the other half performed i

wr itten addition task during the same time period. Fo -

l ow inlg th1i S in1toervalI, s ubje0c ts pe1 r f'ormIed the1 sailne Sequ1ellnce

of responses with no external visual cues as a test of

retention.

The retention test was followed by a 2-r in rest in-

terval, at which time subjects were questioned as to their

use of a particular strategy. These verbal reports were

recorded on a br i e f , spec ia lIy constructed qtest i onaa i re.

Upon completion of the rest interval, sub jects undertook

the transfer phase of the task.

The transfer phase differed from the acquisition

phase in the following ways. Only one practice trial was

oiven to subjects on whi ch they wore cued hy the I i glts

and the screen. The sequence of responses was chang,,,ed,

but nine sequential responses still constittuted one trial.

Filna Illy, no retention was gi\'lel htlt subjects were aga ili

questionled as to their use of st ?'te, i es, 50e }:i'pllre S

for a stummary of' the sequent ial prncedure. used in lhe

st udy.



21

Quest joni ir e

SU2.

r H

-. ,.

Hr

Ques i lf~ i. " e

2;H

.... .L .. .

D'

- Q



22

RESULTS

A S X 2 X 8 X 9 (strategies X test conditions X

trials X positions) factorial ANCVk, with repeated measures

on the last three factors, was conducted on response errors

that occurred at each position. A significant trials

effect, F (7, 315) = 37.96, p < .01 was obtained, and a

Newman-Keuls follow-up test revealed that more errors were

made on trial 1 than on any other trial. In addition, a

greater number of response errors occurred on trials 2-5

than on trials 6-8. These means, as well as all subsequent

significant effects, are presented in Table 1. The learning

curve illustrating these data is found in Figure 4

There was also a significant positions effect, F

(8, 360) = 7.38, p < .01. Follow-up comparisons revealed

that more errors were made at position 6 than at any other

position. Additionally, both positions 4 and 5 resulted

in more response errors than any other positions except

6 and 8, respectively. As can be seen in Figure 5, the

greatest number of errors occurred at the middle positions,

indicative of a primacy-recency effect. Thus, the per-

formance curve across positions resembles the how-shaped

curve associated with the serial recall effect.

A significant test X strategies interaction, F (4, 45)

= 3.11, p < .05, is depicted in Figure 0. Newman-Keuls
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Table 1

Mean Scores of Significant Effects for Errors

Trials 1 2 3 4 S 6 7 8

36.37 36.94 21.49 12.94 9.80 7.16 6.39 5.46

Positions 1 2 3 4 5 6 7 8 9

5.29 13.83 10.63 22.49 20.35 21.78 13.43 19.23 1S.39

"-,Trials 1 2 3 4 5 6 7 8

Positions

1 13.60 11.70 6.50 2.90 4.20 2.30 .so .60

2 51.70 16.30 18.90 9.40 5.70 2.20 5.20 1 .20

3 20.70 17.20 18.80 10.30 7.10 3.50 4.00 3.40

4 45.50 38.90 33.30 15.40 12.90 12.60 11.40 9.70

5 46.00 36.00 32.80 15.20 12.90 4.90 7.30 7. 7()

6 49.20 47.80 21.20 14.30 14.00 13.20 7.20 7.30

7 25.70 18.40 14.20 17.00 8.30 8.20 8.20 7.40

8 36.40 27.40 26.20 21.40 14.60 12.10 10.80 4.90

9 38.50 28.80 21.50 10.60 8.50 5.40 2.90 6.90

trategy Acquisition Transfer

Test Conditions

Imagery 22.97 7.17

Chunking 20.26 33.10

Verbalization 10.60 14.29

Inf. Choice 5.83 20.76

Control 12.50 10.69
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Figure 6. Acquisition of transfer phases compared

as to errors made by strategy groups.
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follow-up comparisons revealed that the imagery group had

a greater number of errors than the informed choice group

during acquisition. However, during the transfer phase,

the imagery group made significantly less response

errors than the chunking group.

A significant trials X positions interaction was

the final effect revealed in this analysis, F (56, 2520)

1.93, p < .01. As can be seen in Figure 7, more errors

were made at position 2 on trial 1 than at any other

position. During trial 2, more errors were evidenced at

positions 4, 5, and 6 than on any other trial. Additionally,

a learning effect can be discerned from the decrease in

errors across trials.

A S X 2 X 8 (strategies X test conditions X trials)

factorial ANOVA, with repeated measures on the last ti,,o

factors, was conducted on the total errors made on each

trial. \ significant trials main effect, F (7, 315)

36.97, p < .01 is depicted by the learning curve in

Figure 8. Follow-up comparisons revealed that more errors

were made on trial I than on trials 4-8. In addition,

trials 4-8 were significantly different from each other.

The mean scores for all significant effects appear in

Table 2.

A significant test conditions X strategy interaction

is shown in Figure 9, F (4, 45) = 3.10, p < .5. Thu
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Table 2

Mean Scores of Significant Effects for Total Errors

Trials 1 2 3 4 5 6 7 8

32.60 24.42 18.61 12.39 8.84 6.43 5.8S 4.91

Test Conditions Acquisition Transfer

Strategy

Imagery 20.70 6.45

Chunking 18.36 30.05

Verbalization 9.54 12.62

Inf. Choice 5.24 18.74

Control 11.25 9.63
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Newman - Keu I s fo 1ow - up revealed that the chunk in g group

made more errors than the imagery group during the transfer

trials as compared to the acquisition trials.

A 5 X 2 X 2 (strategies X retention interval X

trials) ANOVA conducted to determine retenti.on, with total

errors as the dependent measure, and a 5 X 2 \ 2 X 8

(strategies X retention interval X trials X positions)

ANOVA, with number of errors made at each position, failed

to reveal an" sinificant differences for the comparisons

The f inaI depe'ndent ea ri : : i lyv:CJ ,:i s ime tc

tas k "o:1plet on. A 5 X 2 K X (strate;' i s ' tS:t ,0o12i ,

. t ritti15 ) faictori.al ANOVA , with repe:t cd moo1solit . on the

last t o facto rs, V ieldCd to s i i F i cant t!1 i11 e ct

and one significant interaction effect. The me:an scores

for alI 1 1 s g i ificant effects for Time appear in TaIb 1c 3

The s i gn if i cant t r i a I s ef fec t , I (7 I, 315) .

L) . S is illu(strated in F -cure 10. :ol 1ow-tp co;i 1 1

revealed that a I I tr i a Is were sign i Fi cant I v Ji f (, ren

Ir,1o,01 e1ch ,7Othler w It h t h :,,,,'. t I 111 2 r 1 ,

There wOS'; ilso :a i o,, Ini i ::itl! Iti , ' -,t , v c

2.77, L "  .05. AS Can he see ill I i '.I ' II i, i 'I K ; '

group tool the 1 east ti me lo c i o plett, thc \.,,i 1 ,

chun1k i lg ,groll p took 1no.l , t'(1' t :i k C'omplet on

'he Sign i ficant ;t rites v X trial s inte ract i
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Table 3

Mean Scores of Significant Effects for Time (in sec)

Strategy Imagery Chunking Verbalization Inf. Choice Control

46.08 102.33 92.84 69.93 78.48

Trials 1

193.97 148.79 90.72 61.90 43.33 31.18 29.90 23.b'

Strategy Imagery Chunking Verbalization Tnf. Choice Control

Trials

1 116.07 209.52 249.25 182.61 199.46

2 74.37 175.19 242.77 119.37 151.92

3 53.27 146.43 86.61 68.08 121.19

4 34.10 92.54 61.36 57.69 47.55

5 31.02 59.78 31.71 45.29 43.25

6 24.40 50.12 22.47 28.77 29.64

7 15.91 43.95 29.39 36.78 30. 79

8 19.55 41.09 19.20 20.84 .2. 24
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depicted in Figure 12, F (28, 315) = 2.06, L < .01. The

Newman-Keuls follow-up comparisons revealed that the

control group took longer to complete the task than the

imagery group on all trials except trial 8. Similarly,

the control group spent more time on the task than the

informed choice group on all trials with the exception

of trials 7 and 8. Additionally, the imagery group) took

less time to complete the task than the chunkini group

on all trials and less time than the verbalization group

on all trials with the exception of trials 5, "), :and S.

The chunking group , however , took longe r to comllete

the task than the verbal ization iroup on trials > thr(),ch

8.

A S X 2 X 2 ANOVA with time as the dependent i' iiable

during the retention interval, Failed to indicate any

significant differences among the groups.

1)1 S(C1USS I ON

lie si ,n ificant reduiction in bot]h tot;ai et ''or r - a id

t imne to comp ete the task ire :1 earlY i nd i c:1t i vc o I a

general learning, effect. i mi I I "I , hce pie m:) 1 r1ce; m VF

effect na 1i fes Ted by a1 i-cai t e I mtmm hc I- I' t or ' I' r leh

mIicdde Ic s i L i onrs, is coi t st emt m, t1 c I ' mcjmm 'r t c ' m •-al

within the vc rba 1 a ri:11.11i ir 1 ' ir e 1, r 1C " l , I
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However, the increase in errors between acquisition and

transfer evidenced by three of the strategy groups is

explained less easily.

While various imposed strategies may increase the

rate of initial skill acquisition (Singer & Pease, 1976),

the same strategies may not facilitate learning in trans-

fer situations (Singer & Gaines, 1975). In line with

this view, it has been suggested that, in certain situ-

ations, imposed strategies may be in competition with pre-

existant strategies within the learner's repertoire

(Pask, 1975). This notion would appear to lend credence

to the superior performance of the control group in both

acquisition and transfer phases of the present investiga-

tion. Since the subjects in the control group were given

no strategy instructions, it may be logically assumed

that they incorporated (self-generated) a strategy con-

sistent with their own cognitive styles. In addition,

questionnaire data administered after both acquisition

and retention trials revealed that subjects in the control

group consistently employed the same strategy across both

acquisition and transfer tasks. However, subjects in the

chunking, verbalization and informed choice groups re-

ported that they changed strategies during both acquisi-

tion and transfer phases. Thus, the poorer performance

on the transfer task may have been due to the subject's
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irability or lack of desire to consistently apply a single

-_.ategy.

An alternative explanation for the obvious lack of

strategy transfer may be due to the similarity of the acqui-

sition and transfer tasks. Within the realm of verbal

learning, serial recall of items has been shown to be

affected by "similarity interference" (Watkins, Watkins,

Craik, & Mazuryk, 1973). In this sense, the results of

the present experiment reflect the possible presence of

retroactive inhibition.

Retroactive inhibition refers to the detrimental

effect of recently acquired material upon previously

learned material. In this sense, both the acquisition

and transfer tasks required subjects to remember 9 different

locations. In addition, with the exception of one loca-

tion, all positions, as well as all directional changes,

were identical in both acquisition and transfer tasks.

To the extent that approximately 2 min separated acquisi-

tion from transfer phases, it is not surprising that

interference may have occurred.

The fact that the imagery group demonstrated superior

performance during the transfer task lends particular

credence to the effectiveness of strategy generalizability.

However, questionnaire results revealed that in addition

to imaging location, imagery subjects also emphasized the
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sequence within positions. It would appear that although

other strategy groups may have learned the locations of

the sequence, the particular sequence of individual

switches and buttons was not committed to memory. Such

an explanation would appear to account for the greater

numr of errors exhibited by these groups.

Results of the present investigation are reflective

of an obvious need to emphasize the learning of a stra-

tegy before application is required (Singer, Gerson, C4

Ridsdale, in press). In this sense, strategy instruction

must be suFficient in communication to enable the learner

to FultY comprehend its usage. Perhaps when This occurs,

the true potential value of learning strategies as an

aid in skill acquisition and transfer, as speculated

elsewhere (Singer, 1978; Singer, Gerson, C Ridsdale,

1978; Singer & Gerson, in press) will be realized.
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APPENDIX A: INSTRUCTIONS TO SUBJECTS
-------------------------------------

GENERAL DIRECTIONS: SA

The device in front of you is the Serial Manipulation

Apparatus. It requires you to manipulate several switches

or push several buttons in the proper order. You will be

informed of that order by a display of the letter and

number of the switch that will appear on the screen in

front of you and lights that will appear next to the

switches or buttons on the device. When the light appears

you are to push the button or throw the switch next to

the light. Do not push the light. Your task is to learn

the sequence and to go through it as rapidly and with as

few errors as possible.

To begin the sequence there will be a cue on the

screen that will tell you to press down and hold the home

button. Use the index finger of your preferred hand only.

The home button is located directly in front of you. After

you press that button, a few seconds later a cue will

appear and a light corresponding to a particular switch

will go on next to that switch. There will be three

switches in this sequence. Move to that switch and flip

it. Then, a second cue will appear on the screen, as well
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as a light next to another switch. You will also move

to that switch and flip it. You will then be cued to inove

to a third switch. After you finish that you will return

to the home button and press it.

Feedback information will then appear on the screen

for you. I will explain that to you when it appears. You

are now ready to begin the practice trial by pressing the

home button. Remember, there are only three responses in

this sequence. Now, press and hold the home button and

wait for your cue (pause 5 seconds).

You see before you the feedback information concern in(-

how woell you performed. The fourth i ittle ,C ers is the

total time it took You to o thIirougI the t eluee :e. [c-I m

that yoti See error coutiL;. The first i, :; v,, the

number of errors Y'ou ;MZ!e inl eachI jos it ionl. , " i v e to

regard the first 'hree 'x it 0i5s t!it; c1:1 tile

rest of tile trials VoL ; I 1 receive shortly, cnruider W:l\

the first nine po- itions, ,n e Co- ei cl s'itCI ill the - e-

tILeIcCe. Below thalt is thu totll rlulnher e.'' ' ; \o ,

re: the se.neruce. You a1:i- : rea to h, i , lh e lrin 1.1

s(.C LI.CI I C return t t , I: C. I Ii. ,
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return home will not appear on the screen. When your

feedback appears it will only be shown for 10 seconds,

which is a shorter time than you just had to view it.

Are you ready?
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IMAGERY STRATEGY: SMA

I am going to inform you of a technique that should

improve your ability to learn this task. It is called

imagery. This is a strategy where you imagine that the

display in front of you is divided into many compartments

which contain all the switches in all the units. In

other words, it is like a storage bin, with different

kinds of compartments. As you make a response, imagine

that you are actually placing something into a particular

compartment. Continue to do this in your mind with each

switch that *ou Manipulate. As you respond, you should

be trying to remember certain storage areas on the display

and their relation to one another. By mentally rehearsing

the sequence in terms of storage areas during practice

trials and free periods, as well as applying this tech-

nique during the performance trials, your performance

should be aided. Now place your index finger on the home

button as indicated on the screen and follow directions.
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CHUNKING STRATEGY: SMA

I am going to inform you of a technique that should

improve your ability to learn this task, it is called

chunking. This is a strategy by which you attempt to

group individual switches into blocks of threes in order

to remember them. In other words, as you take the two

practice trials and the eight learning trials, do not

attempt to remember where each correct switch was located

in isolation. Rather, since you have nine switch loca-

tions to remember, try to combine them into groups of

three. After each trial, you will receive free time in

which to rehearse your chunking strategy before the next

trial begins. By chunking the responses into groups of

three during each 10 second free period following feed-

back information, as well as during the trials, your per-

formance should be aided. Now, please place your finger

on the home button as indicated on the screen and follow

directions.
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VERBALIZATION STRATEGY: SMA

[ am going to inform you of a technique that should

improve your ability to learn this task. It is called

verbalization. Verbalization is a strategy in which

you repeat out loud the correct letter and number that

is associated with each response. During the two practice

trials, the letter and number inforlnation will appear

on the screen in front of you. For example, if the first

letter and number were to be B and 1, Von wtl Id repeat

out loud B-I as YOU make the r-spfse, f tihy next

response is C and 4, ple:se .iv -I :i- Vi :i::K r thut

response. Fol low this procedtlle till 1 1i, t i1 the' trijI

YouI wil I know which swi t l is .I-s t t . I :I

particular letter and number as the red I i t , I II i II[ln

nate next to that switch. After your ftcdhuick i dis -

played, the screen will blank. At this time you should

verba I Iy rehea rse the sequence before the next t r i a

begins. By verbal iz ing during each free per iod as w e I I

as during the trials your performance should be Iid Id

Notice the drawin, t helo the screen. It re, r eri t the

appa r:ltls With tlie different I ovatiolls Il d i t is

Fach location and switch is , e l d with : e itt e lr

a number. Study them. (pause (I U seco 1d )

Now place yonur i idex f in e r on t lie homec hi t t on

de press i t , and fo I I ow d i r ec t i ons.
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MULTIPLE STRATEGIES: SMA

I am going to inform you of techniques that should

improve your ability to learn this task. The first is

called imagery. This is a strategy where you imagine

that the display in front of you is divided into many

compartments which contain all the switches and all the

units. In other words, it is like a storage bin with

different kinds of compartments. As you make a response,

imagine that you are actually placing something into a

particular compartment. Continue to do this in your

mind with each switch that you manipulate. As you re-

spond, you should try to remember certain storage areas

on the display and their relation to one another. By

mentally rehearsing the sequence in terms of storage areas

during practice trials and free periods, as well as

applying this technique during the eight performance

trials, your performance should be aided.

Another technique that should improve your ability

to learn this task is called chunking. This is a stra-

tegy by which you attempt to group individual switches

into blocks of threes in order to remember them. In

other words, as you take the two practice trials and the

cight learning trials, do not attempt to remember where

each correct switch was located in isolation. Rather,

since you have nine switch locations to remember, try

lL
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to combine them into groups of three. After each trial,

you will receive free time in which to rehearse your

chunking strategy before the next trial begins. By

chunking the responses into groups of three during each

10 second free period following feedback information as

well as during the trials, your performance should be

aided.

Yet another technique that should improve your

ability to learn this task is called verbalization.

Verbalization is a strategy in which you should repeat

out loud the correct letter and number that is associated

with each response. During the two practice trials, the

letter and number information will appear on the screen

in front of you. For instance, if the first letter and

number were to be B and 1 you would repeat out loud B-1

as you make the response. If the next response is C and

4, please say C-4 as you make that response. Follow this

procedure throughout all of the trials.

You will know which switch is associated with a

particular letter and number as the red light will illu-

minate next to that switch. After your feedback is dis-

played, the screen will blank. At this time you should

verbally rehearse the sequence before the next trial

begins. By verbalizing during each free period as well

as during the trials, your performance will be aided.

Notice the drawing below the screen. It represents the
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apparatus with the different locations and switches.

Each location and switch is labelled with a letter and

a number. Study them. (pause 10 seconds)

You have just been informed of three kinds of tech-

niques that you might use to learn this task effectively:

imagery, chunking, and verbalization. Feel free to use

any one or combination of strategies that you wish or

disregard all of them. Remember, a particular technique

should help you learn the task. Now place your finger

on the home button, depress it as indicated on the

screen, and follow the directions.
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