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N ' ABSTRACT ' -

The three éxperilenis found. herein ﬁerevcondhctei to
investigate some of the ‘factors that.influence incidental and

",intentional psychomotor learning. Learning was called incidental

vhen subjects received po formal instructions to learnm the

AN 5

experimental task,‘vhich vas a loveient sequence. Incidental
. subijects were exposed to the experimental task by means of a
: - P * , ,

_choice’ reaction-time task. The movements to the targets in the

3

: reaction-tine.tagk conpriséd the EOovesments of the movement

, sequence. Intenticnal learners also performed the choice'v
reactionftile task ﬁ%t vere additionaily instgucted to remember
thé.qfder of the sovesments.

The first experiment tested the effects of movement

seguence size op the twvo tybes of learning. Sixty subjects, ten
in each group, received two trials of a movement seguence

composed of either four, séeven, or eleven movements. The

-+

‘findings indicated fhat intentionidl learning was superior to

incidental learning. The restlts also demonstrated that as the

N

size of the segquence fncreased, the percentage -of movements
.recalled decreased. Furthersmore, the results indicated that when
the informafion load exceeded the "lénotxbspan" incidental 4

learning remained at a chance level.

1 —~
~

The s®tcond experiment iniestigated the effects of practice

—

umder incidental -apd intentional learning conditions. Porty

subjects, ten in edch group, received either tvo or ten trials

o -4

of a sequence of fifteen movements. The results showved that

iii
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~incidental learning. The

>

_intentional learnihg was superior to

’

findings also -indicated that Loth intentignal and incidéntal

ledrners showed a significant increase in recall with increased

i - / - )
learning trials. , - *

i

The thitd experiment attempted to’deterline the effects of

rehearsal blocking activities on incidental and intentional

A

learning. Twenty-eight subjects, seven in each group, perforamed

a four movement seguence for two trials under conditions in
e ’ )

which rehearsal blocking activity was either presented or not

presented. The results indicated that the. initial superiority, of

»

the intentional learners under unblocked rehearsal conditions

disappeared when sﬁbjects engaged in rehearsal blocking

activities. - / : ;

The findings from the three éxperinents are discussed in

-rebatibn to previous psychomotor éng vsrbal learning literature.
3 . -

&

-

In general, there does not seem to be strong evidence to suggest
. . . . B ¥ R
that incidental and intentional learning are distinct types of

learning. Purthermore, it was concluded that 'intent to.learn’ ‘
per se is not a significant factor in psychomotor learning.

Father, it serves to direct subjects to engage in appropriate

cognitive processes such as rehearsal that produces learning.

Le
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I. INTRODUCTION
-

‘Most human behavipur.is“learned. Learning,,defined as any
'relativély permaanent change in behavior which occurs as a result
as eipefience or practice (Soréan & King, 1956), still occupies
3 central position in the field’of psychology. Pew psychologists

- would disagree that acst aspects of human behaviour are affected
by the learning process. Interestingly,<thé analysis of learning

. e
dates back to the ancient Greek Philosophers (Boring, 1950),/and
‘\;lEﬁ' the sﬁudy of learning rema?ns one of the aost perplexing'

problemsiin psychologf. The study of learning is pérplexing
because. mqQst psychclogists firaly believe the processes involved
1n the acquisition and retention of even the nmost conple*
(behagiour aust be based on a finite set of fundamental
orinciples (Lojan & Ferrdﬁo, 1978) . Nevertheless, despite
decades of systeeatic analysis, complex theory construction, ande
a vast collection of empirical data, there exists few, if any,
vell accepted laws for learning.

‘The field of learning may te divided, somewhat arbitrarily, .
intc many specific categories. A few of these are verbal
learning, concept learniné, groblea solving, and perceptual
skill or psychoaotor learning. Ps¥chomotor learning, the aréaé&f
;fincipal interest:fdr this thesis, is concerned with activities

L .

that are prrizmariily movement orierted (Singer, 1980). Unlike the

verbal domain which traces its origins to the philosophical



“crks of Aristotle, the associationist views of the British
Tapiricists such as %uieand Locke, and the empirical )
nsychozetrics of Ehtinghaus,'the psychomotor domain has no clear
iden+tifiable originé (Irion, 1969}. HNevertheless, “notorhskills"
researchican be traced back- tc¢ the works of Woodworth (1899),
3ryan ani Hartér {1897y, and Swift (1905). Many of these early
in%estigations were influenced ty the géneral-learning theories
of the day. Although théipsychoaotor learninj area went through
3 period of tiae where a large ﬁioportion cf research vas
iirected towards sclving practical probleas, zany theoretical
Stﬁdies were, to scae degfee, influenced by the troponents of
‘the major tﬁeories_of learning.

Psychomotor learning research has been greatly influenced

L7 three promineﬁt theoretical positions. Two of these
. {

+heoretical positicns, narely the reinforceaent and contiguity

-

=neoaries, are included by zany authors under the category label °

(@)
b

stipulus-resgonsge (5-31) theories (Hilgard, 1956; Oxendine,

—
(V8]
O
o

8) . Stimulus-response theories, also called connectionist

th rie

b 2
(

Q
n

(§ill, 1977), wold that the tasic unit of learmning is

*he connection tetween a particular stimuwlus and a specific

resconse. Reinfcrcement theories hold that reinfcrcement is a

necessary condition for the S-% coRnection (Hull, 1943; Skinner,

O

57: Thorndike, 1927, 1932). Contiguity theories, on the other

=ard, arjue thaat the contiguity Letween stimulus and response is

R
L

e

o]
H

“l

incipal ccndition in tne foramation of a stisulus-response

[0 I

)

tio

[¢]
i
&)
)
9]

and tnat reinforcessrt is not a necessary condition

-



-

for learning (Guthrie, 1952; wWatson, 1924).

The third historically prcainent position“is the cogniti;é
learning theories. fZg‘ganitive theo:iSts;attelpted to account
for.the role of cognitign'in‘tﬁé learning process (Kohler, 1925;
Tclaan, 1932, 1959). Withirn the cognitive learning framework the
learner is seen as taking an active role in the learning
crocess. The learner utganlzea_stllull, devises and employs
strategies, and behaves in a goal directed manner (Hill, 1977;
Jung3, 1968; Oxendiine, 1968). )

Conteaporary peychoaotor leéruing theories, #hich have
e7olved from the historical positions, have attempted to account
for the nrderiyinf rrocesses and mechanisas that affec; the
learning of aovezent oriented activities. The two BOsSt prominent
conteaporary psychcrotor learmning theories were proposed by‘
Ydaas (1571) and Se¢hmidt (1975). Both theories have had a
zzofound iapac£ on the psychoactor learning discirpline.

Adaas (1971), arguing that—;—a theory 1s inadequate to

iescribe pSychoiotor pehavior, proposed a closed-loop theory of

20tor learning. Two aypothetical constjpucts, a menory trace and

Vo

erceptual trace, fora the basis of this theory. The meamory

)

-t
]
W
(}

@ 1s primarily responsible for generating the movement. The

ercep*tual trace is arp internal reference aechanisa used to

B
)

Uy

ii1de zmeovezent rroduction. Adass (1971) proposed that, when a
rovezent 1s aade, response produced feedback is compared to the
staniard (percertual trace) of the desired acvement. Any

11screcency pDetveen the standard and the ongoing movement

Lad

-



results in an error being detecfed. When aﬁ error is detected, a
correction is made so that the sovement mirrors the standard.
Adams (1971) proposed that certain independent variables, such
as practice and informsation supplied to the perforle} from an
external source {(i.e., knowledge of results), affect the
development and strength of the perceptual trace and mesmory
#

trace. 3

Schgidt!'s (1975) psychomotor learning theory, unlike Adams'
nction of a one-to-cne relationship between stored
represéntations a?d correct movements, proposed the existence of
scheﬁa. The concept of schema, found in the earlier work of
Bartiett (1932) and Pew (1974), implies that there are
gereralized representations or sets of rules that govern a g;ven
class of mo?ements. Schmidt proposed that a schema is developed
from four sources of info}nation: 1) knovwledge of the initial
conditions before acvement execution ; 2) knowledge of the
movement requirements ; 3) sensory consequences fr i the
movement and; 4) thé Iesponse outcomes. Schmidt argued that
these sources of information contribute to the formation of a
recall ard a recognition schema. In this Sch;na theory, Schmidt
atteapted to account for how such factors as knowledge of
results and the amount and variablity of practice affected the
foraation of the schena. !
Adam's (1971} and Schmidt's ({1975) theories have had a

profound impact on the conceptualizations of psychomotor

learpning. The enoraous nuaber of studies that cite either of



these theories is testimony to their:influence. Although these
theories have been corcerned with determining how specific
factors affect the learning process, they failed to address the
role of motivation in psychomotor learning. Indeed, one of the %
- most heated controveries in the history of\psychology has
centred around whether aotivation affects learning or
performance {Hull, 1943, 1951)..A thorough coaprehension of
psychomotor learning is not complete unless the role of

motivation is understood.
-

; .
Traditionally, most investigative work in psychology on the

role of motivation in learning has involved the maripulation of
reinforcement. Rowever, another important aspect of notivatioq
concerns the person's intention to learn. Dickinson (1977) .
suggested that 2n acst studies of psychomotor learning it is
iaplicit that the subject's intention to learn the experimehtal
zaterial is desired, i1f rnot essential. It aight be aréued that
the condition of an 'intention to ;earn' must be satisfied if
learning will occur in the motor domain. It has been knou; for a
long time, however, that people seea to acqﬁire verbal
infornation‘vithout an 'intent to learn' (Myers, -1913). This
‘learning without an apparent intent to learn has been termed
"incidental learning® (McGeoch, 1942; McLaughlin, 1965} Postman,
1564) . |

The investigation of incidental learning is important
because it 1s ccpcerned with the analysis of conditions which

, 31ght bias the initial acgqguisition of information (Postman,



1964). The understanding of psychomotor learning would be
advanced if the effeéts of the initial disposition of a learner
that deterwines the impediate acquisition of information uere‘
known. Unfortunately, there has been little systematic analysis
~of incidental learning in the psychozmotor domain.

The major cbjective of this thesis is to investigate some
of the factors that affect incidental and intenbional ' .
psychomotor learning. What are the differences hetween
incidental and intentional learning? Unaer vhat conditions does
incidental learning occur? Do independent variableé have similar
effects on incidental amrd interntional learning?yﬁith these

questions in aind the following chapter briefly reviews the

incidental learning literature.



II. INTRODUCTICHN YO INCIDENTAL LEARBING

There appears to be little doubt that incidental. learning
occurs in the verbal donain; Yumerous étudies have demonstrated
the phenomenon of incidental learning in vagious experimental
areas such as‘developaental changes- (Ghatala, Carbonari, &
Bobele, 1980; MXaccoby & Hagen, 1965), general verltal learning
(Murray, 1971; Postman & Adaams, 1957, 1958), and the role of
verceptual-cognitive operations in determining memorial
consequernces (Craik & Lockhart, 1972; Craik & Tulving, 1975;
Gardiner, 1974). In general, incidental learoing has been found
to be inferior to intentional learning (Mclaughlin, 1965). .
However, there is alsc evidence of equivalent levels of learning
{¥echanic, 1964) acnd even incidental learning superior to
intentional learning (Zagle & Mulliken, 1974).

Altnhough =many of the investigations of incidental learning
nave been in verbal learning, there is also evidence of
incidental learning in the psychomotor area (Dickinson, 1977,
1578; Ho & Shea, 1579). Many of the conceptual and
aethodological issdes, such as operational definitions and
experimfntal designs, are comxon to both areas of study. The
ievelopaent of these issues occurred primarily in the verbal
iom3in. In the fcllowing sections these conceétual and

zet zodological issues were revieved. In the last section the

o

sychozotor incidental learning literature is discussed.

<



Definitions of Incidental Learping

a

The problea of identifying the relationship betwveen
incidental and intenticnal learning has been confounded by the
failure to provide an acceptable -definition cf incidental
learning. Indeed, Postman (1964) asserted that a systematic
analysis of the variables that influence incidental and .
intentional learning was neglected because of difficulties in

forrulating a distirction between incidental and intentional

"
N

learnirng.
One of the first formal definitions of incidental learning,
as\proposed by McGeoch (1942) is ,"learning which apéarently
tak es place without a specific motive or a specified formal
instruction and set to learn the specific mate:iﬁf in guestion"
(p 239) . Aas HcGeoch's definition implies, éhe concept of set was
nggn egployed in explaining incidental learning. The concept of
set ¥as a nearly universal one in early psychological thinking
(Gi:soh, 1341) ; therefore, it was hardly surprising that many
studies up to the 1960's used "set®™ as a central explanatory
construct (Mclaughlin, 1965). Ipcidental learning, as such, was
characterized as learning in the absence of a set to learn,
whereas intenticnal learning vas characterized by an
experimental set to learn.

Many early researchers attempted to investigate incidental

learzoing by not instructing the subject to learn specific



inforamation, thereby assuming an absqpce of a set to learn.
Hovevef, not instructing sobjects to learn does not mean there
is not a set to learn. Sets to learn vwere conceptvaliZed to be a
result of previbus experience. Brown (1954) suggested that a set
to learn may be eveoked through stigulus generalization, t he
pr}nciple that when a person has been condition;dféo make a
response.to a stiaulus, similar séinuli ¥will alsc evoke that
~response. Thus, it has been argued that altﬁoggh the
experimenter has not induced an experimental set to learn, it is
still possible that, through stimulus generalization,
uncontrolled sets to learn are operating during an incidental
learning paradigm (Postman & Senders, 13946).

It may appear that an understanding of incidental learning
is dependent on understanding the functions of set during the
learning of information. The rroblem is, howvwever, that the

concept of set has been used loosely and =may connote different

things (Gibson, 1941). To demonstrate the loosenhess of ‘“
terminology in describing the variations in the meaning of set,
5ibson noted that the varieties of set described in the
literature included preparatory. set, uncconscious set, voluntary
set, mental set, maotor set, neural set, expectation,
anticipation and directing tendency. Noting these varieties of
set, the usefulness of the concept of set in describing the role
sf intentions ip learning 1s unclear.‘?ér example, Tolman (1932)

argued that learning is not dependent on intertions because of

+he phenosenon of latent learning. However, Tolsman believed



learning is dependent on the acgquisition of expectationi.
Futhermore, some psychologists have argugd that it is neéessary
to have a set to learn, but one may also\iéarn a set. This makes
the concept of set confusing and ambiguous in that, "if

intentions are learned, how can learning be 'dependent on

intentions'?" (Gibson, 1941, p. 789).

Operational Definition

Although Postman and Senders (1946) argued that set is an
important deteraminant in the formation of associations necessary
for learning, recent researchers in the study of incidental
learning have abandoned the ccncept of set as an important part
of an operational definiticn for incidental learning. The
najority of researchers have differentiated tetween intentional
and incidental learning on the basis of formal instructions to
learn specific information. Incidental learning may be
operationally defined as learnieg in the absence of forsaal
instructions to learnr (MclLaughlin, 1965; Postman, 1964). Postman
has also suggested that this operational definition should, in
practice, be supplemented by a postexperimental inquiry to
;screen incidental learning subjects who anticipated a test of
retention. )

For the purpose of this thesis the distinction between

intentional and incidental learning is based on the defining

‘crocedures of formal instructions. Learning will be called

10



incidental when there aré no formal instépctions to learn
specific material and intentional Hhén there are formal -
instructions to learn. Furthermore, incidenial learning subjects
who in a post-test interview adiit that they apticipated a
recall test or’delibgrately rehearsed or systelaticallyi
attempted to learn»%he information will be discarded and
replaced.

It shouldlbe noted that the definition of incidental
learning is, in a formal sense, logicaliy dependent on the
defipition of intentional learming. It is assumed that
incidental and intentional learniné are mutually exclusive and
exhaustive categories of learning. In other words, learning is

either incidental or intentional. N4

Twvo Ltasic experimental methods have evolved for
invesﬁigating the principles or factors that govern incidental
learning {(Kausler & Trapp, 1960; McLaughlin, 1965; Postman,
1964). The first methcdology, Type I, involves exposing a group
of subjects to some specific material or information, but
without explicit instructiogs to learn. A second compaTrison
group, on the other hand, is presented the same material but is
given =xplicit instructions to learn. It is cracial that the
incidental group is directed to the material, usually by an
orienting task, so that perception of the material takes place.

11



This "exposure" period is followed by an unexpected test of the
material. Several types of tests have been used including
recoghition, free fecall, ser ial recall,'ana transfer to a new
task (Postman, 1964).

The second methodology eaployed in incidental learning
investigations, known as Type II, involves having the subject
learn 'a task with instructions to learn, while being exposed to
additional "irrelevant® material (Kausler & Trapp, 1960).
Subjects are asked to recall both the relevant material and
irrelevant—material.

Postman (1964) suggested that the Type II design may be
divided into two classes on the basis of the relationship
btetveen relevant and irrelevant components of the learning
environment. Certain attributes of the irrelevant (incidental)
material may be directly or indirectly related to the material
to be learned under intentional conditions. For example, if the
materials thch the subject has been instructed to learn appear
in different colours, then the cclours are the irrelevant
attributes but are difﬁctly or intrimsically related to the
task. On the other hand, the irrelevant component of the
learning situation =ay be materials which bear no direct
relation to the learning task. Such an extrinsic coamponent would
exist in the case when a suabject is instructed to.learn a list
of words vhich have additiopal items such as geometric foras
exposed along with the words. Thué, the tvo classes of Type 1II
design are referred to as the "intrinsic® and "extrinsic"®

A
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components of the learning situation.

The use of either experimental method in ihvestigating
incidental learning depends on several considerations. Although
Type I and Type II designs both involve incggéffal }earnjng
situétions, there are iaportant differences betwéen thes. The
most fundamental difference is that in the Type I design
incidental learning subjects are not given instructions to’
learn, whereas instructions to learmn are given in the Type II
method. Postman (1964) argued that the Type II design is, in one
sénse, more favourable to incidental learning because responses
which mediate correct performance may generalize to the
irrelevant materials. However, in another sense, under limited
exposure conditions (Mechanic, 1962) there is competition
between relevant and irrelevant materials for the necessary
responses to learn. Under these conditions Type II is less
favourable than Type I. Futhermore, the choice of experimental
iesigns depends on the theoretical gquestions at issue. Type I is
usually pretferred if cne wishes to manipulate either the task,
procedural or orienting variables to clarify the associative
processes in inc%@ental learning (Kausler & Trapp, 1960;
Postman, 19%4). On the other hand, investigations into the role
of aotivation and incentive have typically used the Type II
design. This kind of researcn has usually attespted to determine
hov incentive, drive, and noti;étion affect competition of
responses and learning response generalization (Kausler & Trapp,

1960, 1962).
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grienting Task

The experimental methods employed in incidental learning
investigations are designed to Mexpose" subjects to particular
information, but without explicit instructionms tp‘learn that
information. This exposure condition is neéessary so that the
subject perceives the incidental material. Ensuring that the
incidental material is perceived is accomplished through the use
of an orienting task. Examples 6f orienting tasks include rating
words on an affective scale (Eagle & Huliiken, 1974y, estimating
the ngmber of letters in a word (Hyde & Jenkins, 1969), or
making movement length estimations (Dickinson, 1977, 1978).

The use of orienting tasks, nevertgeless; raises problenms-
of interpretatién in the analysis of incidental learning._Inia
Type I design, the incidental subjects peﬁforu an crienting
task, whereas intentional subjects do not perform an origntingg
task but are instructed to learn. Theoretically it 1is difficult
to deterzine the extent that intent to learn and fpeedom from
interference produced by the orienting task coatribute to the
superiority of intentional learming conditiomns (Postman, 1964).
It is necessary for both the inmcidental and intentional groups
to perform the orienting task. Using this procedure both grougs
are subjected to orienting task interference. This eliminates
the possibility that superior intentional performance is due to

foth intention to learn and freedom from activities interfering

14
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vith ‘generating appropriate "learning responses" (Postman, 1964)
or "representational responseg" (Deese, 1964). |

There are also préblems with the Type II design,;in which
subjects do not receive an explicit orienting task. The
instructions to Igarn the relevant material impose an orienting
t;sk for the incidental information. It is assumed that subjects
perceive the‘irrelevant aaterial. This assumption, however, may
not pe valid Uheﬁ the incidental material bears no direct

~

relation to the intentional material (extrimsic condition). .
Under high incentive conditions (Bahrick, 1954), subjects layl
se;ectively focus their perception on the relevant material,
thereby not pefceiving the incidertal material. Thus, it appears
that the choice of orienting tasks and experisental design must

be taken into consideration in the interpretation of incidental

learning results.

Incidental Learning and The Notor Domain

While considerable research has been directed towvards
de£eruining the principles governing incidental learning in the
vertal domain, there has been little empirical investigation in
the psychomotor domain. Dickinson (1977, 1978) has provided some
eapirical evidence for incidental aotor learniﬁg. He
demonstrated that subjects say learn a siaple motor task in the
assumed absence of an intention to learn. Dickinscn's studies

indicated scae interesting implications for the relationship
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between incidental and intentional learning with regard to
learning responses and differential coding. Howvwever, there are
reasons to treat his findings with some caution. Several

eet hodological problems confound the theoretical interpretation
of his results. These probleas are discussed after a brief
review of the basic procedure and findings reported by Dickinson
{1977,1978) .

Dickinson ({1977}, erploying a Type I experirental design,
had intentional ard incidental learners etperience four linear
zovenents of diffef;nt lengths. The intentional and incidental
Froups were composed of three sub-groups which received either
1, 5, or 10 trials. The incidental group made the four
sovezents, but vere acked to estirate the movement lengths.
Following the practice trials, the incidental subdjects vere
asked to recall the four movements. The intentioral learners did
ot perforz the orienting task cf movement estimation. They were
ins+tructed to atteapt to remeaber the aovements for later
recall. The results indicated that, initially, intentional
learners terforaed significantly tetter than incidental
l=zarners: nowever, after 10 trials there was no difference
et ween the tvwo instruowctional groups.

Dickinson {1978) 3150 provided prelimlinary evidence that
there may be gqualitative differences in the retention of
govaxents learned under incidental and intentional conditiorns.
Jsing the saze oriemtiag task of »ovement estimation for

LLCZL
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entil learpers, eight subject groups received ten trials of



four sovements. The groups were asked to recall)the sovepents
either immediately, after 30 seconds, 60 seconds, or 600
seconds. Duriomg the rétention intervals, SUbjects reéeived a
vercal questionnaire to prevent rehearsal. The results indicated
that there was no differential effect between incidental and
intentional learners for the 9, 30, and 60 second retention
intervals. However, the intentional learners performed
significantly Dpetter than the incidental learners after 600
seconds. Dickinsor suggested that intention to learn may prompt
appropriate coding for long-term storage of information.
Notwithstanding the fact that Dickinson's findings provide
evidence of inciderctal aotor learping, there are several
crobless in deterwining the relationship betvee?fincidental and
intenticnal learning. First, the intentional subjects did not
terforz the orienting task. As a result, the initial superiority
2f the intenticral subjects (Dickimson, 1977) may have been due
to kEoth intention to learn and freedom fros orienting task
‘i:terference. Second, the interaction between instructions to
l2arn and practice trials may have been due to a ceiling effect
£or toe intenticnal group. Since this group 4id not iamprove, at
lzast signilZicantly, cver trials the task may have been too
sisple, thereby allcving optimal performance to be quickly
ittaiped, It is plausible, that given a more complex task,
lntantional learners wouid bave ccntinued to iaprove over
trials, This arguaent receives indirect suopport from studies in

t2e verrcal domaain (Fazanagi, 1958; Postman & Adames, 1958) which
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found that in;entional learning increased as a function of
practice,fafgiéas incidental learning did not seem to be
affected.

An extensive review revealed that the only cother published
study of incidental motor learning was conducted by Ho and Shea
(1979) . They investigated the orienting task specificitf and
suggested that incidental motor learning may be explained in
teras of the levels-of-processing memory f;anework. The task
eaployed by Ho and Shea (1979) involved having subjects
experience a target movement and four non-target eovements.
Subjects were instructed to either: a) make a verbal estimate of
the distance betveen the target positions (EST); b) discrilinate
between target and non-target positions by saying "yes™ if the
novements were the saxe, or "no" if not the same (¥N):; and c)
mnike no verbal response at all (NR). Pollowing the practice
trial the subjects were asked to recall the target and
non~target positions. The results indicated that the sutjects
required to make judgements were more accurate»in recall of both
target and non-target positions than subjects in the no
judgement (NR) groups. Ho and Shea suggested that the
differences may be attributed tc the depth of coding. They
argued that -the EST and YN groups had to process nore and
different information, resulting in a more meaningful, deeper
level of processing.

The interpretation of Ho and Shea's (1979) results in tersms

of the levels-of-processing framework is open to criticism. The
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major criticisms focusses on the lack of an independent measure
of depth in the lgvels-of-pro?essing approach (Baddeley, 1578;
Fysenck, 1978; Nelson, 1977). Helson argued that it is only
possible to define the measure of depth in teras of its alleged
maerxorial consequences. That is, if findings indicate that a
particular oriepting task does not produce a stable memory
trace, and tﬂus better retention, one may argue that the
information was not processed to a deep level. Thus, the measure
of depth is circular and falsification of the framework is not
possible., Futhermore, it vwould be extremely difficult to
deronstrate empirically that verbal responses are deeper or Rmore
meaningful than non-verbal responses, especially since previous
researchers have-stated that verbal responses could be shallow
or deep (i.e., Craik & Lockhart, 1972). Although, one may argue
guite forcefully that Ho and Sheafs (1979) post-hoc analysis
relies on circularity, their findings do indicate that the
orienting task is an important feature in incidental psychomotor

learning.
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I1I. GENERAL STATENMENT CP THE PROBLEN

The previous chapter has shown that vhile there haé been
extensive and intensive investigation of the factors that affect
both incidental and intentiocnal learning in the verbal domain,
there has been little systematic research in the psychomotor
area. Previously, it has been arqued that the two psychonotot
learning studies which focussed on the relationship between
incidental and intentional learning (Dickinson, 1977, 1678),
while providing some iuporfant initial findings for generating
additional research, suffered fros some methodolcgical problenms.
It fcllows that any further investigation of some of the
functional properties of the variables affecting intentional and
incidental learning must atteapt to correct or avoid‘these
proble=zs. -

The 2ajor purpcse of the experiments found herein was to
investigate soae of the factors that affect both incidental and
intenticnal learning in the psychcmotor domain. The first
experiment was designed to‘deternine if acquisition under
incidental and intentiocnal learning conditions is affected in
similar ways when the amcunt of information to be learned is
systematically varied. The second experiment was designed to
investigate the effects of practice under incidental and
intentional learning conditions. The third and final experiment

vas designed to determine 1f the difference between incidental

23



and intentional learning can be partially explained by
differences in the mediating strategies eaployed by the two
types of learners. These studies should provide furﬁher
knowledge about the fac:;rs thqt influence incident;ﬁ,and
intentional psychomotor learning. .
As Dickinson (1977) has noted, the major difficulty in the
styudy of incidertal learning lies in the selection of the
orienting task. Por the incidental learniég condition it is
necessary to expose the subjects to the c;htral or
experimentally relevant task, but without fheir being avare that
a later recall will be required. It follows that another
important feature of testing incidental learning is the
selection of an appropriate central task. -~
For this thesis it was decided to use a amovement sequence
task as the central task. The esployment of a movement seguence
task was selected for several reasons. First, many "real life"
Skills are sequential in nature (Keele & Summers, 1976). Secoad,
the movement sequence task is easily modified to test diféerent
cxporinmental variables. Third, a =movement seguence task with
iiscrete movements allows the use of a reaction time-aovement
tize task as an orienting task. Incidental subjects perfora the
novement task under the-guise that the experimental task is to

react and move as guickly as possible to different target keys.

fact, each of these moverents coaprise a coapomnent of a

[}
)

Seguence.
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IV. EXPERINENT 1

Generally, studies of incidental learning in the verbal
domain have presented subjects with an information load that is
greater than the immediate memory span (Postaan, 1964). The
concept of memory span, which dates back to Ebbinghaas®’s (1885)
sérial learning wvork, is usuélly defined by the number of
discrete units that can be reproduced fifty percent of the tigme
in correct serial order following a single presentation; that
is, there is an even chance of perfect recall (Watkins, 1977).
The concept of a lizited perory span was advanced by Miller
(1956) who suggested that the capacity of the memory span is "
seven plus or zminus two itegs” df information. Thus, it follows
that most studies of incidental learning have been concerned
with the acquisition cf information of greater than seven plus
or 3inus tvo items.

One possible criticise of incidental aotor learning studies
is that the experimental information load has not exceeded the
izsmediat= menory sran. Por example, Dickinson (1977, 1978) asked
subjects to recall cnly four linear movements. There is a
crotblem, however, in detersining the inforzation load of a
sizple linear movement., Nevertheless, since the intentional
learning group {Dickinson, 1977) did not show any appreciable
iaprovement over ten trials, it may be argued that the four

novezents did not exceed the iemediate memory span. One may
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gquestion, however, the need to use supra-span material, that is
material that exceeds the liait of the immediate memory span,
for incidental learnihg experiments. One possible reason to use
supra-span inforamation load is that learning might be affected
by qualitatively different processes under supra-spaﬂ and
sub-span conditions (see Watkins, 1977 for a review). However,
it is probably not possible to test the construct of the aemory
span under incidehtal learning conditions. Immediate memory span
is measured by a recall test immediately following presentation.
Incidental learners cap only be informedrof the recall test
after the presentation. Therefore, immediate recall is not
possible.

By varying the size of the povement sequence to ke learned
it is possible to determine if the amount of the paterial to be
acqguired is an important factor imn incidental psychomotor
ilearning. Psychomotor learning research indicates that movement
erroar is a monotonically increasing function of the number of
novepents (Wilberg & Salamela, 1973). This is similar to verbal
learning findings which indicate that as the list length
increases, the percentage of total‘recall decreases. It has been
cypothesised that this decreacse is due to increased interitea
interference. In contrast, incidental verbal learning studies
bhave found that increases in the list length has a less
rronounced effect on incidental than intentional learners
{Postaan & Adans, 1957, 1958). Ho evidence exists in the

psychoactor learning literature.
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Therefore, the purpose of Experiment 1 was to investigate
the effects of the nusber of'novelents’§n tge acquisition of a
sovement sequence under incidental and intentional learnin§ ’
conditions., For intenéional learners it was expected that as the
size of the movement sequence was increased the percentage of
movements recalled vould decrease. Purthermore, if the findings
froa Postman and Adaas (1958) are valid for the psychomotor
domain then ipncreases in the pumber of movements should not have

any differential effect on acquisition under incidental learning

conditions.

Method

‘

Subjects. Sixty (n=60) task naive students fros Simon
Fraser University served as subjects.

Apparatus. The apparatus consisted of a response pamnel (60
x 42 ca) interfaced toc an ApplelII microcomputer through an
input/output parallel interface card. Seven switches (telegraph
keys) were mounted omn the panel as indicated im Figure 1. Six
telegragh keys were designated target keys (T1, T2,...T6). The
seventh key served as a home key. Six red LED's were mounted on
a black background 8 cz gver each target key.

/

Procedure. The sﬁgjects vere randomly assigned to each cell

of 3 2 1 3 factoriél design in which the factors vwere the types

v

learning (intentional verus incidental) and movement sequence

rh

e}

size (4, 7, or 11 movenments).
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Figure 1. Schematic diagram of the response panel.
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Por all subjects the experimental task consisted of

e

learning a series of discrete movements, which together composed
a movement sequence. Each moveament was defined as moving the
right hand froa the home-key to a target key, and back to the
hose-key. The crder of the movements which made up the sequence
was controlled by an orienting task, in this case a
reaction-time task. Eacﬁ subject was instructed to move froa the
home-key to a target key as gquickly as possible, always
returning back to the home-key. Each target key was designated
pY an illuminated LED, which was terminated when the appropriate
target key was depressed. The interval between the onset of each
LED was three seconds.

The subjecf was seated directly in fromnt of the apparatus
and received instructions atout the nature of the experimsent.
Zach subject was tcld that the experiment was a choice
reaction-time task. Each sulbject was qsked to turn-off the
stimulus lights as quickly as possible. The intentional learners
were additionally instructed to remember the order of the
sovements in the sequence and that there would be&é recall test.

Tne subject started the presentation of the orienting task
by depressing the hcme-key. Each subject received a sequence of
either 4, 7, or 11 zovements. The order of the target keys was
3,5,2,6,; 3,5,2,6,4,5,1,; 3,5,2,6,4,5,1,2,4,1,6, respectively.
Since the experiment was concerned wita learning under sinimal
trial conditions each subject received only two trials of the

-
cozaplete seguence. Following the coapletion of each trial an
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aﬁditory signal ("Beep™) sohnded, informing the subject to stop.
There vas a 10 seccnd interval between eachltrial. Ten seconds
following the completion of the second trial all subjects
received written instructions asking for the correct serial
recall of each movesment in the sequence. The onset of this
recall test was 45 seconds after the co:pletion of the second
practice trial.

The inciderntal subjects received a post-test ingquiry
following the coapletion of the experiment. They were asked if
they had expected a recall test or had systeématically tried to
learn the movenent segquence during the orienting period. Any
subject who answvered affirnativq%g to either question was

discarded and replaced.

Analysis of data. ,
During the recall test all keys that vere depgéssed by the
subject were recorded. Two dependent measures, position scores
and event-to-event scores, were analyzed. Pof the position
measure, a Correct sovesent was deéfined as depressing a target
XKey in the proper sequential position. For exaample, if target
Yey (T6) was the fourth key depressed during the rractice trial,
it was reguired to be the fourth key depressed during the recall
test to pe scored correct. If a different key was depressed an
error was rejistered. From this data the percentage of correct
aoveaents was calculatedi An additioral measure, that is,

event~-to-event associations was also calculated. This aeasure is

based aun the possitlity that the movements of the sequence are

[
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associated with each other, not neccesarily with the position in
the sequence (Keele & Summers, 1976). Each time a subject
recalled two moveaents in their proper or@er, regardless of the
serial position, the subject received a correct score. An
example will serve to illustrate the use of this measure. In the
seven movemeht sequence the correct 6rder vas 3,5,2,6,4,5,1.
Suppose a subject recalled the govements in the order
1¢5,3,2,6,4,5. Using the position measure the subject would
receive a score of 1 because onlyvlovenent T5 is correct. Using
the event-to-event measure, however, the subject would receive a
score of 3., This‘/is because the order 2,6,4,5 is a correct
sequence of movements, producing 3 associatio;s. Suppose another
sub ject reéalled the sequence 3,5,6,4,3,5,1. The event-to-event
score would be 3 because the movements 3-5, 6-4, 5-1 were
correctly associated together. The subject would receive only a
score of ' for the 3-5 association, even though the association

X

was produced twice.

Results apd Discussion

One incidental learning subject who reported that she had
anticipated the recall test was discarded and replaced. The data
for each dependent mseasure were analyzed by an ANCVA. The
analysis of the position measure was discussed first, followed

cy the analysii\iij7he event-to-event measvre. The general

firdings vere then’discussed. Por the purpose of the arnalysis,



all values in the ABOVA and post-hcc comparison were considered
statistically significant at p<.05.

Pogsition analysis. The overall analysis revealed that both

the aain effects of types of learning and seguence size vere
significant, P{1,54)= 55.06 and F(2,54)= 23.84, respectively.
The findings susaarized in Pigure 2 indicate that the
intentional learners recalled a greater number of moveaments from
the sequence tnan incidental learners. Furthermore, as the
sequence size increased, the percentage of moverents recalled
decreased.
The instruction by Sequence size interaction was also

/significant, F(2,54)=3.24. Due to this:interaction the effects
of the nusber c¢f zcvements in the sequence was analyzed

X

inarately for intentional and incidental jroups. For
intentional learners, the recall of movemerts decreased
aonotonically as the pnuaber of movements increased (95%, 72.4%,
+3.1%). 2ost hoc analysis, using Tukey's HSD test, revealed that
ach intentioral 3Jroup vas significantlf different from each
other. For incidental learpers, the percentage of moveaents
racalled decreased from 60% for & no;elents to approxizately
chance levels (16.6%) for 7 and 11 movements (15.8% and 23.4%,
resctectively) . Post acc analysis, using Tukey's BSD, revealed
that the recall of foaur =ové=ents ¥as significantlylbetter than
either seven or sleven sovements. There vas, however, no
sigaificant diffsrence betveen tre percentage té;alled by the

eV

It))

2 or elevern 20v<ement groups. This interaction was acst



—  _Figure Za. Percent recall of positions under incidentaland —
intentional learning conditions as a function of
movement sequence size.

Figure 2b. Adjusted percent recall for events under incidental
- and intentional learning learming conditions as a

function of movement sequence si:ze.

A
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3

fjlearning conditions for seven and eleven inggggggifghggris,fthefmi

likely produced because of a floor effect in the incidental ==

recall for the seven and eleven moveament conditions was not
sxgnlficantly difference than chance. The group means are
represented graphically in Pigure 2.

In general, the position léasure demonstated that
intentional 1earn1ng is superior to incidental learning undet
all three seguence size condltions. The results also 1ndicated
that 1nc1dental and 1ntent10na1 learning are affected in a
similar manner by the amount of information. Increasing the

inforsation load resulted in a decrease in the percentage- of

" movements recalled. It should be noted , hevertheless, that

position recall dropped to a chance level for seven and eleven
lovelents.’

Event-to-Event analysis. The overall amalysis revealed that
the main effects of types of learning and sequence size were
significant, F(1,54)= 13.157and P(2,5u)=16.01;7respectively.
Intentional learmers had larger event-to-event scores
(associations) than incidentai learners. A post hoc analysis of
the sequence size conditions revealed that the four movements
condition was significantly larger thanm either seven or eleven
movements conditicns. There was no difference between the seven
and eleven movements conditipns. Genetally, as with position
recall, intentional~leazaiég—gfeups'deaonsttate&wgreatgtgteca11
than incidental learners {(see fignre 2). £n;thé£:o£e7~thefJ

results of the event scores are fairly consistent with the
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findings found for the position measure. i e -
Some of the findings demonstrated in,thisgexpaningntga:amﬂW,,W,, f;
consistent with previoﬁs findings in verbal and psychomotor
research. Both dependent variables eaployed in’this study
provided evidence that intentional learning is superior to
incidentil learning. This general finding. is consistent with
previous research in both the psychomotor (Dick%nson, 1977) and
verbal (Postman & Adaams, 1957, 1958) literature. The finding
that inteﬁtional learning}varieé inversely with the alount of
infoflatiod to be acguired is alséﬁconsisitent with the
psychomotor (Magill & Dowell, 1977; Wilberg & Sallela, 1973) and
verbal (Calhoun, 193%; Postman & Adams, 1958) literature. There
vere some results, though, that are not consistent with previous
research. Earlier studies in the verbal learning domain
demonstrated that for incidental leatnihg, the percentage of
recall d4id not decrease as a function of the amount of
information (Postaan & Adaas, 1958). The present findings, on
the other hand, showed that the percentage of recall dropped
significantly after the movement sequence size was increased
'frOl four to seven movements. This finding may be open to two
dif ferent interpretations. First, though probably a weak
interpretation, it might be argued that pS]CAOIOtOI and vérbal
incidental learpning are not governed by a common process; that
is, qualitatively different processes govern the quuiSition and
retention of psychosotor and verbal information. This . . -

interpretation is difficdlt to advance on the basis of a single
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experisent. Also, it is highly difficult to seperate the verbal

co:ponents'ftOl fhe motor conponenté in the gréEéﬁf task. »
seéond, and probably a heiter intetpretatio?, is that the
differences between the Present iﬁéidental learning findings and
previous work may be explained by}néthodological differences.
¥hereas the present study employed 4, 7, or 11 movements,
Postman and Adams (1958) presented subjects uithrlistﬁ of 2&,
36, or 48 nonsense syllables or.adjeétives. It is very likely-
' that the information load in the Postman and Adams. study vould
bejconsidered supra-span. In the pfésent study, incidental
leétning dropped when the inforiﬁtion load increaéed from four
to seven movements. It i; most probable that four movements
represented a "sgb-span® inforlation load. It may be argued that
a2 seguence size of seven movements was beyond the immediate
Remory span. This contention is supported by the finding that
none of the ten intentional learners were able to recall all
sevgn novements in correét serial order. Thus, it might be that
incidental learaing is adversely affected as the the number of
novements exceeds the capacity of the memory span. As this
capacity is excegded information is lost or forgotten unless
rebycleGVOt organized by apéroptiate cognitive control
processes, such as rehearsal. . | ,
Another important featwre of the incidental learming
findings appears to hé 1inked‘ko the notion of A»lilited lélory
span. Under the.task conditions employed in this stﬁdy, the

position measure findings imply that incidental learning does
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not seea to occnr.nhen,the inforsation load exceeds_themlilited,
spin capacity. This conclusion is inferred from the finding that
the recall for seven and eleven moveaments was not gréater than
that of chance. However, the event-to?event findings indicated
that subjects were acgquiring some aspects of the task. This
finding sugéests that the event measure aay be'lore sensitive to

changes in behaviour.

Serial Position EBffect

A reliable phen?:enén fouqd in the study of verbal serial
learning is the bowed serial position curve. This curve involves
the relationship of errors to the serial position,pf the itea in
the list. In general, for serial recall errors are greatest in
the middle, followed by the eﬁd position'(tecency effect), with
the fevest errors'occu:ring at the beginning (primacy effect).
Psychomotor studies, ﬁo;ever, have had difficulty delonstraiing
this phenomsenon. Zaichkowsky (1974), in a study involving the
acquisition of eight serial movesments, found that learning
occurred invthe same order as the movements were presented. On
the other hand, Magill and Dowell (1977) fohnd a bowed serial
position curve for serial recall in motor mesmory.

The present findings also demonstrated the phenomenon of a
bowed serial position curve. But this effect wds only found for
intentional learners (see appendix B-1). Purthermore, like the

Magill and Dowell study, the bowing seemed to be a function of
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the number of movements. The seven aﬁﬂ eleven movement sequences
both delonstratedAeyidencerof prisacy and recency effects. In
both cases, the prilacy effect was much stronget‘than the
- recency effect. |

" Several attempts have been made to account for the serial
position curve (cf. Jung, 1968) . One of the'lost recent efforts
.by Crowder (1976) proposed that the boved serial curve vasA
produced by tweo processes. Primacy results fron_acfive
strategies such as rehearsal. Items, in the present case
movements, in the beginning of the list have more rehearsal
,opportunity. The recency effect is produced by a second process,
telporai distinctiveness of the end iteas. Crowder'srptoposal
gives a good account of the primacy differences between
»incidental and intentional conditions. In the post-test inquiry,
none of the incidental subjects reported engaging in rehearsal.
Thereforé, therincidental group should not, and did not,
demonstrate any primacy effect. However, if the recency effect
is due to tenporal.distinctiveness,;both incidental and
intentional groups should have produced recency effects. The
incidental learpners did not shov any evidence of recency; Thus,

2

it appears thaf'the recency portion of the serial position curve

is not conpletély understood.

It may be the case that the low level of incidental
- !
learning with larger information demands say not be attributed
to differential memory span processes. Rather, with more

information to be acquired, a greater number of trials is

zzﬂ:’”gﬁi‘
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required to build up the associative links necessary for
successful serialvrecail of therdiscféféfibiéiéﬁts. Therefore,
Bxperilent‘z vas designed to test the'effects'of_p:actice dn the
acquisition of a moveament sequence npdét incidental and

intentional learning conditions.
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¥. RXPERIRENT 2 .

In the field of learning there has been considerable -
Vresearch effort directed towvards determining the effects of
' pracfice on learning. In fact, the concept of practice has been
incorporated into many definitions of learnipg. For example, in
the psychonotdr area Magill (1980) stated that leatning occurs
as alfunction of practice. Also, a classic finding in the motor
menory field is that retention of movement information increasesr
vith pr;ctice‘(i.e.; Adams & Dijkstra, 1966).

Since the study of incidental learning is concerned with
the initial disposition cf the learner (Postman, 1964), it is
not surprising that fhe effects of practice on incidental |
learning have been of intetesi. One psychomotor learning study
that has investigated the effects of pracfice on incidental
learning wvas conductéﬁ by Dickinson (1977). He found that the
initial differences between incidengal and intentional groups
disappeared after ten trials. These findings conflict with
verbal findings vhich demonstrated that intentional learning
increased as a function of practice, vhiie incidental learning
did not seen to be affectéd {i.e., Postman &‘Adals, 1958) .

Dickinson;s {1977) study appeared to bhave sigmificant
theoretical and practical isplications. One such ilplication vas

that if subjects vere directed to information by an appropriate

orienting task,:- learning would occur over time at a level
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equivalent to that acheived under intentional learning
conditions, regardless of an *intenf’tU‘1earnf;‘ﬂnfottunatét17
as discussed in Chapter 2, there were problems with Dickinson's
(1977) study. an broblel was the apparent ceiling effect in the
inten;ional learning condition. This problem could be rectified
by having sﬁbjects atteapt to acquire a demanding task. In the

present study, by using the same central task as employed in

Experiment 1, it was possible to increase number of moveaments by -

increasing the size of the movement sequence. '
Dickinson's (1977) éesults'ilply that if subjects are
directed to the experiléntal task, incidenfal Learning will
occur over trials. Thus, the purpose of Experiment 2 was to
invesfigate the effects of practice on incidental and
intentional learning. If mere exposure to the central task will
produce lparning, it follows that incidental learning should

increase as a function of the number of trials.

Method
Subjects. The subjects were 40 (n=ubj task naive students,
20 females and 20 males, from Simon FPraser University.

Apparatus. The apparatus was the same as used in Experiment

Procedure. The subjects were randoaly aSsigné& to each cell

of a 2 ¥ 2 factorial design in which the factors are types of

learning {(intentional verus incidental) and the amount of
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practice (two or ten trials). The orienting task used im

BwuumtiusuwumdhtﬁsamnnutanJm%&q
to dexerniﬁe a movement sequence size that would not result in a
ceiling effect underx intentionai learning conditions. Pilot work
indicated th:; rerfect serial recall occured after only.g few
tfials {(4-6) using the tvo sequence sizes'(7 & 11) that shoved
little incidental learning in Experiment 1. Subseguent pilot
work detetlined that intentional learners vere unable to
perfectly recall a sequence size of 15 movements after 10
trials. Therefore, it was decided to use 15 movements in the
sequence. The order of the target kejs vas ’
5,4,6,4,3,5,1,6,2,1,3,4,2,5,3.

The&§ubject vas seéted directly in frgnt of the apparatus.
After being briefed on the purpose of the experiment, dependent
on the instructional condi;ion; the subject started fhe
experinént by depressing the home key. This started the
presentation of the stimuli lights which defined the moverents
of the sequence. The interval between the onset of each

successive stimulus vas three seconds. The subjects perforaed

the movement #equence either two or tenm times. The coapletion of

Aeach sequence wag signalled by an auditory signal ("Beep"). The

interval between trials was ten seconds. After the completion of
all practice trials, subjects received amother auditory signal,
informing them to stop. Ten seconds following the end of the
last practice triil, all subjects, regardless of coadition,

received written instrnctioné asking for the recall of each
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movement in the sequence in correct serial order. The recall
test started forty=five seconds after the coipIéfIbﬁfEf‘fﬁég;"" 
final practice trial. ‘ 7 |
) As in Bxperiment 1, all incidental subjects received a
1post-trial inguiry;

| Analysis of Data. Since the number of -ovelénts in the
sequence was the same for all conditions, the nniber\of correct
lovenentsfﬁas recordeﬁ. As in Bxpetinent\?,Aboth position and
event-to-event scofes vere calculated. An ANOVA vas‘performed to
determine any significant treatment effects.
Results g;g Discussion ?

No incidental subjects reported in the post-experisental
inquiry. that they had previoans knouledge of the recall test. The
data for each depeadeant measure vere analyzed by an AROVA. The
analysis of the positlon measure was discussed first, followed
by thé‘analysis.of the event-to-event léasnre. The general
findings ;re then discussed. Por the pufpose of the anaiysis,
all valuesf??if%e.Alovn and post—hdc comparison vere considergd
statistical siqqificant at p<.05. | ‘

Position apalysis. An analysis of véri#nce showed that the
aain effects of types of 1eariing.and asoant of practicé uere:
sxgnlflcant, P(1,36)=42.04 and P(1 36)=24.68. There was also a
significant types of learnxng by amount of practice interactlon;
F(1,36)=8.41. It-is apparent f:o- Figure 3 that intentional 7
learning was superiér to inéiﬂental learning. Post-hoc analysis,

P .
/
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Eigure 3a. Correct number of positions recalled under incidental 5
and intentional learning conditions as a function of
practice. -
Figure 3b. Correct number of events recalled under incidental and
intentional learning conditions as a function of
practice.
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7using rnkey's HSD, for silple pairtise differences indicated

"that in both the intestional amd incidental iastructional
conditions there wvas a s;gnificant increase in recall over
trials. Hovever, there was a significant gainm for thé
intentional learners over the :fzzahutal learners as a function
of practice. |

Event-t g: venRt apalysis. An analysis of variance revealed
that the main effects of types of learning and alount of 7
practice were significant, P{1,36)=28.75 and P(1,36)=12.36. The
type of learning by amouat of practice interaction was not- -
significant, P (1,36)=3.89. The results, sho'l‘in Yigure 3,
indicate that the event-to-event Beasure, as with the fosition
leagnte, provide strong ;;idence that intentional learning wvas
superior to incidental learming. This finding is consistegt with
the ordinal imteraction foumd for the position scores. Both
measures, positiom and event scores, indicate that both
incidental and intenticnal learning increases with practice.

The present findings support the hypothesis that repeated
expoéu;e to the movement sequence produces %ncreased incidental
learning. These findings are inconsistent with the findings
de;onstrated in previcus psychosmotor research (Dickimson, 1977,

1978) . Dickinson's (1977) results showed that after tem trials .

_there was no difference between incidental amsd intentiopal -~ —

groups. In contrast, the present findings, as may be seen froam -

Pigure 3, shov that the initial superiority of intentional

learners increased over trials. The discrepencies between: the
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present findinés and those published by Dickimson (1977) are =
pore than likely due to ﬁiffEtEﬁCGS'in”tISk’ﬂé]IﬁﬂSi"Thé‘tﬁSti .
used by Dickinscn involied'the acquisition of four linear
movements. It is probably the case that this task was too
simple, allowing optinmal perforlanéerto be quickly attai&gd. The
task used in the present experiment was more demanding, as
reflected)by the intentional learners sub-cpfilai performance.
The findings from the verbal domain are incoasistént. Pbr
example, Pbstnan anpd Adams (1958) and Koyanasgi (1958) found
that learning under intentional instructional conditions
rincreased aé the nusber of préééntationé increasedlrﬂdwever,
both these studies demonstrated that,thé incidental subjects did
not showv any significant trend tovards increased learning as a
function of practicé. Cn the other hand,leeitlan and Gillett
{1957 delonsfrated that incidental and intentional learning
increased with practice. The present findings are consistent
vith those of Gleitman and Gilleff.
Pinally, referring to the position measure as one indicator
of learning, the present study delonsfrated that under aminimal
practice conditions (two trials), the recall for incidental
learners uasbno greater than that which counld be acheived by
cpaﬁce. This finding is consistent with the results of
Experiment 1. FPurthermore, the position score for the -
intenfional leﬁrnets ié Coﬁsistent vifgith; égéidibf decfégéigé -

recall efficiéncy as the amount of information is increased

found in Experiment 1.
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Thus, it appears that practice results in a significant

increase in acquisition of a movement sequence under incidental
learning conditions. A question that does arise is wvhat accounts
for the differences between incideﬁtal'and intentional learming.
One possibility is that there is a difference in the cognitive
activities used by the two types of learners. Therefore, the
purpose of Experiment 3 was to'investigate the influence of
mediating activity on the acquisition of a moveent sequence

aunder incidental and intentional learning conditions.
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YI. BIPERIEENY 3

Postman (1964) argnedwthat intention toAleatn is not an
inéortant determinant ofrthé amsount of learning by subjects. He
contended that the superibrity of intentional ;earners over
incidental learmers is only due to the extemt that instructions
to learn trigger responses that are more favourable to learning.
It has been been suggested that imstructions to learn encourage
subjects to engage in rebears#l {Postasan & Kruesi, 19??{i This
type of mediating activity 1ight allov for the build-up or
formation of ass?ciaiive links between items that say be
necessary for co}rect serial recall of'the relevant material.

The ;esults of Experiment 1 indicated that incidental
learn;9g of a movement seguence occurred during minimal exposure
conditions;in 'sdb-spég' inforlatioﬁ load conditions (four
movement components). Under the same conditions, the intentional
learning group still recalled significantly more moveament
components. From the previous arquments one Bmay assume that 0
these differences are produced because intentional learners are
using mediating activities that produce superior recall. If
instfuctions to learnm encouraged the use of mediating activities
such as rehearsal, it follows that preventing such sediating -
activity should elisinate any differences in recall between

incidental and intertional learning conditions.
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The purpose of Bxperiment 3 was to determine if lediiting'

dctivity vas responsible for the superiority of intemtional
"learners over incidental learners. It was hypothesised that when
the mediating activity was blocked by distractor tasks, the

differences between inmstructional groups would disappear.

HEtQOQ

Subjects. Tventy-eight (n=28) task naive students, twelve
females and sixteen males, from Simon Fraser University‘served
as snbjecté.

Apparatus. The apparatus was the same as used in
Experiments 1 and 2. |

Procedure. The subjects were randomly assigned to each cell
of a 2 X 2 factorial designm in which the factors were types of
learning (intentional versus incidental) and rehﬁgrsalrtype' ,
(unfilled or filled).

Por all subjects the experimental task conéisted of
learning a series of four discrete movements, which together
compose a sovement sequence. Each nofement is defined as Roving
the right hand from the home-key to'a target key, and back to
the home-key. The order of the movements vhich'-ade op the

"sequence vas specified by an oriemting task, in this case a

reaction-time task. Rach subject was instructed to'move from the

home-key to a target kei‘and back to the hone—iej ;;W;dickly as

possible. Bach target key-wvas designated by am illuminated LED,



uhgph ias‘terlinqted vhen the appropriate target key vas
deé:essed. The interval betvween théfonget of each LED was three
seconds. Subjects ir the rebearsal blocking condition were
requi;éé to read aloud a series of four tuo—tb-three place
randoa digits that appeared on a video screen during the
interval follqﬁing the depression of the homekey and the onset
pf the next LED.

~The subject was seated directly in fromt of the apparatus
and received instructions about the nature of the eiperilent.
Each subject‘uas toldvthat the experiment vas a choice
rea;tion-tile task. Each subject vas asked to turn-off the
stiamolus lights as gniékly.asvpossible. The intentional learners
vere additionallyainstructed to remember the étder of the ’
movements in the sequencé and that there would be a recall test.

Bach subject received one pre—expetiiental trial. This
trial vas used to fasiliarize the subject with the task demands.
The moveaent ébquence used in this pre-experimental trial was
different froam the sequence used dufing the experimental trials.

The subject started the presentation of the orienting task
by depressing the home-key. Ihe snbjeét vas presented with a
sequence of four loveleﬁts. Since the experiment was concerned
vith learning onder minimal trial conditions each subject
received only twvo trials of the coaplete sequence. Following the
completion of each practice trial an'aéditdry éiénal o
("Beep-Beep”) sounded, informing the sabject to stop. There was

a 10 second interval between each trial. During this interval
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subjects in the rehearsal blocking ¢ondition‘verér;nstrhéfed'to"
answer an arithmetic problem that appeared on the video screen..
Imnediately following the completion of the second trial
subjects in the rehearsal blocking condition ge:e instructed to
solve ;nother arithmetic problesm foiﬂten seconds. i}l subjects
then received vritgen instructions askiﬁg for the correct serial
recall of each movement in the sequence. The onset of thist
recall test occur:eﬂ 45 seconds after theQCOlpletion of‘the
secand practice trial. ' |

The incidental subjects received a po§t—té§i inquiry
follouiné the conpleéibn of the e;perilent. They were ;sked if
they had expected a recall tesf‘Ot héd systelatiqgllf tried to

A

learn the movemeat sequence during the orienting period. Any

subject who answered affirmatively to this guestion was

discarded and replaced. Furthermore, intentional subjects in the

rehearsal blocking‘condition also received a post-test inguiry.

They were asked if they had not atteapted to perforam the

distractor tasks. It was decided that any subject who answered
e

affirmatively vould be discarded and replaced.

Analysis of data. Since the number of movements was the same for
each condition, the number of correct lovélents vas recorded. As
in both previous experiments both poéition and event-to-event

scores vere calculated and analyzed.
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Besults and Discussion |

One‘intenfional learning subject who cbuld’not shccessfuiij
perforn the distractor task was discarded and teplaced. The data
for each dependent Beasure wvere analyzed by an ANOVA. The
analysis of the position measure is discussed first, followved by
the analysis of the event-to-event measure. For the purpose of
the amalysis, all values in the ANOVA and Pbst-hoc comparison
wvere considered statisticaliy significant at p<.0S.

Position ana;zsis. An analysis of vatiance»rgvegled that
the main effects of type ofrlearning and rehearsal type vere
significant, r(1,éa)=e.u7 and FP(1,24)=52.94. The type of
jlearning by rehearsal type interaction was also significiﬁt,
P(1,2u)=5-88. A post hoc analysis ;f the intentional learning
condition, using Tukey's HSD, revealed that there was a
significant difference between recall condltlons.’l similar
-effect was found for the 1ncidental leatnlng group. It is
apparent froa the flndings as displayed in Plgnre q that
intentional learnlng was superior to incidental learning when
mediating activity was not disrupted. ‘Hovever, post hoc analysis .
revealed that there was no différence between'inst:nctionai—
groups when such mediating activity is hiqcbed?(1.1ﬂ ana 1.0 for
-intentional and incidental groups, respectively). The data also
‘clearly indicated that both incidemtal and intentional -learning
were adversely affected by the distractor tasks.

‘Event-to-event analysis. An analysis of variéncé_revealed

that both main effects of types of learning and rehearsal type
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Figure “4a.

Figure 4b.

Correct number of positions recalled under incidental
and intentional learning conditions as a function of

rehearsal blocking activity.

Correct number of events recalled under incidental and
intentional learning conditions as a function of

rehearsal blocking activity.
' »
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vere éignificant, P{1,28)=11.52 and F(1,28)=42.61. The fyﬁé of
learning by rehearsal type'interacfion wvas also significant, —
P(1,24)=8.25. A post hoc analysis of the incidental lqarning
condition revealéd that there.vas a significant difference
betveen rehearsal conditions. A similar effect was found for the
intentional learners. The findings as seen in Figure 4 imply
that intentional learning was sigmificantly better th#ﬁ
v incidental learnipg when mediating activity was not disrupted.
However, post hcc analysis revealed that when appropriate
mediating activity was prevented by distractorltasks, the level
of incidental and intentional learning was almost eqnivale;t.r
These findings are consistent with those found for the position
measure. .

The findings froa the present expérilent supported the
hypothesis that preventing mediating activity, sncﬁ as
‘rehearsal; elininate the difference iﬁ recall under incidental
and intentional learh}ng conditions. This conclusion is inferred
from the finﬁing that infentional subjectsrallovéd to engage in
mediating acfivity perforased far better‘tﬁah'incide;tal learaing
subjects.'This snperior petfdr.ante was eliminated under
conditions of interference with mediating activity.

The finding§ aiso indiéated thqt'vben rehearsal wvas

prevented, incidental learning was disrupted. Postman and Kruesi

11977) suggested that the differenceé 5etweé;iinc£aenia1 andi

intentional learners were produced by the intentional learners

spontaneously engaging in rehearsal. The present findings
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provide support for their claim. The question arises, however,
that if rehearsal resnltS'in'Superior;inteﬂtional”le&fniagf—fhy~~~vff—~
would the distractor tasks produce poorer incidental learning. -

The post-experimental inqnirj'revealed that none of the

incidental learners engaged im rehearsal or other comsciously
controlled leérﬁing sttategies. There are twvo possiblé\

explanatlons of this fxndlnq. 1) the prevention of antb@atxc or
"unconscious® processing, and. 2) proce551ng capacity

interference. It might be the case that learning occ;rs thrdnghﬁ

tvo processing modes: controlled‘and automatic. This notion of a

two proceés theory of husan information pfoceqsing vas advanced

by Schoeider and Shiffrin (1977) . Although the explanation

advanced for the inéidental learning findings of the ptesent‘

study is much more sisplistic than'therelaborate theory proposed

by Schnéider and Shiffrin, the genetal idea is similar. c |
gAccor&ing to this line of thought, both astomatic and conttolled

processes are activated when a subject is exposed to«the
X . . 3

-

expetileﬁtal task. A controlled process, such as rehearsal, is

conscxously controlled by the snbject. An automatic process is

©  activated without. conscious control. This ptocess Ray be

conceived as operating through previous associatibns in

16ng-tgtl leioty. Forcing subjects to endage in i-taék which

"prevents mediating activity silultaneonsly prévents these.

automatic processes frons becon1ng fully act1vnted. Tt light also

be the case that these distractor tasks pto&nced iétI“ifIEi‘Egg r“‘ﬁ’

" automatic processes, resulting in interference.
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The second epranatlon for the inciﬂentalerarnfng finding A
is based onrthe—exp%anatory'consttuct'of~1itite&*processruq‘*"*%*“*'
capqcxty (Broadbent, 1958). It h;s been generally recognized
that humans have a limited capacity to process inforsation. It
7uas previonsly argued that the four movements of the sequeace
weré vithin this limited capacity. This argument vas based onm
the finding that intentional subjects were able to recall»all
" four movements, a ;}]ling reﬁlicated in the present study. P
However, when the target movements of the séquence vere coabined
with the distractor tasks, it is possible that this_capacity is
exceeded. This may have resulted in information beinq iést:
producing poorer recall. |

The results frea the present stndy,'as in Experisent 1,
demonstrated that incidental learning occurred under 'sﬁbspan"
information load. The present findings, using a different
movement seqﬁence, vere also identical with those of Experiament .W.ﬂ
1. If the poéition measure scores for both intentional and
incidental conditions are transformed to perceatage scores the
.similarities become readily appaieht. For incidental learners
the mean scores were 60% and 60.5% for Bxperiments 1 and 3,
respectively. Under inteational learning conditions, the mean
scores were 95% and 100% fof BxpetilentsLI and 3, respectively.

The event scores, however, are not as consistent betwveen

experiments. The transfor-ed mean scores vere 601 and u2.7s for

Experiments 1 and 3, respectlvely. Nevertheless, these findtngs
do provide evidence tbhat 1nc1dental learning onder these task
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intentional learning conditions. In this section the general

YII. GENERAL DISCUSSION

The purpose of the experiments described was to investigate
how number of movemeats, practice, and rehegrsai influence the
acquisition of psychomotor behaviour under incidental and
findings of the three experiments are revieved, with comparison

to previous research and possible theoretical explanations.

of ‘intention to learn' and the role of instructiong to learn in
psychomotor learning.

In general, subjects given insttﬁcéions/to learn recall
ROrLe movements of a sequence than susbjects who are merely
exposed to the movement sequence by means of an orienting taék.

This finding is consistent with many earlier verbal studies

‘(Murray & Ure, 1974; Postman & Adaas, 1957, 1958; Postmah,.

Adams, ¢ Boha, 1956; Shellows, 1923). This superiority for
intentional learaing vas eveam more ptonounced as the number of
trials increased, a finding contary to that previously
demonstrated by Dickimson (1977).

Analysis of the effects found in. the present studies

jndicated that all the indepemdent variables had a similar

learaing. Although the size of the effect did vary, the

direction of the effect was always in the samse direction. There
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vas no evidence of any independent variable prodncing effects in

the opposite difécfidns under incidental and intentional
learning conditions.

The observation that the independent*taiiables produced
effects in the same directions seeas to be consistent with
Postman's (1964) conclusiom that incidental and intentional
learning are functiocnally and conceptually equivalent. This
conclusion implies that any differeneeS'hetveen incidental and

intentional learning are guantitative, not gualitative in nature

{8cLauglin, 1965). It follows that there is no 1qstificatiqn7fqgﬁ

arguing that incidental and intestionai learning represent two
qualitatively different types of learning. One might argue,
based on the findings of Experiment 3, that the intentional

sub jects silgly engage in mediating activity that is effective
for "higher® levels of learning.  These lediating activities,
such as rehearsal andwaneleaic stkategies like labelling, are
important for t?e subsequent serial recall of the movement
seguence. le!gifheless, the implication that incidental andJ;’
intentional leashing represeat only ehe ty}e of learning lai\be
hasty. Murray and Ure (1978) have presented evidence that is .
lnconslstent ¥ith Postlan's claim. They found that both

1nc1denta1 and intentxonal palred assocxate verbal learning are

. affected in opposxte 'ays as a fnnction of inter-stimulus

interval. The conclusxon as to whether 1nc1dental and

1ntent10aa1 learning involves different underlyinq nechanis:s

avaits further investigation.
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Based on thefindingé of numerous investigations, Postaan
(1964) argued that intent per se has no significant effect on—— —
learaing.vﬂe suggested that instructions to lgarh»ttigger
responses to the experimental information which are favourable
to learniqg. Argning from this assoéiatioiisiic'school of
thought, Postman proposed that fhe most adeguate theoretical
explanation of results from incidental learning studies was the
diffa#ential cune-producing hypothesié. Ihis>hypothesis;holds
that the amount and charateristics ofvlearaing depends on the
responses - inclﬁding categorizing responses such as naming and
labelling, other fesponses eliéited by stimulus ééhetalizaiipn,
and other respcnses serving as associative links asong sesbers
of a series- vhich occur during exposure to the experimental |
material (cf. McLaughlin, 1965). These responses are seen as
acting as essential cues léﬁiating racall on a retention test.
According to this hypothesis,winteﬁtional learners are expected @
to give more frequeht and higher intepmsity differential
responses to the experimental material, and are more likely to
rehearse these differential responsés. !oét of the present
findings are not comsistent with the«diffe:e;tial cue-producing
‘hypothesis. These consistehcies and inconsisteacies vill be
discussed in the next few paragraphs.

The general findimg that intentional learning is superior

to incidental learniaéiénéports the notion that these learners

are gemerating loié’frequént and intense differential responses.

Purther evidence for the differemtial cuve-producing hypothesis
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is provided by;ﬁxpﬁtileat3.13iockinqlediatingactivity,thus ‘
preventing the genmeration of differemtial reponses, resulted im =
the differences between the two imstructional gronés |
disappearing. However, not only did the differences disappear,
}both instructional groups exhibited a decrease in the number of
correct sovements reéalled. This finding suggests that when the
&ifferential responses generated by the orienting task under
incidental léa:ning,conditions»are blocked, learning is
&dversely affected. |

Unfo:tunately, the differential cne?producing hypothesis is
open to criticisa. uanf authors h#ve argued iﬁat any téée&tchwr
fiﬁding may be explained on an adhoc basis as correlates of the 3
ﬁattetn of responding generated by differences in imstructions
to learn (HcLauglin, 1965; Saltzean & Carterette, 1959).
Hovever, even if the éue-prodncing hypothesis did not have these
- probleas, some cf fhe presentlfindingsa;edif:icnlt to explain
"in terms of the differential cue-producing hypothesis. Por
example, eatl} formalations of the hypothesis sunggested that
incidental learning should be limited to a few iteas andxthus
result in less intralist generalizations (Postman & Adams, 1957;
Postman, A&ans, & Philips, 1955). It follows that increases im
the amount of information should have a less adverse effect on

incidental learaing tham intentional learning (Postman & Adams,

1958}. Howevég;riiVigm;;;éténfrfrcl the teé;its of Experiment 1

that increases in the size of the movement seqﬁéﬁée had an

adverse effect on both imcidental and intentional learning.
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Furthermore, the findimgs 6f Experiment 2 are iﬁéb;éi;;éﬁiﬁ;iiﬂ

this hypothesis. Postman, Adams, and Philips (1955) irgned that,
for incidental learners, diffetentiél résponses are likely to
occur during initial exposure to the experimental informationm.
Therefore, it follows that further exposure éhould be of little
benefit to the incidental learners. In Experiment 2, repeated
exposure to the movement segquence resnlied in a statistically
significant gain in the recall. Thus, there appears to. be some
doubt that Post;an's theoretical hypothesis .is adequate to

It may be argued, on the basis of the preseni
experimentation and previous research, that ihere is sufficient
evidence to indicate that intent per se has no significanmt
effect 6n\1earning. It appears that intention to learn operates
» in an indifegt manper. The instructions to learnm operate to -
orient the sabject to the'apptoptiate'inforlation"and encbnrage'
sﬁbjects to engagé in cognitive processes which produce
learning. When the appropriate learning operagioﬁs'bt processes
are blocked, as in Bxperiient 3, the differences between
instructional conditions are eliminated.

In line with the previous argument, incidental learning

only occurs as a by-prodact of the responses or operations that

are activated from performing therqrienting fask. Postaan (1964)

suggested that the orieating task might produce responses which

marximally facilitate associative-learhing, thus achieving the

same results as instructions to learn. This idea vas extended by
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Bigle and Nulliken (1974). They argued that the oriemting task
may be viewed as a specific type of learning operation. They |
asserted that by selecting an appropriate orienting task one
should be able to obtain incidental learning that is snperior to
“ordinary"®™ intestional learning. Bagle and Mulliken found thatA
having subjects rate words on an affective scale (pleasant /

~ unpleasant) resulted in subsequent §uperior incidental recall
compared to intentional subjects instructed merely to memorize
the words. These findings provide additional evidence that
intention is not a nécessary condition for learning.

Although the effects of the orienting task on the
relationship betveern incidental and intentional learning have
‘'not been investig;ted, Ho and Shea (1979) did shov that
manipulating the orienting task results in varying levels of
incidental learning. Their results imply that activities which
caﬁse the subject io engage in effective learning operations are
iaportant detersipants in learning. In the present study, it may
be the case that the orienting task eaployed to expose subjects
to the movement sequence did not activate the effective learning
operations; Thii arqgument implies that the differences betveen
experimental findings may be a factor of how the orienting'tasf,
experimental latetial,'and the independent variable iateract to

activate processes that are necessary for learning.

In susmary, the prgéént ei}érilentati;n found that

instractions to learn are am importaat part of the comditions

vhich should be identified im imvestigations of learning. In
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' general, subjects given instructions to leatnware'superiot*in5"“m*W*"*”
recall to snhjects merely exposed to the experimental task by - -
means of an otienfing task. Since there was no evidence that
independent variables produce effécts in opposite directions, it

might be argued that incidental and intentionalrpsychonotor

leérning are governed by the sale'underlying ptocgssés. Pinally,

with regard to the findings of Experiment 3, there appears to be
evidence to substantiate Postman's (196¢)Iassertion ihat int;qt

per se is not a significant factor in learning. It is apparent

that instructions to learn encourage subjects to engage in

cognitive activity that is appropriate for effective learning ,

and that vhen such activity is blocked, learning deterioriates.

L]
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APPENDIX A-1

Position Analysis of Variance Table:

Experiment 1

Source of Variance Sum of Squares DF Mean Squares F
MEAN ~  165060.1 - 1 165060.1 403.22
I 22542.82 - -1 22542.82 55.06 4%
M 19522.29 2 9761.14 23,84 x%
) IM 2650.42 2 1325.21 3.23%
é@ S(IM) 22105.09 54 409.35

S= Subjects, I=

**x {01
*  p<05

Instructions, M= Movements
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- APPENDIX A-2——

"Event Analysis of Variance Table: Experiment 1.

Source of Variance Sum of Squares"DF Mean Squares F

Mean 113013.6 1 113013.6  195.27

1 7616.26 1 7616.26 13.15 **

‘M , 18529.89 2 9264.94  16.00 %%
M " 665.62 2 332.317 0.57

5 (1M) 1 31252.47 54 578.75

S= Subjects, I= Instructions, M= Movements

*% pg.0l
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APPENDIX A-3

Position Analysis of Variance Table:

Experiment 2

249.52

24.62**

' Soﬁ}gg of Variance Sum of Squa?es- DF Mean Squares- F
ﬁEgN 1500.62 1 1500.62
I \\\: 255.02 1 255.02 42.40%*
T -\\1 | 14822 1 148.22
IT o . 50.62 1 1 50.62 8. 41%*
S(IT) | 216.49 . 36 6.01

|

S* Subjects, I=Instructions, T=Trials
** pd.01
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’ - ' Appendix A-4—

Event Analysis of Variance Table: Experiment 2

Sourcgjof Variance Sum of Squares DF Mean Squares F
MEAN 2059.22 1 2059.22 513.73
I | 59.22 1 59.22 24.75 xx
T 50.62 1 50.62 12.63 %
IT 15.62 1 15.62 3.89
s (IT) © o 144.29 36 4.00

'S=Subjects, I=Instructions, T=Trials

*% p<.oOl
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Position Analysis of Variance Table:

APPENDIX A-5

Experiment 3

Source.of Variance Sum of Squares DF Mean Squares F
MEAN 128.57 1 128.57 211.76
I 5.14 1 5.14 8.47
D 32.14 1 32.14 52.94 xx
1D 3.57 1 3.57 5.88 4
S(ID) - 14.57 \‘24_ .60

S= Subjects, I=

** pg.0L
* p<.05

Instructions, D= Distractor Tasks
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APPENDIX A-6 - S

Event Analysis of Variance Table: Experiment 3 .

Source of Variance Sum of Squares DF Mean Squares F
MEAN 43,75 1 43.75 83.52
I 6.03 1 6.03 11,52 *%
D 22.32 1 22.32 42.61 **
ID 4.32 1 4.32 8.25 **

S(ID) 12.57 24 .52

S=Subjects, I=Instructions, D=Distractor Tasks

** 5. 01 _ B
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Appendix B-1

Number of errors fO; each serial position ineach—

movement sequence size condition in Experiment 1

Position

Group 1 2 3 4 56 7 8 9 10 11,
Incidental - - - o

4 movements 5' 1 3 3 - - -« - - = -

7 movements 8 8 6 109 7 6 - - - -

11 movements 7.9 7 8 8 7 8 7 9 5 9 )
Intentional 7 oo 3

4 movements 0 1 0 - - = - - - =

7 movements 0 9 2 3 - - - -

11 movements 1 2 2 4 8 8 9 9 6 6
Note Maximum error= 10 ;

s\\\‘
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Appendix B-2

Number of errors for each serial position

in each trial condition in Eggefzgggt 2

-

»Position

Group 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Incidental

2 trials 5 8 7 8 810 910 9 9 6 9 8 10 6

10 trials 4 6 7 7 8 8 9 7 1/ 7 8 8 7 6
Intentional

2 trials 1 2 &4 7 8 7 6 9 8 8 7 8

10 trials 0 0O 0 3 4 4 2 4 3 4 1 2 0
Note méximun error= 10

*
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Appendix B-3 - -

Number of errors for each serial positiom when

mediating activity was blocked in Experiment 3

Position
Group 1 2 3 4
Incidental
unblocked 3 2 s 2 9
blocked 5 3 7 6
Intentional ' T e
unblocked 0 0 0 0
blocked . 5 3 - 6 6

.Note paximum error= 7
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