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Contextual dependencies in motor skills

DAVID L. WRIGHT and CHARLES H. SHEA
Texas A& M University, College Station, Texas

The development of contextual dependencies during motor skill acquisition was examined. En
vironmental context was varied along intentional and incidental dimensions. Intentional stimuli
were defined as essential for achieving skilled performance, whereas incidental stimuli were de
fined as those that have the potential to become associated with specific tasks due to their selec
tive presence in the learning environment. Experiment 1 demonstrated the occurrence of con
textual dependencies for the learning of four-key typing sequences. Contextual dependencies were
diminished in Experiment 2 when the number of keys used in the sequences was reduced. In
Experiment 3, a retention condition was incorporated, in which both the intentional and the in
cidental stimuli were not available; this confirmed that task difficulty mediated the development
of contextual dependencies. These findings are discussed with respect to the incorporation of en
vironmental contextual stimuli with memorial representations of movement information.

Almost everyone has stepped away from a desk in order
to do something and before reaching the destination has
forgotten what it was that he or she intended to do. The
solution for many individuals is to return to the desk in
the hope that the surroundings will assist in the reinstate
ment or retrieval of the memory. This is an example of
context-dependent memory, a phenomenon in which cog
nitive processing is affected in subtle, and often impor
tant, ways by the environmental context in which an ex
perience occurs (see S. M. Smith, 1988 for review).
Although environmental context has been defined in a
number of ways (Eich, Weingartner, Stillman, & Gillin,
1975; S. M. Smith, Glenberg, & Bjork, 1978), for the
present purpose, environmental stimuli will be classified
along intentional and incidental dimensions. Intentional
stimuli are those that are explicitly identified as essential
to task acquisition, and incidental stimuli are those that
have the potential to become associated with a specific
task because of their selective presence in the learning
environment; 1

When a person acquires a motor task, often one or more
intentionalstimuli in the learning environment can be used
in the reliable execution of an appropriate response. For
example, while learning to drive a standard shift car, a
beginning driver may attend to the tachometer and/or the
speedometer in order to determine the moment at which
a gear change should occur. However, if the environmen
tal context is examined closely, there are usually a num
ber of environmental stimuli that, to varying degrees,
coincide with the presence of the intentional stimuli. It
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is these stimuli that are herein considered incidental. Thus,
it is possible, as the learning of a task progresses, that
the performer of the task will begin to simultaneously
process some subset of the incidental stimuli along with
the intentional stimuli. To extend the driving example
the novice driver may begin to associate engine sounds,
vibrations, acceleration cues, or road sounds with the need
to shift gears, even though no explicit instruction has been
given to do so.

As long as the incidental stimuli maintain a stable rela
tionship with the intentional stimuli, it is possible that an
individual may utilize this information to execute an ap
propriate response (Underwood, Ham, & Ekstrand,
1962). In many cases, however, there may only be a spu
rious relationship between intentional and incidental
stimuli. Should the relationship between the incidentaland
intentional stimuli change or be eliminated at any stage,
the association developed between intentional and inciden
tal stimuli may prove to be problematic. In the example
of driving, changes in road surface or terrain may cause
the relationship between one or more of the incidental
stimuli and the intentional stimuli (i.e., monitoring the
speedometer) to be altered. At this point, any reliance on
such relationships might prove detrimental to per
formance.

In the verbal domain, it has been demonstrated that
recall and relearning performance improves if the sub
ject is tested in the original learning environment, rather
than in an environment that has been changed (Reed,
1931; S. Smith & Guthrie, 1924). These findings sug
gest that as particular skills are learned, memorial
representations incorporate parts of the original learning
context that can subsequently be used as retrieval cues
for accessing necessary task-specific information. It has
been suggested that contextual dependencies may also in
fluence the learning of motor skills. Lintern (1985)
demonstrated that enriching the contextual environment
during the learning of an aircraft landing simulation task
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(by providing additional visual cues) aided task acquisi
tion and transfer. Linternnoted, however, that if the pro
vision of the additional cues continuedover an extended
periodof practice,the probability of a dependency on this
information increased. Shealsosuggested that, should this
dependency emerge, it might ultimately result in negat
ing the potential benefits of the additional cues. On a prac
tical note, the role of contextual dependencies may also
resemble and offer important implications regarding the
"home-eourtadvantage" phenomenon thathas previously
been examined in the sport psychology literature
(Schwartz & Barsky, 1977; Silva, Andrew, & Richey,
1983; Varca, 1980).

We designedthe present set of experiments to address
the question of whether or not contextual dependencies
develop in the motor domain. Of primary interest is the
questionof whetheror not contextual reinstatement is as
potent in motor skill learningas it hasbeen demonstrated
to be for verbal skill learning (S. M. Smith, 1988). In
three experiments, we attempted to determine the effect
of the execution of motor tasks in a context in which we
either switched or maintained the sameintentional and in
cidental stimuli that subjects had experiencedduring ac
quisition. In each experiment, the subjects practiced three
sequences of keystrokes in a particular acquisition con
text. Their retention was subsequently testedeither in the
same or in a different context. The subjects acquired se
quences involving four keystrokes in Experiment 1, and
sequences involving three keystrokes in Experiment 2.
Experiment 3 wasa directcomparison of performance on
the three- and four-key tasks, in which the memorability
of the sequences was determinedwhen neither the inten
tionalnor the incidental stimuliwere available to aid sub
jects' recall.

EXPERIMENT 1

should a condition in which the original acquisition con
text is reinstated.

Method
Subjects. The subjects were 45 undergraduate students from

Texas A&M University who received class credit for their partic
ipation.

Apparatus. The apparatus consisted of an ffiM-eompatible 286
microcomputer with EGA color monitor and standard keyboard.
The microcomputer was programmed to scan the keyboard 2,000
times per second.

Procedures. The subjects entered a testing room, where they were
seated facing a computer monitor and asked to place their fingers
on the keyboard in a normal touch-typing position ("a," "s," "d,"
"f" for the left hand and "j," "k," "I," ";" for the right hand).
The subjects were informed that a display would appear on the mon
itor, indicating a sequence of keys that they should press-which
fingers (keys) they should use, and the order in which they should
do this. The three sequences that were used are shown in Figure I.
Each sequence required the use of the same four fingers (left little,
left index, right middle, and right ring) but in a different order.
The subjects were not informed that only four fingers would be
utilized or that only three sequences would be presented.

Each display provided bothintentional and incidental stimuli. The
intentional stimuli were the numbers that indicated the appropriate
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Figure 1. Graphics screen displays for the three sequences in Ex
periment 1. Note that each sequence was colored and accompanied
by a tone.
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In Experiment I, we investigated whetheror not reten
tion of motor skills (three sequences of four key strokes)
is facilitated by environmental contextual reinstatement.
More specifically, a particular subset of intentional and
incidental stimuli was chosen to be manipulated during
the retention phase of Experiment 1. After a period of
acquisition, the subjects were required to reproduce the
acquired keysequences with(1) the sameintentional/same
incidental contextas originally practiced (contextual rein
statement), (2) the same intentional/switched incidental
context, or (3) no intentional/same incidental context.

This is similar to the protocol used by Watkins, Ho,
and Tulving(1976) to investigate facial recognition. They
demonstrated that alteringthe associations that haddevel
oped during acquisition resulted in performance decre
mentsat retention(alsosee Underwood et al., 1962,who
used a paired associate task and cued recall). If associa
tions betweenincidental and intentional stimuliare devel
oped, then to remove the intentional stimuli or to switch
the relationship 'between the intentional and incidental
stimuli should cause a greater retention decrement than



keys and sequence. The incidental stimuli consisted of the color
of the display (blue, red, or yellow), the shape of the key designa
tions (diamond, square, or circle), a tone generated during presen
tation (2500, 1000, or 300 Hz), and the position on the screen (top,
middle, or bottom row). The subjects were told to use the inten
tional stimuli to plan and execute the sequence of keypresses, but
no mention was made of the incidental stimuli. Intentional and in
cidental stimuli were consistently mapped throughout acquisition
so that each sequence was always presented in the same color, shape,
and tone, and in the same position on the monitor.

Retention performance was evaluated in one of three conditions.
In the same intentional/same incidental condition, the context es
tablished during acquisition was reinstated. In the same inten
tional/switched incidental condition, intentional stimuli were
presented along with a set of incidental stimuli that had previously
been paired with alternative intentienal stimuli during acquisition.
Finally, in the no intentional/same incidental condition, a set of in
cidental stimuli was presented in the absence of any intentional
stimuli.

At the beginning of each trial, a display appeared on the com
puter monitor for a brief period of time (400, 600, or 800 msec).
The subjects were instructed to initiate a sequence only after the
display was removed from the computer monitor. They were told
that the sequence of keypresses should be completed within 2 sec.
On completion of a trial, the subjects received feedback that indi
cated the success or failure on that particular trial. The message
"good trial" appeared when the subject typed the appropriate se
quence within the specified time limit. "Bad trial" appeared when
the subject began the sequence too early, completed the sequence
after the 2-sec time limit, or typed the wrong sequence.

All subjects were administered nineacquisition blocks of 12 trials.
Each trial block contained four presentations of each of the se
quences. Sequence presentations were ordered within each block
so that no sequence was performed on more than two consecutive
trials. Trial blocks were separated by a 20-sec rest intervals. The
retention trial block consisted of 3 trials (l of each sequence)
presented 20 sec after the completion of the last acquisition trial
block.

On completion of the experiment, verbal reports were obtained
from the subjects regarding the extent to which they noticed any
contingencies between intentional stimuli, incidental stimuli, and
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key sequences. The verbal reports were initially prompted by open
ended questions. If the subjects did not report relationships between
incidental and intentional stimuli, the questions became more ex
plicit. Each test session (acquisition and retention) lasted approxi
mately 30 min.

Results
Performance was evaluated in terms of percent correct

responses. A correct response was defined as the subject's
pressing the appropriate keys in the correct order within
the 2-sec time limit. Acquisition and retention perfor
mance for all conditions are illustrated in Figure 2, as a
function of trial block. Note that acquisition performance
has been collapsed across retention conditions.

Acquisition. All subjects experienced the same condi
tions during acquisition. However, a retention condition
x acquisition block analysis of variance (ANOVA) with
repeated measures on the last factor was performed to de
termine whether random assignment to groups had
resulted in differences across acquisition blocks. The anal
ysis failed to indicate either a main effect of retention con
dition [F(2,42) = 0.62, p > .05] or a retention condi
tion x acquisition block interaction [F(l6,336) = 1.1,
p > .05]. The analysis did indicate a main effect of ac
quisition block [F(8,336) = 42.83,p < .001]. Duncan's
New Multiple Range Test indicated that Acquisition
Blocks 1-4 were different from each other, with no reli
able differences thereafter.

Retention. A retention condition ANOVA indicated a
main effect of retention condition [F(2,42) = 10.86,
p < .001]. Duncan's New Multiple Range Test revealed
that subjects tested in the same intentional/same inciden
tal retention condition (M = 13.8 %) performed with less
error than did subjects tested in the same inten
tional/switched incidental retention condition (M =
52.3%). Absence of the intentional stimuli (M = 75.0%)
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Figure 2. Acquisition and retention performance for the nine acquisition blocks and
one retention block in Experiment 1. Note that acquisition perfonnance has been col
lapsed across retention conditions. Acquisitionblocks represent an average of 12 trials,
while tbe retention block is an average of 3 trials.
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Tasks

Figure 3. Simplified diagram illustrating the associations proposed
to bavebeendeveloped for the four-key task as a resultof acquisi
tion exposures.

was found to further increase error in performance dur
ing retention.

Thus, changes of either the intentional or the inciden
tal stimuli at retention negatively affected retention per
formance. However, the subjects did not appear to be
aware, at least to the extent necessary for verbalization,
of the relationships that existed between the intentional
stimuli, the incidental stimuli, and the sequences. Even
when the subjects were prompted regarding the associa
tion between the key sequences and each color, tone, key
shape, and display position, they were unable to verbal
ize the relationships or specify what conditions and/or
stimuli had been changed during retention testing.

Discussion
Switching the relationship between the intentional and

incidental stimuli from that established in the original
learning environment had a detrimental effect on the sub
sequent performance of the keypress sequences. In addi
tion' removing the intentional cues and requiring an in
dividual to perform the keypress task in the presence of
the incidental stimuli alone resulted in a further decre
ment in retention performance. These findings are con
sistent with those from studies of verbal learning, which
indicate superior recall of material when retention per
formance is required in the original learning environment
(S. M. Smith, 1988). Thus, they indicate that motor skill
learning is influenced by contextual dependencies that de
velop during task acquisition. Even though an individual
can be directed to attend to particular event information
(intentional stimuli) in order to aid task acquisition, a
degree of dependency on other contextual information (in
cidental stimuli) can develop.

Experiencing the same intentional/switched incidental
context at retention led to errors in producing an appropri
ate key sequence. This indicates the development of a con
textual dependency due to the emergence of an associa
tion between the intentional and the incidental stimuli.
Furthermore, the poor performance exhibited when only
the incidental stimuli were available at retention suggests
a weak relationship, at best, between the incidental stimuli
and each of the tasks. The fact that subjects were unable
to verbalize these associations supports this contention.
Figure 3 is a simplified diagram of the associations pro
posed to have developed during acquisition.

Experiment 2 was an attempt to extend the findings of
Experiment I by examining the extent to which the learn
ing of an easier motor task would influence the develop
ment of contextual dependencies. It was possible that con
textual dependencies might be reduced as the task to be
leamed became less complex. In the verbal domain, it had
been demonstrated that reducing the difficulty of the
memory task by increasing the meaningfulness of CVCs
(Vela, 1984) or by categorizing (Eich et al., 1975) the
words in a list tends to result in a reduction in contextual
dependencies elicited at retention. The subjects in Experi
ment 2 learned three tasks, each of which required a
different sequence of three keystrokes. The reduction in
the number of keypresses required in the sequences was
intended to decrease the difficulty of the tasks.

One explanation for contextual dependencies' being
diminished as the task is reduced in difficulty is that there
is a reduced need for processing the incidental cues to
aid acquisition performance. If this is the case, for a rela
tively easy motor task the same intentional/switched in
cidental retention condition should result in little, if any,
decrement in retention performance. Furthermore, this
perspective would predict poor performance when reten
tion is tested in the presence of the incidental stimuli alone,
since these stimuli are assumed not to be processed dur
ing acquisition (see Figure 4, top).

However, an alternative proposal is that as practice on
a relatively easy motor task progresses, subjects have the
opportunity to more fully analyze relationships between
stimuli (both intentional and incidental) and the task to
be learned (see Figure 4, bottom). In this scenario, one
would predict that the relationship between the inciden
tal stimuli and the tasks would ultimately become appar
ent and be included as part of the internal representation
of the task. This proposal predicts similar findings for the

EXPERIMENT 2

It should be noted that the sequences utilized in Experi
ment 1appeared to be very difficult for many of the sub
jects. At the end of acquisition, subjects exhibited in ex
cess of 20% errors. Moreover, examination of the
acquisition data for the same intentional/switched inciden
tal retention context condition revealed an interesting
trend. Subjects demonstrating the largest error during the
last block of acquisition were disrupted by changes in the
retention context more than the more proficient subjects
were.! Alternatively, the subjects exhibiting the least er
ror at the end of acquisition were less dependent on rein
statement of the original learning context. This suggests
that the relative difficulty of the task may influence the
degree to which contextual dependencies develop when
subjects learn a motor skill. Ifdifficulty is indeed a medi
ating variable for the development of contextual depen
dencies, learning a less difficult task may change the na
ture of the dependencies as a result of changes in the
memorial associations that develop. To investigate this
issue, we performed Experiment 2.
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Figure 4. Slmplifted diagrams Illustrating the associations that
could develop for the three-key task as a result of acquisition ex
posures.
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Results
Performance was evaluated in terms of percent correct

responses. Acquisitionand retention performance for all
conditionsare illustrated in Figure 6, as a function of trial
block. Note that acquisition performance has been col
lapsed across retention conditions.

Acquisition. All subjects experienced the same condi
tions during acquisition. However, a retention condition
x acquisition block ANOVA with repeated measures on
the last factor was performed to determine whether ran
dom assignment to groups resulted in differences across
acquisition blocks. The analysis failed to indicate either
a main effect of retention condition [F(2,42) = 2.82,
p > .05] or a retentioncondition x acquisitionblock in
teraction [F(16,336) == l.72,p > .05}. The analysis did
indicate a main effect of acquisition block [£(8,336) ==
46.93, p < .01]. Duncan's New MultipleRangeTest in
dicated that Acquisition Blocks I and 2 were different
from each other, with no difference thereafter.

Retention. Switching the incidental stimuli or with
drawing the intentional stimulidid not appear to influence
retention performance. Indeed, a retention condition

Figure s.Grapbks screen displays for the tbRe sequeDCell U8ed
in Experiment I. Note that eac:hsequence was colored and accom
panied by 8 tone.
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same intentional/switched incidental retention condition
as does the previous alternative. That is, when the associ
ations that have developedbetweenthe intentional and in
cidental stimuli are disrupted, performance should only
suffer minimally, because the conflict between stimuli is
easily resolved. In this case, the stronger, more developed
relationship between the task and intentional stimuliwould
dominateover the weaker, lessdevelopedrelationship be
tween the tasks and the incidental stimuli. This proposal
is reminiscent of the outshining principle that has been
described in the verbal domain (see, e.g. , S. M. Smith,
1986, 1988). The outshining principle emphasizes the
relative strength of environmental cues, with a better
(stronger)cue outshining weakercues. This suggeststhat,
should a conflict in cues be encountered, the stronger,
more developed cue(s) will be utilized.

However, for this alternative a different prediction
would be made for the no intentional/same incidental
retention condition. When the incidental stimuli are
presentedalone, the weakerassociation that hasdeveloped
between incidental stimuli and the task might be adequate
to support successful performance. Since the intentional
stimuli are not present, the relationship between the in
cidental stimuli and the task would be allowed to surface.

Method
Subjects . The subjects were 45 undergraduate students from

Texas A&M University who rece ived class credit for their panic
ipation.

Apparatus. The apparatus was identical to that in Experiment I.
Procedures . The procedures were ident ical to those in Experi

ment I , with the exception of the number of keystrokes utilized in
the three sequences. Figure 5 illustrates the presentation of the three
sequences in Experiment 2; each sequence required the use of the
same three fingers (left ring. left middle, and right little) but in a
different order.
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Figure 6. Acquisition and retention performance for the nine acquisition blocks and
one retention block in Experiment 2. Note that acquisition performance bas been col
lapsed across retention conditions. Acquisition block represents an average of 12 trials,
and the retention block is an average of 3 trials.

ANOVA failed to indicate a main effect of retention con
dition [F(2,42) = 1.56, P > .05].

Discussion
Reducing the number of keystrokes appears to have led

to a reduction in task difficulty. Errors in responding were
approximately 10% at Block 5 and did not fluctuate
throughout the remaining blocks of acquisition. The find
ings from Experiment 2 indicate that reinstating the origi
nal learning context led to efficient motor performance
comparable with the level achieved at the end of acquisi
tion. This is consistent with the findings from Ex
periment 1.

The results from Experiment 1 demonstrated that
changes in the contextual environment at retention caused
a corresponding decrement in motor performance. This
led to the conclusion that contextual dependencies had de
veloped. This was not the case for the three-key sequences
used in Experiment 2. Changes during retention in the
relationship established between the incidental and inten
tional stimuli during acquisition did not disrupt motor per
fonnance.

One explanation suggests that contextual dependencies
would be reduced or eliminated because the subject, when
faced with learning a relatively easy task, only processes
the intentional stimuli. Therefore, switching the inciden
tal stimuli did not disrupt performance, because these
stimuli were not processed. In contrast, an alternative
proposal maintains that a stronger, more developed as
sociation between the intentional stimuli and the task was
developed and utilized when a conflict in cues was ex
perienced. The findings from the same inten
tional/switched incidental retention condition are consis
tent with both alternatives.

However, when the incidental stimuli were presented
alone (no intentional/same incidental retention condition),

the two alternatives would predict different outcomes. The
position advocating that incidental stimuli are not
processed during acquisition would predict that perfor
mance cannot be sustained in the absence of the inten
tional stimuli. This was not the case. The subjects were
capable of performing each of the keypressing sequences
in the presence of incidental stimuli alone without the aid
of the intentional stimuli. This finding indicates that, dur
ing acquisition, associations developed between the in
cidental stimuli and the sequences. This finding is more
consistent with the explanation that, given the opportu
nity, subjects develop a direct association between the in
cidental stimuli and the task that is capable of sustaining
performance. The fact that they could verbalize these as
sociations supports this contention. The fmdings are con
gruent with Smith's (1988) suggestion for verbal skills,
which states that greater task proficiency will reduce con
textual dependencies.

EXPERIMENT 3

Experiment 1 indicated that contextual reinstatement
was extremely important for successful performance of
the four-key task. In contrast, in Experiment 2 the need
to reestablish the learning context for the three-key task
was found to be substantially diminished. These findings
suggest that difficulty mediates the development of con
textual dependencies during the acquisition of motor tasks.
Experiment 3 was conducted in an attempt to extend the
findings from the previous experiments in two ways.

First, since the proposed mediating role of difficulty
was based on a cross-experiment examination of data, it
is important to provide a within-experiment demonstra
tion of the contextual dependency effect. For this reason,
in Experiment 3 we included the same intentional/switched
incidental and the same intentional/same incidental reten-



tion conditions for both the three- and the four-key se
quences. Since little empirical evidence is available on
the contextual dependency development during motorskill
learning, the inclusion of theseconditions offeredthe op
portunity to demonstrate the reproducibility of theeffects
demonstrated in Experiments 1 and 2.

Second, retention performance of both four- and three
key sequences was assessed under conditions in which
neither intentional nor incidental stimuli manipulated dur
ingacquisition were available. This test was incorporated
through the inclusion of a retention condition in which
subjectswere required to free-recall the sequences at the
conclusion of the acquisition phase. If in their perfor
mances on the four-key sequences subjects are highly reli
ant on reestablishing theoriginal learning context at reten
tion, free recall would be expected to be significantly
poorer than it would be when part or all of the original
acquisition contextwas reinstated. However, sinceit was
proposed that the subjects' performances on the three-key
sequences would be less dependent on the need for rein
statement of the learning context at retention, little, if any,
aid from intentional or incidental stimuli should have been
necessary for successful retention performance. If this
shouldbe the case, free recall of the three-key sequences
wouldnotdiffer fromthe retention performance exhibited
in the presence of the entire acquisition context.

Method
Subjects. The subjects were 72 undergraduate students from

Texas A&M Universitywho receivedclass credit for their partici
pation. Noneof these subjects had participated in Experiment I or 2.

Apparatus. The apparatus was identical to that in Experiments
I and 2.

Procedures. The procedures were identical to those in Experi
ments I and 2 for the same intentional/same incidental and same
intentional/switched incidental retention context conditions. Another
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conditionwasadded, in whichthe subjectsexperienceda no inten
tional/no incidental context at retention. This condition consisted
of a free recall test in whichthe subjectswere requestedto execute
the sequences that they had learned during the acquisition period.
At the conclusionof the experiment, the verbal reports from sub
jects whohad experiencedthis retentionconditionwere used to as
sess their knowledge of bothintentional and incidental information.
Allother aspects of Experiment 3 wereconsistent withExperiments
I and 2.

Results
Performance wasevaluated in termsof percentcorrect

responses. Acquisition and retention for both the three
and four-key sequences are illustrated in Figure 7, as a
function of acquisition block. Note that acquisition per
formance hasbeencollapsed acrossretention context con
ditions.

Acquisition. A sequence x retention condition x ac
quisition block ANOVA with repeated measures on the
last factor revealed a maineffectof sequence [F(l,66) =
81.09, p < .05J and acquisition block [F(8,528) = 96.63,
p < .05J. In addition, the sequence x acquisition block
interaction [F(8,528) = 12.59,P < .05J wassignificant.
Subsequent post hoc analysis revealedthat meanpercent
error for the three-key sequences was lower than that for
the four-key sequences for all acquisition blocks except
Acquisition Block9. All other main effects and interac
tions were not significant.

Retention. A sequence x retention condition ANOVA
revealed main effects of sequence [F(l,66) = 23.89,
p < .05J and retention condition [F(2,66) = 23.79,
p < .05J. In addition, the sequence x retentioncondi
tion interaction [F(2,66) = 12.78,p < .05Jwas signifi
cant. A subsequent simple main effects analysis for the
three-key sequences across retention condition [F(2,33)
= .74, P > .05J was not significant. This indicates that
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GENERAL DISCUSSION

Figure 8. Diagram depkting the proposed associational memory
network developed for the three-key sequences.

The present set of experiments was an initial attempt
to address the development and role of contextual depen
dencies that evolve during motor skillieaming. The find
ings from these experiments indicate that as the difficulty
of the acquired tasks increases, so does the potential for
the development of contextual dependencies. Individuals
learning the four-key sequences relied particularly on the
presence, during retention, of the intentional and inciden
tal context that had been established during acquisition.
If the relationship between these stimuli was disrupted by
the elimination of one or both sets of stimuli, retention

and the verbal reports obtained from the individuals who
acquired the four-key sequences were consistent with the
relatively incomplete associational memory network pro
posed subsequent to Experiment 1 (see Figure 3).

Examination of the relative retention performance of
the no intentional/same incidental condition (75% error)
from Experiment I and the no intentional/no incidental
condition (70% error) from Experiment 3 raises questions
regarding the relationship between the incidental stimuli
and the tasks depicted in Figure 3. At first glance, this
relationship appears suspect, because these conditions led
to similar retention performances. Therefore, it could be
argued that in the absence of any intentional stimuli, the
incidental stimuli have no influence on the performance
of the tasks. In light of this, the presence of the direct
link between the incidental information and the tasks needs
to be reconsidered. 3

This alternative suggests that correct responses in the no
intentional/same incidental retention condition in Experi
ment I were a functionof the memorabilityof the sequences
rather than directed by the incidental stimuli. If this were
true, subjects would be expected to produce sequences
at retention without regard for the incidental information
that was currently displayed. However, reexamination of
the data from Experiment I revealed that this was not the
case. Subjects on 25% of the retention trials produced a
response that correctly corresponded to the incidental stim
uli presented. Moreover, when the subjects made an error,
it rarely consisted of their executing a correct sequence
in response to an inappropriate set of incidental stimuli.
We interpret this as evidence contrary to the suggestion
that subjects use sequence memorability to direct recall.

\
Intentional

Stimuli

/
Tasks

Incidental
Stimuli

the mean percent error for the three three-key sequences
did not differ across retention conditions. However, the
simple main effects analysis for the four-key sequences
across retention condition [F(2,33) = 13.18, p < .05]
was significant. Duncan's New Multiple Range Test in
dicated that the mean percent error for the same inten
tional/same incidental retention condition (M = 16%) was
significantly less than the mean percent error for the same
intentional/switched incidental retention condition (M =
33%). The latter condition, in tum, exhibited less mean
percent error than did the no intentional/no incidental
retention context condition (M = 70%).

Discussion
Experiment 3 provided a within-experiment replication

of the results obtained in Experiments 1 and 2. These find
ings support the proposal that the development of con
textual dependencies during motor skill learning are in
deed mediated by difficulty. As in Experiment 1, when
a disruption in the environmental context established in
acquisition for the four-key task was encountered at reten
tion, error increased beyond that evident when the acqui
sition context was reinstated at the time of retention. As
predicted, this was not the case for retention performance
of the three-key sequences.

Findings from the no intentional/no incidental retention
condition (free recall) substantiate the conclusions drawn
from Experiments 1 and 2. These data verified that
reproduction of the four-key sequences was extremely
difficult in an environment in which the intentional and
incidental stimuli experienced during acquisition were not
made available. In contrast, production of the three-key
sequences was less susceptible to the contextual depen
dencies apparent for the four-key sequences. Retrieving
and/or executing the three-key sequences was, in effect,
relatively context-independent. Individuals apparently had
established memorial representations for the three-key se
quences that could be directly assessed without the inter
vention of the manipulated contextual stimuli. However,
it should be noted that, when requested, almost every in
dividual was able to provide a precise report of each aspect
of the intentional stimuli (key numbers) and the inciden
tal stimuli (colors, sounds, screen position, and key
shape), as well as to provide the appropriate relationship
with each of the three-key sequences. This suggests that
very specific contextual information accompanied the
necessary task-specific information in memory. As ex
pected, the verbal reports of the individuals learning the
four-key sequences were considerably less accurate and
complete.

The memorial associations proposed for the three-key
sequences are characterized in Figure 8. Note that the
memory network incorporates a bidirectional connection
between the tasks and the intentional and incidental cues.
This intimates that both intentional and incidental contex
tual information can be generated from production of the
tasks. This was clearly demonstrated in the verbal reports
of the subjects. Both performance on the free recall test



performance suffered. Furthermore, verbal reports ob
tained from individualsacquiring the four-key sequences
revealedthat their knowledge of the relationships between
the contextual stimuli and the sequences was incomplete
and inaccurate.

However, subjects' performance of the three-key se
quences was proficient even in circumstances in which
the contextual environment was different from that in ac
quisition(Experiments 2 and 3). Moreover, subjects were
capableof executingthe tasks and could subsequently ver
balize the appropriate intentional and incidental stimuli
that were associated with each sequence (Experiment 3).
This suggeststhat a very comprehensive associational net
work developed between the contextual cues (both inten
tional and incidental) and each of the sequences. Taken
together, these data from Experiments 1 and 3 suggest
that as difficulty increases a less comprehensive associa
tional memory network is established, which, in tum,
results in the occurrence of contextual dependencies.

The developmentof the proposed memory network be
gins with the initial instructions that lead the learner to
associatethe intentional stimuli with each of the tasks be
ing acquired. After subsequent practice, an association
develops between the intentional and incidental stimuli.
This relationship can support successful performance of
the tasks if the relationship remainsconsistent. If this rela
tionship is disrupted, however, as in the case of the four
key sequences in Experiment 1, performance deteriorates.

Only when difficulty is decreased does the association
between the incidental stimuli and the tasks appear to
emerge. This is highlightedby the precise verbal reports
obtained from subjects who learned the three-key se
quencesin Experiments 2 and 3. In this situation, the con
textual dependencies were reducedto the extentthat either
intentionalor incidental stimuli alone or in combination
could sustainperformance. This perspectivesuggeststhat
both intentional and incidental stimuli are maintained as
part of the internal representation of the tasks. However,
bothtypesof stimulican be used independently as retrieval
cues, withthe intentional stimulirepresenting the stronger,
more developed relationship with the tasks.

Although it appearsthat the memorynetworkdeveloped
during acquisition of the three-key sequences is reasona
bly elaborate, note that the contextual dependencies that
are evident during acquisition of the four-key sequences
are reduced for the three-key sequences but not neces
sarily eliminated. More specifically, although in Experi
ment 2 no statistical difference in performance was ap
parent for different retention conditions, the relative
ordering of these conditions was the same as that demon
strated for the four-key sequences in Experiment I. It is
possible, therefore, that the sensitivity of the dependent
measure (percent correct responses) used in the present
experiments was not sufficient to highlightadditionalde
pendencies.

Lintern (1985)has suggestedthat the availability of ad
ditionalcues can aid task performanceduring acquisition.
However, if dependencies develop, performance can be
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negatively affected should these additional sources be
withdrawn. This perspective is not far removed from the
,'crutch" analogy recentlyadvocated by a numberof mo
tor theorists for the role of knowledge of results for mo
tor skill learning (Salmoni, Schmidt, & Walter, 1984;
Winstein & Schmidt, 1990). This suggests that learners
are often inclined to develop an overreliance on particu
lar types of information through practice. Should this in
formation be removed at some subsequentstage of learn
ing, severe performance decrements would be exhibited.

It wouldbe interesting to speculatethat the associations
thatdevelopbetweeneachof the stimuli and the tasks lead
ing to the subsequent dependencies exhibited represent
the progression that occurs throughout the learning of a
motor task. Intuitively, one might assume that as prac
tice continues, the development of the memory network
incorporating the associations between the intentional
stimuli, incidental stimuli, and the tasks would become
more comprehensive. If this is the case, contextual de
pendencies should be diminished as practice progresses.
The potential contributions of practice to contextual de
pendencies awaits future experimentation.

The present findings offer some interesting implications
for presenttheoretical perspectives on skilledmotor learn
ing. Recently, Lee (1988) advocated that the commonal
ities of the processingactivitiesengaged in by the learner
during acquisition and retention may prove to be an im
portantconsideration for the learning of motorinformation.
This was offered in terms of the transfer-appropriatepro
cessingperspective (Morris, Bransford,& Franks, 1977),
according to which learning can be enhanced if the pro
cessing engendered during a period of task acquisition is
compatiblewith that required at subsequenttestsof reten
tion. One would assume that the extent to which particu
lar processing activities can be reengaged would be de
pendent on the availability of that information in the
environment. This being the case, it appears that exami
nation of the structure of the environment in which such
processing might occur should demand some further ex
perimental attention.

Furthermore, the present findingsalso pose an interest
ing question regarding the proposal of Salmoni et al.
(I984), who reemphasized the use of transfer designs to
highlight and distinguish transient performance effects
from relatively permanentlearningeffects. These authors
stressed the need to examine all experimental conditions
in subsequent test situations at a consistent level of the
manipulated independent variable. They contended that
only after the temporary performance effects had
diminished could an assessment of the permanent learn
ing effects be determined.

This procedure has been used in a variety of areas of
study in the motor domain, includingcontextual interfer
ence (Lee & Magill, 1983), relative frequency of
knowledgeof results (Winstein & Schmidt, 1990), sum
mary knowledge of results (Schmidt, Young, Swinnen,
& Shapiro, 1989), and massed versus distributed prac
tice (Stelmach, 1969). Any differencesidentified at reten-
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tion are usually attributed to the particular experimental
manipulation being investigated. However, the present
findings suggest thatthechange in thecontextual environ
mentexperienced in someexperimental conditions may
be sufficient to account for someof the retention differ
ences commonly demonstrated.
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NOTES

1. This classification of environmental stimulimay not be as appropri
ate for experimentsin the verbal domain. Verbal experimentshave been
primarily aimed at the influence of ambient stimuli present during the
entire acquisitionexperiences rather than stimuli that might become as
sociated with a specifictask. An exceptioncomprises the verbal studies
done withcued recall. For example, Dulsky(1935)presentedevc pairs
on differentcolored cards during acquisitionand either switchedor kept
the samecolorof thecardon whichthecue (stimulus CVC) waspresented
during retention. In this case, the stimulus CVC would be considered
the intentional stimulus and the color of the card would be the inciden
tal stimulus.

2. The correlation between the performance on the last block of ac
quisition and the retention block with switched incidental stimuli was
significant (r = .52, p < .05). Correlations for the groups in which
the incidental and intentional stimuli were reinstated and the incidental
stimuli were presented alone failed to reach significance (r = -. 19,
P > .05, and r = .25, p > .05, respectively).

3. We thank Tim Lee for pointing out this potential change to the
proposed memory network.
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