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Background. Providing adults with knowledge of results (KR) after each practice
trial (100% KR) usually is found to be detrimental to motor skill learning compared
with conditions in which feedback is less frequently provided. The effect of 100% KR
on children’s learning is less clear, with research showing that children with cerebral
palsy benefit from less frequent KR, whereas children with typical development do
not.

Objective. This study was designed to examine the interaction of KR frequency
and task complexity on the acquisition, retention, and transfer of a novel throwing
skill in fourth- and fifth-grade children with typical development.

Design. This was an observational study.

Methods. Children threw beanbags for accuracy at an unseen target while walk-
ing or while standing still. These 2 levels of task complexity were crossed with 2
frequencies (33% and 100%) of KR provision. Following practice, retention tests
without feedback were performed 5 minutes later and then 1 week later along with
transfer tests to assess the generalizability of learning.

Results. Analyses revealed that learning was improved on the easy version of the
task when a 33% KR frequency was provided during practice. In contrast, in the
difficult version, learning was facilitated by provision of a 100% KR frequency during
practice.

Conclusions. Structuring practice conditions for children should take into
account task complexity and feedback frequency in determining the cognitive chal-
lenge necessary for optimal skill learning. More generally, the findings suggest that
practitioners teaching motor skills should design practice conditions in accordance
with the cognitive processing capacity of the learner.
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In many clinical settings, one of
the goals of the physical thera-
pist will be to have the patient

learn or relearn a motor skill. In
the treatment of pediatric, geriatric,
orthopedic, and neurologic patient
populations, a therapist must adapt
instructional techniques and struc-
ture practice conditions to increase
the likelihood that the skill being
taught will be remembered long
after practice has finished. Such
learning interventions must enable
the patient to transfer learning
from the clinical setting to his or
her normal living environment. To
ensure this transfer, a therapist
must understand how motor skill
learning can be influenced by the
informational feedback that is pro-
vided to the patient and how such
feedback interacts with the cogni-
tive information-processing capabili-
ties of that patient.

In the learning of a motor skill, infor-
mation regarding the effectiveness of
performance in achieving the task is
vital for modifying motor output in
subsequent attempts. Such informa-
tional feedback can arise from intrin-
sic sources, such as when a patient
realizes she fell backward when
attempting to stand from a chair, or
from extrinsic sources, such as
when a therapist tells a patient that
her feet were too far in front of
her. Examinations of the role of
extrinsic knowledge of results (KR)
feedback in motor learning prolif-
erated following the influential
review of Salmoni and colleagues.1

They concluded that that when KR is
provided after every trial during
acquisition, it excessively guides
the learner to the goal response.
This guidance, although beneficial
for acquisition performance, can
be detrimental to skill retention.
According to this guidance hypothe-
sis, during acquisition the learner’s
intrinsic error detection and cor-
rection processes remain undevel-
oped due to the readily available

error information provided by KR.
Thus, the individual’s information-
processing activities normally used
to develop memory representations
are supplanted by the guidance
properties of KR. If KR is presented
too frequently during skill acquisi-
tion, the learner may become depen-
dent upon this information, and per-
formance during no-KR retention is
poor. Alternatively, if KR is less read-
ily available during acquisition, less
dependency develops, and in reten-
tion the learner is able to use intrin-
sic error detection and correction
processes to achieve and maintain a
higher level of performance.

A wealth of experiments examining
the effect of KR frequency in adult
learners who were able-bodied have
generally supported the guidance
hypothesis,2–5 with recent support
for the hypothesis being found in
patients with Parkinson disease,6

in individuals with developmental
delay,7 and in children with cerebral
palsy.8 Hemayattalab and Rostami8

found that children (7 to 15 years
old) with cerebral palsy learned a
dart-throwing task more proficiently
when feedback was provided on
50% of the trials during practice
than when it was provided on every
trial (100% KR). Interestingly, an ear-
lier examination of the role of KR
frequency in children with typical
development, in which young adults
(mean age�25.6 years) and children
(mean age�10.7 years) learned a
computerized pattern-matching task
with either 100% or 62% KR fre-
quency, did not demonstrate sup-
port for the guidance hypothesis,
with the greatest learning being
found following practice with feed-
back provided after every response.9

Sullivan et al9 sought to explain
the differences between the find-
ings for the children and the adults
by evoking the challenge point
framework.10 In this framework, the
degree of motor learning depends

on the level of challenge emerging
from the interaction of the
information-processing capacity of
the learner, task constraints, and
practice conditions. This framework
predicts that there is an optimal
challenge point in terms of cognitive
effort that yields maximum skill
learning. This challenge is required
to activate the cognitive processes
associated with such skill learning.
When the challenge imposed by a
practice condition exceeds the
information-processing capability of
the learner or the level of challenge
is too low to engage sufficient pro-
cessing resources, motor skill learn-
ing is reduced. Thus, Sullivan et al9

suggested that the reason lower fre-
quencies of KR did not improve chil-
dren’s learning in their study was
because the cognitive effort required
to learn the task with less KR was
beyond the optimal challenge point.

There has been little empirical inves-
tigation of the challenge point frame-
work, although the necessity of an
optimal challenge to increase per-
formance has been proposed for
surgical training11 and for the man-
agement of neck pain.12 Onla-or and
Winstein13 provided some experi-
mental evidence that motor skill
learning in people with Parkinson
disease was a function of task diffi-
culty and cognitive demand of the
practice environment. Participants
had to learn a computerized pattern-
matching task while cognitive
demand was manipulated by prac-
tice schedule (random versus
blocked practice) and task difficulty
was varied by imposing different
movement time goals.

In the study by Sullivan et al,9 con-
clusions regarding learning were
based on the children’s recall of
the task after only 1 day practicing.
A stronger test of motor learning
would evaluate the learners’ perfor-
mance a week or more following the
termination of practice. Furthermore,
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a transfer test of learning was not
included in Sullivan and colleagues’
work. Such a test requires learners to
perform a task similar to that prac-
ticed to ascertain the generalizability
of any learning acquired during
practice. It also is interesting to note
that Sullivan and colleagues’ work
did not show a difference in learning
between the 2 KR conditions in
the young adults, contrary to the
majority of previous work in this
area. Unfortunately, the more recent
work by Hemayattalab and Rostami8

did not include children with typical
development as control participants,
nor was the effect of KR frequency
on learning in adults, with or with-
out cerebral palsy, examined. Thus,
it cannot be determined whether the
differences in the results between
Sullivan and colleagues’ work9 and
that of Hemayattalab and Rostami8

were due to the neurological status
of the participants or the task itself,
or perhaps some combination of
both. With Sullivan and colleagues’
finding that children with typical
development showed the greatest
learning with 100% KR9 and Hema-
yattalab and Rostami’s finding that
100% KR resulted in less learning
than 50% KR in children with cere-
bral palsy,8 it is clear that the effect
of KR frequency on children’s
motor skill learning warrants further
investigation.

The current experiment also exam-
ined the effect of manipulating the
frequency of KR in motor skill
learning in children but included
long-term retention and transfer
tests. Like the work of Sullivan et al,9

the theoretical framework for the
proposed experiment borrowed
from the optimal challenge point
concept of Guadagnoli and Lee.10

Sullivan et al9 manipulated the rela-
tive cognitive challenge of the task
by varying the frequency of KR pro-
vided to 2 different age groups of
learners, reasoning that the young
adults examined in their study likely

had a greater cognitive processing
capability than the children. When
the adults were provided with KR
after every trial (100% KR), a less-
than-optimal cognitive effort was
required because this availability of
KR made the task, in essence, too
easy. Consequently, learning was
less than that engendered by the
more challenging condition in which
less frequent KR was provided to the
adult learners.

Cognitive challenge also can be
manipulated by varying the difficulty
of the task itself. Rather than having
individuals of different ages learn
a single task under different con-
ditions of KR availability, the current
experiment crossed level of task
difficulty with frequency of KR
while keeping the learner’s age,
and thus cognitive ability, constant.
Thus, in Guadagnoli and Lee’s termi-
nology,10 nominal difficulty was
manipulated here while functional
difficulty was held constant. Nomi-
nal difficulty refers to characteristics
of the skill being learned irrespective
of the learner or learning environ-
ment, whereas functional difficulty
is defined relative to the skill level of
learner. For example, take the act
of performing a transfer between 2
surfaces. The nominal difficulty of
such a task would change depending
on the difference in height between
the 2 surfaces, whereas the func-
tional difficulty of the transfer would
depend on the neurological status of
the patient.

Operationally defining nominal dif-
ficulty (task complexity) is not a
simple undertaking, as there are a
wide variety of cognitive and
perceptuo-motor constraints under-
pinning any skill that could form
the basis for classifying the com-
plexity of the skill. For the current
experiment, the widely accepted
motor skills taxonomy developed by
Gentile14,15 was used. Gentile’s tax-
onomy14,15 seeks to classify skills

on a continuum of difficulty by an
analysis of the perceptuo-motor
demands placed on the performer.
One demand category Gentile iden-
tified is that of body transport. She
proposed that a task would be more
difficult when it is performed while
the body is moving overground dur-
ing skill production. Thus 2 skills,
identical in all other aspects, will
vary in nominal difficulty if one skill
is performed while the person is
standing still and the other is per-
formed while the person is walking.

The current experiment sought to
further explore the role of KR fre-
quency in the motor skill learning
of children by having them learn
to throw beanbags at an unseen
target while walking or standing
still with KR either after every trial
or after every third trial. We specu-
lated that both decreasing KR fre-
quency and having children walk
while throwing would increase the
cognitive challenge imposed on the
learners. Unfortunately, it was not
possible to predict the relative
importance of these variables in
increasing this challenge. Given this
premise, there are a number of pos-
sible patterns of results that might
emerge. If the groups receiving
100% KR (standing with 100% KR
[S100], walking with 100% KR
[W100]) perform similarly in reten-
tion and differently from the groups
learning with 33% KR (standing with
33% KR [S33], walking with 33% KR
[W33]), it would suggest that, in this
experiment, KR frequency is more
important than task complexity in
determining cognitive challenge. If
the two 33% KR groups were both
more accurate in retention than the
two 100% KR groups, it would imply
that reducing the frequency of KR
for the children increased cognitive
challenge toward an optimal level.
The relative level of retention perfor-
mance within a given level of KR
frequency also will be informative.
If, for example, the S100 group out-
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performs the W100 group, this find-
ing would indicate that the lowest
level of cognitive challenge is opti-
mal for learning, given the assump-
tion that throwing from a standing
position is less cognitively demand-
ing than throwing while walking.

Alternatively, if the two 33% KR
groups learn the task better than
the two 100% KR groups, we could
hypothesize that providing KR after
every trial made the task insuffi-
ciently cognitively challenging. Such
a result also would support a guid-
ance hypothesis for the role of KR,
as has been proposed for adult
learners. Again, within a level of KR
frequency, the comparative perfor-
mance of walking and standing
groups would indicate the effect of
nominal task difficulty in determin-
ing cognitive challenge. If the 2
groups throwing from a standing
position (S33, S100) are the most
accurate in retention, it would sug-
gest that task difficulty was more
important in influencing level of
learning than frequency of KR.
Finally, we might envision a situation
in which the W100 and S33 groups
perform similarly and exhibit the
greatest learning. This result would
imply that the 2 variables used to
manipulate cognitive challenge—KR
frequency and task difficulty—have
an equivalent impact on cognitive
challenge. Thus, the increased cog-
nitive challenge created by walking
is mitigated by giving 100% KR,
whereas the increased demands
imposed by giving KR only every
third trial are attenuated by allowing
the children to throw from a station-
ary position.

Method
Participants
Forty-eight children (31 male, 17
female; mean age�10.7 years, SD�
0.6) from fourth- and fifth-grade
classes at a local community school
volunteered to participate. Exclusion
criteria for participants included a

known history of a learning disabil-
ity or any current musculoskeletal
or neurological dysfunctions. Signed
informed parental consent and child
assent forms were obtained prior to
participation. An institutional human
participants review board approved
all experimental procedures.

Task and Apparatus
The task required the children to
throw 100-g cloth beanbags over a
barrier onto an unseen target on the
floor 6 m away. The target was a
14-cm-wide � 2.5-m-long strip that
ran orthogonally to the direction of
the throw. On both sides of this
target zone were a series of 14-cm
error zones that ran parallel to the
target zone. The error zones past
the target were labeled �1, �2, �3,
and so on, and those zones short of
the target were marked �1, �2, �3,
and so on. The solid barrier
extended 1.25 m above the floor and
prevented the participants from
viewing the target zone while throw-
ing. A line 2 m in front of the barrier
indicated the point from which the
children had to throw the beanbags.
During practice and retention
phases, all throws were made with
an overhand action with the self-
selected dominant hand.

Procedure
Male and female children were quasi-
randomly assigned to 1 of 4 groups
to ensure that the male:female ratio
was consistent across groups.
Groups were differentiated on the
basis of the frequency at which KR
was provided (100% or 33%) and
whether the children walked or
stood during the throw. The 2 walk-
ing groups started 2 m away from
the throwing line and walked toward
the barrier, throwing the beanbag
when they crossed the throwing
line 2 m from the barrier. The 2 sta-
tionary groups walked up to the
throwing line, but then stood still
before throwing. An experimenter
provided feedback indicating on

which zone the beanbag landed after
either every trial or after every third
trial depending on group assign-
ment. Combining KR frequency and
task difficulty resulted in 4 acqui-
sition groups: walking with 100%
KR (W100), walking with 33% KR
(W33), standing with 100% KR
(S100), and standing with 33% KR
(S33).

During the practice phase of the
experiment, all participants com-
pleted 6 blocks of 12 throws with a
3-minute rest between blocks. Fol-
lowing completion of the acquisition
phase, a 5-minute rest was given fol-
lowed by the first retention test in
which all participants completed
one block of 12 trials without the
provision of KR. A transfer test fol-
lowed in which another 12 trials
were completed without KR, but in
this test the children were required
to throw the beanbags underhand.
One week later, delayed retention
and transfer tests were completed in
the same manner as the first tests.
Children completed retention and
transfer tests in the same walking or
standing manner that they practiced
during the acquisition phase. All chil-
dren completed all of the trials in
their respective conditions.

Absolute error (AE, average error
without regard to sign) and variable
error (VE, standard deviation about
the participant’s mean score) were
calculated for each block of 12 trials
during the acquisition, retention,
and transfer phases of the experi-
ment. These data were analyzed
using analysis of variance (ANOVA)
procedures.

Results
Acquisition
Absolute error data during acquisi-
tion were analyzed using a 2 � 2 �
6 (task difficulty � KR frequency �
block) ANOVA with repeated mea-
sures on the last factor. The main
effects of KR frequency and task dif-
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ficulty were not significant (F�1),
but there was a significant main
effect for block (F5,280�25.9, P�.001,
Fig. 1), with mean AE decreasing
from 5.11 (SD�1.33) in block 1 to
3.45 (SD�1.13) in block 6. Some-
what complicating this main effect
was a significant interaction of task
difficulty � block (F5,280�3.1,
P�.05). This interaction was caused
by greater errors being produced by
the groups of children who stood
still to throw the beanbags during
the first 2 blocks of practice, but
from then on these groups per-
formed with AE similar to that of the
walking groups.

The variability in the children’s per-
formance during practice was exam-
ined by analyzing VE using a 2 � 2 �
6 (task difficulty � KR frequency �
block) ANOVA with repeated mea-
sures on the last factor. The main
effects of KR frequency (F1,56�3.2,
P�.05) and task difficulty (F1,56�
1.9, P�.1) were not significant, nor

was the interaction of the 2 factors
(F�1). The effect of block was sig-
nificant (F5,280�3.4, P�.01, Fig. 2).
Mean VE decreased from 4.47
(SD�1.22) at the start of practice to
3.89 (SD�1.15) at the end of prac-
tice. No other interactions were sig-
nificant (P�.05).

Retention
The throwing accuracy of the chil-
dren in the immediate and delayed
retention tests was analyzed using a
2 � 2 � 2 (task difficulty � KR
frequency � retention test) ANOVA
with repeated measures on the last
factor. This analysis revealed signifi-
cant main effects for task difficulty
(F1,56�13.8, P�.001) and retention
test (F1,56�8.5, P�.01) but not for
KR frequency (F�1) (Fig. 1). The
main effect for task difficulty
revealed that the children in the 2
walking groups were more accurate
in both retention tests (X�3.29,
SD�0.69) than the children in the 2
groups who stood still to throw

(X�3.95, SD�1.10), whereas the
main effect for retention test indi-
cated that children were more accu-
rate during the immediate retention
test (X�3.41, SD�0.76) than during
the 1-week delayed retention test
(X�3.84, SD�1.11). Complicating
the main effect of task difficulty
was a significant interaction of task
difficulty � KR frequency (F1,56�
4.9, P�.05). As Figure 3 shows,
when the children threw while walk-
ing, they were more accurate after
receiving a KR frequency of 33%
(X�3.06, SD�0.66) during practice
than after receiving a KR frequency
of 100% (X�3.54, SD�0.65). In con-
trast, when throwing from a standing
position, the children were more
accurate after being given 100% KR
(X�3.79, SD�0.96) than after 33%
KR (X�4.10, SD�1.22).

The variability of throwing perfor-
mance during the retention tests
was subjected to a 2 � 2 � 2 (task
difficulty � KR frequency � reten-

Figure 1.
Mean absolute error as a function of acquisition, retention, and transfer. W33�walking with 33% knowledge of results (KR),
S33�standing with 33% KR, W100�walking with 100% KR, S100�standing with 100% KR, Ret 1�retention test 1, Ret 2�retention
test 2, Tran 1�transfer test 1, Tran 2�transfer test 2.
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Figure 2.
Mean variable error as a function of acquisition, retention, and transfer. W33�walking with 33% knowledge of results (KR),
S33�standing with 33% KR, W100�walking with 100% KR, S100�standing with 100% KR, Ret 1�retention test 1, Ret 2�retention
test 2, Tran 1�transfer test 1, Tran 2�transfer test 2.

Figure 3.
Interaction of task difficulty and knowledge of results (KR) frequency for accuracy in retention.
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tion test) ANOVA with repeated
measures on the last factor. Only
the main effect of KR frequency
approached traditional levels of sig-
nificance (F1,56�3.9, P�.055), with
the 33% KR frequency groups being
more consistent in throwing (X�
3.68, SD�1.25) than the 100% KR
frequency groups (X�4.11, SD�
1.06) (Fig. 2). No other main effects
or interactions approached signifi-
cance (P�.05).

Transfer
A 2 � 2 � 2 (task difficulty � KR
frequency � transfer test) ANOVA of
the AE data from the transfer tests
revealed a pattern of results similar
to that for retention, with significant
main effects for task difficulty
(F1,56�6.5, P�.05), transfer test
(F1,56�9.3, P�.01), and an interac-
tion of task difficulty � KR fre-
quency (F1,56�4.1, P�.05) (Fig. 1).
The main effect of task difficulty
was caused by the standing groups
exhibiting greater error (X�5.16,
SD�1.34) than the walking groups
(X�4.51, SD�1.13), and the effect
of transfer test was caused by chil-
dren throwing more accurately dur-
ing the delayed transfer test (X�
4.55, SD�1.35) than during the
immediate transfer test (X�5.12,
SD�1.14). Superseding the main
effect of task difficulty was the sig-
nificant interaction with KR fre-
quency. Similar to the pattern for AE
during retention, when the children
stood still to throw the beanbags,
they were more accurate following
practice with 100% KR frequency
(X�4.86, SD�1.12) than with 33%
KR frequency (X�5.45, SD�1.48).
In comparison, in the throwing-
while-walking groups, greater accu-
racy was exhibited following 33%
KR practice (X�4.30, SD�1.11)
than following 100% KR practice
(X�4.73, SD�1.12).

Finally, the 2 � 2 � 2 (task diffi-
culty � KR frequency � transfer
test) ANOVA on the VE data during

the transfer tests showed no signifi-
cant main effects or interactions for
any factor (P�.1) (Fig. 2).

Discussion
Providing adults who are cognitively
intact with a 100% KR frequency
while practicing a motor skill usually
is found to be detrimental to learning
in comparison with learning environ-
ments in which such feedback is less
readily available.16 In children, how-
ever, Sullivan et al9 recently reported
contrary findings, with the greatest
learning of a computerized pattern-
matching task being demonstrated
by children who received KR after
every response attempt (100% KR
frequency). Our current findings add
to the understanding of the role of
KR in motor skill learning by show-
ing that in children the effect of
KR frequency is mediated by the dif-
ficulty of the motor skill being
learned. More generally, our findings
emphasize the need to take into
account the cognitive processing
ability of the learner, regardless of
whether he or she is a patient with
neurological involvement or learner
who is able-bodied, when planning
the conditions of practice vis-à-vis
task complexity and frequency of
feedback.

Analysis of acquisition data indicated
that all groups of children improved
in both the accuracy and consistency
of responses with practice. The
manipulations of KR frequency and
task difficulty had little differential
influence on the rate at which the
children improved in throwing per-
formance. The lack of an effect
for KR frequency during acquisition
stands in contrast to the findings
of Sullivan et al,9 who found that
reduced KR frequency decreased
both accuracy and consistency of
performance in comparison with
performance with 100% KR fre-
quency. The fact that, in the present
study, KR frequency did not signifi-
cantly affect variability during prac-

tice does not support the notion that
maladaptive short-term corrections
are made when KR is given after
every trial (100% KR). Schmidt16

and Schmidt and Bjork17 have sug-
gested that high frequencies of KR
might cause learners to continually
attempt to correct their performance
on every trial even though the
perceptuo-motor system is unable to
detect and correct the minor errors
being reported by the extrinsic KR.
This process of error correction
potentially increases the variability
of performance during acquisition
and consequently leads to inferior
retention performance. We found no
evidence for this contention, as the
100% KR groups did not exhibit
higher VE during acquisition than
the 33% KR groups. In retention,
there was a trend (P�.055) for the
33% KR frequency groups to per-
form with less variability. With an
increase in the sample size, this
trend might have been statistically
significant. However, in order to
support a maladaptive short-term
corrections explanation for these
results, in contrast to the findings
of the current study, a significant
increase in the variability of perfor-
mance of the 100% KR groups in
practice must be evident.

Despite the general lack of differ-
ence among the groups in perfor-
mance accuracy and variability dur-
ing practice, manipulations of KR
frequency and task difficulty during
practice did cause differences in
retention performance. The pattern
of retention results did not match
any of our a priori predictions. The
results for the stationary throwing
groups (S100, S33) were similar to
those reported by Sullivan et al9 in
that the children who received KR
after every throw performed more
accurately than those who had been
given KR after every third trial. How-
ever, this pattern of results was
reversed for the groups of children
who threw while walking (W100,
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W33). Here the children who had
received KR at a 33% frequency
exhibited the most accurate reten-
tion performance, a pattern of
results that would be expected by
the guidance hypothesis of Salmoni
et al.1

Taken together, these unexpected
results can be explained by a reeval-
uation of the categorization of diffi-
culty in the throwing task. In design-
ing the study, we borrowed from
Gentile’s14,15 motor skills taxonomy,
reasoning that throwing while walk-
ing would be more difficult than
throwing from a standing position.
However, in hindsight, we believe
we inadvertently made the stationary
throwing condition more difficult
than the walking condition. We orig-
inally had intended to have the chil-
dren simply stand at the line 2 m
from the barrier and throw. How-
ever, we made a last-minute change
to the procedures to ensure a con-
stant inter-trial interval between
the walking and standing groups.
Thus, the standing groups started at
the line 2 m from the throwing line,
walked up to the throwing line,
and then stopped before throwing
the beanbag over the barrier. We
speculate that this requirement to
control momentum and adjust pos-
ture before releasing the beanbag
added to the complexity of the
motor planning process involved in
executing the throw and thus actu-
ally made the task more difficult than
simply walking through the line and
throwing without having to come to
a stop.

If the premise is accepted that
the throwing-while-walking task was
less cognitively challenging than
the walking-then-stopping throwing
task, the pattern of results can be
explained by the challenge point
framework.10 In the more difficult
(standing) version of task, children
showed the greatest learning when
they were provided with a 100%

KR frequency. The increased motor
planning required imposed a cogni-
tive challenge greater than the opti-
mal challenge point. Thus, providing
the children with KR after every
trial made the task less cognitively
challenging, bringing the challenge
back closer to the optimal challenge
point. In contrast, given that throw-
ing while walking was less cogni-
tively taxing, and less than optimal,
reducing the frequency of KR provi-
sion increased the cognitive chal-
lenge to a more optimal level than
when KR was given after every trial.
Providing KR at a 100% frequency
decreased the cognitive challenge on
this easier version of the task and
thus moved the cognitive challenge
below the optimal level.

Prior to the current study, the only
other work examining the effect of
KR frequency on motor learning
in children with typical develop-
ment was that of Sullivan et al.9 In
their work, children showed the
greatest learning following 100%
KR frequency in practice. Such
findings were replicated by the
standing condition results but not by
the walking condition results in the
present work. Interpreting these
findings from the challenge point
framework would suggest that both
the pattern-matching task of Sullivan
et al9 and the standing condition in
the current work presented the chil-
dren with a relatively difficult cog-
nitive challenge, necessitating KR
after every trial to reduce the cog-
nitive challenge. It is important to
note that Sullivan and colleagues’
study9 tested retention only on the
day after practice. The current work
examined skill retention immedi-
ately after finishing practice and 1
week later. Although there was a sig-
nificant decline in throwing perfor-
mance from the immediate retention
test to the delayed retention test, the
same pattern of relative differences
among the groups remained. That is,

there was no differential forgetting
as a function acquisition condition.

The design of the current study also
differed from that of Sullivan et al9 by
including a transfer test in which the
children attempted to hit the target
with an underhand rather than an
overhand throwing action. This test
assesses the generalizability of the
skill learning created by the various
acquisition conditions. The pattern
of coordination used to throw the
beanbags was very different in the
transfer test, and we were interested
in determining whether the calibra-
tion of the target space acquired
during overhand throwing could be
transferred to a new coordinative
pattern. Although the children were
less accurate when asked to throw
underhand, the same relative level of
performance that was evident in the
retention tests was found in the 4
groups. This finding implies that the
differential learning engendered by
the combination of task difficulty
and KR frequency could be general-
ized to a new coordinative pattern.

The pattern of results for transfer
does differ from that observed dur-
ing retention with respect to time.
In retention, all groups decreased in
accuracy from the immediate reten-
tion test to the delayed test, indi-
cating that forgetting had occurred
during the 1-week interval. In con-
trast, in transfer the accuracy of
the children’s underhand throwing
improved from the immediate test to
the delayed test. There also appeared
to be a trend for throwing consis-
tency to improve for all groups
across time (Fig. 2) but this trend
was not statistically significant. The
improvement in accuracy from the
first transfer test to the second trans-
fer test probably was due to the fact
that the first transfer test essentially
served as practice. Even though no
KR was given regarding accuracy
during this test, the children were
able to use the previously acquired
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awareness of the spatial location of
the target to hone their underhand
throwing performance.

The present findings are some of
the first to provide empirical support
for the challenge point framework
of Guadagnoli and Lee.10 Despite the
framework’s intuitive appeal, little
experimental work investigating
the notion has been published, per-
haps because the concept of task dif-
ficulty is tricky to define, as is clearly
illustrated by our attempts to manip-
ulate difficulty in the current work.
Onla-or and Winstein13 did provide
some support for the framework in
people with Parkinson disease, but
the findings were somewhat mud-
died by a powerful specificity of
practice effect. Clearly, there is still
much to be learned about how cog-
nitive challenge influences the learn-
ing of motor skills in adults and chil-
dren with and without neurological
involvement.

Potential Limitations
The current study was limited by
the fact that children with neuro-
logical involvement did not par-
ticipate. How such children would
have compared in performance
with the children with typical devel-
opment we examined cannot be
determined. The goal of this study,
however, was not to make direct
comparisons regarding the effect of
KR frequency and task difficulty
between children with and without
neurological involvement in the
task we examined. Rather, the theo-
retical rationale behind the design
of the study was to examine how
task complexity and the frequency
of feedback presentation interact
with cognitive processing capability
in determining the relative level of
motor learning engendered.

As in many motor skill–learning stud-
ies, sample size could have limited
the ability to find statistical signifi-
cance in certain analyses. For exam-

ple, the effect of KR frequency on
the variability of performance seen
in retention might have been sig-
nificant had additional children been
tested. However, this significance
would not have changed any of the
important conclusions generated by
this work.

Clinical Implications
From a clinical perspective, our
findings highlight the important role
that a determination of the cognitive
status of a patient and an assessment
of the functional task difficulty play
in designing optimal learning envi-
ronments. Recall that under Guada-
gnoli and Lee’s optimal challenge
point framework,10 nominal diffi-
culty refers to an objective assess-
ment of the complexity of the task
regardless of who is attempting to
perform the task, whereas functional
difficulty attempts to quantify the
subjective difficulty involved in task
production and thus takes into
account, among other things, the
cognitive ability of the performer. A
task with a certain nominal difficulty,
therefore, will be functionally more
difficult to a child, to an elderly indi-
vidual, or to someone with neurolog-
ical involvement.

Sullivan et al9 varied the level of
nominal task difficulty in their study
by manipulating KR frequency and
used age as an index of cognitive
processing capability to determine
the relative functional difficulty of
the task for the young adults and
children in the study. The differ-
ences found as a function of KR
frequency between the 2 age
groups thus were explained by
the different levels of functional
difficulty imposed. Similarly, at the
other end of the life span, cogni-
tive processing is typically dimin-
ished in the elderly population18,19;
therefore, the same level of nominal
task difficulty will present greater
functional difficulty to a geriatric
population than to young adult learn-

ers. Likewise, individuals with cer-
tain brain lesions might be expected
to have cognitive processing defi-
cits, and therapists must take into
account such deficits in structuring
the learning environment. Our find-
ings strongly suggest that seem-
ingly small changes in task difficulty
can interact with the frequency of
therapist-provided feedback in deter-
mining the amount of skill carryover
from the clinic to the patient’s every-
day environment. To optimize motor
learning in the clinical environment,
therapists should manipulate nomi-
nal difficulty by varying task param-
eters, such as feedback frequency, in
order to generate an appropriate
level of functional difficulty for the
patient. If functional task difficulty is
too high or too low, skill learning
will not be maximized.
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