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Abstract

We investigated the effect of aging on
different aspects of motor skill learning
using two computer-presented
perceptuomotor tasks. The relationship
between visual and proprioceptive feedback
was transformed in the first task, which was
open to the formation and use of strategies.
This task was designed to lead to
perceptuomotor adaptation that was then
measured by performance on a very similar
second task that was not open to the use of
strategy task. Older participants showed
impaired learning of the strategic task but
not of the nonstrategic task. This is in line
with the suggestion that the effect of aging
on learning and memory may be to reduce
working memory resources.

Introduction

Older participants have been shown to be im-
paired in several motor skill learning (i.e., increas-
ing accuracy of movement with practice; Willing-
ham 1998) tasks when compared with younger
subjects [rotor pursuit (Ruch 1934; Gutman 1965),
mirror tracking and rotary pursuit (Wright and
Payne 1985)], while showing unimpaired perfor-
mance on one motor skill task (Howard and
Howard 1989, 1992). The task used by Howard
and Howard was a serial response time (SRT) task
in which participants show reduced response
times to successive repetitions of a sequence al-
though they demonstrate no awareness of the ex-
istence of such a sequence. An important question,
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then, in studying the effects of aging on learning
motor skills, is what determines whether a task is
one on which older participants will show a defi-
cit.

One might propose that the effect of aging on
motor skill learning is characterized by an age-
linked deficit in explicit, but not implicit, learning
of motor skills (where explicit learning is learning
of which the participant is aware and makes direct
reference to the learning, whereas participants are
unaware of implicit learning, which is typically as-
sessed by task performance effects). Several re-
searchers have found that performance on implicit
tasks is spared by aging (e.g., Schacter 1987;
Howard and Howard 1989, 1992; Craik 1994; Light
et al. 1995), whereas older participants show evi-
dence of deficits in explicit processes (e.g., Craik
and Jennings 1992). However, although such a dis-
sociation would account for the observed lack of
impairment in older participants in the SRT task, it
cannot account for the observed deficits in older
subjects in other tasks, such as tracing objects seen
only in a mirror or maintaining contact with a ro-
tating target, which are also classed as implicit
tasks. Furthermore, Harrington and Haaland (1992)
used a complex stimulus-response task, similar to
the SRT task in that some of the responses were
sequenced, and reported a deficit for older sub-
jects in implicit learning of the motor sequences.
They concluded that the fact of a task being im-
plicitly learned was insufficient to guarantee
spared learning with aging.

In this study we investigated the possibility
that the effect of aging on motor skill learning
would be characterized by age-linked deficits in
learning of motor skill tasks that allow the use of
strategy formation. This possibility is suggested by
the differences in the findings of Harrington and
Haaland (1992) versus those of Howard and
Howard (1989, 1992); it may be that the more com-
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plex task used by Harrington and Haaland allowed
the formation of strategies, whereas the simpler
SRT task did not.

We used two perceptuomotor tasks based on
those introduced by Cunningham (1985), the first
of which was open to the development and use of
strategies, whereas the second was not. In the first
task (training phase), participants were asked to
trace lines presented on a computer screen, using
a stylus on a graphics tablet to manipulate the com-
puter cursor. The relationship between movement
of the stylus and movement of the cursor was trans-
formed by the computer with a 90° counterclock-
wise rotation. Participants were then transferred to
a second, similar task (the test phase) where both
the transformation and the visual feedback were
removed; that is, participants were again asked to
trace lines and were (correctly) told that there was
no longer any transformation of the cursor’s move-
ments (i.e., that the cursor would move in the
same way as the stylus), but the cursor’s move-
ments were not visible to participants (to avoid any
correction of adaptation).

Consider what might affect performance in
each of the two tasks. The effect of the transfor-
mation in the training phase is to place visual and
proprioceptive sensory inputs in conflict. During
the training task, learning might occur such that
the disparity between vision and proprioception is
reduced; that is, proprioception becomes recali-
brated so that the disparity with visual input is
reduced. Research with prism spectacles has
shown that such perceptuomotor recalibration, or
adaptation, does indeed occur (Redding and Wal-
lace 1978; Welch 1978, 1986; Wallace and Redding
1979; Bedford 1993a,b). Adaptation is implicit,
meaning that participants are unaware that the
learning occurs and, therefore, that adaptation
does not allow the development of a strategy on
the part of the subject (Welch 1978; Bedford
1993a). This learning would affect performance on
both training and test tasks. Following adaptation,
participants will move their arms in a direction that
they believe to be counterclockwise of their arm’s
actual position.

During the training phase, a participant might
also develop a conscious strategy to improve per-
formance; for example, a participant might men-
tally rotate the lines presented by 90° and move his
or her hand in the direction of the mentally imaged
line. During the training task, learning is shown by
improvement in the accuracy of participants’ line
tracing. Both perceptuomotor recalibration and
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the use of effective strategy will result in improved
accuracy; strategies have been shown previously to
improve performance in perceptuomotor tasks
(Verdolini-Marston and Balota 1994).

In the test phase, however, strategies are inap-
propriate: Participants have been told that the
transformation has been removed. Thus, two
sources of learning may contribute to performance
in the first, training task—strategy and adapta-
tion—whereas only adaptation contributes to per-
formance in the second task. This view of the two
tasks is similar to that put forward by Redding and
Wallace (1993) with regard to prism spectacle ex-
periments, who state, “Direct effects are assumed
to reflect influences of both adaptive coordination
and alignment, whereas aftereffects are argued to
reflect the contribution of adaptive alignment . . .
Subjects have no reason to apply [during the test
phase] any adaptive strategies intentionally ac-
quired [in the training phase].” Note that both
training and test phases measure learning occur-
ring in the fraining phase but measure different
types of learning.

We predicted that elderly participants would
show deficits in strategy formation but that learn-
ing of perceptuomotor adaptation might be spared
by aging. This pattern of results would be seen as
a deficit in the training phase (where strategies are
involved) but an absence of any age-linked effect
on performance in the test phase (measuring only
adaptation). Conversely, an age-linked deficit in the
training phase only would show that the age-linked
deficit was indeed attributable to differences in
strategy formation and/or use, because that is the
dimension along which the two tasks differ.

Materials and Methods

PARTICIPANTS

Fourteen young adults (mean age = 19.9 years,
s.0. =0.9) and 10 older adults (mean age = 64.2
years, s.b. = 6.4) participated. The young adults
(seven females and seven males) participated to
fulfill part of the course requirements for introduc-
tory psychology classes at the University of Vir-
ginia, whereas the older adults (four females and
six males) volunteered from a local senior center.
All participants were recruited for a “study of mo-
tor skill and aging.” The education level of the two
groups was comparable (young mean = 14.4 years,
s.D. = 0.48; older mean = 15.8 years, s.0. =3.12, ¢
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assuming unequal variances = 1.37, P > 0.20); note
that this is sufficiently high for both groups to be
highly overtrained in stylus use and that the final
education level of the young participants is as yet
undetermined. All participants were right-handed
by selfreport and had vision sufficient to clearly
read 10-point type on a computer monitor at 1
meter. Samuel (1981) reported that participants
with outstanding athletic or artistic talent have
anomalous perceptuomotor integration, and we
thus excluded from the young group any partici-
pants who, by self-report, were especially athletic
or artistic. Of the older group, one female occa-
sionally painted; her data were comparable to the
group’s and have been included as they alter none
of the findings. All members of the older group
were community dwelling and healthy by self-re-
port.

STIMULI AND APPARATUS

Participants were tested using a Macintosh Ilsi
computer connected to a Wacom UD-1212-R
graphics tablet and stylus. Instructions for each
task were presented both on the screen (as a con-
firmation of visual acuity) and verbally by the ex-
perimenter, followed by a check that the instruc-
tions were clear and had been correctly under-
stood. During both training and test phases,
participants’ view of their right (drawing) hand
and arm was blocked by means of a wooden box
around the graphics tablet that allowed free hand
and arm movement, as shown in Figure 1.

Both training and test tasks consisted of being
asked to trace, using the stylus, a series of straight
lines presented on the monitor. Lines were of a
constant length (10.16 cm), were clearly visible,
and radiated from the center of the monitor screen
in one of eight directions spaced at 45° intervals
from the vertical. In both phases, the cursor ap-
peared in the center of the screen at one end of the
line, and participants were told that they should
immediately trace the line as accurately as possible.
Participants were told that each line would be pre-
sented for 5 sec and would then be cleared from
the screen. After each line cleared, participants re-
turned the pen to the center of the tablet, using
visual guidance via a panel in the top of the
wooden box. The experimenter then triggered the
next line to appear. All lines were thus traced from
the center of the screen out toward the perimeter.
Lines were presented in random order of orienta-
tion with the constraint that each direction was
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Figure 1: Apparatus used for all phases. lllustrated on
the screen are a target line (straight vertical line) and the
cursor trace that would be produced by an exemplar
stylus trace (arrows on screen and graphics tablet, re-
spectively) with the training phase 90° counterclockwise
transformation in place. The graphics tablet is blocked
from the participants’ view by means of a wooden box
cover.

presented at least once and no more than twice in
each block of 10 lines. The total number of line
presentations in each direction was balanced in
both phases. The use of a computer to create the
perceptuomotor disparity avoided undesirable side
effects of prism goggles such as blurring of vision
and inappropriate curvature of the visual field, and
the use of a stylus was intended to minimize any
age-linked performance deficits in line tracing be-
cause participants were expected to be highly
practiced in the use of a stylus. The use of a stylus
should also ensure that both groups were highly
overtrained in the perceptuomotor relationships
being perturbed in the training phase. We hoped
to thus achieve comparable baseline motor perfor-
mance across age group and to avoid any con-
founds caused by differences between the groups
in the level of pre-experiment training or skill.

During both training and test phases, the po-
sition of both pen and cursor was sampled by the
computer every 50 msec, and visual feedback (dur-
ing the training phase only) was provided at each
sampling time via a dot (3 mm in diam.) produced
on the screen at the position of the cursor. Dots
remained on the screen to produce a trail. In both
phases, both target line and any feedback display
were cleared automatically 5 sec after initial target
line presentation.

PROCEDURE

The experiment had several phases. First, base-
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line measures were taken both with and without
visual feedback. In the first, baseline-feedback
phase, participants were given 32 trials of practice
at tracing lines; visual feedback was provided, and
no transformation was applied. This phase pro-
vided a measure of baseline motor performance
and line-tracing ability in the presence of feedback
and confirmed that older participants did not show
poor tracing performance because of motor slow-
ness, lack of visual acuity, or other physical deficit.
In the second, baseline-no-feedback phase, partici-
pants were informed that the visual feedback
would now be removed and were then given 16
trials of practice at line tracing in the absence of
feedback. These trials served as a second control
measure of baseline line tracing ability, acclima-
tized participants to tracing in the absence of visual
feedback, and confirmed that there was no differ-
ence with age on tracing performance in the ab-
sence of feedback.

Following these baseline phases, participants
began the training phase. Participants were in-
formed that there would now be a transformation
applied to their tracing, and that this would mean
that the line of dots appearing on the screen would
not necessarily move in the direction in which they
moved their hand. Participants were told that they
should try to adjust their hand movements such
that the line of dots on the screen would again
follow the target line presented. The experimenter
asked each participant to describe the task as a
means of checking that the instructions were un-
derstood and explained the task again if necessary.
No information was given as to the type of trans-
formation that would be applied or whether it
would remain constant across trials. In fact, a con-
stant transformation (a 90° counterclockwise rota-
tion) was used for all training trials. Participants
performed six blocks of training trials, with 30 tri-
als in each block and a rest break between blocks
3 and 4.

Ten test phase trials were given after each
block of 30 training trials. Participants were told
that the transformation had now been removed
and that they should now trace the line exactly as
they had in the baseline-no-feedback phase. Par-
ticipants were observed closely to ensure that they
understood that for test phase trials, no transfor-
mation was being applied. Instructions for the fol-
lowing phase were briefly repeated before each
block of either training or test trials to ensure that
participants were clear on which condition was
about to occur.

L E A R N I N G

Results

Two types of incorrect trials were removed
from the analysis: trials where the participant failed
to respond correctly to the fact that transformation
was no longer present on the first trial in a test
block (line traced at >45° from target line), and
trials where the experimenter triggered the ap-
pearance of the line before the participant was
ready for it. Neither type of trial error accounted
for >1% of the data in either age group; the first
type occurred only once for each of three partici-
pants, two young and one older. There was no
difference between genders on any of the depen-
dent measures (all Fs< 1.2, all Ps>0.27), and
groups were therefore collapsed across gender.

BASELINE MEASURES

An « level of 0.05 was used for calculations of
significance in all statistical testing. Deviation mea-
sures were calculated only on the portion of the
tracing within a circle defined as having its center
at the origin (the point in the center of the com-
puter screen from which all target lines radiated)
and its radius equal to the length of a target line.
The measure of deviation was the average distance
of each sampled cursor position from the closest
point on the target line; this distance was defined
to be positive when the traced line was clockwise
of the target line. Signed error (i.€., deviation mea-
sures using both magnitude and direction of error)
was used for both baseline phases, because both
magnitude of error and any directional bias was of
interest. No differences were found between the
deviations of the two groups in the baseline phases
(both F < 0.65, both P > 0.40). The performance of
both groups was essentially perfect in the feedback
condition (error means *s.p.: =0.012 £ 0.11 and
~0.009 + 0.09 for older and young participants, re-
spectively). Errors were slightly larger, but had no
significant directional bias, in the no-feedback con-
dition (means +s.p.: 0.25+7.23 and 1.52 + 6.77
for older and young participants, respectively).

TRAINING PHASE

The measure of primary interest was the de-
viation of the line drawn from the target line. In the
training phase, deviation from the target line was
calculated as a mean root square distance, because
the magnitude of total error was the most impor-
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tant measure. Before analyzing deviation data,
mean error in the baseline-feedback phase was
subtracted (independently for each line direction
and each participant) from the training phase data;
the same procedure was followed for test phase
data using mean error scores from the baseline-no-
feedback phase. This correction of data removed
any effects from differences in individual ability to
trace lines in each direction more or less accurately
or from any existing tendency of participants to
trace to one side or other of the target line. Such a
correction might have been particularly important
owing to possible differences in, for example,
hand stability between the two age groups, al-
though in fact no such differences were found, as
noted above.

Training phase results are shown in Figure 2.
As predicted, older participants showed a deficit
in the training phase, with significantly greater
error in tracing [F(1,22) =20.96, MsE= 7210,
P < 0.0001]. Both groups showed significant learn-
ing in the training phase, shown by a significant
effect of block on performance [F(5,110) = 17.106,
MSE = 673.3, P<0.0001]. Importantly, young par-
ticipants showed greater learning [F(5,110) = 4.493,
MSE = 176.33, P < 0.001].

One possible explanation for the age-related
deficit in training phase performance could have
been a failure of older participants to react suffi-
ciently quickly to trial presentation. This might re-
sult in less of a line being drawn and so less pos-
sibility for calculated error. Analysis of reaction
time [(RT) defined as the time between trial pre-
sentation and first cursor movement] and length of
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Figure 2: Mean deviation from target line for young (O)
and older (W) groups on the training task, by block of
training trials. Deviation is measured as detailed in the
text. Vertical error bars depict s.e.m..
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line traced showed that this was not the case, how-
ever. In the analysis of RT data only, the data from
two participants in the younger group was re-
moved from the analysis. These participants had
reaction times slower than any of the older group
and >10 s.p.s from the mean of the remaining
young participants; the inclusion of data from
these participants had no effect on any finding
other than those regarding RT. The effect of age on
RT observed is perhaps smaller than would have
been expected, given the many reports of general
slowing with age (e.g., Fisk et al. 1988; Cerella
1990). Older participants showed an increase in
RT (i.e., slower response) in the training phase
[mean RT of 1469 msec (older) vs. 1191 msec
(young), F(1,20) = 4.6, M.S.E = 2712032, P < 0.05].
Importantly, however, this increased RT did not
result in the older participants tracing significantly
less distance in the time available [mean distance of
7.62 cm (older) vs. 8.49 cm (young), F(1,22) = 2.64,
MSE = 6527, P>0.1]. Hence, deviation measure-
ments are not confounded by the two groups having
significantly different line lengths over which to
deviate.

TEST PHASE

Deviation in the test phase was calculated as a
signed error for the test task, because the direction
of error in tracing was of primary interest. A posi-
tive error was defined as error in the clockwise
direction from the target line, whereas error in the
anticlockwise direction was given a negative sign.
In the test phase, learning is observed via decreas-
ing accuracy in tracing lines; because participants
are moving their arm in a direction clockwise of its
aimed position, adaptation will be shown by in-
creased error in a clockwise direction from the
target line. Learned adaptation to the training
phase transformation means that participants will
now have an inappropriate map between vision
and proprioception, and their tracings will there-
fore deviate in the direction opposite to that of the
transformation (Cunningham 1989). Welch (1978)
called this opposite deviation the negative afteref-
fect.

The older group showed no difference in
learning of adaptation as compared with the young
group [F(1,22) =0.58, MSE=96.2, P>0.8], as
shown in Figure 3. Note that both groups show
significant adaptation, indicated by consistent
clockwise error. The adaptation appears to occur
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within the first 30 training trials for both partici-
pant groups, as shown by the absence of any effect
of block on performance in the test phase
[F(5,110) = 0.909, MSE = 58.11, P > 0.45], and the
absence of any interaction of test block with age
group [F(5,110) = 0.276, MSE = 17.663, P > 0.90].
Similar considerations of RT and distance of tracing
to those mentioned with respect to the training
phase apply; however, there was no difference in
either RT [mean RT of 1353 msec (older) vs. 1072
msec (young), F(1,20)=4.23, MSE = 2632727,
P > 0.05] or length of line traced [mean distance of
994 cm (older) vs. 9.79 cm (young),
F(1,22) = 1.42, MSE = 119.25, P > 0.2] across age
group. The measures of RT and distance traced
were of secondary interest in this study and will
not be discussed further.

Line direction had a significant effect on perfor-
mance in both phases: F(7,154) = 2.8, MSE = 152.6,
P<0.01 in training phase and F(7,154) = 13.06,
MSE = 3112, P < 0.0001 in test phase. As can be
seen in Figure 4, however, the effect of line direc-
tion was not consistent either across age group or
across phase. Although there are a variety of pos-
sible explanations for this finding, the effect is dif-
ficult to characterize and does not affect the results
for learning nor those for the differences in learn-
ing between the two age groups (all Fs for appro-
priate interactions < 1.3, all Ps > 0.1).

Discussion

The comparable performance of the two
groups in both baseline phases suggests that our
use of the stylus to prevent any age-linked motor
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Figure 3: Mean adaptation for young (CJ) and older (l)
groups in the test phase, by block of test trials. Adapta-
tion is measured as detailed in the text. Vertical error
bars depict s.E.m..
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performance effects was successful and that the
presence or absence of feedback had no age-linked
effect. In addition, this result strongly suggests that
sensory acuity did not differ between the two
groups; in fact, recent work has shown that any
difference in proprioceptive acuity is likely to be in
the direction of increased acuity with aging (Meeu-
wsen et al. 1993; Proteau et al. 1994). As Durkin et
al. (1995) have pointed out, age-linked deficits in
performance do not necessarily imply a deficit in
learning. In investigations of the effect of aging on
learning, it is optimal to use a task such as the one
presented here in which baseline performance is
comparable across age groups (thus suggesting
that the level of cognitive load imposed is suffi-
ciently low as to be within the range of ability of
participants in all age groups).

Both groups showed adaptation to the trans-
formation (i.e., a positive deviation in the test
phase) that did not reach the maximum level of the
transformation presented. This failure of adapta-
tion to reach the maximum possible level, even
over many trials, is in line with data from prism
adaptation experiments (e.g., Welch 1978; Red-
ding et al. 1985; Rossetti et al. 1993), and is con-
sistent with other experiments in our laboratory
(D.B. Willingham and N. Greenberg, unpubl).
Prism adaptation data in the literature has generally
been interpreted as showing a gradual adaptation.
However, the maximum level of adaptation in
prism spectacle experiments is often seen after be-
tween 20 and 30 trials (Welch 1986), and so we
believe that this apparent difference is simply a
case of difference in the number of trials used be-
fore measurement of adaptation.

We predicted that the older participants
would show a deficit in the training phase (be-
cause strategies could be used) but would show no
deficit in the test phase. These predictions were
confirmed. Thus, the data presented here support
the suggestion that the effect of aging on motor
skill learning is to reduce the resources available
for formation of strategies. This pattern of findings
also further supports the nonstrategic nature of the
test phase task used, because any contamination by
explicit, strategic learning would be expected to
have introduced an age-linked performance deficit.
Use of strategies in a training task has been shown
previously to have little, if any, effect on implicit
learning (Verdolini-Marston and Balota 1994), in
line with our findings here. In a second study of
the effects of strategy use on implicit learning, Red-
ding and Wallace (1993) hypothesized that use of
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effective strategies in an explicit task might reduce
adaptation (owing to the reduced performance er-
ror in the explicit task leading to a reduced need
for realignment of visual and proprioceptive map-
pings) but saw little, if any, such effect. Similarly,
no such effect was seen in the present study.

It is important to remember that measures of
learning in the two tasks used here are measures of
the same learning of the same information (during
the training phase). Thus, the present data cannot
be explained by a simple age-related effect of in-
formation complexity on learning.

As far as we are aware, the effect of aging on
perceptuomotor adaptation and negative afteref-
fect has not been investigated previously. One pre-
vious study (Canavan et al. 1990) tested both
young and older participants on a prism spectacle
pointing task in which visual feedback as to arm
location was provided only at the end of each
pointing. Canavan et al. do not discuss their data
with respect to the effects of aging, but they found
no difference in trials to criterion across age
groups. Canavan et al.’s task would appear to be
open to the use of strategies in a similar manner to
the training phase of the present experiment. One
possible explanation for the apparent discrepancy
in results is that Canavan et al.’s task was consid-
erably simpler than ours, and development of ap-
propriate strategies may have placed an insuffi-
cient burden on cognitive resources to differenti-
ate older participants from young controls. A
limited number of previous studies have investi-
gated the effect of aging on motor skill learning
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Figure 4: Mean errors for young and
older subjects by line direction, across
blocks, in both the training phase (young,

R Y

8 horizontal-line bars; old, hatched bars) and
the test phase (young, open bars; old, solid
bars).

(Ruch 1934; Gutman 1965; Wright and Payne
1985; Howard and Howard 1989, 1992) but have
used tasks in which measurement of nonstrategic
learning was not possible and/or in which young
participants do not spontaneously discover strate-
gies, such as SRT.

Our findings suggest that adaptation (at least in
this paradigm) is not affected by any loss of atten-
tional resources, such as occurs in aging (Salthouse
1988, 1990), as has been suggested previously
(Redding et al. 1985). The question of whether,
and under what circumstances, implicit learning
requires attentional or other cognitive resources is
as yet unresolved (Nissen and Bullemer 1987; Co-
hen et al. 1990; Frensch et al. 1994; Stadler 1995).
One alternative possibility is that the adaptation
task used here placed insufficient demand on cog-
nitive resources to differentiate between young
and older participants. However, lack of a require-
ment for significant cognitive resources in implicit
perceptuomotor learning is supported by data
from patients with Huntington’s disease, who have
reduced working memory capacity. Such patients
show no deficit in adaptation compared with age-
matched controls although they show impairment
in a training task similar to the one used here
(Paulsen et al. 1993). Similarly, although the data
on Alzheimer’s patients is less clear, both Paulsen
et al. (1993) and Weiner et al. (1983) find no re-
duction in adaptation in this condition, which has
typically been viewed as reducing available cogni-
tive resources. Further testing of young and older
participants under conditions of additional cogni-
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tive load might provide the needed data to resolve
this question.

The effect of aging on nonmotor skill learning
has been suggested to be one of reduced percep-
tual organization (Hashtroudi et al. 1991), with
older individuals performing poorly under condi-
tions of limited data availability. The present study
made no attempt to inhibit participants’ perceptual
input; this, taken together with the fact that both
tasks measured learning from the same set of per-
ceptual information yet gave different results for
the effect of age on performance, makes it unlikely
that the effect of aging on motor skill learning ob-
served here was attributable to differences in per-
ceptual organization. Similarly, the finding of no
difference between groups in either of the baseline
conditions argues strongly against our results being
attributable to a difference in motor tracing ability
or in ability to cope with the absence of feedback.

One possible explanation of the present re-
sults might have been an age-related difference in
ability to alternate between the two tasks. If this
were the case, one would expect to see a pattern
of greater age-related error in early training trials
within each block and, possibly, some pattern by
position within block on test trials. However, ex-
amination of the data on a trial-by-trial basis shows
no such pattern in either group. It is also possible
that the two groups used different strategies rather
than having different success in application of the
same strategies. In one sense, such a finding would
not alter our interpretation of the results, because
it would still suggest an age-related deficit in the
generation of useful strategies; nevertheless, the
possibility remains. However, although no formal
assessment of strategy use was conducted, conver-
sations with participants after completion of the
experiment confirmed that all members of both
groups attempted to use strategies in the training
phase and appeared to construct very similar strat-
egies. Experiments currently underway, in which
participants are provided with a strategy before-
hand, will further investigate this point.

It is of interest to note that the level of adap-
tation displayed does not appear to be linked to
performance in the training task: Adaptation
achieves its maximum level after the first block of
test trials, whereas training performance in both
groups continues to improve across the training
trial blocks. In this regard, it is important to note
that the motor experience of the two groups was
similar, as shown by their comparable lengths of
line drawn. It has been suggested (Bedford 1995;
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Willingham 1997) that unconscious motor learning
occurs as a result of motor practice. If this is the
case, the present data suggest that there is a limit to
unconscious, nonstrategic motor learning that oc-
curs well below the maximum possible perfor-
mance level. Recent data (Redding and Wallace
1993) suggest that the relationship between train-
ing performance and test adaptation in prism spec-
tacle tasks similar conceptually to those presented
here, if any, is not a simple one, but it is possible
that age-related differences in adaptation might be
seen if some mechanism could be found to in-
crease the apparent limits to such learning.

One could argue that it makes sense evolution-
arily for there to be no deficit in adaptation with
aging if, as has been suggested, the ecological basis
for adaptation mechanisms is accommodation to
an organism’s changes in size with development
(Bedford 1995); older humans are at least as likely
as adults to experience changes in body shape and
size (although the age at which such changes oc-
cur has altered markedly across evolutionary time
as lifespan has changed, the fact of such changes in
relatively old individuals has remained constant).
The existence of such a basis for adaptation might
be investigated by comparing the ease of adapta-
tion to perturbed input from various body parts
across age groups; the prediction would be that
inputs from body areas prone to changes in size
and/or shape at a given age would be more easily
recalibrated.
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