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According to the schema theory, variability during practice allows for a larger repertoire of movements to
help form a generalized motor program for similar motor skills. Varied training is thought to enhance
long-term retention of the motor program due to the heightened difficulty presented. In a highly cited
study on this topic, Kerr and Booth (Perceptual and Motor Skills 46 (1978), 395–401) trained two groups
of children for 10 weeks to throw a beanbag towards either one central target (specific group) or two tar-
gets that were ±1 foot away from the central target (varied group). They found that the varied group per-
formed significantly better than the specific group when both groups were tested at the central target.
We, following the same paradigm, trained 30 adults on a similar beanbag throwing task and tested them
at various target distances. Our results suggested that after 5–7 weeks of training, the specific groups
tended to undershoot at longer distances and overshoot at shorter distances while the varied group
tended to center their throws around the target at all distances. However, the overall magnitude of error
(regardless of over- or undershooting) was similar across groups. We found some support for the hypoth-
esis that the varied group could better generalize to untrained distances, but this advantage was found
mainly for the longest distance and disappeared by a posttest held two weeks after practice.

� 2017 Elsevier Ltd. All rights reserved.
1. Introduction

Motor learning has been a crucial aspect to our survival as a
species. As we evolved, we have mastered complex motor com-
mands and have become more efficient at a variety of complex
skills and movement, such as hunting and, more recently, sports.
Through practice, our skills can improve with increasing accuracy
and speed, while decreasing variability in the execution of the
motor command. When performing an action, the goal is to mini-
mize errors to home in on the desired target and then learn from
those errors via feedback for subsequent movements. In ballistic
movements, such as throwing a ball, success of the movement is
assessed after making the movement to inform subsequent throws.
The thrower consequently associates the particular movement of
their limbs with the success of that movement. After repeated
throws to the target, the thrower is expected to become more con-
sistent and accurate.

Researchers have long been interested in the development of
motor skills and have looked for more effective and efficient ways
to structure practice in order to achieve an expert level of consis-
tency and accuracy. The schema theory offers up some parameters
that one can manipulate in order to influence the rate of learning,
the generalizability of the skill, and the ability to retain the skill
over a long retention period (Schmidt, 1975; Schmidt & Bjork,
1992; Shea & Wulf, 2005). Usually, large improvements in per-
forming a skill can be seen after just one practice session, but mul-
tiple sessions are needed if the skill is to be maintained over long
term (Schmidt & Bjork, 1992). Spacing out practice sessions has
long been thought to help consolidate learning (Janiszewski,
Noel, & Sawyer, 2003). Given enough time after the previous prac-
tice session the participant will have to relearn parts of the motor
skill, effectively strengthening and modifying what was learned in
the last session (Schmidt, 1975; Wymbs, Bastian, & Celnik, 2016).
Along these same lines, introducing spacing within a training ses-
sion seems also beneficial, even when the time between practicing
one skill is filled with practicing another skill. Interleaving practice
between different skills or different aspects of the same skill has
been shown to decrease short-term performance but tends to pro-
mote longer-term learning of both skills (Birnbaum, Kornell, Bjork,
& Bjork, 2012; Schmidt & Bjork, 1992). This type of practice, also
known as contextual interference, introduces contextual shifts
between practice trials that theoretically allow for better learning.
Additionally, if the interleaved tasks are similar, contextual inter-
ference can better generalize to similar but untrained skills or con-
ditions. For example, a basketball player must master shooting a
basketball from the free-throw line. During practice, the player
can introduce contextual interference by alternating between
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shooting from the free-throw line and the three-point line. Accord-
ing to the schema theory, over a long period, the player should
improve their shooting at both distances more than if the player
focused their shooting practice at only one distance, with the same
amount of practice. Furthermore, the schema theory hypothesizes
that if this variability is introduced during practice, the player can
also better transfer this skill to shooting from unpracticed
distances.

This improved transfer effect presumably is due to the broader
experience gained from varying their movements to shoot from
different distances. However, the schema theory does not provide
specific hypotheses about how improvements should manifest. In
principle, if a general-purpose motor program has been learned
via efficient training, then this learning can transfer to all novel
conditions equally well, regardless how similar the novel condition
is to the trained conditions. Alternatively, if no generalizable rules
can be abstracted from training with concrete examples, then no
transfer is expected beyond the trained examples. However, even
in this no transfer situation, one should still expect limited transfer
that tapers off as the novel condition is less similar from the
trained. For example, classical visual perceptual learning has been
found to be specific to training stimulus. But even in this exem-
plary case of specific learning, transfer still tapers off gradually,
not abruptly. For example, in visual motion direction discrimina-
tion learning, partial transfer was found 45� away, but not 90�
away, from the trained direction (Ball & Sekuler, 1987). In this so
called ‘‘stimulus specific learning,” one cannot say whether no rule
is learned or only a limited version of the rule is learned. What is
empirically testable is whether varied training can better general-
ize than specific training, which we would test in the current study.

In the literature, a well-cited study on varied learning was by
Kerr and Booth (1978). They, by recruiting children who partici-
pated in a 10-week recreational program, trained two groups of
participants to throw to either one (the specific group) or two
(the varied group) target distances before testing them at the
specific group’s practiced target distance. They found that children
who practiced throwing at 3 ft and 5 ft had significantly fewer
errors when throwing at the test target distance (4 ft) than chil-
dren who practiced throwing only at this distance (4 ft). This find-
ing suggests that varied practice was beneficial to generalization in
untrained conditions.

The purpose of the current study was to replicate Kerr and
Booth’s original study using adult participants with a novel throw-
ing motion. Per the schema theory and Kerr and Booth’s findings,
the varied group (trained at two distances) should perform better
at all distances than the specific group (trained at one distance),
including the distance the specific group specifically trained at.
That is to say, participants in the varied group should develop a
more general motor program using the provided visual and verbal
feedback. However, it is possible that improvements may only be
limited to a range around which participants practiced. Neverthe-
less, varied practice should still allow for better performance at
untrained target distances.
2. Experiment 1

2.1. Methods and procedure

All methods were approved by UCLA’s institutional review
board and were in accordance with the Code of Ethics of the World
Medical Association (Declaration of Helsinki). Informed consent
was obtained from all participants before participating in the cur-
rent experiments.

We recruited 20 undergraduates from the University of Califor-
nia Los Angeles to participate in the current experiment. All partic-
Please cite this article in press as: Willey, C. R., & Liu, Z. Long-term motor learni
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ipants were right-handed and had normal or corrected-to-normal
vision as determined by an acuity test at the start of the
experiment.

Participants threw a 9.05 oz. beanbag to various distances dur-
ing one pretest session, 20 practice sessions, and two posttest ses-
sions. During all throws, the participant threw the beanbag over
their shoulder with their back facing the target distances. All target
distances were clearly marked on the ground and could be seen
from the participant’s standing position. The targets were 3, 5, 7,
9, and 11 feet from the participant. After each throw, a trained
research assistant measured the distance thrown from the center
of the beanbag to the closest inch label, which was marked on
the floor.

2.1.1. Pretest
During pretest, participants threw a set of 12 beanbags (one at a

time), in a blocked design, to each of the 5 distances (randomly
ordered). For each distance, participants only viewed once the dis-
tance that they aimed for at the beginning of the 12 trials and
received no feedback between trials. A research assistant would
indicate when the participant could make their next throw. Partic-
ipants used only their non-dominant hand.

2.1.2. Practice
Participants were randomly assigned to practice in either the

varied or specific condition. During practice, participants in the
specific group aimed for a target 7 ft away, while participants in
the varied group alternated between aiming for targets 5 ft and
9 ft away, switching targets every 12 trials.

Over 5–7 weeks (M = 6.15 weeks), each participant completed
20 practice sessions containing 60 trials each, thus completing a
total of 1200 practice throws. After randomization into groups,
participants were paired across the two groups. Practice sessions
for each pair were scheduled to occur together week to week. Par-
ticipants completed 3–4 practice sessions each week and the order
of practice sessions between individuals of each pair was counter-
balanced across weeks. As much as schedules would allow, ses-
sions were spread out throughout the week. During some weeks,
some pairs of participants had to perform more than one session
in one day. However, no more than two sessions were performed
in one day and this did not occur more than twice per participant.
If participants completed more than one session in the same day,
they took, at minimum, a 10-min break between sessions. Unlike
pretest, participants received visual and explicit verbal feedback
that included the exact distance thrown after every trial. All partic-
ipants also switched between hands every 6 trials in order to
reduce fatigue throughout practice.

2.1.3. Posttests
Posttest 1 occurred one week after completion of the last prac-

tice session and posttest 2 occurred one week after that. This sec-
ond posttest allowed us to investigate the stability of the effects
over a longer retention interval. Both posttests were performed
in the same order as pretest. Like pretest, participants did not
receive verbal or visual feedback after each test trial and only
viewed the distance they were aiming for at the beginning of each
set of 12 trials for each distance. They used their non-dominant
hand for all throws in both posttests. We were unable to run 2 par-
ticipants (one from each group) through their second posttests.

2.1.4. Analyses
We used signed errors, absolute errors, and variances to analyze

performance. A signed error is defined as the signed distance from
the landing spot to the target. A positive signed error indicates an
overshot. An absolute error is the absolute value of the signed
error. These types of measurements are used throughout the liter-
ng: Effects of varied and specific practice. Vision Research (2017), http://dx.
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ature to describe errors and can convey important information
about performance accuracy.

We should expect that both groups learn and thus reduce errors
from pretest to posttests at most distances. Additionally, longer
distances are more difficult and thus we would expect a general
trend in which errors and variance are greater at longer distances,
according to Weber’s Law. Per the schema theory, we would pre-
dict that the varied group should have overall greater improve-
ment than the specific group at all distances, but especially at
7 ft. We also expect the specific group to have lower variance in
errors as compared to the varied group at posttest at 7 ft, due to
the specificity of training.

2.2. Results

2.2.1. Signed errors
We first verified that there was no group difference at pretest. A

2 (Group) � 5 (Distance) ANOVA found neither a main effect of
group (p = 0.78), nor an interaction effect (p = 0.35).

2.2.1.1. Pretest vs. Posttest 1. A mixed 2 (Group) � 2 (Time) � 5
(Distance) ANOVA revealed a main effect of time, where partici-
pants reduced their underestimation from pretest (M = �0.83 ft,
SE = 0.29) to posttest (M = �0.13 ft, SE = 0.25), F (1, 18) = 8.57,
p = 0.009, g2

p = 0.32. There was also a main effect of target distance,

F (2.59, 46.53) = 19.73, p < 0.001, g2
p = 0.87 (corrected for the viola-

tion of the assumption of sphericity, v2 (9) = 22.62, p = 0.007,
e = 0.65), such that at longer distances, participants undershot
more, as expected from Weber’s Law.

More important to our hypothesis testing, there was a three-
way interaction between time, distance, and group, F (3.12,
56.18) = 3.08, p = 0.021, g2

p = 0.15, suggesting that groups reduced
errors differently across distances from pretest to posttest 1
(Fig. 1). In order to look into this interaction in detail and, in par-
ticular, the effect involving group, the time � group relationship
was analyzed at each distance. It turned out that the groups dif-
fered most in signed errors at the 11 ft target. This effect between
groups can be better illustrated when the pretest data at 11 ft were
controlled for. An ANCOVA with the pretest data as a covariate,
revealed that there was a significant group difference at 11 ft dur-
ing posttest 1, F (1, 17) = 9.23, p = 0.007, g2

p = 0.35. The second lar-
gest difference between groups was found using a similar ANCOVA
at 3 ft, F (1, 17) = 6.43, p = 0.021, g2

p = 0.27. In order to compare
with the previous literature, we found that the group difference
Fig. 1. Signed errors across target distances. Average signed errors on pretest,
posttest 1, and posttest 2 of the specific (practice target = 7 ft) and varied groups
(5 ft & 9 ft) at the 5 target distances. Positive scores are overthrows while negative
scores are underthrows. Error bars represent the positive standard error about the
mean (as they do in all subsequent figures).

Please cite this article in press as: Willey, C. R., & Liu, Z. Long-term motor learni
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at 7 ft was not significant using an ANCOVA, F (1, 17) = 1.66,
p = 0.215, g2

p = 0.09. We found no group differences at any other
distances from pretest to posttest 1.The general trend captured
by the overall significant three-way interactions between pretest
and posttest suggested that, while both groups tended to similarly
improve their accuracies from pretest to posttest 1, the varied
group outperformed the specific group at the farthest distance of
11 ft, and nearest distance of 3 ft. Additionally, we found the
expected negative linear trend of distance within the specific
group’s posttest 1 signed errors in which participants in the speci-
fic group tended to undershoot at longer distances and overshoot
at shorter distances, F (1, 9) = 87.71, p < 0.001. This trend did not
reach significance within the varied group’s posttest 1 signed
errors, suggesting that they did not tend to undershoot as much
at longer distances than did the specific group, F (1, 9) = 3.42,
p = 0.097. We found similar effects in posttest 2.

2.2.1.2. Posttest 1 vs. Posttest 2. A mixed 2 (Group) � 2 (Time) � 5
(Distance) ANOVA revealed a significant main effect of distance
(corrected for violation of sphericity, v2 (9) = 18.34, p = 0.032,
e = 0.76), F (3.04, 48.55) = 11.98, p < 0.001, g2

p = 0.43. Importantly,
no effect involving time was significant. This indicated that no sig-
nificant changes occurred between the two posttests. Therefore,
the two sets of posttest data could be considered together in the
future to consolidate the overall posttest data.

The same ANOVA also revealed an interaction effect between
distance and group, F (3.04, 48.55) = 7.65, p < 0.001, g2

p = 0.32, sug-
gesting that the two groups performed differently based upon the
distance tested. In order to look into this further, we collapsed
across time and used a 2 (Group) � 5 (Distance) ANOVA to exam-
ine the group differences at each distance. Along with the expected
main effect of distance, we found a significant interaction between
distance and group, reconfirming our interaction effect reported
above, F (2.87, 51.723) = 6.89, p < 0.001, g2

p = 0.28. Using t-tests,
we found significant differences between groups at 3 ft, t (18)
= 3.22, p = 0.005, d = 1.44; and at 11 ft, t (18) = 3.11, p = 0.006,
d = 1.39. These effects suggest that the varied group outperformed
the specific groups at both 3 ft and 11 ft target distances, but both
groups performed similarly at trained distances and nearby
untrained distances (5, 7, and 9 ft). Specifically, they deviated from
each other at the two extreme distances where the specific group
undershot at the longest distance and overshot at the shortest dis-
tance as compared to the varied group.

We also looked at the absolute errors, but found no group dif-
ferences at any target distance at either posttest (Fig. 2). Since
Fig. 2. Absolute errors across target distances. Average absolute errors on pretests
(solid line), posttest 1 (dashed lines) and posttest 2 (dotted lines) between the
specific (gray) and varied (black) groups at the 5 target distances.
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the absolute error is closely related to variance, we will focus on
the analysis on variance instead.

2.2.2. Variance. Using a 2 (Group) � 5 (Distance) ANOVA with pret-
est variances, we found neither a main effect of group (p = 0.38),
nor an interaction between distance and group, (p = 0.58). There
was, however, the expected main effect of distance, in which
greater target distances tended to have greater variance (corrected
for violation of sphericity, v2 (9) = 48.78, p < 0.001, e = 0.43), F
(1.73, 31.23) = 4.80, p = 0.019.

2.2.2.1. Pretest vs. Posttest 1. A mixed model 2 (Group) � 2
(Time) � 5 (Distance) ANOVA revealed a main effect of time in that,
not surprisingly, the pretest had a larger variance (M = 1.13 ft2,
SE = 0.14) than posttest 1(M = 0.67 ft2, SE = 0.07), F (1, 18) = 9.53,
p = 0.006, g2

p = 0.35, indicating greater consistency after practice.
We also found the expected effect of distances mentioned previ-
ously (corrected for violation of sphericity, v2 (9) = 36.12,
p < 0.001, e = 0.50), F (2.02, 36.30) = 9.64 p < 0.001, g2

p = 0.35.
There was neither an overall main effect of group nor any inter-

actions, however. Nevertheless, since there was a theoretical rea-
son to compare between the two groups at 7 ft, the trained
distance for the specific group, we went ahead and compared
between the two groups at this distance. Using the same ANCOVA
as above, we confirmed that the specific group did not significantly
differ from the varied group in consistency of throws, F (1, 17)
= 2.33, p = 0.145, g2

p = 0.12 (Fig. 3).

2.2.2.2. Posttest 1 vs. Posttest 2. A mixed model 2 (Group) � 2
(Time) � 5 (Distance) ANOVA suggested again that longer dis-
tances had greater variances, as expected (corrected for violation
of sphericity, v2 (9) = 37.92, p < 0.001, e = 0.45), F (1.80, 28.78)
= 6.49, p = 0.006, g2

p = 0.29. Overall, the specific group did not differ
in variability from the varied group. However, at certain distances,
we found marginally significant effects of variance between groups
across both posttests. Using a 2 (Group) � 2 (Time), the specific
group tended to have lower variances than the varied group at 5,
7, and 9 ft (F (1, 16) = 4.14, p = 0.059, g2

p = 0.21); but after using a
Bonferroni corrected critical p-value these did not reach statistical
significance.

Overall, our results suggest that both groups decreased their
errors from pretest to posttests due to their training. Between
groups at posttests, the varied group tended to center the signed
errors around zero while the specific group tended to underesti-
mate, particularly at the farthest target distances. This may give
some evidence for the idea that varied practice enabled generaliza-
tion to these farther distances, corresponding to predictions made
Fig. 3. Variances across target distances. Variance of pretest, posttest 1, and
posttest 2 throws for the specific and varied groups at the five distances.
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from the schema theory. The varied group’s practice also allowed
for generalization to 7 ft, while the specific group’s practice still
allowed for generalization to 5 ft and 9 ft, suggesting that general-
ization can occur in nearby untrained distances regardless of train-
ing schedule. Both groups produced similar absolute errors across
all targets. Furthermore, the specific group had slightly greater
consistency between throws. However, these effects were not sig-
nificant after controlling for multiple comparisons. Using Kerr and
Booth’s published data, we attempted to extract their effect sizes to
compare with our own. Kerr and Booth found a main group effect
at the specific group’s trained target distance when absolute errors
were compared. Kerr and Booth’s main effect of group had an
approximate Cohen’s d of 0.60 using signed errors. After transform-
ing our g2

p into a Cohen’s d, we found an approximate d of 0.13
between groups at 7 ft using signed errors and a Cohen’s d of less
than 0.01 using absolute errors.

Beyond the three middle-range distances, at 3 ft and at 11 ft,
only the varied group had significantly reduced errors. Addition-
ally, while both groups had about the same variance at 11 ft, the
varied group centered around the target distance while the specific
group undershot. The between-group differences at target dis-
tances 3 ft and 11 ft may not reflect better generalization of the
varied group to unpracticed distances, however. Recall that the
varied group’s trained distances, 5 ft and 9 ft, were respectively
closer to 3 ft and 11 ft than the specific group’s trained distance,
7 ft. One may suspect that the varied group’s better performance
at 3 ft and 11 ft was simply due to proximity, rather than the train-
ing method. Indeed, the specific group seemed to also have the
ability to generalize to nearby distances (5 ft and 9 ft) from their
own trained target distance. In Experiment 2, we tested whether
the varied group’s better performance than the specific group at
11 ft was due to varied training or due to the fact that the 11 ft tar-
get distance was closer to one of the trained distances for the var-
ied group (9 ft) than for the specific group (7 ft).
3. Experiment 2

If the varied group’s better performance in Experiment 1 at 11 ft
was due to this distance being closer to a trained target distance,
then we should expect that the specific group, if trained at the
same target distance of 9 ft, should also improve similarly at
11 ft. We recruited 10 participants for a new specific training
who practiced solely at the 9 ft target distance during practice tri-
als. This new specific group allowed us to directly compare the
effects of practice schedule with the varied group. Participants
completed 1200 practice trials over 5–6 weeks. In addition to the
five tested target distances used in Experiment 1, we also tested
this specific group at 13 ft during pretest and posttests. The addi-
tion of this target distance allowed us to test whether this specific
group could similarly extend its generalization to a distance 4 ft
away, or not, as in Experiment 1. All other procedures were identi-
cal to Experiment 1. All participants were right-handed undergrad-
uates with normal or corrected to normal vision.

3.1. Results

3.1.1. Exp. 2 results from the specific group
A 2 (Time) � 6 (Distance) ANOVA on signed errors found that

participants in the new specific group only marginally reduced
their signed error across all distances from pretest to posttest 1,
F (1, 9) = 4.13, p = 0.073, gp2 = 0.32. Similar to our results in
Experiment 1, we found a significant effect of distance, F (5, 45)
= 33.10, p < 0.001, gp2 = 0.79. Again, we found that this effect indi-
cated a significant negative linear trend of distance within posttest
1 errors, F (1, 9) = 78.20, p < 0.001, such that participants tended to
ng: Effects of varied and specific practice. Vision Research (2017), http://dx.
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undershoot to farther distances. There was no interaction between
time and distance (see Fig. 5A). Additionally, between posttest 1
and posttest 2, there were no effects of time, but a similar effect
of distance.

Using a 2 (Time) � 6 (Distance) ANOVA on absolute errors, we
found that participants significantly improved from pretest to
Fig. 5. Signed errors in both experiments replotted. (A) Average signed errors on
pretest and posttests for the specific group in Experiment 2 and the varied group
from Experiment 1. (B) Average signed errors on pretest and posttests for the specific
group in Experiment 2 and posttests for the specific group from Experiment 1.
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posttest 1, F (1, 9) = 10.26, p = 0.011, gp2 = 0.53. We also found a sig-
nificant effect of distance, F (5, 45) = 18.70, p < 0.001, gp2 = 0.68.
There was no interaction between time and distance (see Fig. 4).
A marginal effect of time was found between posttest 1 and postt-
est 2, F (1, 9) = 3.60, p = 0.090, gp2 = 0.286, suggesting a small
decrease in performance from pretest 1 to pretest 2. There was a
similar effect of distance but no interaction, suggesting this was
a relatively uniform decrease in performance across time.

Similarly, using a 2 (Time) � 6 (Distance) ANOVA on the vari-
ances, we found that participants significantly improved from pret-
est to posttest 1, F (1, 9) = 6.65, p = 0.030, gp2 = 0.43. We also found a
significant effect of distance, F (5, 45) = 6.02, p < 0.001, gp2 = 0.40.
However, there was no interaction between time and distance.
Similar effects were found within posttest comparisons as we
found with signed errors.

3.1.2. Exp. 1 vs Exp. 2
We next tested for differences in performance between the new

specific group in Experiment 2 and the varied and specific groups
(separately) from Experiment 1. All subsequent analyses will focus
on between-group effects and interactions. The time and distance
main effects can be characterized by the analyses reported above.
The 13 ft target distance was not included in the following analyses
since only participants in Experiment 2 were tested at this
distance.

There were no group effects at pretest between the three
groups. A 3 (Group) � 5 (Distance) ANOVA found neither a main
effect of group (p = 0.95), nor an interaction effect (p = 0.46). Simi-
lar null effects were found at pretest for absolute errors and
variances.

3.1.2.1. Pretest vs. Posttest 1. A mixed 2 (Group) � 2 (Time) � 5
(Distance) ANOVA was used to compare signed errors between
the varied group from Experiment 1 and the specific group from
Experiment 2. This analysis revealed a two-way interaction
between distance and group, F (2.47, 44.51) = 4.24, p = 0.015,
gp2 = 0.19, suggesting that groups performed differently across dis-
tances (Fig. 5A). Since we previously found no differences in pret-
est, we tested for this difference between groups at posttest 1. A 2
(Group) � 5 (Distance) ANOVA revealed that the interaction
between group and distance persisted within posttest 1, F (4, 72)
= 7.99, p < 0.001, gp2 = 0.31. Using t-tests, we compared groups at
each of the five distances at posttest. We found that this group dif-
ference was only significant for the 11 ft target, t (18) = 3.06,
p = 0.007, d = 1.37, and marginally significant for the 3 ft target, t
(18) = 2.79, p = 0.012, d = 1.25, after correcting for multiple com-
parisons. This significant effect suggested that the varied group
had better performance (M = �0.15, SE = 0.35) at the 11 ft target
distance at posttest 1 than the specific group from Experiment 2
(M = �1.37, SE = 0.23), see Fig. 5A. Additionally, an analysis com-
paring the two specific groups from Experiments 1 and 2 found
no differences between their signed errors (see Fig. 5B).
3.1.2.2. Posttest 1 vs. Posttest 2. A mixed 2 (Group) � 2 (Time) � 5
(Distance) ANOVA comparing signed errors between the varied
group from Experiment 1 and the specific group from Experiment
2 revealed an interaction effect between distance and group, F (4,
68) = 12.40, p < 0.001, gp2 = 0.42, suggesting that the two groups
performed differently across distances tested. In order to test for
retention of this generalization, we used t-tests to compare differ-
ences in performance between groups at each distance within
posttest 2. After correcting for multiple comparisons (pcrit = 0.01),
we did not find any significant group differences at any of the five
distances at posttest 2 (see Fig. 5A). It may be the case that while
the varied group is able to generalize better in the short-term, this
generalization is at the cost of long-term retention without addi-
tional practice. Since there was no effect of time, indicating that
ng: Effects of varied and specific practice. Vision Research (2017), http://dx.
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no significant change occurred between the two posttests, we
looked at the interaction effect between distance and group further
by collapsing across time and comparing the two groups at each
distance. We found a significant effect at 3 ft (p = 0.007) and a mar-
ginally significant effect at 11 ft (p = 0.015), after correcting for
multiple comparisons. However, these group effects found after
collapsing across posttest seem to mainly be driven by posttest 1
results. Additionally, we found no differences in posttest perfor-
mances between the two specific groups. We found similar but
weaker effects using absolute error and variance in our analyses
between groups (see Fig. 4).

To recap, we found that at the 11 ft target distance, the varied
group had significantly greater improvement from pretest to postt-
est 1 as compared to the specific group that practiced solely at the
7 ft distance. This effect persisted when comparing the varied
group against the specific group in Experiment 2, who shared the
training distance of 9 ft with the varied group. The varied group’s
advantage at 11 ft was reduced to non-significance by posttest 2
without further practice suggesting that after long-term retention,
the varied training schedule was not beneficial.

4. General discussion

The current study investigated the effect of long-term practice
and retention of a simple throwing task. Consistent with the previ-
ous experiments, we found generalized effects of motor learning to
untrained distances. However, we found that this occurred in both
the varied and the specific groups. In both experiments, the specific
groups, regardless of their trained distance, performed similarly.
While the specific groups were able to generalize their training
to untrained distances, the varied group outperformed them at
the 11 ft target distance. There is also some evidence to suggest
that the varied group also had a slight advantage at the 3 ft target
at posttest 1. However, any benefits due to the varied practice
schedule disappeared by posttest 2. This finding suggests that
there was only a relatively short-term benefit to the varied practice
schedule without additional training.

These data with adult participants did not support the findings
of Kerr and Booth (1978), who suggested that the varied group
should outperform the specific group at 7 ft. At 7 ft (analogous to
the central target distance in their study), we found that all groups
performed comparably. However, our data still support the idea
that a varied group may develop a better generalized motor pro-
gram for more difficult distances than the specific group, at least
after a short retention period. Using signed errors, we were able
to investigate trends within each groups’ performance. Impor-
tantly, the specific group tended to consistently underthrow to
their target distance, while the varied group tended to center their
throws around the target distance, as seen by signed error mea-
surements. The negative linear trend in the specific group’s postt-
est signed errors suggests that there may indeed be a bias towards
the trained distance. Within the varied group, no such linear trend
was present, suggesting that training at two distances as compared
to one reduced the systematic errors across distances at posttest 1.
Nevertheless, these results suggest that specific practice still gave
rise to a moderately generalized motor program that performed
well at nearby untrained distances while maintaining the effects
from the specific practice.

Specificity in learning has mostly been demonstrated in percep-
tual learning paradigms (see reviews in Fahle, 2005; Fahle &
Poggio, 2002; Gibson, 1969; Sagi, 2011). In these experiments,
learning is specific to the trained attributes with little transfer to
untrained attributes. For example, during a motion direction dis-
crimination task, participants improved at discriminating motion
directions with a fine difference around the trained direction. If a
Please cite this article in press as: Willey, C. R., & Liu, Z. Long-term motor learni
doi.org/10.1016/j.visres.2017.03.012
test direction was different from this trained direction, motion dis-
crimination partially transferred but tapered off (Ball & Sekuler,
1987). Our data here also support this level of specificity of learn-
ing. We found that in both groups, generalization of performance
was limited to a region around the trained distance. Indeed, this
finding is the main message of the current study. Namely, transient
differences aside, motor learning in our throwing task partially
generalized around the trained target distances, regardless of vari-
ations in training schedules.

Recent findings in motor learning suggest initial and induced
variabilities during practice influence the rate of learning and
relearning. Wu, Miyamoto, Gonzalez Castro, Olveczky, and
Smith (2014) found that initial temporal variability in motor
learning predicted the rate of learning during a simple reaching
task. During the exploratory phase of learning, greater initial vari-
ability may expose the participant to a variety of similar move-
ments for the same motor command in order to fine tune
motor parameters to achieve the desired outcome. Similarly,
recent work in both motor and perceptual learning suggests that
exposure to untrained or task-irrelevant conditions can improve
learning rates in those untrained conditions (Nishina, Seitz,
Kawato, & Watanabe, 2007; Seitz & Watanabe, 2009; Wymbs
et al., 2016; Yin, Bi, Yu, & Wei, 2016). While this idea was not
the aim of the current experiments, nor was it tested directly,
one may suspect that the generalization that we found in both
groups may suggest that participants were indirectly exposed to
nearby untrained target distances due to variability in throws
during practice. We did not find that initial variability in the first
few practice blocks related to greater generalizability in posttests
in this dataset. However, this idea should further be tested in
future studies designed to directly test this.

Nevertheless, in visual motion direction discrimination learn-
ing, variation did appear to promote generalization, as follows
(see also Xiong, Xie, & Yu, 2016). Rather than training along a single
reference direction, as was traditionally the case, Liu and Vaina
(1998) simultaneously trained motion discrimination along two
reference directions. Critically, the training trials along these two
reference directions were unbalanced. Two-thirds of the trials
were along one reference direction, and the remaining one-third
of trials were along the other reference direction. On average,
therefore, training along the second reference direction lagged
behind the first reference direction. Liu and Vaina (1998) hypoth-
esized that if such design enabled transfer between these two ref-
erence directions (where traditionally only specificity had been
shown), then the learning rate along the second reference direction
would benefit more from the first reference direction. Indeed, they
found that the learning rate along the second direction was greater
than along the first direction.

To summarize, the current study investigated the generalizabil-
ity and long-term retention of a simple motor skill in an adult sam-
ple using different practice schedules. Given that previous research
using the schema theory has suggested that varied schedules of
practice yielded better performance than specific schedule of prac-
tice, we investigated this claim in a similar motor learning para-
digm and found limited support for the schema theory. However,
this result was obtained in only one specific task of motor learning.
Additional studies in motor and other modality learning with a
variety of tasks are needed to assess the applicability of the schema
theory in general.
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