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Abstract

This study aimed to investigate the different practice arrangements on learning the relative
timing of a motor task. For this purpose, 64 participants aged 18 to 26 years old (M = 22,
SD = 4) as convenience sampling were assigned randomly to one of five experimental
learning conditions (control, errorless, errorful, random, and systematically increasing).
The experiment was carried out in four phases as follows: (A) pre-test (10 trials), (B) three
sessions of acquisition— one for each experimental group - (45 trials per session for a total
of 135 trials), (C)10 minute and 24 hours delayed retention (10 trials per test), and (D) 10
minute and 24 hours transfer (10 trials per test). In the acquisition phase, the four
experimental groups, except for the control group, practiced timing task with feedback in
three difficulty levels (simple, moderate, difficult). Data were analyzed using one-way
ANOVA and mixed variance analysis, and LSD post-hoc test was used where needed.
Findings regarding relative timing using RMSE scores showed that there was no
significant difference between the groups in the pre-test. However, all groups
outperformed the control group in the 10 minute and 24 hour retention/transfer tests (all
Ps < 0.05). In addition, the errorless and systematically increasing groups had better
retention and transfer tests for the relative timing compared with the other groups (all Ps
< 0.05). Also, performance in the dual task transfer test (24 hours) for the errorless and
systematically increasing groups was better than the other groups (all Ps < 0.05). These
results show that practice in systematically increasing and errorless paradigm led to better
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learning and better generalization to a new version of the task. These findings are
consistent with the implicit learning and reinvestment theories

Key words: Systematically Increasing Practice Schedule, Implicit Motor Learning,
Errorless and Errorfull Learning, Relative Timing.

Extended Abstract

Background and Purpose

The question of how to organize practice for effective learning has always been
one of the useful areas for discussion and research in the acquisition of motor
skills. An issue that has become increasingly important for motor learning
professionals is the answer to the question, what is the best way to learn a new
motor skill? Accordingly, Magill (Magill, 2010) suggests that motor skills can be
improved through two training models. The first method is to use conscious
training methods such as explicit practice which are used by coachers (especially
for novice learners). Acquisition of knowledge through the explicit learning
process leads to conscious and available knowledge that can be expressed. The
second method to teach motor skills is to use unconscious training such as implicit
practice which in this method, the coach does not teach learners the instructions
on how to execute the skill but diverts their conscious attention by using a second
stimulus or task. The purpose of using this method is to develop procedural
knowledge of skills and in the opposite to reducing and preventing the
involvement of working memory for explicit processing while skills have been
performing ( Masters, 1992).

Materials and Methods

Atotal of 64 (N = 64, Mage = 24 years, SDage = 4 years) healthy male participants
from Buali Sina University of Hamden (Iran) were recruited by means of
convenience sampling. Participants were randomly divided into five experimental
groups: random group (13), errorless (13), errorful (13), systematically increasing
(13) and control (12).

The apparatus and four-part sequential timing task of Rohbanfard and Proteau
(2011) (5) were used. The apparatus consisted of a wooden base (45 x 45 cm)
embedded with three wooden barriers (with the height of 11 cm and width of 8
cm) as vertical and a target (11x 8 cm) as horizontal. There was a start button in
the middle of the horizontal target. The distance between the start button and the
first barrier was 15 cm, and distances among the remaining parts of the task were
32 ¢cm, 18 cm and 29 cm, respectively. Motor timing was controlled by
microswitches placed under vertical barriers and horizontal target. The
microswitches were connected to a computer via 10 port and A-D convert.
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The acquisition data of the three experimental groups were analyzed with a 4
groups X 9 blocks of trials mixed-model ANOVA. Furthermore, in retention
phase, data were compared by using compound ANOVA in a (within- between-
subjects) design including 5 groups (between-subjects factor) (errorless, errorful,
systematically increasing and random) x 3 phases (pretest, 10-min retention, and
24-hr retention) with within-subjects factor repeated measures on the last factor.
Finally, one-way ANOVA was used to analyze groups' performances in different
learning phases (transfer, 24-hr transfer, verbal reporting protocol, and accuracy
of dual-task).

Findings

Acquisition (RMSE). The results of repeated measures analysis of variance
(mixed-model ANOVA) on RMSE revealed a significant main effect of block but
the effect of the group and the interaction effect of the block x group were not
significant. LSD post-hoc test revealed the greater error in the first block relative
to the last block of trials (P<0.05).

Retention Phases.

The results of analysis of mixed variance with repeated measures on RMSE five
(groups) x three phases (pretest, 10-minute and 24-hour retention with repetition
in the last factor) showed that the main effect of phase and group as well as the
interaction effect of group x phase are statistically significant.

There was no difference between the mean performance of the control group in
all pre-tests (PS > 0.05). But in 10-minute and 24-hour retention tests, all groups
performed better than the control group (PS < 0.05). In addition, in the 10-min
and 24-hour retention tests, the errorless and systematically increasing groups
performed better than the other three practice groups (control, random, and
errorful) (PS < 0.05).

Transfer (10-min) and 24hr transfer tests (dual-task).

The results of the two phases of transfer and transfer tests (dual-task) revealed that
the errorless and systematically increasing groups performed better than the three
training groups in the new task condition (PS < 0.05).

Conclusion

The results of this study showed that in the relative timing, all groups in all phases
of acquisition, retention and transfer performed significantly better than the pre-
test and the control group. Therefore, in these two groups (errorless and
systematically increasing), limiting the errors in the acquisition phase reduced the
test of hypotheses to improve the movement pattern in the memorization stage,
because when success in the relative timing of a task increases, the person follows
the appropriate pattern in hand movement.
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In fact, increasingly systematic learning, like linear learning, has many features in
common, and it has also been suggested that covert learning promotes a variety
of motor skills more than overt learning.

One of the indicators in the formation of implicit learning is the conditions of the
dual task. The results of data analysis in the dual task phase indicated that there is
a significant difference between the groups. As mentioned earlier, failure to
perform under a dual cognitive task is one of the main conditions for confirming
the occurrence of implicit learning.

Keywords: implicit and explicit motor learning, errorless and erroful learning,
systematically increasing
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Table 2. Results of root mean square error analysis at the acquisition phase
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Table 3. Results of root mean square error analysis in retention phase
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Table 4. Results of one-way analysis of variance in comparing groups in different
phases and tests
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Figure 4. Average number of rules reported by each participant in the practice
groups
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