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ABSTRACT

This study aimed to examine the role of working memory in the effectiveness of
errorless protocols for facilitating implicit motor learning in adolescents with and
without intellectual disabilities. A total of 20 adolescent boys with intellectual
disabilities and 20 typically developing adolescent boys (mean age = 12.12 + 0.80
years) voluntarily participated in the experiment. The participants with and without
intellectual disabilities were separately assigned to either the errorless or errorful
practice group based on their IQ scores. The task involved aiming at concentric
targets using a mini-basketball. The errorless practice group practiced the task from
near to far distances (3, 3.25, 3.5, and 3.75 meters), while the errorful practice group
practiced from far to near distances. Implicit motor learning activation was assessed
by comparing performances in dual-task conditions immediately after practice, as
well as after 24 hours and one week. Additionally, working memory engagement
during practice was evaluated. Results indicated that the errorless group, which
required less working memory engagement during practice, showed significantly
better performance in dual-task conditions compared to the errorful group (p <
0.05). The findings regarding the impact of practice errors on enhancing implicit
motor learning in both adolescents with and without intellectual disabilities are
crucial for developing motor skill acquisition strategies for adolescents, regardless
of cognitive abilities. The results were consistent with the predictions of Adams'
closed-loop theory and the reinvestment theory concerning the benefits of reducing
errors in motor learning, but they were not aligned with Schmidt's schema theory.
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Extended Abstract

Motor learning unfolds through multiple stages. Initially, learners develop
strategies and test hypotheses to achieve desired movements, leading to high
cognitive demands (1). As proficiency increases, skills become automatic,
enabling learners to perform secondary tasks alongside the primary motor skill
(2).

Theories like Adams' closed-loop model (3) and Schmidt's schema theory (4, 5)
highlight the role of errors in motor learning. The challenge point framework (6)
indicates that an optimal error level, matched to the learner's skill and processing
capacity, can enhance learning. Likewise, the reinvestment theory (7) suggests
that reducing errors lowers working memory load, thus promoting implicit motor
learning.

Errorless training aims to minimize mistakes early on, fostering skill acquisition
with minimal cognitive and working memory demands (Masters & Maxwell, 2004).
However, most studies on errorless training focus on adults. Children with
intellectual disabilities face difficulties in motor learning due to processing limits
and weaker working memory, especially in early stages requiring high cognitive
engagement (8). This research explores the impacts of errorless versus errorful
training on implicit motor learning in adolescents, both with and without

intellectual disabilities.

Methods

A total of 20 adolescent boys with intellectual disabilities and 20 peers, typically
developing teenage boys (mean age = 12.12 %+ 0.80 years), voluntarily
participated. The 1Q of the participants with intellectual disabilities ranged from
55 to 70. Both groups were randomly assigned to errorless or errorful practice
groups based on their scores on the Wechsler Intelligence Scale for Children (10
participants per group). Parental consent was obtained for all participants. The
participants had no prior experience with the task used in the study and were
unaware of the main goals of the research.
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Task and Instruments

The practice task involved shooting a mini-basketball using a chest pass
technique from various distances toward a target board, which included
concentric circles with radii of 10, 20, 30, 40, and 50 centimeters placed on the
wall according to the participant’s height.

Geometric shapes, flowers, and animals were shown to the participants before
and after the acquisition phase to assess working memory engagement, and they
were asked to identify the number of similar elements. Participants proceeded to
the practice task after learning the chest pass technique in basketball.

Practice Protocols

The training was performed from 3, 3.25, 3.5, and 3.75 meters. In the errorless
protocol, participants began practicing from the closest distance and
progressively moved to the farthest distance (10 trails per distance). In the errorful
protocol, participants started practicing from the farthest distance and moved
toward the closest distance.

Each participant completed five blocks of 40 trials (a total of 200 trials) in a single
session. The dual-task tests included 75 trials from a distance of 4 meters, divided
into three testing sessions (immediate, 24-hour delayed, and one-week delayed).
During the dual-task test, participants performed a secondary cognitive task of
counting even numbers while listening to a metronome beat set at one-second
intervals alongside the primary aiming task.

Results

To analyze the accuracy performance data during the acquisition phase, a mixed
ANOVA 2(Group: children with and without intellectual disabilities) x 2(Practice
protocols: errorless vs. errorful) x 5(40-trail practice blocks), with repeated
measures on the last factor was used. The results indicated that the three-way
interaction was significant, (1, 36) = 6.98, p < .05, n;= .16, suggesting that the
performance improvement during the acquisition phase differed between children
with (M = 36.04, SD = 2.00) and without (M = 24.93, SD = 2.14) intellectual
disabilities across the errorless and errorful practice conditions (p < .05).

For the dual-task tests, a mixed ANOVA 2(Group: children with and without
intellectual disabilities) x 2 (Practice protocols: errorless vs. errorful) x 3(Test

time: immediate, 24-hour delayed, and 1-week delayed) design was used. The
|
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results revealed that the three-way interaction was significant, F(1, 36) = 7.44, p
< .03, n5=.17. Tukey HSD post hoc tests showed that in the typically developing
group, the errorless practice condition (M = 36.84, SD = 2.45) outperformed the
errorful condition (M = 28.99, SD = 2.13) (p < .05). Similarly, for children with
intellectual disabilities, performance in the errorless condition (M = 36.04, SD =
2.00) was superior to the errorful condition (M = 24.93, SD = 2.14) (p < .05).

To assess the level of working memory involvement during practice, a two-way
ANOVA 2(Group: children with and without intellectual disabilities) x 2 (Practice
protocols: errorless vs. errorful) was used. The results revealed that the
interaction effect was significant, F(1, 36) = 11.64, p < .01, n;= .24. Tukey HSD
post hoc tests revealed that typically developing children in the errorless condition
outperformed those in the errorful condition (p < .01). Additionally, children with
intellectual disabilities, the errorless group showed better performance than the
errorful group (p < .01).

Table 1.

Variables in the research design for two groups of adolescents with intellectual

disabilities and their typically developing peers, who practiced an aiming task

using errorful and errorless protocols and participated in 1Q, working memory,
and dual-task tests (N = 40).

Intellectually Disabled
34.80 +
12.32 £ 0.81 11.65 £ 3.30 25.01£ 9.30 36.44 + 1.54 | 36.54 £ 1.83
Errorless 2.80
Errorful 27.30 £
12.23 £ 0.84 65.14 £ 2.11 23.03 £6.32 50 26.51+210 | 2444 +2.24
Typically Developing Peers
36.36
1213+ 0.91 | 106.12+14.14 | 59.01 + 8.44 37.04+£2.72 | 37.54 £ 244
Errorless 2.23
Errorful 28.50 28.22 +
12.45+0.90 | 107.01 £ 13.03 | 60.04 + 5.04 30.23+£2.34
21.24 21.20

Note: The values are presented as Mean + Standard Deviation.
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Discussion

This study investigated the role of working memory in the effectiveness of
errorless practice protocols for promoting implicit motor learning in adolescents,
both with and without intellectual disabilities. The results showed that participants
practicing under errorless conditions performed better during the acquisition
phase and had lower working memory engagement compared to those under
errorful conditions. This supports previous findings that organizing practice from
a "near-to-far" sequence aligns with the requirements for errorless learning and
enhances implicit motor learning.

Dual-task performance assessments revealed that both typically developing and
intellectually disabled adolescents performed better under errorless conditions.
This aligns with Adams' closed-loop theory, which suggests that minimizing errors
during practice helps prevent the reinforcement of incorrect perceptual traces,
thus facilitating learning (3). Although Schmidt’'s schema theory (4, 5) predicts
similar transfer performance across groups given similar practice variability, the
study’s results did not support this theory. It appears that fewer errors during
acquisition reduced trial-and-error learning and working memory load, particularly
benefiting those in the errorless group.

Using a dual-task method to increase cognitive pressure, the study found that
participants in the errorless group made fewer errors and had better dual-task
performance, suggesting more efficient use of working memory. These findings
are consistent with reinvestment theory, which posits that errorless practice
encourages implicit learning processes, leading to performance stability under
cognitive pressure and better resistance to forgetting. Notably, there were no
significant differences in the benefits of errorless practice between the typically
developing and intellectually disabled groups, suggesting that implicit learning
processes are not dependent on cognitive abilities.

The results also align with the Challenge Point Framework (6), indicating that an
optimal level of error, considering the learner’s skill and cognitive capacity,
enhances learning. The errorless groups outperformed the errorful groups in
transfer tests under dual-task conditions. Discrepancies with previous studies,
like those by Sunley and Lee, may be due to differences in task type (gross vs.

fine motor skills).
|
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Conclusion

In conclusion, the findings support the use of errorless practice protocols for
facilitating implicit motor learning in both typically developing and intellectually
disabled adolescents. Future research should explore the effects of errorless
protocols across different types of motor tasks and consider varying levels of
feedback and instructional guidance to understand their impact on motor learning

strategies further.
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