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Extended Abstract

Background and Purpose

Physical practice is widely regarded as the primary method for acquiring motor skills. However,
research has indicated that skills can also be learned through approaches that do not involve physical
execution, one of which is mental practice. According to Schmidt's schema theory, making errors
plays a positive role in motor learning; yet, some evidence demonstrates the positive effectiveness of
errorless practice as well. This dichotomy raises the question of whether the mechanisms underlying
physical and mental practice differ, and whether their effects might depend on the type of training—
specifically, errorless or errorful practice. Given this context, the aim of the present study was to
compare the effects of physical and mental practice, with respect to both errorless and errorful
modalities, on the acquisition and learning of futsal shooting skills.

Methods

This study employed a semi-experimental, field-based design. The statistical population included all
non-physical education female students at Islamic Azad University, Mashhad branch, enrolled during
the summer term of 1402 (2023). A total of 75 students were recruited by convenience sampling and
randomly assigned to five equal groups (n = 15 each): errorless mental practice, errorful mental
practice, errorless physical practice, errorful physical practice, and a control group. All participants
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were between 22 and 25 years old and were classified as beginners, having no prior experience or
formal involvement in football-related activities.

Initially, the experimental task was explained to all participants, after which those in the mental
practice groups completed the Vividness of Movement Imagery Questionnaire 2 (VMIQ-2) to assess
their mental imagery ability. The study began with a pre-test comprising 10 futsal shooting trials from
a distance of 3.5 meters. Following a five-minute rest period, the acquisition phase was conducted for
the experimental groups, each completing one session of 80 trials, organized into eight blocks of 10
trials each; the control group instead engaged in an unrelated computer task. A two-minute break was
provided between blocks.

Post-testing was performed in a similar fashion to the pre-test, immediately following the acquisition
phase. Participants then completed a self-report sheet (verbal rules) documenting their applied
strategies and methods during training. Forty-eight hours later, three additional tests were
administered: a retention test (10 shots from six meters), a distance transfer test (10 shots from 6.5
meters), and a secondary transfer test (dual task: counting metronome beats while shooting from six
meters), with the order of these tests counterbalanced across participants and a one-minute rest
between blocks.

For statistical analysis, a mixed-design analysis of variance (ANOVA) was used to compare group
performance across the pre- and post-test phases. A one-way ANOVA assessed differences among
groups in the retention and transfer tests, with LSD post-hoc tests employed where necessary to
explore significant findings.

Results

Descriptive statistics revealed that both mental practice groups demonstrated relatively high imagery
abilities according to VMIQ-2 scores. The results of the 5 x 2 ANOVA (five groups by two test
phases) evidenced significant main effects of group (n?’p = 0.126, P = 0.049, F(4,70) = 2.512) and
phase (n?p = 0.091, P = 0.010, F(1,70) = 7.038), as well as a significant interaction between group
and phase (n?p =0.194, P =0.004, F(4,70) =4.201). Critically, there were no group differences in the
pre-test (P > 0.05 for all comparisons), affirming homogeneity at baseline. In contrast, post-test
comparisons showed that both the errorless mental and errorless physical practice groups significantly
outperformed their errorful counterparts (P < 0.05 for both).

One-way ANOVA results also revealed significant group differences in retention (n?p = 0.189, P =
0.008, F(3,56) = 4.337), distance transfer (n*p = 0.188, P = 0.008, F(3,56) = 4.338), and secondary
transfer testing (n?p = 0.134, P = 0.011, F(3,56) = 4.092). However, no significant group difference
was observed in the self-reported verbal rules (n?p = 0.026, P = 0.747, F(3,56) = 0.409).

Post-hoc analyses confirmed no pre-test differences between groups. In the post-test phase,
participants in both the errorless physical and mental practice groups showed superior performance,
with means and standard deviations of (M = 150.56, SD = 40.45) and (M = 148.51, SD = 54.74),
respectively. For retention, values were (M = 155.28, SD =49.92) and (M = 156.6, SD = 43.07); for
distance transfer, (M = 156.1, SD =45.18) and (M = 157.62, SD = 29.9); for secondary transfer, (M
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= 175.73, SD = 40.73) and (M = 176.84, SD = 4.62), all indicating statistically significant
improvements compared to the other groups (P < 0.05).

Conclusion

The study’s findings indicate that both mental and physical practice conducted with minimal errors
(i.e., errorless practice) result in better acquisition and transfer of futsal shooting skills than errorful
practice. Contrary to some contemporary research, these results imply a similar underlying
mechanism for mental and physical practice, where errorless learning enhances performance.
Additionally, consistent with theories of implicit learning and conscious reprocessing, errorless
practice favors task learning and generalization, a finding that contradicts traditional beliefs
emphasizing the benefits of trial-and-error or errorful practice.

It appears that the task type—here, a gross motor skill involving targeted shooting—may be optimally
learned under errorless conditions, both physically and mentally. This supports the notion that the
nature of the task and the modality of practice should be considered in designing motor learning
programs and points to the need for further investigation. Based on these results, both physical and
mental errorless practice are effective strategies for the acquisition of futsal shooting in novices.

Keywords: Errorful Practice, Errorless Practice, Physical Practice, Mental Practice

Article Message

The results suggest that futsal shooting—a gross motor, target-based skill—is more effectively
acquired by beginners through errorless practice, whether physical or mental. This finding highlights
the mechanistic similarity between physical and mental practice, contradicts some prior studies, and
suggests that error-minimizing approaches may facilitate enhanced motor learning. Consequently,
future research should further explore the interaction of task type and practice modality.
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Figure 2- Schematic drawing of the details of the tests location with the distances provided
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Table 1- Descriptive statistics of mean and standard deviation by group and different stages

eSSleo g jlene Iyl 035
Standard Deviation and Mean Grou

49.41 + 187.75 s oS nd

Mental Errorless Pre-test
58.2+217.94 oz 03
Mental Errorfull
74.92 +£218.09 UasoS  glom
Physical Errorless
62.49 +193.05 Uas 5 Slow
Physical Errorfull
59.03 +£192.02 Control J,us

Jo 5o

Stages

RS

43.07 £ 156.6 las(S ad &l
Mental Errorless Retention
6.89 £ 191.36 oz 23
Mental Errorfull
49.92 +£155.28 a5 Glom
Physical Errorless
31.7£205.25 oz 5 Slom
Physical Errorfull
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176.84 +43.62 o oS od agl Jlal
Mental Errorless Secondary Transfer
220.09 £ 61.12 oz, 23
Mental Errorfull
175.28 £40.73 oz oS low
Physical Errorless
210.66 +26.81 oz 5  Glowe
Physical Errorfull
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Table 2- Results of composite variance analysis in the pre-test and post-test stages

N slaie Polaio Flaie  lygdme (uSSle o3l ey @lygdxe &gozxo Oyl g0
Value n%, P-Value F-Value Mean Square Degrees of Freedom Sum of Squares Source of Changes
|
0.091 0.010*  7.038 18189.67 1,70 18186.37 e
Stages
30592.153 09,5
0.126 0.049*  2.512 8648.038 4,70
Group
43419.25 05,5 x !
0.194  0.004*  4.201 10854.8 4,70 957 x Jole
Stages x Group
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Table 3- Results of one-way analysis of variance test in different stages

M olaie  Poladie Fhlade  olygize cufibe ol wlaye  wlygim & gome Jole Jolx
Value P-Value F-Value Mean Square Degrees of Sum of Square: Factor Stages
% Freedom
0.189 0.008 4.337 94444 3 28333.24 295 o & sk
* Between group  Retention
2177.87 56 121960.95 29,5595
Intergroup
39 150294.2 Egome
Total
0.188 0.008 4.334 11881.26 3 35643.8 R3S O Slalols Jlas!
* Between group  Distance
2741.24 56 153509.9 29,5 09,0 Transfer
Intergroup
59 189153.7 Egorne
Total
0.134 0.011 4.092 8203.36 3 24610.09 95 O g6 sl
* Between group  Secondary
2004.5 56 112252.15 YA Transfer
Intergroup
59 136862.24 Egome
Total
0.021 0.747 0.409 1.172 3 3.517 295 o N 5,15
Between grour Verbal
2.869 56 160.667 295 09,0 Report
Intergroup
59 164.183 Egorme
Total
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Table 4- Results of LSD post hoc test in pairwise comparison of groups in different stages
Jyes ooy S bsps G208 sy s og 5 L ygo
Control Mental Mental Physical Groups Test
Errorfull Errorless Errorfull

0.001*  0.032¢ 0.897 0.013¢ leseS Slowr o3o3lom
Physical Errorless Post-test
0.001*  0.023° 0.009* s (03
Mental Errorless
0.012¢ 0.725 o o2
Mental Errorfull

0.019° 0.797 0.002¢ s oS o slalols Jlic
Physical Errorless Distance
0.035*% 0.005* s (S Sod Transfer
Mental Errorless
0.437 sy
Mental Errorfull

*It is significant at P<0.05 level. sl olina P<e/ed mlans jo 8
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Figure 5- Average variable error of groups in different stages
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