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ABSTRACT

Background & objective: Volleyball underhand passing is a fundamental skill in primary PE, yet
standard volleyball equipment may be difficult for novice children to control. This study examined
whether integrating low-cost rubber-ball media into classroom instruction could improve Grade 4
students’ underhand-passing performance and achievement of a mastery criterion.

Materials & Methods: A prospective classroom action research design was implemented in one intact
Grade 4 class at a state elementary school in Tebing Tinggi, Indonesia. Thirty-four students (n = 34)
completed pre-cycle, Cycle |, and Cycle Il assessments with no attrition. Instruction involved teacher
explanation and demonstration, paired rubber-ball practice, repetition, feedback, and reinforcement of
initial stance, execution, and final stance. Performance was assessed on a 0-100-point criterion-
referenced scale; individual mastery was =75 points and classical mastery was 285% of students
achieving mastery. Data were analysed using descriptive statistics, paired-samples t-tests with 95%
confidence intervals and Cohen’s dz, and one-way repeated-measures ANOVA with partial eta squared
(np?)-

Results: Mastery increased from 10/34 students (29.41%) at pre-cycle to 26/34 (76.47%) in Cycle |
and 30/34 (88.24%) in Cycle Il, an overall increase of 58.82 percentage points and achievement of the
>85% classical-mastery target. Mean performance increased from 67.94 + 8.23 to 79.15 + 9.02 and
83.56 £ 8.71 points. Pre-cycle to Cycle | improvement was 11.21 points (95% Cl 9.74-12.68;
t(33)=15.51; p<.001; dz=2.66), and Cycle | to Cycle Il improved by 4.41 points (95% CI 3.54-5.29;
t(33)=10.24; p<.001; dz=1.76). Overall improvement was 15.62 points (95% CI 14.01-17.22;
t(33)=19.80; p<.001; dz=3.40); the repeated-measures effect was significant, F(2,66)=292.53, p<.001,
np*=.899.

Conclusions: Rubber-ball-based instruction was associated with substantial within-classroom
improvement and enabled the class to exceed its predefined mastery target. Internationally, the study
provides a feasible low-cost equipment-adaptation strategy for primary PE, while controlled multisite
studies are needed to establish causal effects and retention.
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volleyball; underhand passing; physical education; motor skill; classroom action research; elementary
school students.

CITATION APA STYLE 7:

Wirayuda, W. V., & Muhammad Fahrezi Harahap, M. F. H. (2026). Equipment Modification for Motor Skill Acquisition in Primary Physical Education: A Classroom Action Research
Study of Rubber-Ball Volleyball Underhand Passing. INSPIREE: Indonesian Sport Innovation Review, 242-255. https://doi.org/10.53905/inspiree.v7i03.192

INTRODUCTION

Physical education (PE) is an important setting for developing
children's movement competence, confidence, and opportunities
for sustained participation in physical activity. Motor competence is
not an isolated performance construct: international evidence
indicates meaningful relationships between motor competence and
physical activity, physical fitness, and psychosocial characteristics
across childhood and adolescence (Burton et al., 2023).(Lima et
al.,, 2017, p. 452). A recent systematic review of elementary-school
interventions found moderate-to-large pre—post improvements in
motor competence across school-based physical-activity
programs, while also highlighting substantial heterogeneity in
intervention content, assessment, and context (Barnett et al., 2016,
p. 1685; Neil-Sztramko et al., 2021; Sun & Chen, 2024). These
findings place the quality of everyday PE instruction, rather than
only the quantity of physical activity, at the center of children's
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movement development.

Within school PE, ball games provide a particularly useful
context because they require children to coordinate perception,
movement, timing, force, and interaction with peers (Moon et al.,
2024, p. 835; Petrusic, 2023). Volleyball is an instructive example.
Underhand passing, or the forearm pass, is a core skill for receiving
and controlling a ball and is often a prerequisite for successful
participation in modified volleyball games (Batez et al., 2021; Zhu
etal., 2026). Research in school settings has shown that volleyball
skills can improve through structured instructional programs. For
example, a controlled school intervention using Teaching Games
for Understanding (TGfU) reported improvements in forearm-
passing performance Batez et al. (2021), while a 2024 study of a
modified TGfU program in elementary-school students reported
significantly better forearm-passing outcomes than traditional PE
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instruction (Ariwibowo et al., 2024). Earlier experimental work also
showed that repeated ball-skill practice can improve children's ball
skills (Westendorp et al., 2013). Together, these findings indicate
that the instructional environment and practice design matter for
skill acquisition, although the evidence is not specific to rubber-ball
media.

A theoretically plausible mechanism for modifying the learning
environment is the constraints-led perspective on motor
learning(Guo & Cheng, 2026, p. 2; Renshaw et al., 2010). In this
framework, movement solutions emerge from the interaction of
learner, task, and environmental constraints. Equipment is
therefore not a neutral object: its size, weight, stiffness, speed, and
rebound characteristics can alter the perceptual and biomechanical
demands placed on the learner (Dancy & Murphy, 2020, p. 2432;
Liu, 2023, p. 3). A systematic review of equipment and play-area
scaling in children's sport found that children generally performed
skills better with appropriately scaled equipment, and some studies
suggested greater engagement and faster skill acquisition
(Buszard et al., 2016). The evidence base nevertheless remains
limited because relatively few studies examined learning
longitudinally and because many studies used short practice
periods or laboratory-like skill tests. For underhand passing in
primary school, a softer and lighter rubber ball can be interpreted
as a task modification intended to lower the initial difficulty of ball
contact(Abswoude et al., 2021, p. 2593; French et al., 1991, p.
274). The expected pathway is not simply that a rubber ball is
‘easier’; rather, reduced perceived threat and manageable ball
behavior may allow children to allocate more attention to the
sequence of the movement—ready position, platform formation,
controlled contact, and follow-through—while obtaining more
successful repetitions(Capio et al.,, 2016, 2021, p. 678876).
Repetition is important because motor learning requires
opportunities to detect errors, receive feedback, and stabilize
movement solutions. Evidence from school-based ball-skill
interventions supports the value of structured and repeated
practice Westendorp et al. (2013), while qualitative research in
primary PE suggests that teaching conditions, teacher feedback,
and the learning environment influence how children engage with
fundamental movement skills (Chan et al., 2022). However,
existing evidence leaves several important questions unresolved.
First, much of the international literature evaluates formal
intervention programs, game-based pedagogies, or scaled
equipment in sports other than volleyball, rather than a low-cost
rubber-ball adaptation embedded in routine classroom PE.
Second, studies differ substantially in age, skill level, intervention
dose, outcome measures, and analytic strategy. Controlled studies
can estimate between-group effects, but they may not capture the
iterative problem-solving process that characterizes classroom
action research. Conversely, classroom action research is well

suited to identifying whether a practical change improves learning
in a real class, but its findings are inherently more context-bound
and should not be interpreted as equivalent to controlled causal
evidence. Third, many school-based reports emphasize statistical
significance without sufficiently reporting effect magnitude,
uncertainty, fidelity, or whether a predefined mastery criterion was
actually reached.

The present study addresses this practical and methodological
gap by examining a low-cost equipment modification—rubber-ball
practice—for underhand passing among Grade 4 students. The
study is intentionally framed as classroom action research rather
than as a controlled efficacy trial. This distinction is important
because the research question is primarily one of instructional
improvement: can a feasible change in the learning environment
increase the number of children who meet the school's predefined
performance criterion? The novelty lies in documenting the first
completed action cycle in an authentic primary-school PE setting
and explicitly linking the intervention rationale to the broader
international literature on motor competence and equipment
scaling. Although previous studies show that structured PE
interventions, ball-skill practice, and appropriately scaled
equipment can support children's motor performance, it remains
unclear whether a simple rubber-ball adaptation can increase the
proportion of primary-school learners meeting a predefined
underhand-passing criterion within a routine classroom action
cycle. This study therefore contributes a practice-oriented case of
how task constraints can be modified in a resource-conscious
setting. Its international relevance is not a claim of generalizability
from one class, but a transferable pedagogical proposition that can
be tested in other schools, countries, and volleyball-learning
contexts.

Global and Theoretical Context

The central theoretical proposition is that children's skill
learning is shaped by the interaction between individual capabilities
and the constraints imposed by the task and environment (Buszard
etal., 2016; Roberts et al., 2018, p. 167; Sigmundsson et al., 2021,
p. 631181). For a novice learner, a standard volleyball may create
demands that exceed current strength, timing, or confidence,
increasing unsuccessful contacts and reducing opportunities for
productive repetition(Correia et al., 2018, p. 129; Moy et al., 2024).
A softer or lighter ball may change the task constraint sufficiently
to make the movement more achievable while preserving the
essential perception—action relationship of passing. The expected
effect is therefore an increase in successful practice opportunities
and more stable execution, rather than an automatic improvement
simply attributable to the material of the ball.
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Figure 1. Conceptual Pathway of Rubber-Ball-Based Instruction for Volleyball Underhand-Passing Learning
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Figure 1 presents the proposed conceptual pathway underlying
the use of rubber-ball media in primary-school volleyball
instruction. From a constraints-led perspective, modifying the
physical properties of the ball may alter the task constraints
experienced by learners, potentially making ball contact and
movement execution more manageable during the early stages of
skill acquisition. A more manageable task may provide greater
opportunities for successful practice, repetition, and teacher
feedback (Chow et al., 2025; Liu, 2023, p. 3). These learning
conditions are proposed to facilitate attention to technical
components, error detection and correction, and progressive
organization of the underhand-passing movement (Sidaway et al.,
2012). The expected outcome is improved movement execution
and underhand-passing performance, followed by a greater
proportion of students reaching the individual mastery criterion
(=75 points) and the predefined classical-mastery target (=85% of
students). Because the present study did not directly measure
perceived difficulty, confidence, motivation, practice repetitions,
movement variability, or cognitive load, the pathway should be
interpreted as a theoretically informed pedagogical proposition
rather than a directly tested mediation mechanism.

Critical Review of Existing Evidence

International evidence supports the broader logic but also
demonstrates why stronger methodological caution is required.
Buszard et al. (2016, p. 841) synthesized 25 studies involving 989
children and found that scaled equipment generally improved skill
performance, with some evidence of greater engagement and
faster acquisition; however, only five studies directly examined
learning over time. Sun & Chen (2024) likewise reported moderate-
to-large effects of sports-game interventions on children's
fundamental motor skills, while emphasizing heterogeneity across
study design and context. Westendorp et al. (2013) demonstrated
that a 16-week ball-skill intervention improved ball skills in children
with learning disorders, illustrating the value of repeated practice
but involving a different population and intervention structure. In
volleyball specifically, Batez et al. (2021) reported improved
forearm passing following a six-week TGfU program, and
Ariwibowo et al. (2024) found superior forearm-passing outcomes
with a modified TGfU model compared with traditional PE
instruction in elementary-school students.

These studies differ from the present action research in several
ways. They typically use experimental or quasi-experimental

MATERIALS FOR ANALYSIS

comparisons, larger samples, longer intervention periods, or
validated performance tests. Such designs are stronger for
estimating comparative effects but may be less directly aligned with
the iterative improvement cycle of a single classroom (Koedinger
et al., 2013; Raver et al., 2007, p. 12). The present study instead
uses the classroom as the unit of change and a school-defined
mastery threshold as the primary outcome. This makes the result
immediately actionable for the teacher but reduces external validity
and prevents a strong causal attribution (Allen et al., 2011, p.
1037). The literature therefore suggests a complementary position:
classroom action research can generate ecologically valid
improvement evidence, while subsequent controlled studies are
needed to estimate the independent effect of rubber-ball use.

Research Gap, Novelty, and International Contribution

The unresolved issue is whether a simple, inexpensive
equipment modification can improve mastery of underhand
passing among primary-school children when implemented as part
of normal PE instruction. The study's novelty is the integration of
rubber-ball practice into a real classroom action cycle, with a clearly
defined individual mastery threshold and a classical mastery target.
The international contribution is modest but useful: it provides a
replicable pedagogical hypothesis that equipment scaling can be
used as a low-cost first-line adaptation in school volleyball
instruction, while also demonstrating the methodological limits that
must be addressed in future comparative research.

Objectives and Hypotheses

Primary objective: to determine whether the first completed
classroom action cycle using rubber-ball media increases the
proportion of Grade 4 students achieving the predefined mastery
criterion (score =75) for volleyball underhand passing. Secondary
objectives were to describe the distribution of Cycle | scores and
determine whether the observed proportion of students meeting
the criterion reached the prespecified classical mastery target of
85%.

Working hypothesis: the proportion of students achieving the
underhand-passing mastery criterion will increase after
implementation of rubber-ball practice. Because this is a one-group
classroom action study without a comparator and without
individual-level transition data in the available dataset, the
hypothesis is evaluated descriptively rather than through a
confirmatory causal significance test.

Research Design and Reporting Framework

This study employed a Classroom Action Research (CAR)
design to examine the improvement of volleyball underhand-
passing performance following the implementation of rubber-ball-
based learning activities in a Grade 4 physical education class. The
study used an iterative instructional improvement framework
consisting of planning, action, observation, and reflection.

The research was conducted prospectively within the students’
regular physical education learning environment. A baseline
assessment was conducted during the pre-cycle stage, followed by
the implementation and assessment of Cycle | and Cycle Il. Each
cycle involved instructional implementation, observation of student
performance, assessment of the targeted motor skill, and reflection
to identify areas requiring further instructional refinement.

The study used a single intact classroom without
randomization or a parallel comparator group. Therefore, the
design was intended to evaluate within-classroom changes across
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successive action-research stages rather than to establish a
randomized causal treatment effect. The manuscript was prepared
with reference to principles of transparent reporting for educational
improvement research, including SQUIRE-EDU, while the
description of the intervention was structured with reference to
TIDieR principles to improve reproducibility. The primary outcome
was criterion-based mastery of volleyball underhand passing,
defined as achieving a score of =75 points. The predefined
criterion for classical mastery was =85% of participating students
achieving individual mastery.

Setting and Participants

The study was conducted in a Grade 4 class at State
Elementary School 163097, Tebing Tinggi, Indonesia, during the
2024/2025 academic year. The study population comprised the
students enrolled in the participating Grade 4 class.

A total of 34 students participated in the study. The inclusion
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criterion was enroliment in the participating Grade 4 class and
participation in the volleyball underhand-passing learning activities
during the study period. No additional exclusion criteria were
applied to enrolled students.

All 34 students completed the pre-cycle assessment and
participated in the subsequent Cycle | and Cycle Il assessments.
No participant withdrew, was excluded, replaced, or lost to follow-
up during the reported study period. Consequently, the final
longitudinal analysis included all 34 students.

The study used the intact classroom as the unit of
implementation. No individual randomization was performed and
no parallel comparator group was included. The intervention was
delivered within the students’ regular physical education learning
environment to preserve the authenticity of the classroom
instructional context.

Individual participant characteristics, including age and sex
distribution, were not included in the available analytical dataset
and therefore are not reported.

Action Research Cycles

The action research consisted of a pre-cycle assessment
followed by two iterative action cycles. Each action cycle followed
four stages: planning, action, observation, and reflection.
Pre-cycle

The pre-cycle assessment established the students’ baseline
performance in volleyball underhand passing before the
implementation of the rubber-ball-based instructional approach.
The assessment used the same general technical criteria
subsequently applied during Cycle I and Cycle II.
Cyclel

During the planning stage of Cycle I, the researcher prepared
the learning activities, rubber-ball media, instructional procedures,
observation materials, and performance-assessment criteria.
During the action stage, the teacher explained and demonstrated
the fundamental underhand-passing technique. Students then
practised the movement using rubber balls, primarily through
paired activities. The practice emphasized the preparatory position,
execution of the passing movement, and final position. During the
observation stage, student participation and technical performance
were observed during the instructional activities. Following the
intervention, students completed the underhand-passing
performance assessment. During reflection, the assessment
findings and observed learning difficulties were reviewed to identify
aspects requiring further instructional improvement.
Cyclelll

Cycle Il was implemented as a continuation of the action-
research process following reflection on Cycle I. The purpose of
the second cycle was to reinforce the underhand-passing
movement and provide additional opportunities for practice and
correction of remaining technical difficulties. The Cycle I
instructional process followed the same four-stage structure of
planning, action, observation, and reflection. Students continued to
practise the underhand-passing movement using rubber-ball
media, with instructional attention directed toward improving
technical execution and reinforcing correct movement patterns.
The Cycle Il assessment was conducted using the same outcome
definition and general assessment procedure used at the
preceding stages. The action-research process was considered to
have achieved its predefined classroom-level success criterion
when at least 85% of students obtained scores 275.

Intervention and Fidelity
The intervention consisted of incorporating rubber-ball media
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into volleyball underhand-passing instruction. The intervention was
designed to provide students with repeated opportunities to
practise the fundamental passing movement using an accessible
and child-adapted ball. Instruction addressed three principal
components of the underhand-passing technique: 1) Initial stance,
including appropriate body and lower-limb positioning before ball
contact; 2) Execution, including formation of the forearm platform,
controlled ball contact, and direction of the pass; and 3) Final
stance, including continuation of the movement and maintenance
of appropriate body position following contact.

Students primarily practised in pairs. The reported practice
arrangement involved students facing one another at an
approximate distance of 3 m. One student delivered the ball to the
partner, who performed the underhand pass, after which the
activity was repeated.

The intervention incorporated teacher explanation and
demonstration followed by repeated student practice. The
instructional process was conducted within the regular physical
education learning environment rather than under laboratory
conditions. Two teacher-assessors participated in the assessment
process. Before assessment, both assessors received a briefing
regarding the assessment criteria, scoring procedures, and
technical components to be evaluated. The same assessment
criteria were applied across the pre-cycle, Cycle |, and Cycle |l
assessments. Intervention fidelity was monitored through
observation of the planned learning activities. The intervention
components included teacher explanation and demonstration,
rubber-ball practice, paired practice, observation of student
performance, and post-intervention skills assessment.

The available research records did not include a formal
numerical fidelity score or a standardized quantitative adherence
index. Therefore, fidelity is reported descriptively rather than as a
percentage. No participant withdrawal or replacement was
recorded, and complete outcome data were available for all 34
students across all three assessment stages.

Outcome Measures

The primary outcome was volleyball underhand-passing
performance, assessed using a criterion-referenced skills
assessment.

Each student performed 10 underhand-passing attempts while
working with a partner at an approximate distance of 3 m.
Performance was evaluated using three technical components: 1)
initial stance; 2) execution of the passing movement; and 3) final
stance.

The performance assessment generated a score on a 0-100-
point scale. A score of 275 was classified as individual mastery,
whereas a score below 75 was classified as non-mastery.

The primary categorical outcome was therefore the proportion
of students achieving mastery at each assessment stage. The
continuous underhand-passing score was treated as a secondary
outcome to characterize the magnitude and trajectory of
performance change across the three stages. Assessments were
conducted at three time points: 1) Pre-cycle: baseline assessment
before implementation of the action intervention;2) Cycle I:
assessment following the first action cycle; and3) Cycle II:
assessment following the second action cycle. The predefined
criterion for classical mastery was 285% of students achieving
individual mastery.

Validity and Reliability
The underhand-passing performance assessment was
conducted by two teacher-assessors using the same assessment
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criteria and scoring procedures. Before the assessments, both
assessors received a standardized briefing concerning the
technical components of the underhand-passing movement, the
scoring criteria, and the assessment procedure.

The assessment criteria were aligned with the instructional
objectives and focused on observable technical components of the
underhand-passing movement, namely the initial stance,
execution, and final stance. Both assessors evaluated student
performance using the same criteria. The use of two assessors was
intended to reduce reliance on a single assessor’s judgment and
to promote consistency in performance evaluation. The assessors
conducted the assessment directly within the physical education
learning context.

The available research records did not include a formal
quantitative inter-rater reliability coefficient. Consequently, no ICC,
Cohen’s kappa, or other reliability coefficient is reported. Similarly,
no confidence interval for an inter-rater reliability estimate is
reported. The assessment was not conducted using video-based
blinded rescoring. Both assessors were aware of the assessment
stage during the classroom-based assessment process. Therefore,
assessor-related measurement variability and potential stage-
related judgment bias cannot be completely excluded and are
considered in the interpretation of the findings.

Data Analysis

Data were analysed using IBM SPSS Statistics, version 28.
The analysis combined descriptive and inferential procedures to
examine changes in underhand-passing performance across the
three assessment stages.

Descriptive statistics included sample size (n), frequency and
percentage of students achieving mastery, mean, standard
deviation (SD), median, minimum, and maximum scores. Individual
mastery was defined as a score of 275, and classical mastery was
defined as at least 85% of students achieving the individual
mastery criterion.

Changes in the proportion of students achieving mastery were
expressed as absolute percentage-point changes between
assessment stages. The progression of continuous performance
scores was evaluated using paired comparisons between pre-cycle
and Cycle I, Cycle | and Cycle Il, and pre-cycle and Cycle Il.

For paired comparisons, the paired-samples t-test was used to
evaluate mean within-student changes. Mean differences were
reported with 95% confidence intervals (Cls). The magnitude of
within-student change was quantified using Cohen’s dz, calculated
from the paired mean difference and the standard deviation of the
paired differences.

To evaluate the overall change across the three repeated
assessment stages, a one-way repeated-measures analysis of
variance (ANOVA) was performed. The overall effect was reported
using partial eta squared (np?) as the effect-size measure.

RESULTS

The assumptions underlying the parametric analyses were
evaluated before interpretation of the inferential results. Because
the same 34 students were assessed at all three stages, the
analyses accounted for the repeated-measures structure of the
data.

The statistical significance level was set at a = .05, and all
inferential tests were two-sided. Exact p-values were reported
where available, except where p <.001 was appropriate. No value
was reported as p = .000.

All 34 participants had complete outcome observations across
the three assessment stages; therefore, no participant-level
imputation for missing outcome data was required. Individual score
distributions were inspected for extreme values before inferential
analysis. The observed score ranges were retained in the analysis
because no observations were excluded solely on the basis of their
magnitude. Because the study used a single intact classroom
without a control group, the inferential analyses were interpreted
as evidence of within-classroom longitudinal change rather than
evidence of an independently estimated causal effect of the rubber-
ball intervention.

Ethics and Consent

The study involved Grade 4 elementary-school students and
was conducted in accordance with the ethical requirements of the
Ethics Research Committee of STOK Bina Guna. Ethical approval
was granted under approval number STOK/Research/Skripsi-2775
on 11 January 2026. Permission to conduct the study was obtained
from the participating elementary school before the research
activities were initiated.

The study was conducted within the regular physical education
learning context and involved the students enrolled in the
participating Grade 4 class. Individual written informed consent
from parents or legal guardians was not documented in the
available research records. Participation was conducted under
institutional ethical approval and school authorization. The
students were informed about the learning activities and research
procedures in language appropriate to their age.

Participant confidentiality was maintained throughout the
study. Students’ names and directly identifying information were
not included in the manuscript or analytical dataset. Results were
reported in aggregate form. No identifiable photographs, videos, or
individual case descriptions are included in the present manuscript.
Consequently, no separate publication consent for identifiable
participant materials was required for the materials reported in this
article. The authors confirm that the ethical information reported in
this manuscript reflects the available institutional documentation
and actual research procedures. No fabricated ethics approval,
consent status, exemption status, or participant information has
been included.

Participant Flow

A total of 34 Grade 4 students from the participating class were
included in the study. All 34 students completed the pre-cycle
assessment and participated in the subsequent Cycle | and Cycle
[l assessments. No participant was excluded, withdrawn, replaced,
or lost during the reported study period.

Thus, the analysis population remained constant across all
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three assessment stages: pre-cycle (n = 34), Cycle | (n = 34), and
Cycle Il (n = 34). Complete outcome records were available for all
34 students, resulting in 100% longitudinal outcome completeness.
Because the study employed a classroom action research
design using an intact class, no individual randomization was
performed and no parallel comparator group was included.
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Figure 2. Participant flow through the classroom action research.

Baseline/Pre-cycle

At baseline, the mean volleyball underhand-passing score was
67.94 £ 8.23 points, with a median of 69.0 points and a range of
45-79 points. Using the predefined mastery criterion of 275 points,

10 of 34 students (29.41%) achieved individual mastery, whereas
24 students (70.59%) did not. The baseline mastery rate was
therefore substantially below the predefined classical-mastery
criterion of 85%. The 95% Wilson confidence interval for the
baseline mastery proportion was 16.83%-46.17%.

Table 1. Descriptive Characteristics of Underhand-Passing Performance Across the Action-Research Stages

Assessment stage n Mastery, n (%) Mean * SD Median Range 95% Cl for mastery
Pre-cycle 34 10 (29.41%) 67.94 +8.23 69.0 45-79 16.83-46.17%
Cycle | 34 26 (76.47%) 79.15+£9.02 80.0 55-94 60.00-87.56%
Cycle Il 34 30 (88.24%) 83.56 +8.71 84.5 60-99 73.38-95.33%

Note. Mastery was defined as a score of 275. Classical mastery was predefined as 285% of students achieving individual mastery. Cl = confidence interval.

Cycle |

Following implementation of the rubber-ball-based learning
activities, underhand-passing performance improved during Cycle
l.

The mean score increased from 67.94 + 8.23 points at pre-
cycle to 79.15 + 9.02 points in Cycle I, representing a mean within-
student increase of 11.21 points (95% Cl, 9.74-12.68). The
corresponding paired-samples analysis indicated a statistically
significant increase, t(33) = 15.51, p <.001, with a very large paired
effect size (Cohen’s dz = 2.66). The median score increased from
69.0 to 80.0 points, while the observed range shifted from 45-79
points at baseline to 55-94 points in Cycle I. Criterion-based
mastery also increased substantially. The number of students
achieving a score of =75 increased from 10 (29.41%) to 26
(76.47%), representing an absolute increase of 47.06 percentage
points. Despite this improvement, the Cycle | mastery rate
remained below the predefined classical-mastery criterion of 85%.

Cycle ll
Following reflection on Cycle I, the instructional process was
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continued with further opportunities for practice and reinforcement
of the underhand-passing movement. Cycle Il demonstrated a
further improvement in performance. The mean score increased
from 79.15 + 9.02 points in Cycle | to 83.56 + 8.71 points in Cycle
I, corresponding to an additional mean increase of 4.41 points
(95% Cl, 3.54-5.29). The paired comparison indicated a
statistically significant improvement, t(33) = 10.24, p < .001, with a
large paired effect size (Cohen’s dz = 1.76). The median score
increased from 80.0 to 84.5 points, and the observed range shifted
from 55-94 points in Cycle | to 60-99 points in Cycle Il. The
number of students achieving the mastery criterion increased from
26 (76.47%) in Cycle | to 30 (88.24%) in Cycle II, corresponding to
an additional increase of 11.77 percentage points. Importantly, the
Cycle Il mastery rate exceeded the predefined classical-mastery
criterion of 85%. Thus, the action-research success criterion was
achieved at the end of Cycle II.

Primary Outcome
The primary outcome was criterion-based mastery of volleyball
underhand passing, defined as achieving a score of 275 points. A
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progressive increase in mastery was observed across the three
assessment stages. Mastery increased from 10/34 students
(29.41%) at pre-cycle, to 26/34 (76.47%) in Cycle I, and finally to
30/34 (88.24%) in Cycle Il. The overall increase from pre-cycle to

Cycle Il was therefore 58.82 percentage points, corresponding to
an additional 20 students achieving mastery compared with
baseline.

100 4
Classical mastery target (> 85%) 88.24%
£ a0 76.47%
E -
1 -~ Classical mastery
g 60 target (2 85%)
E 26 The target was achieved
H tudents in Cycle Il.
S 40 -
* 29.41% ] Precyce
s — [ cycel
E 20 4 10 B cycen
7] students
0 - —
Pre-cycle Cycle | Cycle Il
(n=34) (n=34) (n=34)
Assessment Stage
Students Achieving Mastery ‘ 95% CI (Wilson) for
Assessment Stage (Score 2 75) ‘ ge (%) portion (%) ’ Status
Pre-cycle (n = 34) 10 students | 29.41 | 16.83 - 46.17 Below target
Cycle | (n = 34) 26 students | 76.47 | 60.18 - 87.71 Below target
Cycle Il (n = 34) 30 students | 88.24 \ 73.26 - 96.56 | Target achieved

Note. Mastery was defined as an individual underhand-passing score 2 75 points.
Classical mastery target was predefined as > 85% of the students.

Figure 3. Progression of Students Achieving the Predefined Mastery Criterion (=75 Points) Across Action-Research Stages. The proportion of students

achieving individual mastery increased from 29.41% (10/34) at pre-cycle to
classical-mastery target of 285% was reached only at the end of Cycle II.

Figure 3 shows a progressive increase in mastery across the
action-research stages, from 29.41% at pre-cycle to 76.47% in
Cycle | and 88.24% in Cycle II. The predefined classical-mastery
target of =85% was achieved only in Cycle Il, when 30 of 34

76.47% (26/34) in Cycle | and 88.24% (30/34) in Cycle II. The predefined

students reached the individual mastery criterion of =75 points.
The 95% Wilson confidence interval for the mastery proportion was
16.83-46.17% at pre-cycle, 60.00-87.56% in Cycle I, and 73.38-
95.33% in Cycle I1.

Table 2. Primary Outcome: Mastery Progression

A 1ent stage Mastery n/N Mastery (%) Not mastery n/N Not mastery (%) Difference from 85% criterion
Pre-cycle 10/34 29.41 24/34 70.59 -55.59 pp

Cycle | 26/34 76.47 8/34 23.53 -8.53 pp

Cycle Il 30/34 88.24 4/34 11.76 +3.24 pp

Note. pp = percentage points. Mastery was defined as 275 points; classical mastery was defined as 285% of students achieving individual mastery.

The transition analysis further showed that 16 students who had
not achieved mastery at pre-cycle reached mastery by Cycle |,
while all 10 students who had already achieved mastery at baseline
remained above the criterion in Cycle |. Between Cycle | and Cycle

I, 4 of the 8 students who had not achieved mastery in Cycle |
subsequently reached mastery, while the 26 students who had
achieved mastery in Cycle | remained above the criterion.

Across Action-Research Stages (n = 34)

Pre-cycle Cycle | Cycle ll
(n=34) (n=34) (n=34)
= = e e
MASTERY Iy MASTERY 26 MASTERY
(275 points) (remained mastery) (275 points) (remained mastery) (275 points)

10 students 26 students 30 students
(29.41%) (76.47%) (88.24%)

o 16
(improved to mastery)
NON-MASTERY . _ 4 \ )
(<75 points) ——— (improved to mastery)
24 students NON-MASTERY ( \
(70.59%) s (<75 points) NON-MASTERY
i 8 students 4 (Sroupoints)
(remained non-mastery) (23.53%) (e ) 4(1s:u;!:;;s
.76%

Transition to mastery

Remain non-mastery

|:| Mastery (= 75 points)

SUMMARY OF TRANSITIONS

Pre-cycle — Cycle | (n = 34)

Cycle | - Cycle Il (n = 34)

[] Non-mastery (< 75 points)

—

Remained mastery

10 students (29.41%)

—

Remained mastery

26 students (76.47%)

—>

Improved to mastery

16 students (47.06%)

—

Improved to mastery

4 students (11.76%)

—

Remained non-mastery

8 students (23.53%)

—>

Remained non-mastery

4 students (11.76%)

Note. Mastery was defined as an individual underhand-passing score 2 75 points.
The diagram shows the number and proportion of students who transitioned between mastery status across consecutive assessment stages.

Figure 4. Individual Student Transitions Across the Mastery Threshold (=75 Points)
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Figure 4 shows a progressive movement of students across the
mastery threshold. From pre-cycle to Cycle I, 16 previously non-
mastered students reached mastery, while all 10 students who
were initially mastered remained above the criterion. From Cycle |
to Cycle Il, four additional students reached mastery, resulting in
30 of 34 students achieving the criterion. The number of non-
mastered students consequently decreased from 24 at baseline to
8 after Cycle | and 4 after Cycle Il

Secondary Outcomes

The secondary outcome was the continuous underhand-
passing performance score. Mean performance increased
progressively from 67.94 points at pre-cycle to 79.15 points in
Cycle | and 83.56 points in Cycle Il. The overall mean increase
from pre-cycle to Cycle Il was 15.62 points (95% Cl, 14.01-17.22).

100 4
N
£ "
g
-~ 83.56
£ 80
8
» 79.15
o
£ 70
@
H 67.94
8
- 604
-
]
fﬁ —@— Mean Score
© 504
- T 5% ciwison)
40 -
Pre-cycle Cycle | Cycle Il
(n=34) (n=34) (m=34)
Assessment Stage
Assessment Stage Pre-cycle (n = 34) Cycle I (n = 34) Cycle Il (n = 34)
Mean % SD (points) 67.94 + 8.23 79.15 £ 9.02 83.56 + 8.71
Median (points) 69.0 78.0 840
Range (points) 45-79 50-93 56-96
Improvement from previous stage - +11.21 points (T 16.5%) +4.41 points (T 5.6%)

Note: Error bars represent the 95% Wilson confidence interval for the mean.

Figure 3. Longitudinal Trajectory of Volleyball Underhand-Passing Performance Across Action-Research Stages

Interpretation of Figure 5. Figure 3 illustrates a progressive
increase in volleyball underhand-passing performance across the
three assessment stages. The mean score increased from 67.94 +
8.23 points at pre-cycle to 79.15 £ 9.02 points in Cycle | and further
to 83.56 £ 8.71 points in Cycle Il. The largest improvement
occurred between the pre-cycle and Cycle |, with a mean increase
of 11.21 points, whereas a further increase of 4.41 points was
observed between Cycle | and Cycle Il. Overall, the mean score
increased by 15.62 points from pre-cycle to Cycle Il. The pattern
indicates a positive longitudinal trajectory of underhand-passing

performance throughout the classroom action research process.
However, because the study used a single intact classroom without
a comparator group, this trajectory should be interpreted as
evidence of within-classroom improvement rather than definitive
evidence that the rubber-ball intervention alone caused the
observed change. A repeated-measures analysis of variance
demonstrated a statistically significant effect of assessment stage
on underhand-passing scores, F(2,66) = 292.53, p < .001, with a
very large effect size (partial n? = .899).

Table 3. Longitudinal Change in Continuous Underhand-Passing Performance

Comparison Mean change 95% CI t(33) P Cohen’s dz
Pre-cycle — Cycle | +11.21 9.74 t0 12.68 15.51 <.001 2.66
Cycle | — Cycle Il +4.41 3.54t05.29 10.24 <.001 1.76
Pre-cycle — Cycle Il +15.62 14.01t017.22 19.80 <.001 3.40

Note. Cl = confidence interval. Cohen’s dz was calculated from the paired mean difference and the standard deviation of the paired differences. All tests were two-sided

with a =.05.

The magnitude of the improvement was greatest during the initial
transition from pre-cycle to Cycle |, followed by a smaller but still
statistically significant improvement between Cycle | and Cycle II.

Fidelity and Adherence

All 34 students had complete outcome observations across the
three assessment stages, resulting in 100% completeness of the
longitudinal outcome dataset. No participant withdrawal,
replacement, or loss was recorded. The intervention was
implemented using rubber-ball-based underhand-passing practice
within the classroom action research process. The instructional
activities included teacher explanation and demonstration, paired
practice, repeated performance of the underhand-passing
movement, and assessment of the initial stance, execution, and
final position. The available dataset confirms implementation
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across the reported action-research stages but does not provide a
quantitative intervention-fidelity score, attendance percentage,
exact number of repetitions, or standardized adherence score.
Therefore, these variables were not assigned numerical values.

Table 4. Participant Completeness and Intervention-Fidelity Indicators

Indicator Result
Pre-cycle assessment completed 34/34 (100%)
Cycle | assessment completed 34/34 (100%)
Cycle Il assessment completed 34/34 (100%)
Complete longitudinal records 34/34 (100%)

Participant withdrawal
Participant replacement
Outcome missingness

Rubber-ball intervention implemented

Paired practice implemented

Teacher explanation/demonstration

Formal fidelity score

None recorded
None recorded
0%

Yes
Yes
Yes
Not available
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Not available
Not quantitatively documented
None reported

Quantitative adherence rate
Protocol deviations
Adverse events

The complete outcome dataset permitted longitudinal comparison

DISCUSSION

across all three action-research stages. Nevertheless, the absence
of quantitative fidelity and adherence measures limits the ability to
determine whether variations in implementation intensity
contributed to the observed changes in student performance.

Principal Findings

This study examined whether an iterative classroom action
research process incorporating rubber-ball-based practice could
improve Grade 4 students’ volleyball underhand-passing
performance. The principal finding was a consistent improvement
across the three assessment stages. Mean performance increased
from 67.94 points at pre-cycle to 79.15 points in Cycle | and 83.56
points in Cycle I, while criterion-based mastery increased from
29.41% to 76.47% and subsequently to 88.24%. The predefined
classical-mastery criterion of 85% was therefore achieved only
after Cycle Il.

The magnitude of the observed changes was substantial. The
pre-cycle-to-Cycle | improvement was 11.21 points, followed by a
further 4.41-point increase from Cycle | to Cycle Il. The
corresponding paired effect sizes were very large (dz = 2.66 and
1.76, respectively), while the overall pre-cycle-to-Cycle |l effect
was also very large (dz = 3.40). These findings indicate that the
improvement was not limited to a small increase in the proportion
of students crossing the mastery threshold; the continuous
performance scores also shifted progressively upward.

Importantly, the pattern of improvement is consistent with the
logic of classroom action research. The largest gain occurred
during the initial transition from baseline to Cycle |, whereas the
second cycle produced a smaller but still statistically significant
gain. This pattern suggests that the first exposure to the modified
learning environment may have addressed substantial barriers to
initial skill performance, while the second cycle provided an
opportunity to consolidate and refine the movement pattern.
Nevertheless, because the study did not include a control group,
the observed improvement should be interpreted as within-
classroom longitudinal change associated with the action-research
process, rather than as definitive evidence that the rubber ball
alone caused the improvement.

The findings also have practical significance. By Cycle Il, 30 of
34 students had reached the predefined mastery threshold. Thus,
the intervention process succeeded in moving the class beyond its
predetermined 85% criterion. From an educational perspective,
this is more meaningful than statistical significance alone because
the criterion was defined in advance as an indicator of successful
classroom learning.

Comparison with International Evidence

The present findings are broadly consistent with international
evidence showing that children’s motor-skill performance can
benefit when learning environments are adapted to their
developmental characteristics. A systematic review by Buszard et
al. (2016, p. 829) examined 25 studies involving 989 children and
found that scaled equipment and playing environments generally
improved children’s skill performance, engagement, self-efficacy,
and, in some studies, the rate of skill acquisition. Importantly, the
authors also noted that evidence for actual long-term skill learning
remained more limited than evidence for immediate
performance(Levac & Lu, 2018, p. 207; Zask et al., 2012, p. 133).
This distinction is particularly relevant to the present study because
the improvement was observed across successive classroom
assessments rather than through a delayed retention test (Buszard
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etal., 2016.

The present study extends this literature in two ways. First, the
modification involved a rubber ball within ordinary primary-school
physical education, rather than a laboratory-based motor-learning
task(Brocken et al., 2021, p. 653010). Second, the intervention was
embedded in an iterative classroom action research process in
which instructional decisions were revised after each cycle. This
ecological feature is important because evidence from controlled
motor-learning studies does not always translate directly into the
constraints of real classrooms, where teachers must
simultaneously manage equipment, student differences,
instructional time, and engagement(Abswoude et al., 2021, p.
2593).

The findings are also compatible with evidence that equipment
scaling can influence the quality of children’s movement solutions.
Buszard et al. (2014) reported that less-skilled children
experienced greater difficulty when using full-size sporting
equipment, whereas scaled equipment reduced some of the
demands associated with the task and promoted more implicit
forms of motor processing (doi:10.1016/j.concog.2014.07.004).
Although the present study did not directly measure cognitive load,
anxiety, or movement variability, the progressive improvement
observed after introducing a more accessible ball is compatible
with the proposition that modifying task constraints can make a
movement problem more manageable for children (Dancy &
Murphy, 2020, p. 2432; Guo & Cheng, 2026, p. 2).

This interpretation is also consistent with the constraints-led
approach, which conceptualizes skill acquisition as an interaction
among individual, task, and environmental constraints. In physical
education, manipulating task constraints can alter the opportunities
available for exploration and successful movement solutions
Renshaw et al. (2010). More recent volleyball research provides a
direct sport-specific example: a modified practice constraint
involving an additional serve opportunity increased high-school
students’ confidence and exploration during volleyball
performance, suggesting that carefully designed task constraints
can facilitate motor-skill exploration(Moy et al., 2024).

From this perspective, the rubber ball should not be viewed
simply as an alternative piece of equipment. It may function as a
task constraint modification that changes the difficulty of the
movement problem encountered by the learner (Baggs et al., 2020,
p. 1960; Komar et al., 2023, p. 2017). For primary-school students
who are still developing coordination, postural control, and ball-
handling competence, a more manageable ball may create more
opportunities to organize the body, establish an appropriate
forearm platform, contact the ball successfully, and immediately
attempt the movement again (Buszard et al., 2016, p. 837; Pellett
etal., 1994).

The present findings are further consistent with recent
evidence emphasizing the value of structured physical activity and
movement interventions for children's motor development. A 2024
meta-analysis of sports-game interventions involving children
found overall benefits for fundamental motor skills, supporting the
broader proposition that appropriately structured movement
experiences can promote motor competence Sun & Chen (2024)
doi:10.3390/children11020254). Similarly, a 2024 meta-analysis of
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structured and unstructured interventions found that organized
movement experiences can improve fundamental motor skills,
although intervention characteristics and outcomes varied across
studies Chen et al. (2024)doi:10.3389/fpubh.2024.1345566).

Recent evidence also indicates that school-based physical
education can be an important setting for promoting physical
literacy and motor competence. A 2024 scoping review identified
school-based interventions delivered during physical education as
an important component of physical-literacy promotion
Grauduszus et al. (2024)(doi:10.3389/fpubh.2024.1322075). The
current study contributes to this evidence by demonstrating how a
relatively simple equipment modification can be embedded within
the normal instructional process rather than requiring a specialized
intervention infrastructure.

Theoretical, Methodological, and Practical Implications

The findings provide preliminary support for a constraints-
based interpretation of equipment modification in primary physical
education. The theoretical contribution is not that rubber balls
universally improve volleyball skills, but that changing the physical
properties of the equipment may alter the interaction between the
learner and the task. In the present context, the modified ball
potentially reduced the difficulty of ball reception and contact
sufficiently to enable more successful attempts. Successful
attempts may, in turn, provide more opportunities for students to
stabilize the movement sequence through repeated practice
(French et al., 1991, p. 274; lwatsuki & Regis, 2020, p. 908). This
interpretation is compatible with the constraints-led view that
learning emerges from the interaction between performer, task,
and environmental constraints rather than solely from prescriptive
repetition Renshaw et al. (2010).

The results therefore refine a simple “more practice produces
better performance” explanation. The important pedagogical issue
may be the quality and accessibility of the practice environment
(Ericsson et al., 1993; Rees et al., 2016, p. 1048). When the task
is appropriately scaled to learners’ capabilities, practice may
become sufficiently successful to support continued engagement
while still requiring meaningful coordination and control (Correia et
al., 2018, p. 129; Hacques et al., 2020, p. 1386).

Methodological implications

Methodologically, the study demonstrates the value of
combining iterative action research with quantitative longitudinal
measurement. Rather than evaluating only a single pre-test/post-
test difference, the study tracked performance across pre-cycle,
Cycle I, and Cycle II. This allowed the improvement trajectory to be
examined and showed that the largest increase occurred between
baseline and Cycle |, followed by additional improvement in Cycle
Il.

The use of both a categorical outcome and a continuous score
also strengthened interpretation. The categorical outcome
demonstrated whether students crossed the mastery threshold,
whereas the continuous score captured changes among students
regardless of whether they crossed that threshold. This distinction
is important because educational success cannot always be
adequately represented by a binary pass/fail classification.

Nevertheless, the methodological contribution should not be
overstated. The repeated-measures statistical results demonstrate
change within the participating classroom but cannot separate the
effect of the rubber ball from other factors occurring
simultaneously, including teacher feedback, repeated exposure,
maturation, familiarity with the assessment, and the cumulative
effect of physical education instruction (Reis et al., 2024, p. 86;
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Yani et al., 2026, p. 581).

Practical implications

The practical implication is that low-cost equipment
modification may provide a feasible strategy for primary-school
physical education teachers when standard equipment is difficult
for children to control. This may be particularly relevant in schools
where access to specialized equipment is limited. The intervention
does not require sophisticated technology or extensive
infrastructure. A teacher can potentially adjust the equipment
before increasing task complexity. This principle is consistent with
evidence that scaled equipment can improve children's interaction
with sport tasks and can make skill performance more accessible
to less-skilled learners Buszard et al. (2016).

However, the practical recommendation should be understood
as progressive scaling rather than permanent simplification. If
learners remain with an overly easy task, transfer to the standard
volleyball environment may be limited. A more appropriate
pedagogical sequence may therefore be:

Modified Equipment — Successful Movement Execution —
Progressive Task Difficulty — Standard Volleyball — Game-
Context Application.

This progression would preserve accessibility during early learning
while eventually requiring students to adapt to the physical
demands of authentic volleyball.

Strengths and Limitations

Several strengths should be acknowledged. First, the study
was conducted in an authentic primary-school physical education
environment, increasing its ecological relevance. Second, the
intervention was implemented iteratively through two action cycles,
allowing instructional refinement rather than relying solely on a
single pre-post comparison. Third, all 34 students had complete
outcome observations across the three assessment stages,
eliminating participant-level missingness in the longitudinal
analysis. Fourth, performance was assessed by two teacher-
assessors who received a common briefing on the scoring criteria,
reducing exclusive dependence on a single assessor.
The study also has important limitations: First, the single-group
design without a comparator prevents strong causal inference.
Improvements may reflect several concurrent influences, including
repeated practice, teacher feedback, maturation, familiarity with
the assessment, and the general progression of physical education
instruction (Carl et al., 2022, p. 2993; Trouilloud et al., 2006, p. 96).
The very large effect sizes should therefore not be interpreted as
equivalent to treatment effects that would be expected from a
randomized controlled trial. Second, the sample was derived from
one intact Grade 4 class, limiting generalizability. The findings may
not transfer directly to students of different ages, schools,
socioeconomic conditions, skill levels, or cultural contexts.
Replication across multiple schools and regions is required before
broader claims can be made. Third, although two assessors were
used and received a common briefing, the study did not report a
formal quantitative inter-rater reliability coefficient. Both assessors
were aware of the assessment stage, and no blinded video-based
rescoring was performed. Consequently, assessor judgment and
stage-related expectancy may have contributed to some
measurement variability. Fourth, the study measured immediate
performance across instructional cycles but did not include a
retention or transfer assessment. This is particularly important
because previous research on scaled equipment has emphasized
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the distinction between immediate performance improvement and
durable motor-skill learning (Buszard et al., 2016). Future research
should therefore determine whether the improvement remains after
a period without structured practice and whether students can
perform the skill effectively using a standard volleyball. Fifth, the
study did not quantitatively measure potential mechanisms such as
perceived difficulty, confidence, motivation, practice repetitions,
movement variability, or cognitive load (French et al., 1991, p. 274;
Slovék et al., 2023, p. 1041877). Consequently, the proposed
explanation that rubber-ball practice facilitates successful
movement through altered task constraints remains theoretically
plausible rather than directly demonstrated. Finally, the absence of
a control condition means that the findings cannot determine
whether rubber-ball practice is superior to other pedagogical
approaches, such as conventional volleyball practice, game-based
learning, Teaching Games for Understanding, or other forms of
modified-equipment instruction. Recent volleyball pedagogy
research continues to investigate alternative approaches to
developing underhand-passing competence, indicating that
equipment modification should be evaluated as one component
within a broader pedagogical system rather than as a universally
superior method.

Future Research

Future research should move beyond single-classroom action
research toward multisite and controlled longitudinal designs. A
cluster-randomized or quasi-experimental design involving several
primary schools could compare rubber-ball instruction with
standard-volleyball instruction, another modified-ball condition, or
a pedagogically different approach such as game-based learning.
Future studies should also examine dose-response relationships,
including the number of sessions, practice repetitions, lesson
duration, and progression of task difficulty. Such information would
help identify whether the observed improvement depends primarily
on equipment modification or on the amount and structure of

CONCLUSION

practice. A second priority is the investigation of mechanisms.
Researchers should measure perceived task difficulty, confidence,
motivation, successful-contact frequency, movement variability,
and teacher feedback to determine why modified equipment may
facilitate learning. The constraints-led perspective provides a
useful theoretical framework for examining these mechanisms
because it emphasizes the interaction between individual, task,
and environmental constraints (Guignard et al., 2020, p. 955; Liu,
2023, p. 3). Third, future studies should include retention and
transfer tests. Students should be reassessed after several weeks
without intervention and should be tested using standard volleyball
equipment and, ideally, within representative game situations
(Benjaminse et al., 2017, p. 959; Fleddermann et al., 2019, p.
1608). This would distinguish temporary performance
enhancement from durable learning and functional transfer. Fourth,
replication should involve different populations and contexts,
including students with lower initial motor competence, different
age groups, mixed-sex classes, rural and urban schools, and
schools with different levels of equipment availability. Such studies
would establish whether the intervention is culturally and
contextually transferable. Finally, implementation research should
examine the feasibility and cost-effectiveness of modified-
equipment strategies. A low-cost intervention has greater practical
value if teachers can implement it consistently, safely, and without
substantial additional resources. Future research should therefore
combine effectiveness outcomes with implementation measures
such as fidelity, acceptability, feasibility, teacher workload, and
cost. Overall, the present findings support further investigation of
developmentally appropriate equipment modification as one
component of primary physical education pedagogy. The evidence
should nevertheless be interpreted cautiously: the current study
demonstrates a strong within-classroom improvement trajectory,
but controlled, multisite, and longer-term research is required to
determine the independent and transferable effect of rubber-ball-
based instruction.

This classroom action research demonstrated a progressive
improvement in Grade 4 students’ volleyball underhand-passing
performance following the implementation of rubber-ball-based
learning activities. Across the three assessment stages, the mean
performance score increased from 67.94 points at pre-cycle to
79.15 points in Cycle | and 83.56 points in Cycle Il, while the
proportion of students achieving the predefined mastery criterion
(=75 points) increased from 29.41% to 76.47% and 88.24%,
respectively. The predefined classical-mastery criterion of 85%
was therefore achieved at the end of Cycle Il.

The findings provide evidence of substantial within-classroom
improvement in both continuous underhand-passing performance
and criterion-based mastery. The intervention offers a practical

DECLARATIONS

example of how developmentally appropriate, low-cost equipment
modification can be incorporated into iterative primary physical
education instruction. However, because the study used a single
intact class without randomization or a comparator group, the
findings should not be interpreted as definitive evidence that
rubber-ball media independently caused the observed
improvement. The international relevance of the findings therefore
lies primarily in demonstrating a feasible classroom-based
equipment-adaptation strategy that warrants further evaluation
through controlled, multisite, and longer-term studies, including
retention and transfer assessments using standard volleyball
equipment.

Ethical Approval

Ethical approval for the study was obtained from the Ethics
Research Committee of STOK Bina Guna, under approval number
STOK/Research/Skripsi-2775, dated 11 January 2026. The study
was conducted in accordance with the ethical requirements
established by the approving institution for research involving
human participants. Permission to conduct the study was obtained
from the participating elementary school before the research
activities were initiated.

Inspiree Journal

Consent for Publication

Individual written informed consent from parents or legal guardians
was not documented in the available research records. The study
was conducted under institutional ethical approval and
authorization from the participating school. The students were
informed about the learning activities and research procedures in
language appropriate to their age.

The authors acknowledge that the absence of documented written
parental or legal-guardian consent represents a limitation in the

Willy Valen Wirayuda & Muhammad Fahrezi Harahap


(Buszard%20et%20al.,%202016)
(Guignard%20et%20al.,%202020,%20p.%20955;%20Liu,%202023,%20p.%203)
(Guignard%20et%20al.,%202020,%20p.%20955;%20Liu,%202023,%20p.%203)
(Benjaminse%20et%20al.,%202017,%20p.%20959;%20Fleddermann%20et%20al.,%202019,%20p.%201608)
(Benjaminse%20et%20al.,%202017,%20p.%20959;%20Fleddermann%20et%20al.,%202019,%20p.%201608)

o

Equipment Modification for Motor Skill Acquisition in Primary Physical Education: A Classroom Action Research Study of Rubber-Ball Volleyball Underhand Passing.

documentation of participant consent. No claim of written
parental/guardian consent is made in this manuscript.

Consent for Publication

No identifiable individual photographs, videos, names, or individual
case descriptions are included in this manuscript. The results are
presented in aggregate form and do not contain information
intended to identify individual students.Consequently, no separate
consent for publication of identifiable participant information was
required for the materials currently included in the manuscript.
Author Contributions (CRediT)

[AUTHOR INPUT REQUIRED: Confirm the actual contribution of
the author(s). The manuscript should use the CRediT taxonomy
only for roles genuinely performed: Conceptualization;
Methodology; Validation; Formal analysis; Investigation;
Resources; Data curation; Writing—original draft; Writing—review
and editing; Visualization; Supervision; Project administration;
Funding acquisition.]

Funding

The funding statement must accurately identify any financial

REFERENCES

support received for the study, including the funding organization
and grant or award number where applicable.

Conflict of Interest

The author(s) should disclose any financial or non-financial
relationships that could reasonably be perceived as influencing the
research, analysis, interpretation, or publication.

Data Availability

he anonymized dataset generated and analysed during the current
study is available from the corresponding author on reasonable
request, subject to applicable ethical and institutional restrictions.
Acknowledgements

The authors should acknowledge only individuals or institutions
that made legitimate non-author contributions to the study.
Generative Al Disclosure

Generative artificial intelligence was used during preparation of this
revised manuscript to assist with English-language editing,
manuscript restructuring, organization according to international
reporting standards, and improvement of academic presentation.

Abswoude, F. van, Mombarg, R., Groot, W. de, Spruijtenburg, G. E., &
Steenbergen, B. (2021). Implicit motor learning in primary school
children: A systematic review. Journal of Sports Sciences, 39(22),
2577-2595. https://doi.org/10.1080/02640414.2021.1947010

Allen, J. P., Pianta, R. C., Gregory, A., Mikami, A. Y., & Lun, J. (2011). An
Interaction-Based Approach to Enhancing Secondary School
Instruction and Student Achievement. Science, 333(6045), 1034—
1037. https://doi.org/10.1126/science.1207998

Ariwibowo, Y., Sugiyanto, S., Kristiyanto, A., & Riyadi, S. (2024).
Effectiveness of a modified TGfU program in enhancing volleyball
skills among elementary school students. Jurnal Cakrawala
Pendidikan, 43(2), 513-520. https://doi.org/10.21831/cp.v43i2.66632

Baggs, E., Raja, V., & Anderson, M. L. (2020). Extended Skill Learning.
Frontiers in Psychology, 11, 1956.
https://doi.org/10.3389/fpsyg.2020.01956

Barnett, L. M., Lai, S. K., Veldman, S. L. C., Hardy, L. L., Cliff, D. P.,
Morgan, P. J., Zask, A., Lubans, D. R., Shultz, S. P., Ridgers, N. D.,
Rush, E., Brown, H., & Okely, A. D. (2016). Correlates of Gross Motor
Competence in Children and Adolescents: A Systematic Review and
Meta-Analysis. ~ Sports ~ Medicine,  46(11),  1663-1688.
https://doi.org/10.1007/s40279-016-0495-z

Batez, M., Petrusic, T., Bogataj, S., & Trajkovié, N. (2021). Effects of
Teaching Program Based on Teaching Games for Understanding
Model on Volleyball Skills and Enjoyment in Secondary School
Students. Sustainability, 13(2), 606.
https://doi.org/10.3390/su13020606

Benjaminse, A., Welling, W., Otten, B., & Gokeler, A. (2017). Transfer of
improved movement technique after receiving verbal external focus
and video instruction. Knee Surgery Sports Traumatology
Arthroscopy, 26(3), 955-962. https://doi.org/10.1007/s00167-017-
4671-y

Brocken, J. E. A., Kamp, J. van der, Lenior, M., & Savelsbergh, G. J. P.
(2021). Using Modified Equipment in Field Hockey Leads to Positive
Transfer of Learning Effect. Frontiers in Psychology, 12, 653004.
https://doi.org/10.3389/fpsyg.2021.653004

Burton, A. M., Cowburn, I., Thompson, F., Eisenmann, J. C., Nicholson, B.,
& Till, K. (2023). Associations Between Motor Competence and
Physical Activity, Physical Fitness and Psychosocial Characteristics in
Adolescents: A Systematic Review and Meta-analysis. Sports
Medicine, 53(11), 2191-2256. https://doi.org/10.1007/s40279-023-
01886-1

Buszard, T., Farrow, D., Reid, M., & Masters, R. S. W. (2014). Scaling
sporting equipment for children promotes implicit processes during
performance. Consciousness and Cognition, 30, 247-255.
https://doi.org/10.1016/j.concog.2014.07.004

Inspiree Journal

Buszard, T., Reid, M., Masters, R. S. W., & Farrow, D. (2016). Scaling the
Equipment and Play Area in Children’s Sport to improve Motor Skill
Acquisition: A Systematic Review. Sports Medicine, 46(6), 829-843.
https://doi.org/10.1007/s40279-015-0452-2

Capio, C. M., Lee, K., Jones, R. A., & Masters, R. S. W. (2021). Examining
the Antecedent Role of Movement Proficiency in Child Development:
Study Protocol.  Frontiers in  Psychology, 12, 678874.
https://doi.org/10.3389/fpsyg.2021.678874

Capio, C. M., Poolton, J., Eguia, K. F., Choi, C. S. Y., & Masters, R. S. W.
(2016). Movement pattern components and mastery of an object
control skill with error-reduced leamning. Leeds Beckett Repository
(Leeds Beckett University), 20(3), 179-183.
https://doi.org/10.3109/17518423.2016.1140844

Carl, J., Barratt, J., Wanner, P., Topfer, C., Cairney, J., & Pfeifer, K. (2022).
The Effectiveness of Physical Literacy Interventions: A Systematic
Review with Meta-Analysis. Sports Medicine, 52(12), 2965-2999.
https://doi.org/10.1007/s40279-022-01738-4

Chan, C.H. S., Ha, A. S, Lander, N., & Ng, J. Y. Y. (2022). Understanding
the Teaching and Learning of Fundamental Movement Skills in the
Primary Physical Education Setting: A Qualitative Study. Journal of
Teaching  in  Physical ~ Education,  42(4),  621-630.
https://doi.org/10.1123/jtpe.2021-0206

Chen, D., Zhao, G., Fu, J., Shun, S., Su, L., He, Z., Chen, R, Jiang, T.,
Hu, X, Li, Y., & Shen, F. (2024). Effects of structured and unstructured
interventions on fundamental motor skills in preschool children: a
meta-analysis. ~ Frontiers in Public Health, 12, 1345566.
https://doi.org/10.3389/fpubh.2024.1345566

Chow, J. Y., Loh, W. T., Low, K. L. F., & Seifert, L. (2025). The impact of
task simplification in skill acquisition for young children from a
simplexity — approach. Acta  Psychologica, 258, 105143.
https://doi.org/10.1016/j.actpsy.2025.105143

Correia, V., Carvalho, J., Aratjo, D., Pereira, E., & Davids, K. (2018).
Principles of nonlinear pedagogy in sport practice. Physical Education
and Sport Pedagogy, 24(2), 117-132.
https://doi.org/10.1080/17408989.2018.1552673

Dancy, P. A. J., & Murphy, C. P. (2020). The effect of equipment
modification on the performance of novice junior cricket batters.
Journal of Sports Sciences, 38(21), 2415-2422.
https://doi.org/10.1080/02640414.2020.1786992

Ericsson, K. A., Krampe, R., & Tesch-Rémer, C. (1993). The role of
deliberate practice in the acquisition of expert performance.
Psychological Review, 100(3), 363-406. https://doi.org/10.1037/0033-
295x.100.3.363

Fleddermann, M., Heppe, H., & Zentgraf, K. (2019). Off-Court Generic
Perceptual-Cognitive Training in Elite Volleyball Athletes: Task-

Willy Valen Wirayuda & Muhammad Fahrezi Harahap


https://doi.org/10.1080/02640414.2021.1947010
https://doi.org/10.1126/science.1207998
https://doi.org/10.21831/cp.v43i2.66632
https://doi.org/10.1007/s40279-016-0495-z
https://doi.org/10.3390/su13020606
https://doi.org/10.1007/s00167-017-4671-y
https://doi.org/10.1007/s00167-017-4671-y
https://doi.org/10.3389/fpsyg.2021.653004
https://doi.org/10.1007/s40279-023-01886-1
https://doi.org/10.1007/s40279-023-01886-1
https://doi.org/10.1016/j.concog.2014.07.004
https://doi.org/10.1007/s40279-015-0452-2
https://doi.org/10.3389/fpsyg.2021.678874
https://doi.org/10.3109/17518423.2016.1140844
https://doi.org/10.1007/s40279-022-01738-4
https://doi.org/10.1123/jtpe.2021-0206
https://doi.org/10.3389/fpubh.2024.1345566
https://doi.org/10.1016/j.actpsy.2025.105143
https://doi.org/10.1080/17408989.2018.1552673
https://doi.org/10.1080/02640414.2020.1786992
https://doi.org/10.1037/0033-295x.100.3.363
https://doi.org/10.1037/0033-295x.100.3.363

o)

Equipment Modification for Motor Skill Acquisition in Primary Physical Education: A Classroom Action Research Study of Rubber-Ball Volleyball Underhand Passing.

Specific Effects and Levels of Transfer. Frontiers in Psychology, 10,
1599. https://doi.org/10.3389/fpsyg.2019.01599

French, K. E., Rink, J. E., Rikard, L. G., Mays, A., Lynn, S., & Werner, P.
(1991). The Effects of Practice Progressions on Learning Two
Volleyball Skills. Journal of Teaching in Physical Education, 10(3),
261-274. https://doi.org/10.1123/jtpe.10.3.261

Grauduszus, M., Koch, L., Wessely, S., & Joisten, C. (2024). School-based
promotion of physical literacy: a scoping review. Frontiers in Public
Health, 12, 1322075. https://doi.org/10.3389/fpubh.2024.1322075

Guignard, B., Button, C., Davids, K., & Seifert, L. (2020). Education and
transfer of water competencies: An ecological dynamics approach.
European  Physical ~ Education —Review, 26(4), 938-953.
https://doi.org/10.1177/1356336x20902172

Guo, Z., & Cheng, W. (2026). The impact of constraints-based ball games
on the control skills of children with developmental coordination
disorder. Scientific Reports, 16(1). https://doi.org/10.1038/s41598-
026-35582-7

Hacques, G., Komar, J., Dicks, M., & Seifert, L. (2020). Exploring to learn
and learning to explore. Psychological Research, 85(4), 1367-1379.
https://doi.org/10.1007/s00426-020-01352-x

Iwatsuki, T., & Regis, C. J. (2020). Relatively Easy Criteria for Success
Enhances Motor Learning by Altering Perceived Competence.
ScholarSphere  (Penn ~ State  Libraries), 128(2), 900-911.
https://doi.org/10.1177/0031512520981237

Koedinger, K. R., Booth, J. L., & Klahr, D. (2013). Instructional Complexity
and the Science to Constrain It. Science, 342(6161), 935-937.
https://doi.org/10.1126/science. 1238056

Komar, J., Seifert, L., Vergne, N., & Newell, K. M. (2023). Narrowing the
coordination solution space during motor learning standardizes
individual patterns of search strategy but diversifies learning rates.
Scientific Reports, 13(1), 2009. https://doi.org/10.1038/s41598-023-
29238-z

Levac, D., & Lu, A. S. (2018). Does Narrative Feedback Enhance
Children’s Motor Learning in a Virtual Environment? Journal of Motor
Behavior, 51(2), 199-211.
https://doi.org/10.1080/00222895.2018.1454398

Lima, R. A, Pfeiffer, K. A., Larsen, L. R., Bugge, A., Mgller, N. C.,
Anderson, L. B., & Stodden, D. F. (2017). Physical Activity and Motor
Competence Present a Positive Reciprocal Longitudinal Relationship
Across Childhood and Early Adolescence. Journal of Physical Activity
and Health, 14(6), 440-447. https://doi.org/10.1123/jpah.2016-0473

Liu, C. (2023). A Constraint-Led Approach: Enhancing Skill Acquisition and
Performance in Sport and Physical Education Pedagogy. Studies in
Sports  Science and  Physical  Education,  1(1), 1-10.
https://doi.org/10.56397/ssspe.2023.06.01

Moon, J., Webster, C. A., Stodden, D. F., Brian, A., Mulvey, K. L., Beets,
M. W., Egan, C. A., McIntosh, L. I. F., Merica, C. B., & Russ, L. (2024).
Systematic review and meta-analysis of physical activity interventions
to increase elementary children's motor competence: a
comprehensive school physical activity program perspective. BMC
Public Health, 24(1), 826. https://doi.org/10.1186/s12889-024-18145-
1

Moy, B., Renshaw, I., & Gorman, A. D. (2024). Applying the constraints-
led approach to facilitate exploratory learning of the volleyball serve.
Journal of Sports Sciences, 42(6), 511-518.
https://doi.org/10.1080/02640414.2024.2345415

Neil-Sztramko, S., Caldwell, H. A. T., & Dobbins, M. (2021). School-based
physical activity programs for promoting physical activity and fitness in
children and adolescents aged 6 to 18. Cochrane Database of
Systematic Reviews, 2021(9).
https://doi.org/10.1002/14651858.cd007651.pub3

Pellett, T. L., Henschel-Pellett, H. A., & Harrison, J. M. (1994). Influence of
Ball Weight on Junior High School Girls' Volleyball Performance.
Perceptual and Motor Skills, 78, 1379-1384.
https://doi.org/10.2466/pms.1994.78.3¢.1379

Inspiree Journal

Petrusic, T. (2023). The effects of an 8-week ball game intervention on the
motor abilities of 6-7-year-olds. Kinesiologia Slovenica Scientific
Journal on Sport, 29(3), 119-134.
https://doi.org/10.52165/kinsi.29.3.119-134

Raver, C. C., Jones, S. M., Li-Grining, C. P., Metzger, M. W., Champion,
K. M., & Sardin, L. (2007). Improving preschool classroom processes:
Preliminary findings from a randomized trial implemented in Head Start
settings. Early Childhood Research Quarterly, 23(1), 10-26.
https://doi.org/10.1016/j.ecresq.2007.09.001

Rees, T., Hardy, L., Giillich, A., Abernethy, B., Cété, J., Woodman, T.,
Montgomery, H., Laing, S. J., & Warr, C. (2016). The Great British
Medalists Project: A Review of Current Knowledge on the
Development of the World's Best Sporting Talent. Sports Medicine,
46(8), 1041-1058. https://doi.org/10.1007/s40279-016-0476-2

Reis, L. N., Reuter, C. P., Burns, R. D., Martins, C., Mota, J., Gaya, A. C.
A, Silveira, J. F. de C., & Gaya, A. R. (2024). Effects of a physical
education intervention on children’s physical activity and fitness: the
PROFIT  pilot  study. BMC  Pediatrics,  24(1), 78.
https://doi.org/10.1186/s12887-024-04544-1

Renshaw, 1., Chow, J. Y., Davids, K., & Hammond, J. A. (2010). A
constraints-led perspective to understanding skill acquisition and
game play: a basis for integration of motor learning theory and physical
education praxis? Physical Education and Sport Pedagogy, 15(2),
117-137. https://doi.org/10.1080/17408980902791586

Roberts, W., Newcombe, D., & Davids, K. (2018). Application of a
Constraints-Led Approach to pedagogy in schools: embarking on a
journey to nurture Physical Literacy in primary physical education.
Physical Education and Sport Pedagogy, 24(2), 162-175.
https://doi.org/10.1080/17408989.2018.1552675

Sidaway, B., Bates, J., Occhiogrosso, B., Schlagenhaufer, J., & Wilkes, D.
(2012). Interaction of Feedback Frequency and Task Difficulty in
Children’s Motor Skill Learning. Physical Therapy, 92(7), 948-957.
https://doi.org/10.2522/ptj.20110378

Sigmundsson, H., Newell, K. M., Polman, R., & Haga, M. (2021).
Exploration of the Specificity of Motor Skills Hypothesis in 7-8 Year
Old Primary School Children: Exploring the Relationship Between 12
Different Motor Skills From Two Different Motor Competence Test
Batteries. Frontiers ~ in  Psychology, 12, 631175.
https://doi.org/10.3389/fpsyg.2021.631175

Slovak, L., Sarvestan, J., lwatsuki, T., Zahradnik, D., Land, W. M., &
Abdollahipour, R. (2023). External focus of attention enhances arm
velocities during volleyball spike in young female players. Frontiers in
Psychology, 13, 1041871.
https://doi.org/10.3389/fpsyg.2022.1041871

Sun, S., & Chen, C. (2024). The Effect of Sports Game Intervention on
Children’s Fundamental Motor Skills: A Systematic Review and Meta-
Analysis. Children, 11(2), 254,
https://doi.org/10.3390/children11020254

Trouilloud, D., Sarrazin, P., Bressoux, P., & Bois, J. (2006). Relation
between teachers’ early expectations and students’ later perceived
competence in physical education classes: Autonomy-supportive
climate as a moderator. Journal of Educational Psychology, 98(1), 75~
86. https://doi.org/10.1037/0022-0663.98.1.75

Westendorp, M., Houwen, S., Hartman, E., Mombarg, R., Smith, J., &
Visscher, C. (2013). Effect of a Ball Skill Intervention on Children’s Ball
Skills and Cognitive Functions. Medicine & Science in Sports &
Exercise, 46(2), 414-422.
https://doi.org/10.1249/mss.0b013e3182a532b3

Yani, A., Abdullah, N. M., Henjilito, R., Hafis, M. Z., & Yulianto, M. (2026).
Establishing Validity and Reliability of a Field-Based Handball Skill
Battery for Physical Education in Elementary Schools. International
Journal of Human Movement and Sports Sciences, 14(3), 569-587.
https://doi.org/10.13189/saj.2026.140301

Zask, A., Barnett, L. M., Rose, L., Brooks, L., Molyneux, M. K. B., Hughes,
D., Adams, J., & Salmon, J. (2012). Three year follow-up of an early

Willy Valen Wirayuda & Muhammad Fahrezi Harahap [AZS


https://doi.org/10.3389/fpsyg.2019.01599
https://doi.org/10.1123/jtpe.10.3.261
https://doi.org/10.3389/fpubh.2024.1322075
https://doi.org/10.1177/1356336x20902172
https://doi.org/10.1038/s41598-026-35582-7
https://doi.org/10.1038/s41598-026-35582-7
https://doi.org/10.1007/s00426-020-01352-x
https://doi.org/10.1177/0031512520981237
https://doi.org/10.1126/science.1238056
https://doi.org/10.1038/s41598-023-29238-z
https://doi.org/10.1038/s41598-023-29238-z
https://doi.org/10.1080/00222895.2018.1454398
https://doi.org/10.1123/jpah.2016-0473
https://doi.org/10.56397/ssspe.2023.06.01
https://doi.org/10.1186/s12889-024-18145-1
https://doi.org/10.1186/s12889-024-18145-1
https://doi.org/10.1080/02640414.2024.2345415
https://doi.org/10.1002/14651858.cd007651.pub3
https://doi.org/10.2466/pms.1994.78.3c.1379
https://doi.org/10.52165/kinsi.29.3.119-134
https://doi.org/10.1016/j.ecresq.2007.09.001
https://doi.org/10.1007/s40279-016-0476-2
https://doi.org/10.1186/s12887-024-04544-1
https://doi.org/10.1080/17408980902791586
https://doi.org/10.1080/17408989.2018.1552675
https://doi.org/10.2522/ptj.20110378
https://doi.org/10.3389/fpsyg.2021.631175
https://doi.org/10.3389/fpsyg.2022.1041871
https://doi.org/10.3390/children11020254
https://doi.org/10.1037/0022-0663.98.1.75
https://doi.org/10.1249/mss.0b013e3182a532b3
https://doi.org/10.13189/saj.2026.140301

o)

Equipment Modification for Motor Skill Acquisition in Primary Physical Education: A Classroom Action Research Study of Rubber-Ball Volleyball Underhand Passing.

childhood intervention: is movement skill sustained? International
Journal of Behavioral Nutrition and Physical Activity, 9(1), 127.
https://doi.org/10.1186/1479-5868-9-127

Zhu, Q., Wang, Y., Yuan, F., & Wu, Q. (2026). A250: Children’s Volleyball
for Health and Transition from Kindergarten to Primary School Under
New Curriculum Standards. Scholar Works (Boise State University).
https://scholarworks.boisestate.edufijpah/vol5/iss1/250

Willy Valen Wirayuda & Muhammad Fahrezi Harahap VAR

Inspiree Journal


https://doi.org/10.1186/1479-5868-9-127
https://scholarworks.boisestate.edu/ijpah/vol5/iss1/250

