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ABSTRACT

This study aimed to develop and pilot-evaluate the GAMES-MMS game-based instructional
model for improving manipulative movement skills among lower-grade elementary school
students. Using a research-and-development approach, the model was designed through ex-
pert validation and classroom trials, and then organized as an implementation-ready pro-
gram consisting of structured games, clear procedures, progressions, and instructional cues.
The pilot implementation was conducted over four weeks during regular physical education
lessons using a one-group pretest—posttest design. The results showed that manipulative
movement skill scores increased from 62.14 (SD = 8.22) at pretest to 77.36 (SD = 7.18) at
posttest. The mean change was 15.22, 95% CI [11.83, 18.61], and the paired-samples t-test in-
dicated a statistically significant within-group difference (t = 9.21, p < .001). The magnitude
of change was large (Cohen’s d = 1.6). Expert validation also indicated excellent ratings for
instructional design, developmental relevance, and clarity of instructions, engagement level,
and overall feasibility, supporting the model’s practical value for classroom use. The main
contribution of this study lies in providing a structured, play-based instructional model that
is closely aligned with the developmental characteristics of young learners and the practical
needs of primary physical education. However, because the evaluation phase did not include
a comparison group, the observed gains should be interpreted as preliminary evidence of
feasibility and potential efficacy rather than as definitive causal effects. Future studies are
needed to examine the model using controlled designs, larger and more diverse samples, fol-
low-up assessments, and broader outcomes related to physical literacy and sustained physical
activity.
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INTRODUCTION

Physical education (PE)is widely recognized as an essential component of holistic education because it
contributes not only to children’s physical development but also to their social and emotional growth
(Abduh et al., 2024; Ahmad, 2020; Andika et al., 2024). High-quality PE programs are expected
to do more than improve physical fitness; they should also foster meaningful, developmentally
appropriate experiences that encourage lifelong participation in physical activity (Ahmed & Al
Salim, 2024; Casey & MacPhail, 2018). Within primary education, fundamental movement skills
are especially important, as they form the basis for later participation in a broad range of physical
activities and sports. Among these, manipulative skills such as throwing, catching, and dribbling
are central components of children’s motor competence (Griffo et al., 2020).

Manipulative skills involve coordinated control of body segments, particularly the hands and
feet, to regulate external objects such as balls, rackets, or bats. Their development is important not
only for physical performance but also for perceptual-cognitive functioning, hand-eye coordination,
and social interaction during movement activities (Dewi, 2021; Gipit et al., 2017). However, many
children experience difficulty acquiring these skills, partly because of developmental constraints
and partly because the instructional approaches available to them are not always sufficiently
engaging or responsive to their needs (Abbott & Berninger, 1993; Grigorenko et al., 2020; Verawati
et al, 2021). In many school settings, PE instruction still relies heavily on teacher-centered
demonstration-and-drill routines, which may limit students’ opportunities for repeated object-
control practice, decision-making, and sustained motivation in more authentic play situations
(Bessa et al., 2021; Hu, 2024).

Play offers a particularly relevant context for addressing these challenges. As a natural medium
of children’s cognitive and physical development, play creates opportunities for movement learning
that are both meaningful and developmentally appropriate (Ahmad, 2020; Hidayat et al., 2024).
Previous studies have shown that manipulative skills can be strengthened through structured
game-based activities that combine enjoyment with purposeful learning experiences (Durlak et
al,, 2011; Diiz & Aslan, 2020; Gonzélez et al., 2021). Game-based learning has also been associated
with higher levels of motivation, attention, and participation in PE lessons (Adewale et al., 2024;
Chatzipanteli & Adamakis, 2022). Even so, many studies that describe “game-based” instruction do
so in broad terms, often without clearly specifying the instructional architecture that would make
the approach teachable, scalable, and replicable. In particular, important features such as design
principles, progression rules, and feedback routines are often under explained. This limitation is
especially relevant in Indonesian primary schools, where PE teachers frequently need practical, low-
cost, and adaptable models that can be implemented under real classroom constraints, including
limited time, limited equipment, and heterogeneous student skill levels.

To respond to this gap, the present study developed the GAMES-MMS Model (Game-
based Model for Manipulative Movement Skills), a structured and teacher-ready game-based
instructional model designed specifically for primary PE. The contribution of the GAMES-MMS
Model lies not simply in using games as a teaching medium, but in providing a clearly articulated

instructional system that can be implemented consistently and evaluated transparently. The model
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is built on several explicit principles. First, it emphasizes developmental alignment by matching
tasks to children’s coordination abilities and attentional capacities. Second, it adopts a constraints-
based task design in which space, rules, and equipment are deliberately modified to elicit targeted
throwing, catching, and dribbling actions. Third, it promotes a mastery-oriented climate that
prioritizes improvement and effort rather than competition alone. Fourth, it incorporates inclusive
differentiation, allowing the same lesson structure to accommodate students with varied levels of
competence through simple task modifications.

In addition to these principles, the model includes a clear progression system through which
learners move from basic object-control tasks to more game-like performance demands. This
progression is achieved through gradual adjustments in object properties, distance and target
size, movement demands, and decision complexity. The model also specifies feasible feedback and
assessment routines for primary PE, including brief teacher cues focused on one key performance
element at a time, simple peer-feedback procedures, and task-intrinsic feedback through targets,
scoring zones, or rule-based success criteria. In this way, the model is intended to support learning
without overwhelming students with excessive instruction. Conceptually, its instructional logic
combines high-frequency repetition without monotony, perception-action coupling in authentic
play situations, and autonomy-supportive opportunities such as choosing challenge levels. Together,
these features are expected to create conditions that are favorable for engagement and manipulative
skill development.

Preliminary observations in several schools in North Palu suggested that PE lessons did not
always engage students optimally, particularly in relation to the development of manipulative
movement skills. This practical concern reinforced the need for an instructional model that is not
only pedagogically sound but also usable in everyday school settings. Accordingly, this study was
designed to develop, validate, and pilot-evaluate the GAMES-MMS Model in primary education.
More specifically, the study sought to produce a replicable teacher-ready structure, including
lesson flow, progression criteria, and feedback routines, while also examining its feasibility and
preliminary outcomes during classroom implementation. By aligning instructional strategies with
children’s developmental characteristics and classroom realities, this study aims to contribute to
PE pedagogy and provide practical guidance for teachers seeking to enrich primary PE learning
experiences (Ali et al., 2018; Zha et al.,, 2025; Zhang, 2024).

Based on these considerations, the objectives of the study were threefold: (1) to develop the
GAMES-MMS instructional model for supporting manipulative movement skills in primary
education; (2) to validate the model through expert review and field trials; and (3) to conduct a pilot
evaluation of its classroom feasibility and preliminary efficacy in improving students’ manipulative

movement skills and engagement during PE lessons.

METHOD

Study Design
This study used a research-and-development (R&D) approach to design, validate, and pilot-evaluate
the GAMES-MMS Model (Game-based Model for Manipulative Movement Skills) for lower-
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grade primary school students. The development process was adapted from the Borg and Gall
framework and involved a sequence of stages including needs analysis, product planning, model
development, expert validation, small-scale trial, revision, field implementation, final refinement,
and pilot outcome evaluation. In the present manuscript, the outcome evaluation is reported as a
feasibility-oriented pilot study using a one-group pretest—posttest design. Accordingly, the findings
are interpreted as preliminary evidence of feasibility and potential efficacy rather than as definitive

causal effects.

Participants and Setting

The study involved 28 lower-grade elementary school students from Grades 2 and 3 enrolled in
public elementary schools in North Palu District, Central Sulawesi, Indonesia. Participants were
recruited using cluster-based convenience sampling, with intact classes selected on the basis of
school access, scheduling feasibility, and willingness to participate in the study during regular
physical education lessons. In practice, the research team coordinated with school administrators
and PE teachers to identify Grade 2 and Grade 3 classes that could accommodate the intervention
and all eligible students within those classes were invited to participate.

Students were included if they were actively enrolled in PE classes, were physically healthy and
able to participate in school-based movement activities, and had parental or guardian consent.
Students with injuries or medical conditions that restricted their participation in physical activity
during the data collection period were excluded. In addition to the student participants, four PE
teachers contributed to the preliminary needs analysis, and three subject-matter experts were

involved in the validation of the model.

Ethical Considerations

Ethical approval was granted by the Institute for Research and Community Service (LPPM),
Universitas Tadulako, Palu, Indonesia (Ethics Statement No. 1540a/UN28.16/KP.10.00/2025).
Written consent was obtained from parents or guardians before participation, and verbal assent was

obtained from the students. All data were anonymized and used exclusively for research purposes.

Sample Size Justification

The sample size (N = 28) was determined pragmatically based on access to intact Grade 2-3 classes,
school scheduling constraints, and the feasibility of implementing repeated assessments during
regular PE lessons within the available study period. For this reason, the study was designed as a
pilot and feasibility evaluation rather than a fully powered effectiveness trial. Although the sample
was sufficient to examine implementation feasibility and estimate pre—post changes in manipulative
movement skills, the resulting effect-size estimates were treated as preliminary and interpreted

with caution.

Development of the GAMES-MMS Model

The GAMES-MMS Model was developed to support manipulative movement skills, particularly
throwing, catching, and dribbling, among lower-grade primary school students. The process began
with a needs analysis based on classroom observations and semi-structured interviews with PE
teachers. This stage identified several recurring instructional challenges, including low student

engagement, limited repetition with variation, and uneven skill levels within the same class.
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Based on these findings, an initial prototype of the model was created. The prototype consisted
of four structured games designed to target manipulative movement skills through developmentally
appropriate and play-oriented learning experiences. Each game followed a consistent lesson
format and included clearly defined learning targets, rules, safety guidance, progression options,
and teacher instructional cues. The model was then reviewed by three subject-matter experts in
physical education to assess its content relevance, developmental appropriateness, and pedagogical
feasibility. Revisions were made on the basis of their feedback before the model was implemented

in the pilot phase.

Intervention Procedures

The pilot implementation of the GAMES-MMS Model was conducted over four weeks during
regular physical education lessons. Students participated in two 40-minute PE sessions per week,
resulting in a total of eight sessions. Each session followed a standardized structure consisting
of three parts: a brief warm-up and skill focus, one or more core games emphasizing targeted
manipulative skills, and a short cool-down accompanied by reflection or feedback.

To support consistency, teachers used a session guide specifying the required equipment,
grouping arrangements, time allocation, game rules, progression options, and feedback prompts.
Across the four games, students practiced throwing, catching, and dribbling through short and
repeated activity bouts embedded in playful tasks. For each activity, the teacher first introduced a
short objective statement, followed by a small number of rules, a brief demonstration, and one key

performance cue aligned with the skill target. Examples of teacher cues included “eyes on the ball,”

» « » o«

“step and throw,” “soft hands to receive,” “use fingertips to control,” and “keep the ball close while

moving.” Explanations were intentionally kept brief to preserve active learning time.

Progression System

Aclear progression structure was embedded withinand across sessions. Task difficulty was increased
systematically by modifying object properties, distance and target size, movement demands, and
decision complexity. For example, progression could involve moving from larger and softer balls
to standard balls, from shorter to longer distances, from static to dynamic movement, and from
tasks without opposition to tasks involving passive or active defenders. Advancement occurred
only when students met predefined success criteria, such as a minimum rate of successful catches,
accurate throws, or controlled dribbles within a set number of attempts or time period. When
students did not meet these criteria, the task was maintained or simplified to support mastery and

sustain engagement.

Implementation Fidelity

To ensure that the intervention was delivered consistently, implementation fidelity was monitored
through a structured checklist. The checklist covered adherence to the planned session structure
and time allocation, use of the intended rules and equipment, delivery of the key instructional cues,
application of the progression criteria, and opportunities for feedback through teacher prompts
and peer-check routines. Any deviations from the planned implementation, such as shortened
practice time or omitted progression steps, were documented and discussed with the teacher after

the session.
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Outcome Assessment
Manipulative movement skill performance was assessed using a standardized rubric adapted from
the Indonesian Elementary PE Curriculum Guidelines (2020). The rubric evaluated three main
indicators: throwing accuracy, ball control, and catching ability. Content validity of the rubric was
supported through expert review, yielding an Aiken’s V coefficient of 0.87. Inter-rater reliability
established during pilot scoring was high, with an interclass correlation coefficient (ICC) of 0.91.
The pilot outcome evaluation used a one-group pretest—posttest design. Pretest assessment
was conducted before the four-week implementation of the GAMES-MMS Model, and posttest
assessment was conducted after the final session. This design was selected to examine short-term
change during initial classroom implementation and to provide preliminary evidence for future

controlled studies.

Data Analysis

Quantitative data were analyzed using SPSS. Descriptive statistics were calculated for pretest and
posttest manipulative movement skill scores. Before hypothesis testing, assumption checks were
conducted to confirm the suitability of parametric analysis. Normality of the pretest and posttest
distributions was examined using the Shapiro-Wilk test, and possible outliers were reviewed
through standardized z-scores and boxplot inspection. Because the assumptions for parametric
analysis were met, a paired-samples t-test was used to compare pretest and posttest scores, with
statistical significance set at p < 0.05.

To support interpretation of the magnitude of change, a standardized mean-change effect size
was also reported. Given the pilot nature of the study and the modest sample size, the effect size was
interpreted cautiously as an estimate of within-group change rather than as evidence of definitive
intervention impact.

In addition to the quantitative data, qualitative information from teacher interviews, field notes,
and student reflections was analyzed thematically through data reduction, coding, categorization,
and interpretation. These qualitative sources were used to enrich understanding of the model’s

feasibility, classroom usability, and instructional value during implementation.

RESULTS

Expert Validation of the GAMES-MMS Model
Before the classroom implementation phase, the content quality and practical feasibility of the
GAMES-MMS Model were examined through expert review. The expert panel evaluated the model
in terms of instructional design, developmental relevance, and clarity of instructions, engagement
level, and overall feasibility. As shown in Table 1, all evaluated aspects received high ratings, with
mean scores ranging from 4.6 to 4.9 on a 5-point scale.

These findings indicate that the model was judged to be well structured, developmentally
appropriate for lower-grade elementary school students, and clearly specified for implementation
in regular physical education lessons. The strong ratings for engagement and overall feasibility also

suggest that the model was viewed as pedagogically relevant and practically usable in school settings.
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Table 1. Expert validation scores of the GAMES-MMS Model (scale 1-5)

Aspect evaluated Mean score Category

Instructional design 4.7 Excellent

Developmental relevance 4.8 Excellent

Clarity of instructions 4.6 Excellent

Engagement level 4.9 Excellent

Overall feasibility 4.75 Excellent
Assumption Testing

Prior to outcome analysis, assumption checks were conducted to determine whether parametric
procedures were appropriate for the pretest—posttest data. Normality of the manipulative movement
skill scores was examined using the Shapiro-Wilk test. The results indicated that both pretest and
posttest distributions did not differ significantly from normality (p > 0.05). Possible outliers were
examined through standardized z-scores and boxplot inspection, and no extreme outliers were
identified (|z] < 3.00).

Because the data met the assumptions required for parametric testing, a paired-samples t-test
was used to compare students’ manipulative movement skill scores before and after the four-week
implementation of the GAMES-MMS Model.

Pre-Post Change in Manipulative Movement Skills

Table 2 presents the descriptive statistics and paired-samples t-test results for manipulative movement
skill scores. The analysis showed that the mean score increased from 62.14 (SD = 8.22) at pretest to
77.36 (SD = 7.18) at posttest. This difference was statistically significant, #(27) = 9.21, p < .001.

The mean change score was 15.22, with a 95% confidence interval of 11.83 to 18.61. These
results indicate that students demonstrated higher manipulative movement skill scores at the end
of the four-week implementation period than at baseline. To complement the significance test, a
standardized mean-change effect size was estimated for the paired design, yielding Cohen’s d ~ 1.6,
which suggests a large within-group change. Given the pilot nature of the study and the absence
of a comparison group, this effect size should be interpreted as preliminary and used primarily to

inform future controlled studies rather than as evidence of definitive intervention impact.

Table 2. Paired-samples t-test results for manipulative movement skill scores (N = 28)

Test Mean (M) Standard deviation (SD) Mean change 95% CI of mean change ¢ )
Pretest 62.14 8.22
Posttest  77.36 7.18 15.22 11.83-18.61 9.21 <.001

Summary of Findings
Taken together, the results show that the GAMES-MMS Model was rated highly by expert
reviewers in terms of instructional quality, developmental relevance, clarity, engagement, and
overall feasibility. The pilot classroom implementation was also associated with a statistically
significant increase in manipulative movement skill scores over the four-week period.

At the same time, these findings should be interpreted within the scope of a pilot and feasibility

study. Because the outcome evaluation used a one-group pretest—posttest design without a comparison
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group, the observed gains are better understood as preliminary evidence of feasibility and potential
efficacy rather than as conclusive proof of causal effectiveness. Further studies using controlled or
randomized designs, larger samples, and follow-up assessments are needed to examine the robustness

and sustainability of the observed changes.

DISCUSSION

The findings of this study provide preliminary support for the GAMES-MMS Model as a feasible and
pedagogically promising approach for developing manipulative movement skills among lower-grade
elementary school students. During the four-week pilot implementation, students’ manipulative skill
scores increased significantly from pretest to posttest and the magnitude of within-group change was
large. Although the one-group pretest—posttest design does not permit strong causal inference, the
pattern of results suggests that the model has potential value for supporting key skill indicators such
as throwing, catching, and ball control within regular physical education lessons.

The observed improvement is broadly consistent with previous research showing that play-oriented
and game-based learning can enhance students’ engagement, motivation, and active participation
in physical education (Bailey et al., 2024). Zhang (2024), for example, reported that skill practice
embedded in structured games can increase students’ involvement and persistence during learning
activities. This perspective helps explain why students in the present study may have demonstrated
stronger posttest performance after repeated exposure to structured, game-based practice. In a similar
vein, Daniels et al. (2023) noted that children’s motor competence may develop more effectively when
practice tasks are delivered in enjoyable and socially interactive formats. This feature was central
to the GAMES-MMS lesson structure, in which repeated practice was embedded in playful and
developmentally appropriate activities rather than isolated drill routines.

From a developmental standpoint, manipulative skills such as throwing, catching, and dribbling are
foundational components of physical literacy, but they also require coordination patterns that can be
difficult for younger learners to master (Adipat et al., 2021). The GAMES-MMS Model was designed
with this challenge in mind. Short and repeated practice bouts, simplified game rules, and concise
performance cues were used to reduce cognitive overload while maintaining active participation.
Instructional prompts such as “step and throw,” “eyes on the ball” and “soft hands to receive” were
intended to direct attention toward essential movement elements without interrupting the flow of
play. In this respect, the present findings are in line with Ding & Yu (2024), who suggested that game-
based practice can reduce performance pressure and support experiential learning, thereby creating
conditions that are more favorable for improvement in basic movement execution.

An additional strength of the findings lies in the feasibility profile of the model. The expert
validation results showed consistently high ratings across instructional design, developmental
relevance, and clarity of instructions, engagement level, and overall feasibility. These judgments
are important because they indicate that the model was not only conceptually appropriate but also
sufficiently clear and usable for implementation in primary school PE settings. This aligns with
Corbin (2021), who emphasized that instructional models are more likely to be adopted in practice

when they balance pedagogical clarity, feasibility, and adaptability. In the case of GAMES-MMS, the
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structured packaging of lesson flow, defined rules, progression criteria, and teacher cues appears to
strengthen its practical value. This is particularly relevant in school contexts where teachers often
need approaches that can be applied consistently without relying excessively on personal teaching
style or improvisation.

At the same time, the outcome findings must be interpreted with appropriate caution. Because
the evaluation phase used a one-group pretest-posttest design without a comparison group, the
observed gains cannot be attributed exclusively to the intervention itself. Alternative explanations
remain possible, including maturation, increased familiarity with the assessment procedure, and
regular PE exposure during the same period, or other classroom influences that were not controlled
in the present study. For this reason, the results are better understood as preliminary evidence of
feasibility and potential efficacy rather than as definitive proof of effectiveness. Framing the study
in this way is important not only for methodological accuracy but also for positioning the findings
appropriately within the broader process of model development and early-stage evaluation.

Several limitations should also be acknowledged. First, the sample size was relatively small
and limited to students from one district, which restricts the extent to which the findings can be
generalized to broader populations or different school contexts. Second, the intervention period
was relatively short, and no follow-up assessment was conducted. As a result, it remains unclear
whether the observed gains would be maintained over time or transferred to broader outcomes
related to physical literacy and sustained physical activity. Third, although implementation fidelity
was monitored during the intervention, the present study did not analyze fidelity quantitatively as
a predictor of outcome variation. This means that the relative contribution of specific components,
such as cueing quality, progression criteria, or active practice time, could not yet be determined.

These limitations point to several directions for future research. Subsequent studies should
examine the GAMES-MMS Model using controlled or randomized designs with larger and
more diverse samples. Follow-up assessments would also be important to determine whether
the observed improvements persist beyond the immediate implementation period. In addition,
future work could expand the outcome indicators to include broader aspects of physical literacy,
participation behavior, and enjoyment of physical activity. It would also be valuable to investigate
implementation fidelity more systematically in order to identify which instructional components
are most strongly associated with student progress.

Overall, the present study suggests that the GAMES-MMS Model offers a feasible and
educationally relevant approach for supporting manipulative movement skills in primary physical
education. Its structured, play-based design appears to fit the developmental characteristics of
younger learners while remaining practical for classroom use. Although further testing is needed
before stronger claims can be made, the current findings indicate that the model provides a useful

foundation for subsequent research and pedagogical development in game-based primary PE.

CONCLUSION

This study developed and pilot-evaluated the GAMES-MMS Model as a structured game-based

instructional model for supporting manipulative movement skills in lower-grade elementary
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school students. The findings indicate that the model was judged by experts to be highly feasible,
developmentally appropriate, and clearly structured for use in primary physical education. The
pilot classroom implementation also showed a significant increase in students’ manipulative
movement skill scores over the four-week period, suggesting encouraging short-term improvement
in throwing, catching, and ball-control performance.

These results highlight the practical and pedagogical promise of the GAMES-MMS Model.
By combining structured games, explicit progression criteria, and concise instructional cues, the
model appears to offer a classroom-ready approach that is well suited to the developmental needs
of younger learners while remaining realistic for everyday PE practices. In this regard, the study
contributes not only a teaching innovation, but also a more clearly articulated framework for game-
based instruction in primary physical education.

At the same time, the findings must be interpreted with appropriate caution. Because the pilot
evaluation relied on a one-group pretest—posttest design, the observed gains cannot be taken
as definitive evidence of causal effectiveness. Rather, they should be understood as preliminary
evidence that the model is feasible to implement and shows potential to support manipulative
movement skill development under regular school conditions.

Overall, the present study provides an initial empirical and pedagogical foundation for the
continued development of the GAMES-MMS Model. Further research using controlled designs,
larger and more diverse samples, follow-up assessments, and broader outcome measures will be
necessary to determine the robustness, sustainability, and wider educational significance of the

model’s effects.
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