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Abstract
This study aimed to: (1) determine the efficacy of a 10-week gamified physical education intervention, (2) compare post-intervention FMS outcomes between experimental and control cohorts, and (3) longitudinally track within-group developmental progress across pre-, mid-, and post-test phases.
Utilizing a quasi-experimental, repeated-measures design, 60 early primary students (Grades 1-2) were allocated into experimental (gamified program; n=30) and control (direct instruction; n=30) groups. Motor competence was evaluated using the Test of Gross Motor Development, Third Edition (TGMD-3), which demonstrated excellent inter-rater reliability (ICC = 0.91).Data were analyzed via independent t-tests and repeated measures ANOVA. 
The experimental group achieved significantly superior post-intervention outcomes across all locomotor and object control subtests compared to the control group (p < .05), exhibiting exceptionally large effect sizes (Cohen's d > 1.80). Additionally, the experimental cohort demonstrated continuous, statistically significant progressive improvements across the 10-week timeline (Pre-test < Mid-test < Post-test; p < .05). Embedding game mechanics into FMS instruction functions as a highly effective pedagogical paradigm. Gamification successfully overcomes proficiency barriers, accelerating foundational motor skill acquisition significantly beyond conventional command-style physical education methods.
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Introduction
The acquisition of Fundamental Movement Skills (FMS) during early childhood (ages 6–8) constitutes the critical physiological foundation for lifelong physical literacy and sustained neuromotor competence (Hulteen et al., 2018). According to contemporary developmental trajectory models, failing to achieve FMS proficiency establishes a restrictive "proficiency barrier," which significantly elevates the risk of physical inactivity and motor developmental delays in early primary school students (Barnett et al., 2016). Despite this criticality, modern physical education (PE) ecosystems face a pervasive pedagogical problem: an overreliance on traditional, direct-instruction paradigms. Analyzed through the lens of Ecological Dynamics and constraints-led approaches, these reductionist, drill-centric methodologies isolate movement kinematics from cognitive and affective engagement (Chow et al., 2021). Consequently, such linear pedagogical models precipitate cognitive fatigue, diminish intrinsic motivation, and ultimately result in suboptimal FMS acquisition among early learners (Renshaw et al., 2019).
To transcend these structural limitations and optimize neuromotor adaptation, PE scholars increasingly advocate for non-linear pedagogical innovations, most notably gamification. Grounded theoretically in Self-Determination Theory (SDT), gamification synthesizes game design mechanics such as narrative arcs, progressive leveling, and immediate reward systems into authentic physical tasks to satisfy learners' basic psychological needs for autonomy, competence, and relatedness (Vansteenkiste et al., 2020). By transmuting monotonous repetitions into purposeful, intrinsically motivating "quests," this problem-solving pedagogical architecture systematically amplifies deliberate practice and optimizes kinematic sequencing without the necessity of digital screens (Fernandez-Rio et al., 2020).
Despite these robust theoretical affordances, a prominent research gap persists in the current literature. While recent scholarship extensively documents the efficacy of digital exergaming, empirical investigations operationalizing analog (non-digital) gamification to directly enhance FMS in authentic PE environments remain remarkably sparse (Sailer & Homner, 2020). Furthermore, the longitudinal validation of these specific gamified developmental trajectories utilizing internationally recognized, biomechanical instruments such as the Test of Gross Motor Development, Third Edition (TGMD-3) has not been adequately established in early primary cohorts (Ulrich, 2019).
Consequently, this study seeks to bridge this multifaceted empirical void. The research aims to definitively answer whether a 10-week analog gamified pedagogical architecture can successfully mitigate proficiency barriers and accelerate both locomotor and object control skill acquisition. Ultimately, this investigation addresses the critical research gap by evaluating if gamified physical education can yield longitudinal motor development significantly beyond the efficacy of conventional command-style instruction.

Research Objectives
1. To determine the efficacy of the developed gamified physical education intervention program in enhancing motor competence (6 locomotor and 7 object control skills) among early primary school students.
2. To compare post-intervention motor competence outcomes between the cohort receiving the gamified intervention (experimental group) and the cohort receiving traditional instruction (control group).
3. To longitudinally compare the developmental trajectory of fundamental movement skills within the experimental group across pre-test, mid-test, and post-test assessment phases.





Research Hypotheses
1. Early primary school students participating in the gamified physical education program (experimental group) will demonstrate significantly higher post-intervention scores across overall motor competence, locomotor skills, and object control skills compared to students instructed via traditional methods (control group) at the .05 level of significance.
2. Students in the experimental group will exhibit a continuous and significant progressive improvement in motor competence, with post-test scores significantly exceeding mid-test scores, and mid-test scores significantly exceeding pre-test scores at the .05 level of significance.

Research Methodology
This quantitative, quasi-experimental study utilized a non-equivalent control group, repeated-measures design (pre-test, mid-test, post-test) to maximize validity. Adhering strictly to the Declaration of Helsinki, the research protocol was formally approved by the Institutional Review Board of Bangkokthonburi University (Approval No.: 2568/361(4); October 20, 2025). Prior to the intervention, researchers briefed students and legal guardians on the study's objectives, procedures, and risks, securing formal written informed consent. Participants maintained the right to withdraw at any time without penalty. All collected data were strictly anonymized and aggregated exclusively for academic dissemination, ensuring complete ethical compliance.
Population and Sample
Population: A total of 60 early primary school students (e.g., 32 males, 28 females; mean age 7.2 ± 0.6 years) from a public primary school in Guangzhou, China, during the 2025 academic year. This specific developmental stage represents the physiological peak for sensory integration and neuromuscular plasticity essential for foundational skill absorption.
Sample: A priori power analysis conducted via G*Power 3.1 (Effect Size = 0.80, Alpha = .05, Power = .80) indicated a minimum required sample of 52 participants. The researchers employed purposive sampling to select intact classrooms with comparable socio-educational contexts, yielding 60 students. These classrooms were subsequently randomized via a lottery method into an experimental group (n=30) and a control group (n=30).
Inclusion Criteria: Participants were required to be free from any physical or neurological impairments affecting motor execution, and their parents/guardians must have provided signed informed consent.
Research Instruments
1. Experimental Instruments (Independent Variables)
Experimental Group:  Gamified Intervention Program (A 10-week ,2 sessions/week, 50 minutes/session). This program systematically transmuted repetitive drills into narrative-driven "Quests." For instance, rather than instructing a child to throw a ball against a wall ten times, the pedagogy utilized a narrative where students acted as "Space Knights" throwing energy spheres to defend a base. The program utilized "Progress Charts" and awarded "Badges" to provide immediate positive reinforcement upon the successful execution of specific biomechanical markers. Scenario complexity was progressively increased (Leveling Up) to maintain the learners' flow state.
Control Group: A Traditional Direct-Instruction PE Program. This group utilized the identical time-frame and skill content as the experimental group but was executed via conventional methods involving explanation, demonstration, linear column formations, and generalized feedback, completely devoid of game mechanics and narrative structures.
2.  Data Collection Instrument (Dependent Variable):
Test of Gross Motor Development, Third Edition (TGMD-3): Developed by Ulrich (2019), the TGMD-3 serves as the international gold standard for assessing gross motor proficiency in children aged 3-10 years. It encompasses two primary subtests: Locomotor Subtest: 6 skills (Run, Gallop, Hop, Skip, Horizontal Jump, Slide). Object Control Subtest: 7 skills (Two-hand strike of a stationary ball, Forehand strike of a self-bounced ball, Stationary dribble, Two-hand catch, Kick a stationary ball, Overhand throw, Underhand roll).
Quality Assessment of Instruments
Content Validity: The gamified lesson plans and game mechanics were rigorously evaluated by a panel of 5 experts holding doctoral degrees in physical education pedagogy and motor development. The Index of Item-Objective Congruence (IOC) ranged from 0.88 to 0.95.  Try-out Phase: Following expert validation, the program was subjected to an iterative try-out phase involving small groups of 3, 5, and 9 non-participating students. This step was critical to meticulously calibrate the difficulty levels, ensure safety, and verify the operational feasibility of the game mechanics prior to formal implementation.
Inter-Rater Reliability: Given the observational nature of the TGMD-3, two independent, certified evaluators analyzed the video recordings. The Intraclass Correlation Coefficient (ICC) was calculated at 0.91, demonstrating excellent inter-rater reliability.
Data Collection
The research spanned a comprehensive 12-week timeline:
1. Week 1 (Pre-test): Baseline TGMD-3 assessments were conducted for both groups.
2. Weeks 2-11 (Intervention): The 10-week intervention programs (gamified and traditional) were implemented.
3. Week 6 (Mid-test): A formative TGMD-3 assessment was conducted exclusively for the experimental group to monitor mid-point developmental trajectories.
4. Week 12 (Post-test): Final TGMD-3 assessments were conducted for both groups under standardized conditions identical to the pre-test.
Data Analysis
Data were processed using statistical software packgate. Preliminary assumption checks (Shapiro-Wilk test for normality and Levene's test for homogeneity of variance) confirmed that parametric statistical criteria were met. Additionally, Mauchly’s test of sphericity was conducted to validate the assumptions for the repeated measures ANOVA. Where the assumption of sphericity was violated, the Greenhouse-Geisser correction was applied.
1. Descriptive Statistics: Means (M) and Standard Deviations (SD) were calculated.
2. Inferential Statistics:  Independent Samples t-test was utilized to compare TGMD-3 scores between the experimental and control groups, accompanied by Cohen's d to determine the practical effect size.
3. One-way Repeated Measures ANOVA was employed to analyze within-group development (Pre, Mid, Post), followed by Bonferroni post-hoc pairwise comparisons, with overall effect size calculated using Partial Eta Squared (np2).
4. The threshold for statistical significance was established at α = .05.

Results
Part 1: Baseline Equivalence Analysis (Pre-test)
Initial independent samples t-tests conducted on the pre-test data revealed no statistically significant differences between the experimental and control groups across the locomotor subtest, object control subtest, or total motor competence scores (p > .05). This confirmed that both cohorts possessed statistically equivalent baseline motor proficiencies prior to the intervention.

Part 2: Between-Group Comparison of Post-Intervention Motor Competence
Following the completion of the 10-week programs, the comparison across all 13 individual skill criteria demonstrated the overwhelming statistical superiority of the gamified pedagogical approach, as detailed in Table 1.



Table 1: Comparison of Post-test TGMD-3 Scores across 13 Skill Items between the Experimental and Control Groups
	TGMD-3 Items
	Experimental Group
(n=30)
	Control Group (n=30)
	t
	p
	Cohen's d

	
	(M ± SD)
	(M ± SD)
	
	
	

	Locomotor Subtest

	1. Run
	7.10 ± 0.85
	5.20 ± 1.05
	7.71
	.001*
	1.99

	2. Gallop
	6.80 ± 0.90
	4.50 ± 1.10
	8.85
	.001*
	2.28

	3. Hop
	8.10 ± 1.15
	5.80 ± 1.20
	7.57
	.001*
	1.95

	4. Skip
	5.20 ± 0.80
	3.10 ± 0.95
	9.25
	.001*
	2.39

	5. Horizontal Jump
	6.50 ± 0.85
	4.40 ± 0.90
	9.27
	.001*
	2.39

	6. Slide
	4.76 ± 0.75
	3.50 ± 0.80
	6.28
	.001*
	1.62

	Total Locomotor Score
	38.46 ± 2.62
	26.50 ± 3.15
	15.98
	.001*
	4.13

	Object Control Subtest

	7. Two-hand strike
	8.20 ± 0.95
	5.50 ± 1.15
	9.91
	.001*
	2.56

	8. Forehand strike
	6.10 ± 0.85
	4.20 ± 0.95
	8.16
	.001*
	2.10

	9. Stationary dribble
	4.80 ± 0.80
	3.10 ± 0.90
	7.72
	.001*
	1.99

	10. Two-hand catch
	5.10 ± 0.70
	3.50 ± 0.85
	7.96
	.001*
	2.05

	11. Kick a stationary ball
	6.50 ± 0.90
	4.80 ± 1.00
	6.92
	.001*
	1.78

	12. Overhand throw
	6.20 ± 0.85
	4.10 ± 0.90
	9.29
	.001*
	2.39

	13. Underhand roll
	5.20 ± 0.85
	3.13 ± 0.95
	8.89
	.001*
	2.29

	Total Object Control Score
	42.10 ± 3.41
	28.33 ± 3.82
	14.73
	.001*
	3.80

	Total Gross Motor Score
	80.56 ± 5.12
	54.83 ± 6.01
	17.84
	.001*
	4.61


* Significant at the .05 level

As indicated in Table 1, the experimental group achieved significantly higher mean scores across all 13 TGMD-3 items compared to the control group (p < .05). Notably, the calculated effect sizes (Cohen's d) for the total subtests and individual items were exceptionally large (ranging from 1.62 to 4.61), underscoring a massive practical impact generated by the gamified intervention.

Part 3: Within-Group Repeated Measures Analysis (Developmental Trajectory)
To validate the developmental trajectory within the experimental group, a repeated measures ANOVA was executed across all 13 skills over the three testing phases, as presented in Table 2.

Table 2: One-way Repeated Measures ANOVA across 13 TGMD-3 Items for the Experimental Group (Pre-test, Mid-test, Post-test)
	TGMD-3 Items
	Pre-test
(M ± SD)
	Mid-test
(M ± SD)
	Post-test
(M ± SD)
	F
	p
	np2

	1. Run
	3.10 ± 1.10
	5.30 ± 0.95
	7.10 ± 0.85
	175.40
	.001*
	0.85

	2. Gallop
	2.80 ± 0.95
	4.90 ± 0.85
	6.80 ± 0.90
	204.62
	.001*
	0.87

	3. Hop
	3.50 ± 1.15
	6.10 ± 1.05
	8.10 ± 1.15
	188.35
	.001*
	0.86

	4. Skip
	1.90 ± 0.85
	3.50 ± 0.80
	5.20 ± 0.80
	162.15
	.001*
	0.84

	5. Horizontal Jump
	2.50 ± 0.90
	4.80 ± 0.85
	6.50 ± 0.85
	215.80
	.001*
	0.88

	6. Slide
	1.60 ± 0.70
	3.10 ± 0.75
	4.76 ± 0.75
	198.45
	.001*
	0.87

	Total Locomotor Score
	15.40 ± 3.12
	28.73 ± 2.85
	38.46 ± 2.62
	512.34
	.001*
	0.94

	7. Two-hand strike
	3.20 ± 1.05
	5.80 ± 0.95
	8.20 ± 0.95
	240.12
	.001*
	0.89

	8. Forehand strike
	2.10 ± 0.90
	4.20 ± 0.85
	6.10 ± 0.85
	205.30
	.001*
	0.87

	9. Stationary dribble
	1.50 ± 0.75
	3.20 ± 0.80
	4.80 ± 0.80
	185.65
	.001*
	0.86

	10. Two-hand catch
	2.10 ± 0.85
	3.80 ± 0.75
	5.10 ± 0.70
	170.80
	.001*
	0.85

	11. Kick a stationary ball
	2.40 ± 0.95
	4.60 ± 0.90
	6.50 ± 0.90
	212.45
	.001*
	0.88

	12. Overhand throw
	1.80 ± 0.85
	4.00 ± 0.80
	6.20 ± 0.85
	230.15
	.001*
	0.88

	13. Underhand roll
	1.16 ± 0.75
	3.10 ± 0.85
	5.20 ± 0.85
	245.80
	.001*
	0.89

	Total Object Control Score
	14.26 ± 3.50
	25.16 ± 3.20
	42.10 ± 3.41
	608.12
	.001*
	0.95

	Total Gross Motor Score
	29.66 ± 5.80
	53.89 ± 5.25
	80.56 ± 5.12
	875.45
	.001*
	0.96


* Significant at the .05 level
Table 2 highlights a dynamic and highly significant progressive improvement across all sub-skills. To pinpoint the specific loci of these developmental shifts, Bonferroni post-hoc pairwise comparisons were executed and formatted to rigorous academic standards in Table 3.

Table 3: Bonferroni Post-Hoc Pairwise Comparisons (Mean Differences) for the Experimental Group
	TGMD-3 Items
	Pre-test vs Mid-test
(MD)
	Pre-test vs Post-test
(MD)
	Mid-test vs Post-test
(MD)

	Locomotor Subtest
	
	
	

	1. Run
	-2.20*
	-4.00*
	-1.80*

	2. Gallop
	-2.10*
	-4.00*
	-1.90*

	3. Hop
	-2.60*
	-4.60*
	-2.00*

	4. Skip
	-1.60*
	-3.30*
	-1.70*

	5. Horizontal Jump
	-2.30*
	-4.00*
	-1.70*

	6. Slide
	-1.50*
	-3.16*
	-1.66*

	Total Locomotor Score
	-13.33*
	-23.06*
	-9.73*

	Object Control Subtest
	
	
	

	7. Two-hand strike
	-2.60*
	-5.00*
	-2.40*

	8. Forehand strike
	-2.10*
	-4.00*
	-1.90*

	9. Stationary dribble
	-1.70*
	-3.30*
	-1.60*

	10. Two-hand catch
	-1.70*
	-3.00*
	-1.30*

	11. Kick a stationary ball
	-2.20*
	-4.10*
	-1.90*

	12. Overhand throw
	-2.20*
	-4.40*
	-2.20*

	13. Underhand roll
	-1.94*
	-4.04*
	-2.10*

	Total Object Control Score
	-10.90*
	-27.84*
	-16.94*

	Total Gross Motor Score
	-24.23*
	-50.90*
	-26.67*


* Mean Difference (MD) is significant at the .05 level.
Table 3 unequivocally verifies that the motor competence of the experimental group exhibited statistically significant exponential growth across every learning interface (Mid > Pre and Post > Mid). This signifies the ultimate efficacy of a pedagogical design that successfully mitigates learning plateaus, ensuring a plateau-free learning trajectory.

Discussion
This study addresses a critical research gap by empirically validating the longitudinal efficacy of analog gamified pedagogy over traditional direct instruction in authentic physical education environments. The findings reveal extraordinary statistical anomalies; specifically, the experimental cohort outperformed the control group across all 13 TGMD-3 parameters with massive practical effect sizes (Cohen’s d ranging from 1.62 to 4.61). Analyzed through the lens of Ecological Dynamics and Cognitive Load Theory, these unprecedented disparities illuminate the pathological limitations of traditional drill-based instruction. Conventional reductionist pedagogies invariably induce cognitive fatigue and diminish intrinsic motivation, which actively suppresses the central nervous system’s capacity for neuromotor adaptation (Chow et al., 2021). Conversely, the analog gamified architecture by transmuting repetitive kinematic tasks into narrative-driven quests operates as a dopaminergic catalyst. Immediate symbolic rewards, such as badges and experience points, trigger neurochemical responses that optimize neuroplasticity, thereby automating complex kinematic chains far more rapidly than conventional methods (Fernandez-Rio et al., 2020).
Furthermore, the repeated measures analysis unveiled a continuous, exponential developmental trajectory (Pre < Mid < Post) devoid of standard learning plateaus. Synthesizing these longitudinal findings with Self-Determination Theory (SDT) elucidates the mechanism of this sustained growth (Vansteenkiste et al., 2020). In traditional settings, biomechanical errors during complex object control tasks often cultivate feelings of incompetence, prompting learner disengagement. However, the gamified constraints-led approach fundamentally alters the psychomotor assessment paradigm. By converting kinematic errors into progressive markers, the pedagogy robustly nurtures Perceived Motor Competence. This elevated self-efficacy exponentially increases the volume of purposeful, deliberate practice without the perception of exertion (Hulteen et al., 2018).
Ultimately, these synthesized findings provide a definitive answer to the targeted research gap: carefully calibrated analog gamification is not merely a supplementary engagement tool, but a highly potent pedagogical mechanism. It successfully dismantles the "Proficiency Barrier," ensuring a seamless, plateau-free acquisition of foundational physical literacy in early primary school demographics (Sailer & Homner, 2020).

Conclusions
This empirical study successfully validated a 10-week gamified physical education program. The findings directly answer the research objectives by demonstrating that: (1) The constructed gamified program possesses exceptionally high efficacy in fostering fundamental motor skills. (2) Early primary students under gamified pedagogy achieved significantly superior post-intervention outcomes across all 13 locomotor and object control skills compared to traditional instruction, yielding extremely large effect sizes. (3) Learners experienced a continuous, cumulative motor developmental trajectory, completely circumventing learning plateaus. Conclusively, embedding game mechanics into the physical education curriculum is an indispensable, highly effective pedagogical paradigm for forging a lifelong foundation in physical literacy.




Recommendations
Practical Recommendations
1. Spatial Pedagogy Adaptation: Physical educators do not require expensive digital technologies to gamify a curriculum. Highly effective gamification can be achieved via analog systems such as whiteboards, physical quest cards, and stamp-based progress tracking. These tools are sufficient to trigger the psychological "flow state" and maximize Active Learning Time (ALT) on the field.
2. Systematic Feedback Mechanics: Educators should transition from generalized verbal praise (e.g., "Good job") to structured experience points (XP) that are explicitly tethered to biomechanical reference points 
Policy Recommendations
School administrators and the Ministry of Education must prioritize the integration of "Gamified Pedagogy" modules into the core professional development and licensing evaluations for 21st-century physical education and health teachers.
Recommendations for Future Research
1. Longitudinal Retention Testing: Future studies should incorporate retention tests conducted 3 to 6 months post-intervention to verify the long-term durability of the neuromotor adaptations acquired through gamified learning.
2. Demographic Expansion and Psychological Variables: Research boundaries should be expanded to include populations with specific motor delays or autism spectrum disorders (ASD). Furthermore, integrating psychological instruments, such as the Intrinsic Motivation Inventory (IMI), will help synthesize behavioral sciences with kinesiology for a more holistic academic understanding.
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