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Abstract
This study aimed to develop a basketball instructional model that integrates the Flipped Classroom approach with Self-Video Analysis (the FC-SVA-BM) and to evaluate its effects on shooting skill and personal and social responsibility among high school students. A three-phase Research and Development design was employed: Phase 1 developed the model and verified its content validity through five qualified physical education experts using the Index of Item-Objective Congruence (IOC); Phase 2 conducted a pilot trial with 15 students; and Phase 3 applied a quasi-experimental, non-equivalent control group design with pretest, midtest, and posttest measurements. Participants were 59 Grade 10 students at a public secondary school in Guangzhou, China (experimental group n = 29; control group n = 30), assigned at the class level. Shooting skill was measured using the AAHPERD Basketball Skills Test–Modified, and responsibility was measured using the Personal and Social Responsibility Questionnaire (PSRQ). Data were analyzed using 2 × 3 mixed ANOVA, one-way repeated measures ANOVA, and Bonferroni post hoc tests. All 576 rated items achieved satisfactory content validity (mean IOC = 0.84). The experimental group significantly outperformed the control group in shooting skill (posttest Cohen's d = 4.27) and responsibility (posttest d = 5.24), with significant Group × Time interactions (both p < .05). Within the experimental group, both outcomes improved progressively at every interval. The findings indicate that the FC-SVA-BM is a content-valid and effective model for simultaneously enhancing motor skill and responsibility within standard physical education class time.
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Introduction
Basketball is one of the most widely practiced competitive sports in Chinese secondary schools and is a core component of the national physical education (PE) curriculum (Ministry of Education of China, 2022). Among the technical competencies it demands, shooting skill is the single most consequential skill for match performance, directly shaping scoring outcomes and overall team effectiveness (Csataljay et al., 2021). Yet most high school students in China demonstrate persistently inadequate shooting technique; national assessment data indicate that fewer than 40% of secondary students meet the proficiency benchmark for basic shooting form (Chen & Liu, 2022). This gap has been widely attributed to the conventional direct-instruction model that dominates Chinese PE classrooms, in which teacher-centered demonstration and passive repetition leave little time for individualized feedback within a 45-minute lesson (Jiang et al., 2020).
Beyond psychomotor outcomes, contemporary PE scholarship increasingly foregrounds the development of personal and social responsibility as an equally essential objective. Hellison's Teaching Personal and Social Responsibility (TPSR) framework positions responsibility not as a peripheral by-product but as a central purpose of PE. In Chinese secondary contexts, however, responsibility development receives little systematic attention; Wang et al. (2023) documented that lessons are overwhelmingly dominated by technical drills with few explicit strategies targeting affective outcomes. This imbalance is inconsistent with the Healthy China 2030 initiative and the revised 2022 curriculum standards, both of which call for holistic student development encompassing both physical competence and responsibility.
A promising response to both challenges is the Flipped Classroom Model (FCM), in which knowledge transmission, such as viewing instructional videos of correct shooting mechanics, occurs before class through asynchronous digital media, thereby reclaiming in-class time for supervised practice and feedback (Hwang & Lai, 2017). Meta-analytic evidence shows that FCM improves both motor-skill acquisition and engagement relative to conventional PE instruction (Thai et al., 2017; van Alten et al., 2019). However, the model's potential is constrained when students lack systematic tools for self-monitoring their technique, which points to the complementary role of video-based self-analysis.
Self-Video Analysis (SVA) is a strategy in which learners record their own performance, replay the footage, and evaluate it against expert criteria or structured checklists (Boyer et al., 2023). Grounded in Bandura's (1986) social cognitive theory, SVA capitalizes on the comparison between actual and idealized movement to generate corrective internal feedback. Randomized trials in tennis (Guadagnoli et al., 2022) and swimming (Osei-Owusu et al., 2021) reported technique improvements with moderate-to-large effects (d = 0.61–0.89). Importantly, the metacognitive demands of SVA, namely systematic self-evaluation, goal-setting, and iterative self-correction, are theoretically aligned with the self-directedness required for the higher levels of the TPSR framework, suggesting that SVA may promote both skill acquisition and responsibility development simultaneously.
Despite this theoretical synergy, no published study has integrated FCM and SVA into a single, cohesive instructional model designed for basketball shooting in Chinese high school PE. Prior research has examined the two approaches independently, and without anchoring an integrated model in a validated development-and-testing framework, the evidence base for practice remains incomplete. This study addresses that gap by developing and evaluating the Flipped Classroom–Self-Video Analysis Basketball Model (FC-SVA-BM), built upon three intersecting theoretical pillars: Cognitive Load Theory, which justifies relocating declarative content to pre-class video to free working memory during practice; Observational Learning Theory and the self-comparison hypothesis (Ste-Marie et al., 2020), which underpin the SVA component; and Self-Regulated Learning Theory, whose forethought–performance–self-reflection cycle connects both components to the responsibility outcome.
The study is significant at several levels. Practically, the FC-SVA-BM offers a replicable, technology-accessible model that targets the dual deficiency in shooting proficiency and responsibility development that conventional curricula have struggled to resolve; because smartphone and tablet access in Chinese secondary schools exceeds 92% (CNNIC, 2023), the infrastructure for self-video analysis is broadly available without prohibitive investment. At the curricular and policy level, the study responds directly to the revised 2022 Physical Education and Health Curriculum Standards, which mandate the integration of digital technology, self-management, and social responsibility within PE. At the research level, it addresses three gaps: a population gap, since prior flipped-PE and SVA work has focused on university athletes rather than general high school cohorts; an intervention gap, since no study has unified FCM and SVA with a validated development phase; and an outcome gap, since no study has simultaneously tested the effects of such integration on a psychomotor and an affective-behavioral outcome in secondary PE. Conceptually, the model is framed as an input–process–output system in which the three instructional components (input) drive reduced cognitive load, structured observational comparison, and iterative self-regulation (process), which in turn produce gains in both shooting skill and responsibility (output).
Research Objectives
1. To develop the FC-SVA-BM instructional model for basketball shooting in high school students and verify its content validity through qualified physical education expert evaluation.
2. To compare basketball shooting skill scores between an experimental group receiving FC-SVA-BM instruction and a control group receiving conventional instruction at pretest, midtest, and posttest.
3. To compare personal and social responsibility scores between the experimental and control groups at pretest, midtest, and posttest.
4. To examine within-group changes in shooting skill and responsibility across pretest, midtest, and posttest in the experimental group.
Hypothesis
H1: All FC-SVA-BM items will achieve satisfactory content validity (IOC ≥ 0.50) as evaluated by qualified physical education experts.
H2: The experimental group will demonstrate significantly higher shooting skill scores than the control group at midtest and posttest, with no significant difference at pretest.
H3: The experimental group will demonstrate significantly higher responsibility scores than the control group at midtest and posttest, with no significant difference at pretest.
H4: The experimental group will show statistically significant progressive improvement in both shooting skill and responsibility across pretest, midtest, and posttest.
Research Methods
Research design. The study employed a Research and Development (R&D) design integrated with a quasi-experimental approach across three sequential phases. Phase 1 (development) constructed the FC-SVA-BM and all associated materials and validated their content through expert review. Phase 2 (pilot) conducted a four-session feasibility trial with 15 non-participating Grade 10 students to assess time allocation, instrument comprehension, and preliminary reliability. Phase 3 (experimental) used a non-equivalent control group design with pretest (T1, Week 0), midtest (T2, Week 6), and posttest (T3, Week 12) for both groups.
Population and sample. The target population was Grade 10 students (aged 15–16 years) in the general PE program at public secondary schools in Guangzhou, China, during the 2025–2026 academic year. Sample size was determined a priori using G*Power 3.1 (effect size f = 0.25, α = .05, power = .80), yielding a minimum of 52 participants; a final sample of 60 (30 per group) was adopted to allow for attrition. Purposive cluster sampling selected two intact PE classes matched on baseline characteristics, which were then randomly assigned to condition at the class level by a coin toss conducted by the school principal. After one withdrawal, the final analytical sample comprised 59 students (experimental group n = 29; control group n = 30).
The FC-SVA-BM intervention. The model was delivered as a 12-week, 24-session program (two 45-minute sessions per week) with three integrated components per cycle: (1) a pre-class video module of 10–15 minutes uploaded to WeChat 48 hours before class, covering the five shooting phases (stance, grip, set point, extension, follow-through); (2) in-class structured practice in which students recorded their own attempts using school tablets; and (3) a post-practice SVA review guided by a 16-item Shooting Technique Observation Checklist (STOC) and a session-by-session reflective log. Task complexity escalated from single-phase isolation drills (Weeks 1–4) to multi-phase integrated sequences (Weeks 5–8) and full-cycle consolidation under variable distance and angle (Weeks 9–12). STOC scaffolding was progressively faded across the program (full descriptors in Weeks 1–4, descriptor-faded with images retained in Weeks 5–8, and item prompts only in Weeks 9–12), and from Week 10 the reflective log added a bridging question inviting students to connect self-directed error correction to life beyond basketball. The control group received conventional direct instruction covering identical technical content without flipped delivery, self-recording, or structured reflection.
Instruments. Shooting skill was operationalized as a composite of accuracy (30 attempts across three zones) and a five-phase technique rating (20-point scale) from the AAHPERD Basketball Skills Test–Modified for Secondary School (Strand & Wilson, 1993; criterion validity r = .78), with technique inter-rater reliability established in the pilot (ICC = 0.86). Responsibility was measured using the 14-item Personal and Social Responsibility Questionnaire (PSRQ), which yields four subscales aligned with TPSR Levels I–IV; the Chinese-validated version (Liu et al., 2022) reported acceptable model fit and reliability (pilot α = .79–.84), consistent with recent psychometric evidence for responsibility scales among Chinese students (Ren et al., 2023). Content validity of the FC-SVA-BM and the STOC was established with five qualified PE experts (doctoral qualification; ≥ 10 years of basketball teaching or coaching experience) using the IOC method (Ismail & Zubairi, 2022).
Data analysis. Analyses were conducted in SPSS 27.0 at α = .05. After verifying normality (Shapiro-Wilk), homogeneity of variance (Levene), and baseline equivalence (independent-samples t-tests and chi-square), a 2 (Group) × 3 (Time) mixed ANOVA tested Objectives 2 and 3, with the Group × Time interaction as the primary statistic and Bonferroni-corrected pairwise comparisons for follow-up. A one-way repeated measures ANOVA tested within-group change in the experimental group (Objective 4). Effect sizes were reported as partial eta-squared (η²ₚ) and Cohen's d. Instructional fidelity was monitored throughout via a 12-item implementation checklist.
Instrument development and validation. The STOC comprises 12 binary (Yes/No) items assessing discrete, observationally verifiable technique markers across the five shooting phases and 4 graded (1–4) items assessing holistic movement quality (kinetic-chain smoothness, release consistency, follow-through stability, and overall balance), each accompanied by brief descriptors and still-image references drawn from the expert-model footage. It was developed through a four-stage process of literature-based item generation, expert consultation, pilot cognitive testing, and final IOC validation; all 16 items exceeded the 0.50 threshold (range 0.60–1.00; mean 0.84), and pilot inter-rater reliability for the composite reached ICC = 0.88. The reflective log captured, for each session, a pre-class comprehension response, a technique-focus goal, a post-SVA identification of one primary error mapped to a STOC item, and a corrective action goal for the next session, providing both a self-regulation scaffold and a fidelity record collected by the teacher.
Pilot trial. A four-session pilot with 15 non-participating Grade 10 students assessed the time feasibility of the three-phase session structure within the 45-minute period, evaluated student comprehension of STOC items and log prompts through cognitive interviews, and generated preliminary reliability estimates. Findings led to specific refinements: the post-practice review window was reduced from 15 to 10 minutes to accommodate a brief pre-class quiz and equipment setup, the descriptors of two STOC items were simplified following low-comprehension feedback, and visual timeline cues were added to the log template to support time management.
Ethics and procedures. Ethical approval was granted by the Committee for Research Ethics (Social Sciences and Behavioral Sciences), Faculty of Education, Bangkokthonburi University (BTUIRB No. 2569/288(4)), with the research protocol, the participant information sheet, and the informed consent form approved on 30 March 2026 (certificate valid until 29 March 2027). The study was conducted in accordance with internationally recognized standards for the protection of human research participants, including the Declaration of Helsinki, the Belmont Report, and the CIOMS Guidelines. Site authorization was granted by the participating school. Written informed consent was obtained from a parent or legal guardian of every participant, together with student assent, and participation was voluntary with the assurance that withdrawal would not affect academic standing. Testing conditions were standardized across all three measurement points: the same gymnasium, time of day, equipment, scripted instructions, and two trained observers (technique component). The PSRQ was administered immediately before the shooting test at each point, with the teacher absent to reduce social-desirability bias. Data were double-entered by two research assistants, and outliers were screened using a ±3 SD criterion before any exclusion decision.
Research Results
Preliminary analyses. The two groups did not differ significantly on any baseline characteristic (all p > .05; Table 1). All dependent variables met normality (all W > .94, p > .05) and homogeneity of variance (all Levene F < 2.18, p > .14) at every measurement point. Baseline equivalence was confirmed for shooting skill, t(57) = 0.38, p = .706, and PSRQ total, t(57) = 0.52, p = .605, so ANCOVA adjustment was not required. Instructional fidelity was high, averaging 88.3% of checklist items across the 24 sessions, with no session below the 80% threshold.
Table 1  Demographic Characteristics of Participants by Group
	Variable
	EG (n = 29)
	CG (n = 30)
	p

	Age, years: M (SD)
	15.62 (0.49)
	15.57 (0.50)
	.685

	Female, n (%)
	14 (48.30%)
	15 (50.00%)
	.898

	Prior sport participation, n (%)
	6 (20.70%)
	7 (23.30%)
	.793

	Smartphone/WeChat access, n (%)
	29 (100%)
	30 (100%)
	 


Note. EG = experimental group; CG = control group. p from independent-samples t-test (age) or Pearson chi-square (categorical). No significant between-group differences.
Objective 1: Content validity. All 576 rated items across the four FC-SVA-BM components (192 lesson-plan items, 360 video-module items, 16 STOC items, and 8 reflective-log items) achieved IOC ≥ 0.50, with component means from 0.83 to 0.88 and an overall mean of 0.84 (Table 2). H1 was fully supported. Expert review identified two STOC items requiring descriptor clarification, which were revised before piloting.
Table 2  IOC Content Validity Results by Component (N = 5 Experts)
	Component
	N items
	IOC min
	IOC mean
	Pass (%)

	Lesson plan sequence & progression
	192
	0.60
	0.84
	100%

	Pre-class video module content
	360
	0.60
	0.83
	100%

	Shooting Technique Observation Checklist
	16
	0.60
	0.84
	100%

	Reflective log format & prompts
	8
	0.60
	0.88
	100%

	Total / Overall
	576
	0.60
	0.84
	100%


Note. IOC = Index of Item-Objective Congruence; criterion for satisfactory validity is IOC ≥ 0.50. All items met the criterion.
Objective 2: Shooting skill. A 2 × 3 mixed ANOVA revealed a significant Group × Time interaction, F(2, 114) = 628.91, p < .001, η²ₚ = .917, with significant main effects of Time and Group (both p < .001); Mauchly's test confirmed sphericity (p = .39). Descriptive statistics are shown in Table 3 and between-group comparisons in Table 4. At pretest the groups were equivalent (MD = 0.45, p > .99, d = 0.09); by midtest the experimental group was significantly ahead (MD = 9.94, p < .001, d = 1.97), and by posttest the advantage had amplified (MD = 22.73, p < .001, d = 4.27). The control group showed no significant improvement in the second half of the program (T2→T3, p = .052), indicating a ceiling effect under conventional instruction. H2 was fully supported.
Table 3  Descriptive Statistics for Shooting Skill Composite Scores
	Group
	T1 M (SD)
	T2 M (SD)
	T3 M (SD)

	EG (n = 29)
	38.42 (4.71)
	54.17 (5.14)
	68.83 (5.52)

	CG (n = 30)
	37.97 (4.83)
	44.23 (4.97)
	46.10 (5.18)


Note. Composite of standardized accuracy (%) and technique rating (20-point), weighted 50/50. T1 = pretest; T2 = midtest; T3 = posttest.
Table 4  Between-Group Pairwise Comparisons   Shooting Skill
	Time point
	EG vs. CG MD
	t
	p (Bonf.)
	d

	Pretest (T1)
	0.45
	0.37
	 .999
	0.09

	Midtest (T2)
	9.94
	7.42
	 .001*
	1.97

	Posttest (T3)
	22.73
	16.12
	 .001*
	4.27


Note. MD = mean difference (EG minus CG); d = Cohen's d. Bonferroni-corrected p-values.  *p < .05.
Table 5  Mixed ANOVA Source Table   Shooting Skill Composite Scores
	Source
	SS
	df
	F
	p
	η²ₚ

	Group (EG vs. CG)
	9847.21
	1
	402.18
	 .001*
	.877

	Time (T1/T2/T3)
	28316.84
	2
	1247.32
	 .001*
	.956

	Group × Time
	14274.52
	2
	628.91
	 .001*
	.917

	Error (between)
	1396.44
	57
	
	
	

	Error (within)
	1295.18
	114
	
	
	


Note. SS = sum of squares; df = degrees of freedom; η²ₚ = partial eta-squared. Sphericity met (Mauchly's χ²(2) = 1.84, p = .399); statistical power = 1.000 for all effects.  *p < .05.
Objective 3: Personal and social responsibility. A 2 × 3 mixed ANOVA on PSRQ total revealed a significant Group × Time interaction, F(2, 114) = 404.22, p < .001, η²ₚ = .877, and significant interactions for all four subscales (Table 6). Descriptive statistics by group appear in Table 7 and between-group comparisons in Table 8. Groups were equivalent at pretest (MD = 0.29, p > .999, d = 0.07); the experimental group then showed significant advantages at midtest (MD = 7.92, p < .001, d = 1.95) and posttest (MD = 21.34, p < .001, d = 5.24). Level III (Self-Direction) showed the largest posttest effect (d = 4.91), consistent with the prediction that SVA-driven reflective practice most directly targets self-directedness. H3 was fully supported.
Table 6  Group × Time Interaction Effects for PSRQ Subscales
	PSRQ subscale
	F(2,114)
	η²ₚ
	Posttest d

	Level I: Respecting Others
	187.42*
	.767
	2.94

	Level II: Participation & Effort
	312.67*
	.846
	3.67

	Level III: Self-Direction
	487.31*
	.895
	4.91

	Level IV: Caring & Leadership
	274.88*
	.828
	3.47

	PSRQ Total
	404.22*
	.877
	5.24


Note. All interactions significant at p < .001. d = Bonferroni-corrected between-group Cohen's d at posttest.  *p < .05.
Table 7  Descriptive Statistics for PSRQ Subscale Scores by Group (M)
	PSRQ scale (range)
	EG T1
	EG T3
	CG T1
	CG T3
	

	Level I: Respecting Others (3–15)
	8.41
	12.14
	8.37
	8.62
	

	Level II: Participation & Effort (4–20)
	10.17
	15.83
	10.10
	10.43
	

	Level III: Self-Direction (4–20)
	10.03
	17.86
	9.97
	10.28
	

	Level IV: Caring & Leadership (3–15)
	9.11
	14.34
	8.99
	9.50
	

	PSRQ Total (14–70)
	37.72
	60.17
	37.43
	38.83
	


Note. EG = experimental group; CG = control group; T1 = pretest; T3 = posttest. Higher scores indicate greater responsibility at the corresponding TPSR level.
Table 8  Between-Group Pairwise Comparisons   PSRQ Total
	Time point
	EG M (SD)
	CG M (SD)
	p (Bonf.)
	d

	Pretest (T1)
	37.72 (3.84)
	37.43 (3.97)
	 .999
	0.07

	Midtest (T2)
	46.21 (4.12)
	38.29 (4.04)
	.001*
	1.95

	Posttest (T3)
	60.17 (4.28)
	38.83 (4.02)
	 .001*
	5.24


Note. PSRQ total range 14–70. d = Cohen's d. Bonferroni-corrected p-values.  *p < .05.
Objective 4: Within-group change in the experimental group. One-way repeated measures ANOVAs confirmed highly significant time effects for both shooting skill, F(2, 56) = 1844.62, p < .001, η²ₚ = .985, and PSRQ total, F(2, 56) = 1247.38, p < .001, η²ₚ = .979. Bonferroni-corrected comparisons showed significant progressive improvement at every interval for both outcomes (Table 9). Shooting-skill gains were approximately linear across the two halves of the program, whereas responsibility gains accelerated in the second half (T2→T3 d = 3.35 vs. T1→T2 d = 2.15), consistent with cumulative internalization of self-regulatory habits. A supplementary analysis found no moderation by gender (three-way interactions p > .05), and individual fidelity correlated positively with both shooting (r = .41) and PSRQ (r = .38) gains. H4 was fully supported.
Table 9  Within-Group Pairwise Comparisons in the Experimental Group (n = 29)
	Outcome / contrast
	Earlier M
	Later M
	p (Bonf.)
	d

	Shooting: T1→T2
	38.42
	54.17
	 .001*
	3.27

	Shooting: T2→T3
	54.17
	68.83
	.001*
	2.76

	Shooting: T1→T3
	38.42
	68.83
	 .001*
	6.03

	PSRQ: T1→T2
	37.72
	46.21
	.001*
	2.15

	PSRQ: T2→T3
	46.21
	60.17
	 .001*
	3.35

	PSRQ: T1→T3
	37.72
	60.17
	.001*
	5.63


Note. d = Cohen's d. Adjusted α = .0167 across three contrasts per outcome.  *p < .05.
Table 10  Summary of Hypothesis Testing Outcomes
	H
	Key statistic
	p
	Outcome

	H1
	576/576 items pass; mean IOC = 0.84
	—
	Supported

	H2
	Group×Time F(2,114)=628.91, η²ₚ=.917
	.001*
	Supported

	H3
	Group×Time F(2,114)=404.22, η²ₚ=.877
	.001*
	Supported

	H4
	RM-ANOVA F(2,56)=1844.62 / 1247.38
	 .001*
	Supported


Note. All four hypotheses were supported.  *p < .05.

Conclusion and Discussion
This study developed and evaluated the FC-SVA-BM, an instructional model integrating the flipped classroom with self-video analysis to enhance basketball shooting skill and personal and social responsibility in Grade 10 students. All four hypotheses were supported. The model achieved satisfactory content validity across all 576 rated items (mean IOC = 0.84), produced significantly superior shooting-skill outcomes relative to conventional instruction (posttest d = 4.27), produced significantly superior responsibility development (posttest d = 5.24), and generated significant progressive within-group improvement in both domains at every measurement interval.
The content-validity result establishes the FC-SVA-BM as an expert-endorsed model, with a mean IOC comparable to or exceeding those reported for similar PE models (Liao et al., 2022; Liu et al., 2022). The expert panel's identification of two ambiguous STOC items illustrates that the IOC process functioned not merely as a quality-assurance gate but as a formative development tool, consistent with Boyer et al.'s (2023) recommendation that SVA instruments for student use be designed with explicit attention to novice-observer capacity.
The very large between-group difference in shooting skill substantially exceeds effects reported in prior FCM-in-PE studies, where pooled estimates have typically ranged from g = 0.52 to d = 0.86 (van Alten et al., 2019). Three design features plausibly account for the larger effect: the synergistic integration of FCM and SVA within one model; the structured STOC framework, which directed self-evaluation toward technically diagnostic features; and the 12-week duration, which allowed multiple full iterations of the self-regulated learning cycle. The progressive amplification of the advantage from midtest (d = 1.97) to posttest (d = 4.27) suggests the benefit is cumulative rather than merely additive: as learners' performance approaches the expert model, the discrepancy signal becomes more precise, enabling finer correction, in line with the self-comparison hypothesis (Ste-Marie et al., 2020). The control group's plateau in the second half mirrors the ceiling effect of conventional instruction documented by Li and Chen (2021).
The responsibility findings are similarly strong and theoretically coherent. Unlike prior TPSR interventions that relied on general reflective discussion, the FC-SVA-BM embedded structured self-evaluation and goal-setting into every session through the reflective log, providing a sustained dose of self-regulatory practice. That Level III (Self-Direction) showed the largest posttest effect confirms the model targeted its theorized primary mechanism with precision. The acceleration of responsibility gains in the second half, coinciding with the deliberate fading of STOC scaffolding, is consistent with the development of autonomous self-direction as external structure is withdrawn (Chen et al., 2017).
The most theoretically significant finding is the simultaneous large-magnitude improvement in both a psychomotor and an affective-behavioral outcome within a single 12-week program, achieved without additional instructional time beyond the standard PE lesson. This addresses the most frequently cited barrier to affective-domain integration in Chinese PE (Wang et al., 2023) and empirically confirms the theorized convergence of motor-learning and self-regulatory pathways through a shared reflective-log cycle. Several limitations temper these conclusions: the study used a single urban school with high technology access, employed class-level rather than individual random assignment, and did not include a delayed retention test. The exceptionally large effect sizes should therefore be interpreted with caution and confirmed in larger, multi-site trials.
The divergent developmental trajectories of the two outcomes are themselves theoretically informative. Shooting-skill improvement was approximately linear across the program, consistent with the steady, incremental schema refinement predicted by Cognitive Load Theory as extraneous load is reduced through mastery of pre-class content. Responsibility improvement, by contrast, accelerated in the second half, consistent with the non-linear development of metacognitive competencies: self-regulatory skills require an initial period of scaffolded practice before they become internalized habits whose effects compound across applications. These distinct rates of change would have been invisible without the midtest measurement, and they suggest that the model's two pathways operate through related but separable mechanisms immediate cognitive offloading for motor learning, and gradual habit internalization for responsibility. This distinction has design implications: programs that truncate the second half of the intervention risk forfeiting precisely the period in which responsibility gains are largest.
Two supplementary findings further inform implementation. First, the absence of gender moderation indicates that the model is equally effective for male and female students, which simplifies delivery in the mixed-gender classes typical of Guangzhou secondary PE and suggests that no gender-differentiated adaptation is required. Second, the positive association between implementation fidelity and individual gains, although moderate and based on a restricted fidelity range, underscores that the benefits depend on faithful delivery of all three components; partial or low-fidelity implementation should not be expected to reproduce the observed effects. Taken together with the high overall fidelity achieved by a single trained teacher using ordinary school resources, these results support the practical feasibility of the FC-SVA-BM while signalling that teacher preparation and ongoing fidelity monitoring are worthwhile investments.
Suggestions
For practice, PE departments are encouraged to adopt the complete three-phase FC-SVA-BM rather than any single component in isolation, since the synergy of the integrated design is unlikely to be reproduced by partial implementation. Teachers should monitor pre-class video engagement early using WeChat viewing history and adhere to the progressive STOC scaffolding-fading schedule, which appears important for developing independent self-direction. For curriculum and policy, the STOC and reflective log offer validated formative-assessment tools that operationalize the technology-integration and self-management mandates of the 2022 curriculum standards and could be adapted to other curriculum sports.
For future research, the model should be replicated across rural schools, larger classes, and varied socioeconomic settings; long-term retention and TPSR Level V transfer should be assessed with delayed follow-up; mediational analyses should test the proposed self-regulated-learning pathway; and the framework should be adapted and validated for other sports and educational levels. A cluster randomized controlled trial with multiple schools per arm would provide the strongest causal evidence, and dose-response designs could identify the minimum effective dose for resource-constrained contexts.
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