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ABSTRACT 

Background: The global decline in adolescent physical activity necessitates 

pedagogical innovation to counter disengagement. Traditional norm-referenced 

physical education (PE) often alienates less skilled students, whereas gamification 

offers a promising criterion-referenced strategy to enhance motivation and 

learning. 
Objectives: This study investigated the efficacy of a 12-week gamified didactic 

intervention on perceived physical self-concept, health-related fitness, and physical 

activity enjoyment among high school students. 

Methods: A two-arm, parallel-group, cluster randomized controlled trial (Cluster-

RCT) was conducted with 210 Italian adolescents (mean age 15.4 ± 0.9 years) 
nested within 10 intact classes (average cluster size = 21). Intact classes were 

randomised to an experimental group (gamified ‘MoveQuest’ module, k = 5) or a 

control group (traditional direct instruction, k = 5). Data were collected using the 

Revised Physical Self-Perception Profile (PSPP-R-IT), the ALPHA-FIT test 

battery, and the Physical Activity Enjoyment Scale (PACES). Following a per-
protocol analytical approach, Linear mixed models (LMMs) were employed to 

analyse the data, accounting for the nested structure of the educational setting and 

handling cluster-level variance intraclass correlation coefficients (ICCs). 

Significance levels were interpreted considering the multiplicity of outcomes. 
Results: Significant group × time interactions were observed, with the gamified 

group demonstrating superior improvements in sports competence (d = 0.65), 

physical self-worth (d = 0.58), and enjoyment (d = 0.82) compared to the control 

group. Physiologically, the experimental group showed significantly greater gains 

in cardiorespiratory fitness (V̇O₂ max) and agility, while body attractiveness 

remained stable in both groups. 

Conclusions: Gamified didactics significantly enhance psychological engagement 

and specific motor performance parameters by prioritising individual progress over 

social comparison. This approach represents a valuable pedagogical tool for 

fostering physical literacy in secondary PE. 
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INTRODUCTION 

Regular engagement in physical activity is widely recognised as a fundamental 

determinant of physical, mental, and social health throughout the lifespan (World 

Health Organization [WHO], 2020). Despite the documented benefits, global 

surveillance data indicate a pervasive decline in physical activity levels, particularly 

during the transition from childhood to adolescence (Guthold et al., 2020). Recent 

evidence suggests that approximately 80% of adolescents worldwide do not meet the 

recommended guidelines of 60 minutes of moderate-to-vigorous physical activity 

daily, a phenomenon often described as a pandemic of physical inactivity (Bull et al., 

2020; Piotrowski et al., 2025). This decline is not merely a behavioural issue but is 

deeply rooted in the developmental changes occurring during adolescence, a critical 

period characterised by rapid biological maturation and significant psychosocial 

shifts (Burton et al., 2023). 

Central to understanding this disengagement is the construct of motor competence 

(MC), defined as an individual’s proficiency in executing a wide range of motor skills 

(Robinson et al., 2015). According to the conceptual model proposed by Stodden et 

al. (2008), the relationship between MC and physical activity is reciprocal and 

dynamic. In early childhood, physical activity drives the development of motor skills; 

however, as children transition into adolescence, higher levels of motor competence 

become a prerequisite for participation in sports and active pursuits. Adolescents with 

low MC often experience a “proficiency barrier” (Seefeldt, 1980), leading to 

frustration, reduced motivation, and eventual withdrawal from physical activity. This 

negative spiral is exacerbated by the phenomenon of “adolescent awkwardness,” 

where rapid growth spurts can temporarily disrupt motor coordination, further 

impacting performance and confidence (Quatman-Yates et al., 2012; Burton et al., 

2023). 

However, competence alone does not dictate behaviour; the individual’s perception 

of that competence is equally decisive. The Physical Self-Perception Profile (PSPP) 

model posits that global self-esteem is hierarchically organised, with physical self-

worth being influenced by specific subdomains such as sports competence, physical 

conditioning, body attractiveness, and physical strength (Fox & Corbin, 1989; 

Nicolosi et al., 2024). During adolescence, the gap between actual and perceived 

competence often widens. As cognitive capabilities mature, adolescents become 

more accurate in assessing their abilities relative to peers, but they also become more 

susceptible to social comparison and body image concerns (Harter, 1999; Bourke et 

al., 2025). Furthermore, recent validation studies in the Italian context have 

highlighted that the impact of perceived competence on self-esteem is moderated by 

the subjective importance assigned to specific domains (James’s hypothesis), a 

variable frequently overlooked in intervention research (Nicolosi et al., 2024). 

This interplay between competence, confidence, and motivation constitutes the 

core of physical literacy (PL), a holistic framework that is increasingly guiding 

physical education (PE) curricula globally (Whitehead, 2010; Iannaccone et al., 

2025). Physical Literacy is defined not merely as the ability to move, but as the 

motivation, confidence, physical competence, knowledge, and understanding to 

value and take responsibility for engagement in physical activities for life (Edwards 

et al., 2017). Consequently, the primary goal of secondary school PE should be to 

foster this literacy. Moving beyond traditional frameworks, this aligns with the call 

https://doi.org/10.56003/pessr.v5i1.677
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for a modern pedagogical paradigm (Blain et al., 2022; Grauduszus et al., 2024; 

Cereda, 2023a). Viewed through a contemporary interdisciplinary lens (Cereda, 

2026), this paradigm dictates that motor skills are perceived not as terminal 

achievements but as conduits for broader erudition and holistic student maturation. 

Yet, traditional pedagogical approaches, often characterised by direct instruction, 

repetitive drills, and norm-referenced assessments (comparing students against 

standardized norms), have been criticised for failing to engage the “digital native” 

generation (Kirk, 2013). Indeed, the structural weaknesses of this traditional 

technique-centered paradigm—specifically its tendency to exclude less-skilled 

students and offer insufficient learning time—have been highlighted as a primary 

barrier to effective physical education (Barrientos Hernán et al., 2023; Slingerland et 

al., 2024; Cereda, 2023b). Norm-referenced evaluations, in particular, can be 

detrimental to the motivation of less skilled students, fostering anxiety rather than 

mastery (Yang et al., 2024; Harte et al., 2024). Consequently, there is a strong 

pedagogical call to shift towards criterion-referenced standards that provide non-

judgmental, health-focused feedback (Welk et al., 2022). Indeed, recent qualitative 

inquiry confirms that traditional fitness testing practices often evoke feelings of 

embarrassment and confusion about their purpose, potentially rendering the 

experience ‘mis-educative’ for students (Alfrey, 2024). 

To address these pedagogical shortcomings, Gamification—the application of 

game-design elements (e.g., points, leaderboards, badges, narratives) in non-game 

contexts—has emerged as a promising strategy to enhance motivation and learning 

in educational settings (Hamari et al., 2014; Camacho-Sánchez et al., 2023; Wang et 

al., 2025). This approach is grounded in Self-Determination Theory (Ryan & Deci, 

2020), which explicitly identifies gamified environments as promising contexts for 

satisfying the needs for autonomy (through choice of tasks), competence (through 

progressive levels and immediate feedback), and relatedness (through team-based 

challenges). By shifting the focus from normative comparison to criterion-referenced 

mastery (e.g., “beating your own score” to unlock a level), gamification may offer a 

didactic solution to the engagement crisis in PE (Yang et al., 2024; Sotos-Martínez 

et al., 2024). 

Despite the growing popularity of gamification, the existing body of research 

presents several methodological limitations that this study aims to address. Firstly, 

while numerous interventions have reported positive effects on physical activity, 

evidence regarding the impact on the multidimensional physical self-concept in 

adolescents remains fragmented (Wang & Chen, 2022; Zamorano-García et al., 

2023; see also recent school-based trials by Fernández-Bustos et al., 2024, and Marín-

Rubio et al., 2024). Many studies fail to account for the “importance” variable, 

potentially obscuring why some students improve in self-worth while others do not 

(Nicolosi et al., 2024). Secondly, rigorous fidelity checks are often absent, making it 

difficult to ascertain whether the intervention was delivered as intended or if teacher 

variability influenced the outcomes (Li & Xiang, 2023). Thirdly, a pervasive issue in 

school-based research is the “unit of analysis error,” where data collected from 

students nested within classes are analysed using standard ANOVA techniques that 

violate independence assumptions, thereby inflating Type I error rates (Li et al., 2017; 

Silverman & Solmon, 1998; see Rosenstiel et al., 2022, and Salmon et al., 2023, for 

modern cluster-RCT applications). Finally, few studies have combined validated 

https://doi.org/10.56003/pessr.v5i1.677
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psychometric tools with gold-standard field-based fitness assessments (such as the 

ALPHA-FIT battery) to provide a comprehensive picture of both the psychological 

and physiological adaptations to gamified teaching (Ruiz et al., 2011). 

To date, literature lacks interventions that simultaneously evaluate physiological, 

multidimensional psychological, and emotional adaptations to gamification while 

accounting for individual differences in domain valuation. Systematic reviews have 

consistently identified this fragmentation, noting that PE intervention studies rarely 

integrate objective fitness assessment with validated psychological measures (Carl et 

al., 2022), and that gamification research has overwhelmingly focused on self-

reported motivational outcomes to the exclusion of physical activity levels and motor 

skills (Arufe-Giráldez et al., 2022; Sal-de-Rellán et al., 2025). Therefore, this study 

fills this knowledge gap by combining objective health-related fitness testing 

(ALPHA-FIT) with multidimensional psychological assessments (PSPP-R-IT), 

uniquely testing the moderating role of perceived importance (PIP-IT). Furthermore, 

its key methodological contribution lies in the use of a robust Cluster Randomized 

Controlled Trial design combined with advanced hierarchical statistical modelling 

(LMMs) to effectively eliminate the pervasive unit-of-analysis error. 

Aim 

The primary aim of this study was to investigate the effects of a 12-week gamified 

didactic intervention on (1) Perceived Physical Self-Concept, (2) Health-Related 

Fitness, and (3) Physical Activity Enjoyment in Italian high school students. A 

secondary aim was to explore the moderating role of Perceived Importance. Based 

on the theoretical framework, the following hypotheses were formulated: 

a. H1: The Experimental Group (EG) will demonstrate significantly greater 

improvements in Sports Competence (SC) and Physical Self-Worth (PSW) 

compared to the Control Group (CG). 

b. H2: The EG will show significantly greater enhancements in health-related 

fitness (specifically agility and cardiorespiratory fitness) and physical activity 

enjoyment compared to the CG. 

c. H3: Perceived importance (PIP-IT scores) will significantly moderate the 

intervention's effects, with students attributing higher value to specific 

domains experiencing greater psychological benefits. 

METHODS 

Study Design and Participants 

The study employed a two-arm, parallel-group, cluster randomized controlled 

trial (Cluster-RCT) design. Given the educational setting, randomisation was 

performed at the class level rather than the individual student level to maintain 

ecological validity and prevent contamination between experimental conditions 

within the same instructional environment (Li et al., 2017). Intact classes were 

randomly assigned to either the experimental group (EG), which received the 

gamified didactic module, or the control group (CG), which followed a traditional 

direct instruction curriculum. Assessments were conducted at two time points: 

baseline (T0) and post-intervention (T1), separated by a 12-week intervention period. 

The randomisation involved exactly 10 intact classes (clusters), assigned equally to 

the EG (k = 5) and the CG (k = 5), with an average cluster size (m) of 21 students. 

https://doi.org/10.56003/pessr.v5i1.677
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The study adhered strictly to the CONSORT guidelines extended for cluster trials 

(Campbell et al., 2012), and a detailed flowchart of participant enrolment, allocation, 

and analysis is provided in Figure 1. 

 
Figure 1. CONSORT flow diagram for the cluster randomised controlled trial, illustrating 

the flow of classes (clusters) and students through the phases of enrolment, allocation, 

follow-up, and per-protocol analysis. 

Participants were recruited from three public high schools located in Northern 

Italy. The initial pool consisted of 225 students. Inclusion criteria were: (a) enrolment 

in the first or second year of secondary school (aged 14–17 years); (b) absence of 

physical or cognitive disabilities that would preclude safe participation in motor 

testing; and (c) willingness to adhere to the measurement protocol. Students who 

were professional athletes (training > 10 hours/week) were excluded to avoid 

confounding effects related to advanced motor competence (Burton et al., 2023). 

https://doi.org/10.56003/pessr.v5i1.677
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Based on these criteria, 15 students were excluded. The final sample consisted of 210 

adolescents (118 males, 92 females; mean age = 15.4 ± 0.9 years). 

An a priori power analysis was initially conducted using G*Power 3.1 (Faul et al., 

2007) for a repeated measures framework (f = 0.25), power = .80, α = .05), indicating 

a baseline requirement of 128 individuals. However, considering the nested structure, 

the Design Effect (DE) was explicitly calculated to determine the required sample 

size for a cluster trial. Assuming an average cluster size (m) of 21 and a conservative 

a priori Intraclass Correlation Coefficient (ICC) of .05 based on similar school-based 

trials (Salway et al., 2024), the DE was estimated as 1 + (m – 1 ) x ICC = 2.0. 

Consequently, the cluster-adjusted required sample size was 128 × 2.0 = 256 

students. While the final recruited sample (N = 210) was slightly below this optimal 

target, the risk of underpowering was mitigated through the use of robust parameter 

estimation within the linear mixed models (LMM) and the inclusion of powerful 

individual-level covariates (e.g., maturity offset, baseline scores) known to 

substantially reduce residual variance and enhance statistical power in mixed-effects 

designs.  

Ethical approval statement 

Ethical approval for this study was granted by the University Territorial Ethics 

Committee (Reference: UTEC 2024–0029). The research was conducted in 

accordance with the ethical principles of the Declaration of Helsinki. Written 

informed consent was obtained from the parents or legal guardians of all participants, 

and written assent was provided by the students before participation. Personal data 

were collected and processed in compliance with the General Data Protection 

Regulation (GDPR). 

Instruments 

Perceived Physical Self-Concept 

To assess the multidimensional physical self, the Italian Revised Physical Self-

Perception Profile (PSPP-R-IT) was utilized (Nicolosi et al., 2024). This instrument, 

validated specifically for the Italian adolescent population (15–20 years), consists of 

30 items assessing four specific subdomains: sports competence (SC), physical 

conditioning (PC), body attractiveness (BA), and physical strength (PS). 

Additionally, a superordinate domain, physical self-worth (PSW), evaluates general 

feelings of happiness and satisfaction with the physical self. Items are rated on a 4-

point structured alternative format to minimise social desirability bias. The Italian 

version has demonstrated excellent internal consistency (Cronbach’s α = 0.89–0.95) 

and construct validity (Nicolosi et al., 2024). 

Perceived importance 

The Italian Perceived Importance Profile (PIP-IT) was administered to measure 

the subjective value students attach to each of the PSPP-R subdomains (e.g., how 

important it is for the student to be good at sports). This scale allows for the 

examination of the discrepancy between competence and importance, a key predictor 

of self-esteem according to James’s hypothesis (Fox & Corbin, 1989; Nicolosi et al., 

2024). 

 

https://doi.org/10.56003/pessr.v5i1.677
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Health-related fitness 

Objective physical fitness was assessed using the High-Priority ALPHA Health-

Related Fitness Test Battery, an evidence-based gold standard for European 

adolescents (Ruiz et al., 2011). Importantly, the variables included in the present 

study (i.e., cardiorespiratory fitness and musculoskeletal strength) were employed as 

operational proxies of physical performance related to perceived competence, rather 

than as direct indicators of skill-based motor competence. The selected tests were 

chosen to align with the domains of the PSPP-R, as detailed below. 

Cardiorespiratory fitness (corresponding to physical condition, PC) was assessed 

using the 20-m shuttle run test. Participants ran repeatedly between two lines set 20 

m apart, synchronising their pace with audio signals that increased progressively in 

frequency at one-minute intervals. The final stage successfully completed was 

recorded and used to estimate maximal oxygen uptake (V̇O₂max) according to the 

equation proposed by Léger et al. (1988). 

Musculoskeletal fitness (corresponding to physical strength, PS) was evaluated 

using two complementary measures. Lower-body explosive strength was assessed 

through the standing broad jump, in which participants jumped horizontally from a 

stationary position; the longest distance achieved across two attempts was recorded 

in centimetres. Upper-body strength was assessed via handgrip strength using a 

Jamar Plus+ digital dynamometer, with grip span individually adjusted according to 

hand size, following standardised recommendations (Ruiz et al., 2011). 

Agility and speed were assessed using a timed 4 × 10 m Shuttle Run Test. While 

recognizing that this test does not measure contextual or tactical sporting intelligence 

(as required by broader definitions of sport competence), it is a validated measure of 

speed of movement, agility, and coordination (Ortega et al., 2008), which serve as 

fundamental physical proxies for the sport competence domain assessed in the PSPP-

R-IT. 

Physical Activity Enjoyment 

The emotional response to the PE lessons was measured using the Physical 

Activity Enjoyment Scale (PACES), Italian version (Carraro et al., 2008). The scale 

comprises 16 items rated on a 5-point bipolar Likert scale (e.g., “I enjoy it” vs “I hate 

it”). Prior to data analysis, the seven items with negative valence were reverse-scored. 

A total enjoyment score was then computed by summing the responses to all 16 

items, in accordance with the protocol established by Carraro et al. (2008). A higher 

total score indicates greater enjoyment. 

Biological maturation 

To control for the confounding effects of growth and maturation on physical 

performance (Burton et al., 2023), standing height, sitting height, and body mass 

were measured. These values were used to calculate the maturity offset (years from 

peak height velocity) using the sex-specific equations proposed by Mirwald et al. 

(2002). 

Procedures and Intervention 

Fidelity of implementation 

To ensure the internal validity of the study, a treatment fidelity checklist was 

developed based on the framework by Li & Xiang (2023). External researchers 

https://doi.org/10.56003/pessr.v5i1.677
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observed a random subsample (20%) of the lessons in both groups to verify adherence 

to the assigned protocol. The checklist assessed key indicators such as “use of 

gamified language,” “provision of autonomy-supportive feedback,” and “adherence 

to lesson content.” Only data from classes meeting a fidelity threshold of >80% were 

included in the final analysis. 

Experimental group (gamified didactics) 

Students assigned to the EG participated in MoveQuest, a 12-week gamified 

instructional module designed to support basic psychological needs. The didactic 

approach was implemented through a dedicated mobile web application, in which 

physical activities were framed as progressively structured “missions”. 

Game mechanics were based on the completion of motor tasks (e.g., completing 

five laps of the shuttle run), which rewarded students with experience points (XP). 

The accumulation of XP enabled progression through hierarchical levels (e.g., from 

novice to elite), thereby providing structured feedback on engagement and 

progression. 

Assessment followed a criterion-referenced logic (Yang et al., 2024), whereby 

students’ performance was evaluated against predefined standards rather than 

through normative peer comparison. For instance, an individual improvement of 5 

cm in the standing broad jump resulted in the award of a “personal best” badge, 

irrespective of the absolute distance achieved. 

From a pedagogical perspective, the teacher assumed the role of a “game master”, 

fostering autonomy by allowing students to select task difficulty levels (“challenge 

zones”) that were congruent with their perceived competence and current ability. 

Control group (traditional didactics) 

Students in the CG followed a standard multi-activity physical education 

curriculum covering the same core physical content (i.e., endurance, strength, and 

agility) as the experimental group, but delivered through direct instruction. Lessons 

typically adhered to a conventional structure consisting of a warm-up phase, teacher-

led demonstration, structured practice in the form of drills, and a closing phase. 

Assessment and feedback were based on a norm-referenced approach (Yang et al., 

2024). Students’ performance was evaluated relative to their peers and commonly 

aligned with standard school grading norms. For example, specific performance 

thresholds (e.g., six completed laps corresponding to Grade 6, eight laps to Grade 8) 

were used to rank or grade students, thereby emphasising social comparison. 

Data Analysis 

Data were analysed using IBM SPSS Statistics (version 29.0). Preliminary 

screening included the Shapiro–Wilk test to assess normality and Levene’s test to 

evaluate homogeneity of variance. 

Given the hierarchical structure of the data, with students nested within classes, 

the use of standard analysis of variance would have violated the assumption of 

independence of observations (Li et al., 2017). Consequently, linear mixed models 

(LMMs) were employed to examine intervention effects. Models were estimated 

using Restricted Maximum Likelihood (REML) to provide unbiased estimates of 

variance and covariance parameters, which is particularly appropriate for small-to-

moderate numbers of clusters. Degrees of freedom for fixed effects were computed 

using Satterthwaite’s approximation. 

https://doi.org/10.56003/pessr.v5i1.677
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The final models specified fixed effects for group, time, and the group × time 

interaction. With respect to the random-effects structure, random intercepts were 

included at both the class level (Class ID), to account for clustering effects, and the 

individual level (Student ID), to model repeated measurements. Random slopes for 

Time at the class level were initially tested but subsequently removed, as they did not 

improve model fit according to Akaike’s information criterion (AIC) and Bayesian 

information criterion (BIC), or resulted in convergence issues. 

Baseline scores, mean-centered Perceived Importance (PIP-IT scores), and 

Maturity Offset were included as covariates to control for pre-existing differences and 

inter-individual variability in biological maturation. 

Outcomes were hierarchically defined a priori, with physical self-perception, 

health-related fitness, and enjoyment specified as primary outcomes, and Perceived 

Importance as a secondary outcome. Given the multiple outcomes assessed, the risk 

of inflated Type I error was acknowledged. However, rather than applying a highly 

conservative global adjustment (e.g., Bonferroni) that could obscure theoretically 

grounded specific effects, exact p-values were reported alongside the corresponding 

effect sizes (d), with significance interpreted primarily on the basis of effect 

magnitude and a priori hierarchical hypotheses. Effect sizes were calculated as 

Cohen’s d for between-group differences at T1, dividing the difference in estimated 

marginal means by the pooled baseline standard deviation (SDpooled). Magnitude was 

interpreted as small (0.2), medium (0.5), or large (0.8), in accordance with established 

conventions (Wang & Chen, 2022). Statistical significance was set at α < .05. 

 

RESULTS 
Preliminary analysis  

No missing data were observed for the primary outcomes as make-up testing 

sessions were organized for absent students. The analysis of treatment fidelity, 

conducted on 24 randomly selected lessons (20% of the total), indicated high 

adherence to the protocol. The mean fidelity score was 92% for the EG (gamified) 

and 94% for the CG (traditional), exceeding the 80% threshold required for inclusion 

(Li & Xiang, 2023). Internal consistency reliability for the psychometric instruments 

in the current sample was satisfactory. Cronbach’s alpha coefficients for the PSPP-

R-IT subscales ranged from .83 to .88 (sports competence 𝛼 = .86; physical 

conditioning 𝛼 = .84; body attractiveness 𝛼 = .88; physical strength 𝛼 = .83; physical 

self-worth 𝛼 = .87). The PIP-IT subscales also demonstrated adequate reliability (α 

range = .79–.85), and the PACES showed excellent internal consistency (𝛼 = .92). 

Baseline characteristics of the participants are presented in Table 1. Independent 

samples t-tests revealed no significant differences between the experimental and 

control groups at baseline for age (p = .64), BMI (p = 0.58), maturity offset (p = .72), 

or any of the motor competence and psychological variables (p > .05). This confirms 

that randomisation was successful in creating equivalent groups. 

The Intraclass Correlation Coefficients (ICC) for the primary outcomes indicated 

non-negligible clustering effects, confirming the necessity of using linear mixed 

models to account for the class-level variance. Specifically, the baseline variance 

components (between-class variance [τ00] and residual individual variance [σ2]) were 

as follows: Sports competence (τ00 = 0.024, σ2 = 0.324, ICC = .07), physical self-

https://doi.org/10.56003/pessr.v5i1.677
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worth (τ00 = 0.031, σ2 = 0.312, ICC = .09), V ̇O2max (τ00 = 1.05, σ2 = 25.1, ICC = 

.04), and PACES (τ00 = 0.041, σ2 = 0.472, ICC = .08). 

Table 1. Baseline characteristics of participants by group 

Characteristic 
Experimental Group 
(Gamified) (n = 108) 

Control Group 
(Traditional) (n = 

102) 

Total (N = 

210) 

p-

value 

Demographics     

Age (years) 15.3 (0.8) 15.5 (0.9) 15.4 (0.9) .64 
Gender (n / %)     

Male 60 (55.6%) 58 (56.9%) 118 (56.2%) .84 
Female 48 (44.4%) 44 (43.1%) 92 (43.8%)  

Anthropometrics     

Height (cm) 168.4 (8.2) 169.1 (7.9) 168.7 (8.0) .52 

Weight (kg) 61.2 (9.5) 62.0 (8.9) 61.6 (9.2) .51 
BMI (kg/m²) 21.5 (2.8) 21.6 (2.6) 21.5 (2.7) .58 

Maturity Offset (years) 1.8 (0.6) 1.9 (0.7) 1.8 (0.7) .72 

Psychological baseline     

Physical Self-Worth (1–4) 2.65 (0.58) 2.68 (0.61) 2.66 (0.59) .70 
Sports Competence (1–4) 2.45 (0.60) 2.42 (0.58) 2.43 (0.59) .71 

Enjoyment (PACES) (1–5) 3.20 (0.75) 3.25 (0.70) 3.22 (0.72) .61 

Motor competence baseline     

20-m Shuttle Run (laps) 32.5 (12.1) 33.1 (11.8) 32.8 (11.9) .71 

Standing Broad Jump (cm) 158.4 (22.3) 160.2 (21.5) 159.3 (21.9) .55 

4 x 10m Shuttle Run (s) 12.1 (1.4) 11.9 (1.3) 12.0 (1.4) .28 
Note. Data are presented as Mean (Standard Deviation) unless otherwise indicated. BMI = Body Mass Index; PACES = Physical 

Activity Enjoyment Scale. p-values derived from independent samples t-tests (for continuous variables) and Chi-square tests (for 

categorical variables). 

Perceived Physical Self-Concept 

The linear mixed model revealed a significant group × time interaction for the 

sports competence subscale (F(1,208) = 14.52, p < .001) (β = 0.35, SE = 0.09, 95% 

CI[0.17, 0.53]). Follow-up pairwise comparisons indicated that while both groups 

improved, the EG showed a significantly larger increase from T0 (M = 2.45, SD = 

0.60) to T1 (M = 2.98, SD = 0.55) compared to the CG (T0: M = 2.42, SD = 0.58; 

T1: M = 2.60, SD = 0.62). The effect size for the between-group difference at post-

test was medium-to-large (d = 0.65). Similarly, a significant interaction was found for 

the superordinate domain of physical self-worth (F(1,208) = 11.34, p = .001) (β = 0.31, 

SE = 0.09, 95% CI[0.13, 0.49]). The Gamified group demonstrated a substantial 

improvement (d = 0.58), whereas the CG showed only marginal gains. 

In contrast, no significant interaction effect was observed for the body 

attractiveness subscale (p = .42). Scores for this domain remained relatively stable in 

both groups over the 12-week period, suggesting that perception of body image was 

not significantly altered by the short-term didactic intervention. 

Health-related fitness 

Results for the ALPHA-FIT battery tests are summarized in Table 2. For 

cardiorespiratory fitness (20-m Shuttle Run), a significant main effect of Time was 

observed (F(1,208) = 35.40, p < .001), with both groups improving their V ̇O2max 

estimates. However, the group × time interaction was also significant (p = .023) (β = 

2.21, SE = 0.96, 95% CI[0.31, 4.11]), with the EG showing a greater magnitude of 

improvement (d = 0.42) compared to the CG (d = 0.21). 

Regarding musculoskeletal fitness (standing broad jump), both groups showed 

significant improvements over time (p < .001), but the interaction effect was not 

significant (p = .18), indicating similar gains regardless of the teaching method. 
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For the 4 x 10m shuttle run (sports competence/agility), the analysis revealed a 

significant interaction (p = .004) (β = -0.50, SE = 0.17, 95% CI[-0.84, -0.16]). Students 

in the gamified condition improved their agility times significantly more than those 

in the traditional condition (d = 0.51) vs (d = 0.25). 

Table 2. Effects of gamified vs. traditional didactics on physical self-perception, enjoyment, 
and health-related fitness parameters (Linear Mixed Models results). 

Outcome 
Grou

p 

T0 
(Baseline) 

M (SD) 

T1 (Post) 
M (SD) 

Group × 

Time 

Interaction 

Estimate β 

[SE] 

95% CI for 
Interaction 

p-

value 

Effe

ct 

Size 

(d) 

𝜏00 

(Clas

s 

Var) 

𝜎2 

(Resi

d. 

Var) 

ICC 

Perceived Physical Self (PSPP-R) 

Physical Self-
Worth 

Exp 2.65 (0.58) 2.98 (0.55) 
0.31 [0.09] 

[0.13, 

0.49]*** 
.001 0.58 0.031 0.312 .09 

Con 2.68 (0.61) 2.70 (0.63) 

Sports 
Competence 

Exp 2.45 (0.60) 2.98 (0.55) 
0.35 [0.09] 

[0.17, 

0.53]*** 

< 

.001 
0.65 0.024 0.324 .07 

Con 2.42 (0.58) 2.60 (0.62) 

Body 

Attractiveness 

Exp 2.30 (0.65) 2.35 (0.68) 
0.07 [0.09] [-0.10, 0.24] .420 0.08 0.018 0.405 .04 

Con 2.32 (0.62) 2.30 (0.64) 

Physical 

Conditioning 

Exp 2.50 (0.55) 2.80 (0.52) 
0.27 [0.10] 

[0.07, 

0.47]** 
.009 0.44 0.021 0.289 .07 

Con 2.55 (0.58) 2.58 (0.59) 

Physical 
Strength 

Exp 2.40 (0.59) 2.65 (0.56) 
0.13 [0.07] [-0.01, 0.27] .065 0.25 0.015 0.335 .04 

Con 2.38 (0.61) 2.50 (0.60) 

Psychological 

Enjoyment 

(PACES) 

Exp 3.20 (0.75) 4.10 (0.65) 
0.95 [0.18] 

[0.60, 

1.30]*** 

< 

.001 
0.82 0.041 0.472 .08 

Con 3.25 (0.70) 3.20 (0.74) 

Health-Related Fitness 

20-m Shuttle 

Run 

(V̇O2max) 

Exp 42.5 (5.2) 45.8 (4.8) 

2.21 [0.96] 
[0.31, 

4.11]* 
.023 0.42 1.05 25.1 .04 

Con 42.8 (5.0) 43.9 (4.9) 

Standing 

Broad Jump 
(cm) 

Exp 158.4 (22.3) 
165.2 

(20.5) 
2.20 [1.63] [-1.01, 5.41] .182 0.15 32.5 452.1 .07 

Con 160.2 (21.5) 
164.8 

(21.0) 

Handgrip 

Strength (kg) 

Exp 28.5 (6.2) 30.1 (5.8) 
0.10 [0.80] [-1.48, 1.68] .331 0.10 1.85 35.2 .05 

Con 29.0 (5.9) 30.5 (5.7) 

4 x 10m 

Agility/Speed 

(s)† 

Exp 12.1 (1.4) 11.2 (1.2) 

-0.50 [0.17] 
[-0.84, -

0.16]** 
.004 0.51 0.12 1.84 .06 

Con 11.9 (1.3) 11.7 (1.3) 

Note. Exp = Experimental Group; Con = Control Group. β represents the fixed effect estimate for the Group × Time interaction 

derived from Linear Mixed Models (REML estimation, Satterthwaite df). 𝜏00 represents the between-class variance (random 

intercept variance at cluster level); 𝜎2 represents the residual variance (within-individual variance). ICC = Intraclass Correlation 

Coefficient (𝜏00/(𝜏00 + 𝜎2)). †Lower values indicate better performance (negative β indicates greater improvement in Exp); *p < 

.05, **p ≤ .01, ***p ≤ .001. 

Physical activity enjoyment 

A strong group × time interaction was found for PACES scores (F(1,208) = 28.6, p 

< .001) (β = 0.95, SE = 0.18, 95% CI[0.60, 1.30]). The EG reported a marked increase 

in enjoyment (d = 0.82, large effect), whereas enjoyment scores in the CG remained 

static or slightly declined (d = 0.10). 

Role of perceived importance (covariate analysis) 

The inclusion of mean-centered PIP-IT scores as covariates in the LMM revealed 

a significant moderating effect. For physical self-worth, the three-way interaction 

between Group  × Time × Sports Competence Importance score was significant (p = 

.015, β = 0.18, SE = 0.07, 95% CI[0.04, 0.32]). As illustrated in the interaction plot 

(Figure 2), students in the gamified group who attributed high importance to sports 

competence (+1 SD above the mean PIP-IT score) experienced the greatest gains in 

self-worth d = 0.72) compared to those with low perceived importance (-1 SD; d = 

0.35). This suggests that the intervention was particularly effective for students who 

already value the domain being trained. 
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Figure 2. Interaction plot illustrating the moderating role of Perceived Importance (PIP-IT 
Sports Competence subscale) on the intervention effect for Physical Self-Worth. The graph 
depicts the estimated marginal means at baseline (T0) and post-intervention (T1). The solid 
line represents students in the Experimental (Gamified) group with high perceived 

importance (+1 SD), the dashed line represents students in the Experimental group with low 

perceived importance (-1 SD), and the dotted line represents the Control group. Error bars 

represent standard errors. 

 

DISCUSSION 

The present study aimed to evaluate the efficacy of a gamified didactics 

intervention on physical self-perception, actual health-related fitness, and enjoyment 

among Italian high school students. The findings provide empirical support for the 

integration of gamification in Physical Education (PE), demonstrating its potential 

to positively influence specific domains of the physical self and motor performance, 

albeit with some nuances. 

Impact on physical self-perception and enjoyment 

A key finding of this investigation was the superior improvement in sports 

competence and physical self-worth observed in the gamified group compared to the 

traditional instruction group. Furthermore, the medium-to-large effect size observed 

for physical self-worth (d = 0.58) is substantial, especially when benchmarked against 

recent meta-analyses indicating that physical activity-based interventions typically 

yield more modest pooled effects on physical self-concept in adolescents (Zamorano-

García et al., 2023). This result aligns with the theoretical tenets of Self-

Determination Theory embedded in the intervention design. As anticipated, 

replacing normative peer comparisons with criterion-referenced mastery goals likely 

fostered a more supportive environment for competence satisfaction (Yang et al., 

2024). This shift is supported by recent findings indicating that reducing the sense of 

public judgment and surveillance in fitness activities is essential for fostering student 

agency and comfort (Alfrey & Young, 2025). According to Ryan & Deci (2020), 

comparative grading schemes typically provide little competence-relevant feedback, 
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merely informing students of their rank relative to others. By removing this 

‘controlling’ pressure—which inadvertently highlights incompetence in less able 

students (Li et al., 2017)—the gamified intervention allowed feedback to be perceived 

as informational rather than evaluative. This distinction is critical: as observed in a 

previous qualitative analysis of Italian students (Cereda, 2025), technology can create 

a detrimental “digital panopticon” when used for public comparison. By contrast, 

the current intervention utilized digital tools to foster private progression, effectively 

mitigating the anxiety and ‘shame’ associated with public performance tracking. 

The significant increase in enjoyment (PACES) within the experimental group 

further corroborates this interpretation. The magnitude of this effect (d = 0.82) is 

particularly notable when compared to recent meta-analytical pooled estimates for 

game-based PE interventions (e.g., 0.53 reported by Mo et al., 2024), confirming the 

high emotional engagement elicited by the didactic format. This observation is 

consistent with Ashley & Kawabata (2023), who identified the experience of 

enjoyment as a pivotal factor in shaping positive perceptions of fitness testing, 

specifically within a Self-Determination Theory framework. As suggested by 

Iannaccone et al. (2025), the affective domain is a critical component of physical 

literacy. This is consistent with recent interdisciplinary reviews highlighting that 

mastery-oriented learning environments, which prioritize personal improvement 

over normative comparison, are essential for fostering positive motivational patterns 

and comprehensive physical literacy (Cereda, 2026). The “fun” element inherent in 

gamification—achieved through badges, levels, and narrative—appears to act as a 

catalyst, transforming repetitive motor tasks into engaging challenges. This 

emotional engagement is crucial during adolescence, a period often marked by a 

decline in PE interest and participation (Burton et al., 2023). 

However, it is noteworthy that Body Attractiveness perceptions did not change 

significantly in either group. This stability is consistent with the findings of Nicolosi 

et al. (2024), who suggest that body image is a deeply entrenched construct, heavily 

influenced by external societal factors and pubertal changes, and thus less permeable 

to short-term school-based interventions compared to competence-based domains. 

Health-related fitness gains 

Regarding health-related fitness, the results were mixed. While both groups 

improved in musculoskeletal fitness (standing broad jump), suggesting that the 

physiological stimulus of the lessons was effective regardless of the pedagogical 

wrapper, the gamified group showed significantly greater gains in cardiorespiratory 

fitness and agility. This differential effect might potentially reflect variations in 

behavioral engagement and “time on task”. In the gamified condition, the desire to 

unlock the next level or earn a badge may have encouraged students to sustain a 

higher volume of active practice during the shuttle runs, potentially contributing to 

greater physiological adaptations. However, as internal load (e.g., heart rate or 

Ratings of Perceived Exertion) was not monitored, definitive conclusions regarding 

higher cardiovascular intensity in the gamified group remain unwarranted. 

Therefore, any causal inferences regarding physiological mechanisms require 

cautious interpretation and future objective verification. This supports the notion that 

didactic strategies influence how students move, not just that they move (Wang & 

Chen, 2022). Indeed, recent evidence indicates that participation in structured 

physical activity alone does not guarantee motor competence if the pedagogical focus 
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remains on repetitive technical drills rather than diverse movement experiences. The 

use of the ALPHA-FIT battery (Ruiz et al., 2011) ensured that these findings are 

robust and comparable with European normative data, adding validity to the 

observation that gamification can support health-related fitness without 

compromising skill acquisition. Furthermore, a distinction must be drawn between 

the fitness components assessed here (fitness and agility) and motor competence (skill 

mastery). However, recent theoretical reconceptualization suggests that improved 

product-oriented outcomes (e.g., jump distance, running speed) may reflect a shift 

from stability to mobility movement strategies, signalling a breakthrough of the 

proficiency barrier (Brian et al., 2020). Thus, the improvements observed likely reflect 

both physiological adaptations and enhanced movement efficiency. 

The role of perceived importance 

A novel contribution of this study, enabled by the use of the PIP-IT (Nicolosi et 

al., 2024), was the identification of perceived importance as a significant covariate. 

The finding that gains in self-worth were magnified for students who valued sports 

competence suggests that educational interventions are not one-size-fits-all. 

Gamification seems particularly potent for students who already have a vested 

interest in the domain. However, this also raises a pedagogical challenge: future 

interventions may need to explicitly target the value students assign to physical 

activity (perhaps through cognitive engagement or reflection) to broaden the impact 

to those who are currently disengaged or devalue PE. 

Limitations and Strengths 

The findings of the present study should be interpreted in light of several 

limitations. First, the intervention duration (12 weeks), while typical for school-based 

research, may be insufficient to observe changes in more stable constructs such as 

body image. Furthermore, it is not possible to definitively rule out a novelty response 

(e.g., the 'Hawthorne effect'), whereby the initial engagement elicited by the 

technological and gamified elements might wane over time. Longitudinal follow-ups 

are therefore essential to assess the long-term retention of the observed psychological 

and physiological gains. Second, although the cluster-randomized design is 

methodologically appropriate for educational settings, it inherently reduces statistical 

power compared to individual randomization. While the use of Linear Mixed 

Models (LMM) mitigated this risk by correctly modeling the nested variance (Li et 

al., 2017), the present sample size was not adequately powered to conduct complex 

three-way interactions (e.g., exploring gender-specific or maturity-specific 

trajectories), which remains an important avenue for future research. Third, despite 

the rigorous assessment of treatment fidelity, it was not possible to fully isolate a 

potential 'teacher effect'; the enthusiasm or specific pedagogical style of individual 

educators may have clustered within classes, thereby influencing the outcomes. 

Finally, the study was conducted in a specific region of Northern Italy, which may 

limit generalizability to other cultural or educational contexts. 

Conversely, notable strengths of the study include the rigorous adherence to 

CONSORT guidelines extended for cluster trials, the explicit calculation of the 

design effect, and the high treatment fidelity verified via a standardized checklist (Li 

& Xiang, 2023). Furthermore, the concurrent use of objective health-related fitness 

testing (ALPHA-FIT) and valid, culturally adapted multidimensional psychological 
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instruments (PSPP-R-IT, PIP-IT, PACES) provides a comprehensive, dual-domain 

evaluation that addresses the fragmentation frequently observed in previous 

gamification research (Arufe-Giráldez et al., 2022; Carl et al., 2022). This combined 

approach is particularly relevant, as recent systematic evidence confirms that physical 

fitness outcomes and motor competence variables continue to be largely absent from 

gamification research in secondary PE (Sal-de-Rellán et al., 2025). 

 

CONCLUSION 

Gamification appears to be a promising and viable didactic strategy for high 

school PE. Within the parameters of this 12-week trial, prioritizing individual 

progress and autonomy demonstrated the potential to enhance students’ perception 

of their sports competence and enjoyment of physical activity more effectively than 

traditional directive methods. While it may not immediately alter deep-seated body 

image perceptions, its ability to improve actual fitness and self-worth positions it as 

a valuable tool for fostering Physical Literacy. However, before widespread 

pedagogical implementation, multicentre replications with longer follow-ups and 

cost-benefit analyses regarding digital infrastructure are warranted. Educators are 

cautiously encouraged to explore student-centred, gamified formats, particularly for 

developing cardiorespiratory and agility skills. 
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