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Objective: Physical inactivity among adolescents is a critical global health issue, 

with over 80% of adolescents failing to meet WHO recommendations for daily 

physical activity. While conventional physical education (PE) contributes to student 

health, there remains a need for pedagogical innovation that enhances objective 

monitoring and deeper student engagement. An outdoor activity-based PE approach 

integrated with wearable technology offers a promising model within the framework 

of achieving SDG 3. This study aims to examine the effectiveness of a physical 

education program based on outdoor activities integrated with wearable technology 

in improving the physical fitness and psychological well-being of high school 

students. 

Methods and Materials: A pretest–posttest quasi-experimental design with a 

control group was applied to 30 male students at State Senior High School 12 

Semarang, divided equally into an experimental group (n = 15) and a control group 

(n = 15) using ordinal pairing based on initial Harvard Fitness Index (HFI) scores. 

The experimental group participated in a structured outdoor physical education 

program for eight weeks (3 sessions/week, 50–65 minutes/session) using Polar 

Watch devices. Psychological well-being was measured using the Indonesian 

adaptation of Ryff's Psychological Well-Being Scale (RPWB; 6 dimensions), and 

physical fitness was assessed via the Harvard Step Test (HFI). Data were analyzed 

using the Wilcoxon Signed-Rank Test and the Mann-Whitney U Test (α = 0.05). 

Findings: All variables in the experimental group showed statistically significant 

improvements (p ≤ 0.05) with moderate to large effect sizes: total well-being score 

(W = 0.0; Z = −3.41; p = 0.001; r = 0.604), all six RPWB dimensions (r = 0.376–

0.548), and HFI (W = 0.0; Z = −3.40; p = 0.001; r = 0.602). The proportion of 

students categorized as Good fitness increased from 0% to 46.7%, and the Low Well-

being category disappeared entirely in the post-test. Notably, the control group also 

showed significant within-group improvements across all variables, confirming that 

regular physical education also produced meaningful benefits. There were no 

significant differences in gains between groups (p > 0.05) for seven of eight 
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1. Introduction 

hysical Education (PE) plays a fundamental role in 

fostering active and healthy lifestyles from an early 

age, aligning with Sustainable Development Goal (SDG) 3: 

Good Health and Well-being (1, 2). SDG 3 calls for global 

efforts to ensure healthy lives and promote well-being for 

people of all ages, with key targets including reducing 

premature mortality from noncommunicable diseases and 

promoting mental health and well-being (target 3.4) (3). In 

the context of education, physical education is viewed as one 

of the most effective tools for achieving these goals, as it 

fosters an active lifestyle, builds physical capacity, and 

promotes students' mental health in a holistic manner (4, 5). 

However, the actual situation shows that the physical 

inactivity crisis among adolescents has reached alarming 

levels globally. The World Health Organization (WHO) 

recommends that adolescents aged 5–17 years engage in at 

least 60 minutes of moderate to vigorous physical activity 

per day (6). Unfortunately, more than 80% of adolescents 

worldwide reportedly do not meet these recommendations 

(7). The global rate of physical inactivity continued to rise 

by five percentage points between 2010 and 2022, and is 

projected to reach 35% by 2030 if this trend is not addressed 

promptly (8). This situation has been further exacerbated by 

the COVID-19 pandemic, which dramatically shifted 

adolescents toward sedentary lifestyles, with screen time 

rising sharply and physical activity declining drastically (9, 

10). 

A similar situation is unfolding in Indonesia. Data from 

the Basic Health Research indicate that the proportion of 

Indonesian adolescents who are insufficiently physically 

active reaches as much as 85.5%, with even more alarming 

figures in urban and suburban areas (11). The prevalence of 

sedentary behavior among Indonesian children and 

adolescents continues to rise in tandem with increasing 

reliance on digital devices (12, 13). This situation has serious 

long-term consequences, including an increased risk of 

obesity, cardiovascular disease, type 2 diabetes, and mental 

health issues among the younger generation (14). 

In light of these challenges, physical education in schools 

should be at the forefront of fostering a culture of active 

living. In reality, however, physical education in many 

Indonesian educational institutions is still dominated by 

conventional indoor activities, with a curriculum that tends 

to be rigid and teaching methods that are monotonous (15). 

While conventional PE can produce meaningful 

improvements in student health outcomes, the assessment 

system is often product-oriented, focusing on final results 

rather than on the process of improving effort and active 

engagement of each individual student (16). Limited 

physical facilities and a lack of pedagogical innovation are 

significant barriers that may reduce the potential impact of 

physical education programs on long-term physical activity 

participation (17). 

In response to these limitations, Outdoor Activity-Based 

Physical Education offers a promising new paradigm. This 

approach utilizes the outdoor environment—from open 

fields and city parks to natural areas surrounding the 

school—as a dynamic living laboratory where students 

interact directly with nature through a variety of meaningful 

physical activities (18, 19). Various empirical studies have 

demonstrated the potential added benefits of outdoor 

learning compared to conventional indoor approaches in 

terms of improving students' physical fitness, cognitive 

development, and emotional engagement (20, 21). Outdoor 

activities introduce elements of challenge, adventure, and 

environmental awareness that cannot be found in a 

conventional gymnasium, thereby stimulating students' 

intrinsic motivation to participate actively (22). 

More specifically, a number of studies have demonstrated 

the positive impact of outdoor physical activity on 

adolescents' mental health and psychological well-being (23, 

24). Exposure to the natural environment has been shown to 

outcomes; the only significant between-group difference was in Environmental 

Mastery, which favored the control group (p = 0.011). 

Conclusion: An outdoor activity-based physical education program integrated with 

wearable technology was associated with significant improvements in psychological 

well-being and physical fitness within the experimental group of male high school 

students. However, the absence of significant between-group differences indicates 

that structured physical activity in any format—whether outdoor or conventional—

can provide meaningful health benefits for adolescents. Although wearable 

technology may have supported objective monitoring and self-regulatory awareness 

during the program, its independent contribution to outcome improvements could 

not be established in this study. 

Keywords: Outdoor Activity; Physical Education; Wearable Technology; 

Psychological Well-Being; Physical Fitness; SDG 3 
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facilitate recovery from stress, reduce symptoms of anxiety 

and depression, and boost resilience and self-esteem among 

adolescents (25, 26). Outdoor Adventure Education (OAE) 

has been shown to have a significant effect on improving 

resilience, social connectedness, and reducing anxiety in 

adolescents compared to no intervention at all (23, 27, 28). 

School-based research also confirms that nature-based 

interventions can reduce mental health symptoms, including 

anxiety and depression, particularly among students who 

previously experienced more serious issues (29). 

Research on outdoor physical education generally 

continues to focus on physical fitness variables, while in-

depth studies exploring psychological well-being in the 

context of structured outdoor interventions remain very 

limited (30). The concept of psychological well-being 

developed by Ryff (1989) covers six key dimensions—self-

acceptance, positive relationships with others, autonomy, 

environmental mastery, purpose in life, and personal 

growth—which provide a comprehensive theoretical 

framework for assessing the psychological impact of 

physical education interventions (31, 32). However, to date, 

there have been few outdoor physical education intervention 

studies that use Ryff's Psychological Well-Being Scale 

(RPWB) as a primary outcome measure, particularly in the 

context of urban adolescents in Indonesia. 

On the other hand, advances in digital technology are 

opening up emerging opportunities in the field of physical 

education. Wearable technology—including smartwatches 

and fitness trackers—now serves as a tool capable of 

monitoring and recording physical activity objectively and 

non-invasively in real time (33). These devices can 

automatically and continuously track key biometric 

parameters, including step count, heart rate, and calories 

burned (34). This capability opens up a new paradigm 

known as Data-Driven Physical Education, in which 

assessments and feedback based on objective data replace 

subjective and sporadic evaluations (35). 

Several systematic reviews have examined the 

effectiveness of wearable activity trackers in promoting 

increased physical activity among children and adolescents 

in school settings (36, 37). These findings suggest that 

wearable technology has significant potential as a 

monitoring and motivational tool, particularly when 

integrated into structured intervention programs (38). This 

technology has also been shown to increase student 

engagement in physical education through self-monitoring, 

personal goal-setting, and real-time feedback (39, 40). 

Scientific validation of modern wearable devices, such as the 

Polar Watch, has demonstrated adequate accuracy in 

measuring physiological parameters . 

Although both outdoor activities and wearable 

technology have shown promising evidence of benefits 

when used separately, their integration into a single, 

structured physical education intervention design remains a 

largely unexplored area . There are almost no studies that 

simultaneously investigate how quantitative data from 

wearable technology can enrich outdoor learning 

experiences and provide objective feedback to both teachers 

and students in a school setting in developing countries. 

Based on this background, this study aims to: (1) test the 

effectiveness of an Outdoor Activity-based Physical 

Education approach integrated with wearable technology in 

improving students' physical fitness (HFI) and psychological 

well-being among high school students in Semarang; and (2) 

examine whether the intervention group achieves 

significantly greater gains compared to a control group 

receiving regular physical education. 

2. Methods and Materials 

2.1 Research Design 

This study employs a quantitative approach using a quasi-

experimental pretest–posttest design with a control group 

(41). This design was chosen because it allows researchers 

to implement structured interventions in a real-world school 

setting without altering the existing classroom structure, 

while systematically comparing results between 

experimental and control groups (42). A quasi-experimental 

approach is appropriate and ethical for school-based 

research because full randomization is not feasible given the 

class assignments already determined by the institution (43). 

The experimental group participated in an eight-week 

physical education program based on outdoor activities 

integrated with wearable technology, while the control group 

followed the school's regular physical education curriculum. 

 

https://jpsad.com
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Table 1. Pretest–Posttest Quasi-Experimental Design with a Control Group 

Group Pre-Test Treatment (8 Weeks) Post-Test 

Experimental (n = 15) O₁ X (Outdoor + Wearable) O₂ 

Control (n = 15) O₃ – (Regular PE) O₄ 

Note: O₁ & O₃ = Initial measurements (pre-test); O₂ & O₄ = Final measurements (post-test); X = Outdoor-based physical education intervention using 

wearable technology; – = Regular (conventional) physical education curriculum, representing an active control condition (not a no-treatment condition). 

 

2.2 Research Location and Time 

The study was conducted at State Senior High School 12 

Semarang, which was selected based on the availability of 

adequate outdoor activity facilities, including a sports field, 

school garden, and access to open areas in the surrounding 

environment. The study lasted approximately five months 

(March–July 2025), comprising four main phases: 

preparation (Month 1), implementation and data collection 

(Months 2–4), data analysis (Month 4–5), and manuscript 

preparation (Month 5). 

2.3 Population and Sample 

The target population consisted of male high school 

students aged 15–18 years at State Senior High School 12 

Semarang. A total of 30 male students from Grade 11 were 

recruited using purposive sampling, taking into account the 

following inclusion criteria: (1) actively enrolled at the 

research partner school; (2) aged 15–18 years; (3) having no 

medical conditions that prevent participation in moderate-to-

vigorous physical activity; and (4) willing to provide 

informed consent. Exclusion criteria included students with 

active musculoskeletal injuries, cardiovascular conditions 

that contraindicate exercise, or absences accounting for more 

than 20% of the total intervention sessions. 

The final sample of 30 students was divided into an 

experimental group (n = 15) and a control group (n = 15) 

using an ordinal pairing technique based on initial HFI 

scores to ensure equivalent baseline fitness characteristics 

between the two groups. This sample size, while modest, is 

consistent with preliminary intervention studies in school-

based physical education settings. 

2.4 Intervention Procedures 

The intervention program is a structured outdoor sports 

program developed by the research team and validated by 

experts in Physical Education and Sports Science. The 

program ran for eight weeks, with three sessions per week 

lasting 50–65 minutes each, in accordance with WHO 

physical activity recommendations for adolescents (6). All 

sessions were led by certified coaches and supervised by 

physical education instructors to ensure safety and 

appropriate exercise intensity (44). The intervention was 

divided into four progressive phases, as shown in Table 2. 

Table 2. Wearable Technology-Based Outdoor Activity Intervention Program (8 Weeks) 

Week Phase Main Activities Freq. Duration 

1–2 Orientation & Introduction Wearable (Polar Watch) familiarization, basic 

orienteering, GPS mapping introduction, outdoor 

breathing exercises 

3×/wk 50 min 

3–4 Intensity Building Light hiking, team games in open areas (capture the flag, 

relay race), real-time heart rate monitoring 

3×/wk 55 min 

5–6 Peak Activity Outdoor circuits (sprint, jumping, climbing), step count 

& calorie tracking, daily reflection via wearable 

dashboard 

3×/wk 60 min 

7–8 Consolidation & Evaluation Complex activity combinations, group challenges based 

on wearable data, personal growth & well-being review 

3×/wk 65 min 

 

Each intervention session followed a standard structure: 

(1) a 10-minute warm-up consisting of dynamic stretching 

and light cardiovascular activation; (2) a 35–45-minute core 

outdoor activity session comprising a combination of 

aerobic activities, team games, and functional exercises; and 

(3) a 10-minute cool-down consisting of group reflection on 

wearable data and static stretching (18). The control group 

followed the school's regular indoor physical education 

curriculum, with content and duration determined by the 

school's physical education teacher without any intervention 

from the research team. 

https://jpsad.com
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2.5 Implementation of Wearable Technology 

All participants in the experimental group were equipped 

with Polar Watch devices, which they used throughout the 

intervention program to monitor their daily physical activity. 

These devices automatically recorded three key parameters: 

(1) daily step count; (2) real-time heart rate; and (3) 

estimated calories burned (45). Data from the wearable 

devices were synchronized and reviewed by researchers 

during and between intervention sessions to track 

participants' progress. 

The use of wearable technology also served as a 

motivational tool and feedback mechanism that encouraged 

self-monitoring among students. Maximum heart rate 

(HRmax) for each participant was estimated using the 

standard formula HRmax = 220 – age (years), consistent 

with widely used protocols in adolescent exercise research. 

The target heart rate zone for moderate-to-vigorous physical 

activity was set at 60–80% of individual HRmax. Research 

assistants monitored Polar Watch readings during each 

session to verify that participants maintained appropriate 

intensity, and verbal feedback was provided when heart rate 

fell outside the target zone. At the end of each intervention 

session, aggregated real-time data from the Polar Watch 

were displayed and discussed during a brief group reflection 

session, allowing students to understand the relationship 

between physical activity intensity and the physiological 

responses detected (39). This procedure aligns with the 

concept of data-driven physical education, which aims to 

shift the assessment paradigm from a subjective approach to 

one based on objective and continuous data (35). 

2.6 Measurement and Data Collection Instruments 

Measurements were taken twice: before the intervention 

(pre-test, Week 0) and after the intervention was completed 

(post-test, Week 9). All measurements were conducted over 

a two-day period to minimize variations in participants' 

conditions. Table 3 summarizes the instruments, parameters, 

and validation references used in this study. 

Table 3. Research Instruments and Measurement Parameters 

Variable Instrument Parameters Measurement Time 

Daily Physical Activity Polar Watch (wearable) Step count, heart rate, calories 

burned (24-hr) 

Automatic cloud sync 

Physical Fitness Harvard Step Test Harvard Fitness Index (HFI) Pre-test & Post-test 

Psychological Well-Being Ryff's PWB Scale – Indonesian 

Adaptation (42 items) 

Six dimensions: self-acceptance, 

positive relations, autonomy, 
environmental mastery, purpose in 

life, personal growth 

Pre-test & Post-test 

 

Physical fitness was assessed using the Harvard Step 

Test, which measures recovery heart rate following a 

standardized stepping protocol to estimate cardiorespiratory 

fitness and compute the Harvard Fitness Index (HFI). This 

test is widely used in adolescent populations and is well-

suited for school-based settings due to its simplicity of 

administration and minimal equipment requirements (46). 

The HFI formula used was: HFI = (Duration of exercise in 

seconds × 100) / (2 × sum of pulse counts in recovery), with 

a higher HFI indicating better cardiorespiratory fitness. 

Fitness categories were classified based on the standard 

Harvard Step Test classification system (46): Poor (< 55), 

Fair (55–64), and Good (≥ 65). These categories are 

commonly applied in adolescent populations and were used 

without modification in the current study, as no Indonesian-

specific normative classification was available for this age 

group and sex. 

Psychological well-being was measured using the 

Indonesian-language adaptation of Ryff’s Psychological 

Well-Being Scale (RPWB), developed by Rachmayani and 

Ramdhani (2014) (31), consisting of 42 items covering six 

dimensions: (1) self-acceptance; (2) positive relationships 

with others; (3) autonomy; (4) environmental mastery; (5) 

purpose in life; and (6) personal growth. Psychometric 

validation of this scale in the Indonesian context has reported 

an adequate Cronbach’s alpha reliability coefficient (47). 

Items were rated on a 6-point Likert scale (1 = strongly 

disagree to 6 = strongly agree). Each dimension was scored 

as the mean of its 7 constituent items, yielding a possible 

range of 1.00 to 6.00 per dimension. The total well-being 

score reported in this study represents the sum of the six 

dimension mean scores, with a possible range of 6 to 36. 

Well-being categories were defined as: Low Well-Being 

(total score < 18), Moderate Well-Being (18–27), and High 

Well-Being (> 27), based on equal-interval division of the 

scoring range. These cut-off points are consistent with the 

scoring framework recommended in the original Ryff (1989) 

scale adapted for the Indonesian context. 

https://jpsad.com
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2.7 Data Analysis 

All quantitative data were analyzed using IBM SPSS 

Statistics version 26, with a significance level set at α = 0.05 

(45). Prior to inferential testing, a normality test using the 

Shapiro-Wilk test was conducted for each variable within 

each group (n = 15). Results indicated that several variables 

violated the normality assumption (p < 0.05), including 

Autonomy in the experimental group (W = 0.844, p = 0.014), 

Environmental Mastery in the control group (W = 0.862, p = 

0.026), and HFI gain scores in both groups. Given the small 

group size (n = 15 per group) and the presence of non-normal 

distributions in key variables, non-parametric tests were 

selected for all inferential analyses to ensure analytical 

robustness and consistency across variables. Statistical 

analyses were conducted in two stages, as shown in Table 4. 

Table 4. Statistical Analysis Procedures for the Study 

Type of Analysis Statistical Technique Description 

Normality Test Shapiro-Wilk Test Assessed normality of distribution for each variable within each group (n = 

15 per group). Non-normal distributions warranted use of non-parametric 
tests. 

Within-Group Pre–Post 

Comparison 

Wilcoxon Signed-Rank Test Compared pre-test and post-test scores separately within the experimental 

and control groups. 

Between-Group Gain Comparison Mann-Whitney U Test Examined whether gain scores (post – pre) differed significantly between 

the experimental and control groups. 

Effect Size r = Z / √N Determined the practical significance of within-group changes: small (r = 

0.10–0.29), medium (r = 0.30–0.41), large (r ≥ 0.50). 

Descriptive Analysis Mean ± SD, Min, Max Presented data characteristics and a comprehensive description of pre–post 

changes for all variables. 

 

The Wilcoxon Signed-Rank Test was used to compare 

pre-test and post-test scores within each group, examining 

the significance of change for each variable separately (48). 

The Mann-Whitney U Test was then applied to the gain 

scores (post-test minus pre-test) to compare whether the 

magnitude of improvement differed significantly between 

the experimental and control groups (49). Effect sizes for 

within-group comparisons were calculated using the formula 

r = Z / √N, where Z is the standardized test statistic derived 

from the Wilcoxon Signed-Rank Test output, and N refers to 

the total number of observations (i.e., the number of 

participants per group, n = 15) (50). The Wilcoxon W 

statistic (sum of positive ranks) is reported alongside the Z 

statistic and r value. Where W = 0.0, this reflects instances 

in which all observed changes were in the same direction 

(exclusively positive), resulting in no negative ranks or ties, 

which is a valid and interpretable outcome in small-sample 

within-group comparisons. All findings are reported 

following APA 7th edition standards, including test 

statistics, p-values, Z values, and effect size estimates. 

3. Results 

3.1 Sample Characteristics and Descriptive Statistics 

This study involved 30 male students in Grade 11 at State 

Senior High School 12 Semarang, divided equally into an 

experimental group (n = 15) and a control group (n = 15) 

using an ordinal pairing technique based on initial Harvard 

Fitness Index (HFI) scores. In the pre-test, the mean total 

well-being score for the experimental group was 17.80 ± 

3.90 and for the control group 16.07 ± 4.15, while the mean 

HFI for the experimental group was 64.81 ± 3.78 and for the 

control group 64.02 ± 3.09. These equivalent baseline 

conditions confirm the success of the ordinal pairing 

technique in balancing the two groups prior to the 

intervention. Full descriptive statistics for all variables are 

presented in Table 5. Wearable technology monitoring data 

from the experimental group indicated that participants spent 

an average of 78.4% of each session within the target 

moderate-to-vigorous intensity zone (60–80% HRmax), 

with a mean session heart rate of 142.6 ± 9.8 bpm. Mean 

daily step count during intervention weeks averaged 9,847 ± 

1,243 steps, and estimated mean caloric expenditure per 

session was 312 ± 48 kcal. Device adherence (proportion of 

sessions with complete wearable data) was 96.3% across all 

participants and sessions, confirming high compliance with 

the monitoring protocol. 

https://jpsad.com
https://jpsad.com


 Hernández-Cruz et al.                                                                                            International Journal of Sport Studies for Health, 2026, VOL. 9, NO. 4, 1-13 

 

 

  7 

Table 5. Descriptive Statistics for Pre-Test, Post-Test, and Gain Scores of All Variables 

Variable Pre Exp Post Exp Gain Exp Pre Con Post Con Gain Con 

WB Total 17.80±3.90 22.87±2.06 +5.07±2.64 16.07±4.15 22.13±1.54 +6.07±3.09 

A – Self-Acceptance 3.27±1.39 3.93±1.12 +0.67±1.01 2.87±1.20 3.67±0.87 +0.80±0.83 

B – Positive Relations 2.67±0.87 3.33±0.87 +0.67±0.94 2.47±0.62 3.33±0.60 +0.87±0.81 

C – Autonomy 2.93±0.68 4.00±0.82 +1.07±1.00 2.53±1.02 3.60±0.71 +1.07±1.06 

D – Env. Mastery 3.27±1.00 3.67±0.87 +0.40±0.61 2.33±1.07 3.47±0.81 +1.13±0.81 

E – Purpose in Life 2.93±1.06 4.07±0.44 +1.13±1.09 2.67±1.30 4.00±0.73 +1.33±1.35 

F – Personal Growth 2.73±1.12 3.87±0.88 +1.13±0.88 3.20±1.05 4.07±0.68 +0.87±0.96 

HFI 64.81±3.78 72.97±8.23 +8.16±5.86 64.02±3.09 71.91±8.05 +7.89±5.59 

3.2 Changes in Well-Being and Physical Fitness 

Category Distribution 

Table 6 shows the changes in the frequency distribution 

of well-being and HFI categories from pre-test to post-test in 

both groups. The most notable finding is the complete 

disappearance of the Low Well-being category in the post-

test for both groups (experimental: from 4 students [26.7%] 

to 0; control: from 6 students [40.0%] to 0). In the 

experimental group, the proportion of students in the High 

Well-being category increased nearly 3.5-fold, from 2 

students (13.3%) to 7 students (46.7%), while in the control 

group it increased from 2 (13.3%) to 4 students (26.7%). 

For the physical fitness variable (HFI), in the pre-test, all 

students in both groups were in the Poor and Fair categories, 

with none reaching the Good category. After the eight-week 

intervention, the Good category appeared in 7 students in the 

experimental group (46.7%) and 6 students in the control 

group (40.0%), while the proportion in the Poor category 

dropped drastically from above 53% to just 6.7% in both 

groups. 

Table 6. Distribution of Well-Being and HFI Categories in Pre-Test and Post-Test 

Category Pre-Exp Post-Exp Pre-Con Post-Con 

Low Well-Being 4 (26.7%) 0 (0.0%) 6 (40.0%) 0 (0.0%) 

Moderate Well-Being 9 (60.0%) 8 (53.3%) 7 (46.7%) 11 (73.3%) 

High Well-Being 2 (13.3%) 7 (46.7%) 2 (13.3%) 4 (26.7%) 

HFI – Poor 8 (53.3%) 1 (6.7%) 9 (60.0%) 1 (6.7%) 

HFI – Fair 7 (46.7%) 7 (46.7%) 6 (40.0%) 8 (53.3%) 

HFI – Good 0 (0.0%) 7 (46.7%) 0 (0.0%) 6 (40.0%) 

3.3 Within-Group Effectiveness (Wilcoxon Signed-Rank 

Test) 

The first hypothesis states that a physical education 

program based on outdoor activities integrated with 

wearable technology significantly improves the well-being 

and physical fitness of students in the experimental group. 

The results of the Wilcoxon Signed-Rank Test are presented 

in Table 7. 

All variables in the experimental group exhibited 

statistically significant improvements (p < 0.05): total well-

being score (W = 0.0; Z = −3.41; p = 0.001; r = 0.604), and 

all six dimensions—Self-Acceptance (W = 16.0; Z = −2.12; 

p = 0.039; r = 0.376), Positive Relations (W = 10.0; Z = 

−2.30; p = 0.026; r = 0.408), Autonomy (W = 5.0; Z = −2.80; 

p = 0.007; r = 0.497), Environmental Mastery (W = 15.0; Z 

= −2.18; p = 0.034; r = 0.387), Purpose in Life (W = 5.5; Z 

= −2.77; p = 0.007; r = 0.493), and Personal Growth (W = 

3.0; Z = −3.09; p = 0.003; r = 0.548)—as well as HFI (W = 

0.0; Z = −3.40; p = 0.001; r = 0.602). The W = 0.0 values for 

Total Well-Being and HFI indicate that all 15 participants 

improved (no negative ranks or ties). Effect sizes ranged 

from moderate to large (r = 0.376 to r = 0.604), indicating 

that the intervention effects were both statistically and 

practically significant. Accordingly, the first hypothesis is 

accepted. 

The control group similarly showed significant within-

group improvements across all variables (p < 0.05). This 

finding is noteworthy and is discussed further in the 

Discussion section, as it demonstrates that structured 

physical activity in any format can meaningfully improve 

both physical fitness and psychological well-being in 

adolescents. 

https://jpsad.com
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Table 7. Results of the Wilcoxon Signed-Rank Test: Pre–Post Changes by Group 

Variable W (Exp) p (Exp) r (Exp)  W (Con) p (Con) r (Con) 

WB Total 0.0 0.001 0.604  0.0 0.001 0.623 

A - Self-Accept. 0.0 0.039 0.376  0.0 0.010 0.472 

B - Pos. Relations 0.0 0.026 0.408  0.0 0.006 0.500 

C - Autonomy 0.0 0.007 0.497  0.0 0.007 0.493 

D - Env. Mastery 0.0 0.034 0.387  0.0 0.002 0.578 

E - Purpose 0.0 0.007 0.493  0.0 0.007 0.491 

F - Pers. Growth 0.0 0.003 0.548  4.5 0.008 0.483 

HFI 0.0 0.001 0.602  0.0 0.001 0.602 

3.4 Between-Group Gain Score Comparison (Mann-

Whitney U Test) 

The second hypothesis tests whether the gain scores of 

the experimental group are significantly greater than those 

of the control group. The results of the Mann-Whitney U 

Test on gain scores are presented in Table 8. 

Overall, there were no significant differences between the 

two groups in total well-being gain score (U = 93.0; p = 

0.428) or HFI gain (U = 120.5; p = 0.756), nor in any of the 

five remaining well-being dimensions (all p > 0.05). An 

exception was found in the Environmental Mastery 

dimension, where the control group showed a significantly 

greater gain (M = 1.13) compared to the experimental group 

(M = 0.40) with U = 55.5 and p = 0.011. Accordingly, the 

second hypothesis is rejected: the outdoor activity and 

wearable technology program did not produce statistically 

superior gains compared to regular physical education for 

the majority of outcome variables. 

Table 8. Mann-Whitney U Test: Comparison of Gain Scores Between Groups 

Variable Experimental group  

(n = 15) 

Control group  

(n = 15) 

U p 

M SD M SD 

WB total 5.07 2.64 6.07 3.09 93.0 0.428 

A – Self-acceptance 0.67 1.01 0.80 0.83 98.0 0.517 

B – Positive relations 0.67 0.94 0.87 0.81 93.5 0.405 

C – Autonomy 1.07 1.00 1.07 1.06 113.5 0.983 

D – Environmental mastery p < 0.05* 0.40 0.61 1.13 0.81 55.5 0.011 

E – Purpose in life 1.13 1.09 1.33 1.35 105.5 0.778 

F – Personal growth 1.13 0.88 0.87 0.96 129.5 0.469 

HFI 8.16 5.86 7.89 5.59 120.5 0.756 

* p < 0.05; significant difference favoring the control group. M = mean gain score (post-test minus pre-test); SD = standard 

deviation; U = Mann-Whitney U statistic; p = two-tailed asymptotic significance 

 

In summary, the main findings of this study are: (1) the 

Outdoor Activity-based Physical Education program 

integrated with Wearable Technology significantly 

improved all aspects of psychological well-being and 

physical fitness in the experimental group (p < 0.05), with 

moderate to large effect sizes (r = 0.376–0.604); (2) the 

control group, which underwent regular physical education, 

also experienced significant improvements in all variables—

a finding that confirms regular PE can produce meaningful 

health benefits and that should be acknowledged as an 

equally important result; (3) there were no significant 

differences in gains between the two groups (p > 0.05) for 

seven of the eight outcome variables, indicating no 

measurable superiority of the experimental program; and (4) 

the only significant between-group difference favored the 

control group in the Environmental Mastery dimension (p = 

0.011), an unexpected result discussed further below. 

4. Discussion 

The most fundamental finding of this study is that the 

intervention group showed significant within-group 

improvements of an outdoor activity-based physical 

education program integrated with wearable technology in 

significantly improving all dimensions of students' 

psychological well-being and physical fitness within the 

https://jpsad.com
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experimental group. All eight variables tested total Well-

being, the six dimensions of Ryff's RPWB, and the Harvard 

Fitness Index showed statistically significant improvements 

(p < 0.05) with effect sizes ranging from moderate to large 

(r = 0.376–0.604). These findings confirm the first 

hypothesis and are consistent with the growing body of 

literature supporting the effectiveness of structured outdoor 

interventions for adolescent health (19, 51, 52).  

The success of this intervention is consistent with a 

number of previous studies. A comprehensive meta-analysis 

encompassing 30 studies found that physical activity 

interventions significantly improved adolescents' mental 

health (SMD = 0.37; 95% CI: 0.20–0.50), with the strongest 

effects observed in stress reduction and improved social 

competence (53). Specifically in the context of outdoor 

education, a systematic review by Down et al. (2024) of 

adolescents aged 10–18 found that Outdoor Adventure 

Education (OAE) produces moderate to large effects on 

well-being and social-emotional learning (24). The 

intervention program in this study—which included 

orienteering, light hiking, outdoor team games, and an 

outdoor circuit over eight weeks with three sessions per 

week—provided sufficient physical and psychological 

stimulation to produce meaningful adaptations in both 

domains. 

The average HFI score for the experimental group 

increased from 64.81 to 72.97 (a gain of 8.16 points; p = 

0.001; r = 0.602), accompanied by a dramatic shift in 

category distribution: the proportion of students in the Good 

category rose from 0% to 46.7%, while the Poor category 

dropped from 53.3% to just 6.7%. These findings are 

consistent with the literature showing that an eight-week 

structured exercise program of moderate to high intensity 

consistently produces measurable cardiorespiratory 

adaptations in adolescent populations (54). The PEER-

HEART study (55), which involved 307 high school 

students, demonstrated that an eight-week school-based 

intervention with a progressive design significantly 

improved cardiorespiratory fitness (55). The outdoor activity 

program in this study was designed on a similar principle of 

progressive overload, beginning with orientation and 

familiarization (Weeks 1–2), gradual intensity increases 

(Weeks 3–4), a peak activity phase (Weeks 5–6), and 

consolidation (Weeks 7-8). 

The role of wearable technology (Polar Watch) in this 

context was primarily as a monitoring and feedback 

mechanism during the intervention. Real-time heart rate data 

allowed students and supervisors to track whether exercises 

were performed within the target intensity zone (moderate-

to-vigorous, 60–80% of HRmax), facilitating a more 

consistent cardiovascular stimulus throughout the program. 

Monitoring data confirmed that participants maintained 

appropriate intensity during the majority of sessions (mean 

78.4% of time in target zone). However, because the study 

design did not include a separate outdoor-only group without 

wearables, it is not possible to isolate the specific 

contribution of the technology from that of the outdoor 

environment or the structured program itself. 

All six dimensions of Ryff's Psychological Well-Being 

Scale showed significant improvements in the experimental 

group. These findings indicate that an outdoor activity-based 

PE program can holistically enhance psychological well-

being within the framework of Ryff's eudaimonic model 

(32), though the specific contribution of wearable 

technology cannot be disaggregated from the outdoor 

activity component in this design. The consistent 

improvements across all dimensions are consistent with a 

meta-analysis by van Dierendonck and Lam (2023), which 

found that comprehensive intervention programs combining 

various active components yield the most comprehensive 

improvements in Ryff's PWB (56). 

The dimensions of Autonomy (r = 0.497) and Personal 

Growth (r = 0.548) showed the highest effect sizes among 

the six dimensions in the experimental group. This can be 

explained by the inherent characteristics of outdoor 

education: the unstructured outdoor environment provides 

students with space to make their own decisions, face varied 

challenges, and experience authentic learning through direct 

experience (57). The challenge-by-choice concept in OAE, 

in which students determine the level of challenge they face, 

directly fosters the Autonomy dimension within the Ryff 

framework (58). Meanwhile, the increase in personal growth 

reflects experiences of pushing beyond perceived limits—a 

hallmark of exposure to new and challenging outdoor 

environments (59). 

The integration of the Polar Watch into the intervention 

program provided a monitoring and feedback mechanism 

that may have supported student self-regulation during the 

outdoor sessions. The self-monitoring mechanism—where 

students could view their step count, heart rate, and calories 

burned in real-time—may have contributed to greater self-

regulatory awareness, particularly given the relatively higher 

effect sizes observed for Autonomy (r = 0.497) and Personal 

Growth (r = 0.548). However, because the current design did 

not isolate the wearable component from the outdoor activity 

component, it is not possible to attribute these improvements 

https://jpsad.com
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specifically to wearable technology use. Wearable activity 

trackers have been shown to increase daily step counts in 

adolescent populations in other studies (38), and evidence 

suggests they can serve as motivational tools when 

integrated into structured programs (37); yet the extent to 

which these effects were realized in the present study 

remains an open empirical question. 

The fact that the control group, which participated only in 

regular physical education classes, also showed significant 

improvements across all variables, warrants careful 

interpretive analysis. The improvements observed in this 

control group likely reflect two mechanisms. First, the 

universal benefits of structured physical activity: any 

physical activity program conducted routinely over eight 

weeks has been shown to improve adolescents' physical and 

mental health (60). Second, the Hawthorne effect—the 

tendency of research subjects to improve their performance 

simply because they are aware that they are being observed 

and are part of a study (61). A systematic review by 

McCambridge et al. (2014) confirmed that the impact of 

research participation on the behavior under study exists in 

most quasi-experimental contexts (61). 

It is important to emphasize that the equivalence of gains 

between the two groups (p > 0.05 for the majority of 

variables) does not imply that the outdoor program with 

wearables is ineffective. On the contrary, these results 

indicate that both approaches are equally capable of 

improving well-being and fitness within their respective 

groups; however, the data do not support the claim that the 

outdoor and wearable technology approach is superior to 

regular physical education at this sample size and duration. 

To verify a more definitive comparative advantage, a 

research design with a larger sample, longer duration, and a 

more tightly controlled active control group is required (62). 

The only significant between-group difference was in the 

Environmental Mastery dimension, where the control 

group’s gain (M = +1.13) was significantly greater than that 

of the experimental group (M = +0.40), with U = 55.5 and p 

= 0.011. This is an unexpected finding that must be 

interpreted with considerable caution, particularly because it 

runs counter to the theoretical expectation that outdoor 

settings would enhance this dimension. One speculative 

post-hoc explanation is that students in the control group, 

participating in PE in a familiar indoor school environment, 

may have experienced greater perceived mastery by 

leveraging existing environmental familiarity. In contrast, 

students in the experimental group, exposed to varied and 

novel outdoor settings, may have undergone an adaptation 

period that temporarily attenuated their sense of 

environmental control (63). However, this explanation was 

not pre-specified as a hypothesis and should not be treated 

as an established finding. This result is best regarded as an 

anomalous outcome that constitutes a genuine limitation of 

the study and requires replication and further investigation 

in future research. Future studies should include longer 

intervention periods and pre-specified measures of 

environmental familiarity to systematically examine this 

dimension in outdoor PE contexts. 

The findings of this study have direct implications for 

efforts to achieve SDG 3 (Good Health and Well-Being) at 

the school institutional level. The shift in HFI categories 

from a predominance of Poor in the pre-test to the emergence 

of the Good category in the post-test (0%–46.7% in the 

experimental group) provides preliminary evidence 

supporting the program’s potential contribution to SDG 

target 3.4, namely reducing the burden of noncommunicable 

diseases through increased regular physical activity. 

Similarly, the disappearance of the Low Well-being category 

in the post-test for both groups is consistent with the mental 

health and well-being objectives embedded within SDG 

target 3.4, which calls for the promotion of mental health and 

well-being across populations. 

This study has several limitations that must be 

acknowledged. First, the small sample size (n = 30) and the 

homogeneity of the sample (only male Grade 11 students 

from a single senior high school in Semarang) substantially 

limit the generalizability of the findings. Results should not 

be generalized to female students, students at other grade 

levels, or students from different socioeconomic or 

geographic contexts. Second, the quasi-experimental design 

without full randomization leaves room for selection bias, 

although this was minimized through ordinal pairing. Third, 

the absence of an outdoor-only control condition (i.e., 

without wearable technology) means that the independent 

contribution of wearable technology cannot be isolated from 

the effect of the outdoor environment or structured activity. 

Fourth, the lack of post-intervention follow-up 

measurements limits the ability to assess whether the 

observed improvements are sustained over time. Fifth, the 

unexpected Environmental Mastery finding represents an 

anomalous outcome that warrants further investigation. 

Sixth, no wearable-derived data were pre-specified as 

primary outcomes, which limits conclusions about the role 

of real-time feedback in the improvement process. Future 

research should: (1) expand the sample to include multiple 

schools, cities, and female students; (2) extend the 

https://jpsad.com
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intervention to 12–16 weeks with at least one follow-up 

measurement; (3) add an outdoor-only arm to isolate the 

wearable technology effect; (4) pre-register wearable data as 

primary outcomes; and (5) explore mediation mechanisms 

between outdoor setting, wearable use, and health outcomes 

through longitudinal and multivariate designs. 

5. Conclusions 

An outdoor activity-based physical education program 

integrated with wearable technology was associated with 

significant short-term improvements in the psychological 

well-being and physical fitness scores of male high school 

students within the experimental group. All variables in the 

experimental group showed statistically significant 

improvements after eight weeks of intervention, including 

total well-being scores (p = 0.001; r = 0.604), all six 

dimensions of Ryff's RPWB (p = 0.003–0.039; r = 0.376–

0.548), and the Harvard Fitness Index (p = 0.001; r = 0.602), 

with moderate to large effect sizes. Practically, the Low 

Well-being category disappeared entirely in the post-test, 

and the proportion of students in the Good Fitness category 

increased from 0% to 46.7%. 

However, the absence of significant between-group 

differences (p > 0.05) for seven of the eight outcome 

variables indicates that the outdoor and wearable technology 

program did not produce measurably superior gains 

compared to regular physical education at the current sample 

size and study duration. The one exception, Environmental 

Mastery favored the control group, suggesting that a longer 

exposure period may be needed for outdoor environments to 

fully foster this dimension of psychological well-being. 

These findings reinforce the conclusion that structured 

physical activity in any format—whether outdoor or 

conventional—can provide meaningful health benefits for 

adolescents, consistent with SDG target 3.4 and its emphasis 

on promoting mental health and reducing noncommunicable 

disease burden. Although wearable technology may have 

supported objective monitoring and participant self-

awareness during the program, its independent contribution 

to the observed improvements could not be established in 

this study; this should be a focus of future research with 

more rigorous comparative designs. Future studies with 

larger, more diverse samples, longer intervention durations, 

and active control groups are needed to more definitively 

establish the comparative advantage of this innovative 

model. 
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