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Background: Physical activity levels are declining among middle and high school students, and schools could provide an ideal space for engaging adolescents in physical activity. The study aimed to assess physical activity levels among male and female middle to high school students and the impact of perceived school climate.

Methods: This longitudinal study utilized the Georgia Student Health Survey (GSHS) from 2016 to 2020, with change in the proportion of physically active students as an outcome and school climate measures as predictors. Factor analysis yielded a composite index for each school climate measure. Descriptive analysis measured the trend and male vs. female differences in physical activity. A multivariable linear regression model was developed to assess the impact of school climate on physical activity and male–female differences.

Results: The decline in physical activity with increasing grade levels was notably more pronounced in females than males. Improvement in the perception of school climate measures was consistently linked to an increased proportion of physically active students as they progressed to higher grades (for example, change in perception of school connectedness: β = 5.39; p < 0.001).

Conclusion: The study findings underscore the importance of fostering positive school climates to mitigate the decline in physical activity levels, especially among adolescent females.
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1 Introduction

Inactivity is a global concern; 3 in 4 adolescents (11–17 years old) do not meet the World Health Organization (WHO) recommended 60 min (mins) or more of moderate-to-vigorous intensity physical activity (MVPA) (1, 2). Regular physical activity among adolescents could improve cardiorespiratory fitness, muscle mass growth, metabolic syndrome, and mental health (3–6). Regardless of the myriad benefits of being physically active, studies report a declining trend of physical activity among adolescents (7, 8). A study by the WHO among 1.6 million adolescents reported that 81% of 11-17-year-old school children are not meeting the recommended level of physical activity (7). Further, recent studies have reported that a higher proportion of female adolescents are not meeting the recommended physical activity levels compared to male adolescents (9, 10). A longitudinal study found a significant decline in mean minutes (mins) of MVPA between prepubertal and pubertal periods from 52.1 min to 42.6 min for girls, compared to 61.4 min to 49.3 min for boys (11). Such a decline in physical activity during the transition from childhood to adolescence is particularly concerning as many studies continue showing a positive impact of physical activity on physical and mental health (12–14). For example, a higher frequency of physical activity among adolescents was significantly associated with reduced odds of mood disorder, bipolar II disorder, and general psychological distress (5). There is a need to identify new areas of population health-based interventions in large settings to address global inactivity.

Schools could provide that opportunity for engaging adolescents in physical activity, as they offer structured settings and social opportunities that can significantly influence students’ behavior (15). According to Social Cognitive Theory, individuals are influenced by both personal and environmental factors, suggesting that the school climate, a key environmental factor, can shape students’ physical activity levels (16). A study by Owen et al. found that 73.7% of adolescents want to get involved in physical activity at school, and 88.8% want to do such physical activities with their friends (17). This indicates that peer relationships, a critical component of school climate, can compound students’ motivation to participate in physical activity. Further, schools can foster a motivational environment that prioritizes personal improvement and effort over competition (18). Such an environment fosters a supportive and inclusive atmosphere that could encourage all students to participate in physical activities, regardless of their skill levels (19). A study by van Sluijs et al. found that a school climate with a motivational environment and comprehensive school-based physical activity programs was associated with improved physical activity levels among students (20). These school climates include school support environment (rules and adult guidance present at school), school connectedness (likeness to school, feeling of fit and success, and connection with others at school), peer social support (connection with other students in the school), school physical environment (care and conditions for the school), cultural acceptance (perception of diversity acceptance at school), school safety (self-perceived safety of school, occurrence, and involvement in a fight at school), peer victimization (extent of bullying by peers), and adult social support (student’s perception of teachers’ attitude toward the students) (21).

A review by WHO found that school-based programs, such as increased physical education, active classrooms, and regular sports activities, significantly improved physical activity levels and academic achievement (22). This is corroborated by observational and experimental studies, which consistently demonstrate the positive impact of a supportive school climate on students’ physical activity levels and academic achievement (23–28). Further, studies have reported that school climate-related barriers, such as a lack of social support from friends and teachers, accessible places, and professional physical education teachers, are associated with declining physical activity levels among students (29, 30). The evidence strongly suggests that a positive school climate can significantly influence students’ physical activity levels. However, to our knowledge, there is no longitudinal research on the impact of school climate on adolescents’ physical activity levels. This study extends the existing body of knowledge on the association of school climate with student physical activity.

In the United States (US), the Centers for Disease Control and Prevention’s (CDC) recommendation is consistent with the WHO recommendation of 60 min of MVPA (31), however, physical activity is consistently decreasing with age among adolescents in the United States (32) as it is globally. In the United States, the state of Georgia (GA) has high differences in physical activity levels among male vs. female adolescents; a majority (57%) of high school male students were physically active compared to only 35% of their female counterparts in 2017 (21). GA is also a state in the southern US with high rates of sedentarism among adolescents; 15.4% of children aged 5–17 are obese, 24% of high school students do not meet their 60 min of MVPA requirement, and 41.2% report using a computer for three or more hours for something other than related to school work (8). Thus, we base this study in Georgia to assess physical activity levels among male and female middle to high school students and the impact of perceived school climate.



2 Methods


2.1 Participants and study design

This study followed a longitudinal design to study the impact of school climate on adolescents’ physical activity (PA) levels using secondary data from an anonymous survey of middle and high-school students—the Georgia Student Health Survey (GSHS) 2.0 from 2016 through 2020. The GSHS is a standardized annual statewide anonymous survey developed by the Georgia Department of Education (GDoE) in collaboration with the Georgia Department of Public Health (GDPH) and research universities, and has been administered since 2001 by the GDoE (33). The GSHS survey is primarily used for School Climate Star Ratings for all Georgia Public Schools; participation is mandatory for public schools with passive parental permission and is optional for private schools (34, 35). The data is collected every school year from October to February; as such, the data for a calendar year also includes the last quarter of the previous year (35).

The data setup allowed longitudinal tracking of physical activity levels and school climate separately for male and female students within each grade as they advanced in grade (from 6th to 12th grade) within each participating school. Individual student responses were aggregated up to the class level separately for male and female students using the grade variable to aggregate individual responses. GSHS is an anonymous survey, and even though longitudinal analysis at the individual level is impossible, it provides opportunities for longitudinal analysis at the grade level. The students that make up a grade cluster could change year over year, but the study assumes that the cluster behavior does not change over time. The assumption is based on the homogeneity of the student body served by school districts in the US, where home addresses govern which school students go to, and homes in a school district have similar social determinants of health (36, 37).

Under GA code 20–2-291, high schools in GA contain any grade above grade eight, and middle school contains no grade below grade four or above grade eight (38). This standard definition of middle and high school grades helped to ensure uniformity across Georgia schools for setting up the data for longitudinal analysis. Grades four and five were excluded from the study data because GSHS collects data on those grades using an elementary school survey with limited questions on school climate measures. Amidst COVID-19, a shortened version of the “Voluntary Student Wellness Survey” was conducted, which replaced the GSHS 2.0 for 2021 and 2022 (34). Therefore, this study did not include data from 2021 and 2022. Data collection for 2020 was conducted from October 2019 to February 2020, and the school closure due to COVID-19 in Georgia started on March 18, 2020 (39). Therefore, COVID-19-related school closures had no impact on the response rate in 2020. The study data included 3,423,888 middle and high school students (51.25% females) from the schools with at least two consecutive years of data across the study period (2016–2020).



2.2 Study measures

We used self-reported PA and school climate measures from the GSHS. Specifically, the measure of PA was based on the response to the following question: “In the past 7 days, how many days were you physically active for at least 60 min at school or home?” with possible responses “Not at all,” “1 day per week,” “2–3 days per week,” and “4–5 days per week.” Though the highest response level of “4–5 days per week” does not completely align with the aforementioned WHO and CDC’s recommendations for PA for youth in this age group (2, 31), previous studies (21, 40, 41) have used it to define being physically active. Given this limitation, we dichotomized the responses into two categories: physically active (coded 1 if responded “4–5 days per week”) and less physically active (coded 0 for all other responses), instead of using met/not met the physical activity requirement.


2.2.1 Longitudinal outcome measure: change in physical activity

The outcome measure was the change in the proportion of physically active male and female students (
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 the number of physically active and total number of male and female students, respectively, in grade G in school year Y within school S; m/f = female/male, G = Grades 6th to 12th, and Y = 2016 to 2020.



2.2.2 Measures of school climate

Eight measures of school climate: school connectedness, peer social support, adult social support, cultural acceptance, physical environment, school safety, peer victimization, and school support environment were used, based on previous studies (21, 42–48). Students’ perception of each school climate measure was assessed on a four-point Likert scale, where a higher score denotes a higher level of agreement on perceptions, i.e., 1 = strongly disagree, 2 = somewhat disagree, 3 = somewhat agree, and 4 = strongly agree. The questions on school climate were measured across all study years (2016–2020). However, the questions were revised in 2019, resulting in the exclusion of 6 questions out of 44 questions that were assessed during 2016–2018. Our study is based on the 38 questions consistently asked across all study years (questions related to the study are presented in Appendix Table A1). We reordered some responses (identified in Appendix Table A1 with an asterisk) to ensure consistency across all questions such that positive responses were assigned higher values. For example, in the question “My school is well maintained,” the highest response (strongly agree) is positive and is thus assigned a higher value. However, for the question “I have felt unsafe at school or on my way to or from school,” the highest response (strongly agree) is negative and is reordered so that the strongly disagree (positive response) is assigned a higher value. GDoE conducted exploratory and confirmatory factor analyses during their initial validation to group the school climate-related questions into these measures (48, 49). Further, reliability assessment by GDoE using measurement invariance analyses has found these questions and their respective school climate measures to be consistent overall and across race/ethnicity and male/female students (48).

There were four to seven questions for each school climate measure. We conducted principal component factor analyses for each school climate measure to reduce the dimensionality of the eight school climate measures, following the technique used in earlier studies using GSHS data (21, 40, 48). From the four to seven questions within each school climate measure, the principal component analysis yielded a single latent factor for each school climate measure that met the latent factor selection criteria of the factor with an Eigenvalue greater than one for each measure. Appendix Table B1 outlines the Eigenvalues of each latent factor. We used the resulting measure of latent indices for each student on each school climate measure to aggregate it up to the class level separately for female and male students within each grade. Similar to the change in the proportion of physically active students (longitudinal outcome measure), the change in perception of school climate between grades by gender was obtained by subtracting the average perception of school climate measures of a lower grade from a higher grade by gender. Therefore, a negative value in the change shows a decline in school climate perception.




2.3 Data analysis

A descriptive analysis of the proportion of physically active male and female students by grade was conducted, combined for all years and separately for each year. Then, we tested the grade level association and differences between male and female students using a multiple linear regression model (Equation 2) with the proportion of physically active students (
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Second, we developed multiple unadjusted linear regression models (Equation 3) to test the association between the change in the perception of school climate measures (
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In these models, the 
Δ
Y is the change in year due to grade transition (for example Grade 6 in 2016 transition to Grade 7 in 2017), i.e., 2016–2017, 2017–2018, 2018–2019, and 2019–2020.

Lastly, following a change score method (50), we developed our final multiple linear regression models (Equation 4) with the change in the proportion of physically active students as a function of the change in perception of school climate measures (
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), proportion of physically active students in the previous grade (i.e., baseline), grade, male/female, and a categorical-by-continuous interaction term for male/female and change in perception of school climate measures. The models were run separately for each school climate measure.
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In these models, 
Δ
G
 is the grade transition, i.e., Grade 6-to-Grade 7, Grade 7-to-Grade 8, Grade 8-to-Grade 9, Grade 9-to-Grade 10, Grade 10-to-Grade 11, and Grade 11-to-Grade 12.

In all models with the school year, we used the school year as a fixed effect to account for possible omitted variable bias due to year-to-year changes in levels of physical activity. We also clustered the standard errors at the school level to account for possible bias as a result of school system-level factors that may affect physical activity. R version 4.1.0 was used to conduct data analysis with the RStudio integrated development environment. A p-value of <0.05 was used as the criterion for significance reporting.




3 Results

We found the proportion of students who reported being physically active decreased from grade 6 to grade 7 and so on until grade 12 across all study years. The proportion of physically active male students was higher than the proportion of physically active female students in each grade; and the decrease in the proportion of physically active students in grade 6 vs. grade 12 was higher among females compared to males, i.e., the mean (yearly) decrease from grade 6th to grade 12th for females was 17.23%, and for males was 7.87% (Appendix Table C1). Figure 1 shows that the decrease among females was significantly more pronounced compared to male students across all years combined (Figure 1a) and each year separately (Figures 1b–f). The linear regression results (shown in Appendix Table D1) confirm the widening gender gap in physical activity as adolescents advance through the grades. The results show negative and significant coefficients in grades 10, 11, and 12 compared to grade 6 across all years. Results also show a significant negative coefficient for the interaction term and generally increase from lower to higher grades for females, suggesting a higher decrease among female students compared to male students.

[image: Six line graphs depict the proportion of physically active students by grade (6 to 12) and gender from 2016 to 2020. In each graph red lines represent makes and blue lines represent females. Across all years, higher proportion of male students are physically active than females with this proportion decreasing across both gender as grades increase. The trend is consistent throughout the years.]

FIGURE 1
 Proportion of physically active students and 95% confidence interval (CI) by gender from grade 6 to 12 for all years combined and by year (a) 2016 to 2020 (b) 2016, (c) 2017, (d) 2018, (e) 2019, and (f) 2020.


We found a significant positive unadjusted association between the change in the perception of school climate measures and the change in the proportion of physically active students among all students and male and female students separately, except for cultural acceptance and peer victimization (Table 1). The results suggest that with an improved perception of school climate, there is an improvement in the proportion of physically active students. The coefficients were higher for peer social support for female students (7.744, p value<0.001), whereas it was school connectedness for male students (8.001, p value <0.001).


TABLE 1 Unadjusted association of changes in the proportion of physically active students with changes in the perception of school climate measures for all students, female-only and male-only students.


	Year-to-year changes in school climate measures
	Year-to-year changes in proportion of physically active students



	All students
	Female-only
	Male-only

 

 	Peer social support 	7.755*** 	7.744*** 	7.713***


 	School connectedness 	7.532*** 	7.049*** 	8.001***


 	School support environment 	7.073*** 	7.237*** 	6.961***


 	School safety 	4.944*** 	4.697** 	5.258***


 	Physical environment 	4.885*** 	5.698*** 	4.102***


 	Adult social support 	3.664*** 	4.280*** 	2.992*


 	Cultural acceptance 	2.706*** 	3.336** 	2.036


 	Peer victimization 	0.036 	−2.062 	1.764





*p < 0.05; *p < 0.01; ***p < 0.001; study years were included in the model as a covariate, and the standard errors were clustered at the school level.
 

The adjusted final model confirms that a change in the perception of school climate measures is significantly associated with a change in the proportion of physically active students. For example, a one-unit increase in change in the perception of school connectedness was significantly (p-value <0.001) associated with a 5.397 unit increase in a year-over-year increase in the proportion of physically active students. It means that there was nearly a one-to-five unit effect for change in the proportion of physically active students as the change in perception of school connectedness increased from grade to grade (Table 2). As shown in Table 2, the same directionality was observed for all school climate measures except cultural acceptance and peer victimization. However, the effect of the perception of school climate on physical activity did not differ significantly by gender (Appendix E1). Appendix Table E1 presents the full results summarized in Table 2.


TABLE 2 Impact of year-to-year changes in school climate measure on year-to-year changes in the proportion of physically active students.


	School climate measures
	Year-to-year changes in proportion of physically active studentsa

 

 	School connectedness 	5.397***


 	School support environment 	5.284***


 	Peer social support 	5.179***


 	Physical environment 	3.563***


 	School safety 	2.951**


 	Adult social support 	2.224*


 	Cultural acceptance 	1.145


 	Peer victimization 	0.573





*p < 0.05, **p < 0.01, ***p < 0.001.

a The outcome variable is the change in proportion of physically active students, the predictor of interest is the changes in school climate perception and includes a two-way interaction of changes in school climate perception with male/female. All models include year fixed effect, and the standard errors are clustered at the school level. All models were run separately for each school climate measure.
 



4 Discussion

We used 5 years (2016 to 2020) of state population-based self-reported data from middle and high school students in a state with established differences in physically active male and female students. The study objective was to identify the impact of changing perceptions of school climate on changing physical activity levels. We found a decrease in the proportion of physically active students as students advanced in grade, with a statistically significantly higher decline among female students compared to male students. Similarly, we found that the improved perception of school climate as students’ progress through the school system, i.e., moving to higher levels, improves physical activity, as evidenced by the significant positive association of grade-to-grade improved perception of school climate measures with grade-to-grade increases in the proportion of physically active students.


4.1 Trend in physical activity among middle and high school students

The study findings on the decreasing proportion of physically active students with a higher decline among females, are consistent with previous literature (51, 52). The results also suggest a significant drop in the proportion of physically active students during the transition from middle to high school, which could be due to the fact that in the US, physical activity instruction tends to be more regimented after students leave elementary and middle school (53), and the nature of physical education in higher grades could have accentuated such gender differences (54).

Looking closely, we observe that the boys increase their physical activity in middle school but then drop off as they transition to high school in 9th grade. It could be due to self-sorting by high school students into either a high-intensity physical activity (athletic teams) or only taking the more general physical education to meet the required one credit hour of physical education course requirement in the study state (55). Moreover, the single-credit physical education course can be taken online (56), thus disincentivizing physical activity. It is common among students to take physical education courses online during summer, further plummeting physical activity opportunities for students who are not participating in school sports teams. Girls show a more consistent downward trend without the distortion around school transition points showing an ongoing decline in physical activity during the pre-pubertal and pubertal phases. The finding raises concern for adolescents’ health as they transition to adulthood, and such a decrease in physical activity is associated with a higher risk for cardiovascular disease (CVD), type 2 diabetes, high blood pressure, and obesity (57–60) and is a threat to adolescent mental health (61–63). Interventions to prevent the decline in physical activity at school transition points appear essential to maintaining physical activity, particularly among female adolescents.



4.2 Impact of school climate on physical activity

Our finding builds on previous research, including cross-sectional studies and systematic reviews, indicating that the odds of being physically active increased with a positive perception of school climate that includes supportive school environments, school connectedness, peer social support, school physical environments, school safety, and adult social support (21, 64). School connectedness, school support environment, and peer social support were identified as the most important dimensions (effect size > 5), consistent with current literature that shows a strong association between physical activity and school connectedness (65–68), school support environment (64, 69), and peer social support (70–73). Such a phenomenon could be explained by the social development model, which proposes that individual students’ feeling of attachment and commitment (i.e., school connectedness) to the school environment due to support system available at the school promotes standards for positive behavior (such as involvement in exercise or sports) that are consistent with the standards and values of the school around physical activity (74–76). Additionally, as adolescents grow, they spend more time with their friends who share similar preferences toward physical activity, and the Youth Physical Activity Promotion (YPAP) model proposes that such peer social support acts as a reinforcing factor to motivate and ensure continued physical activity participation (77).

Likewise, our study and the current literature suggest that adult social support (71, 73, 78–80) and physical environment (64, 81, 82) are associated with physical activity among adolescents. Availability of school physical environment, such as proper school buildings, access to playgrounds and sports facilities, increases students’ access to resources and equipment. The YPAP model suggests that in a school environment that fosters a motivational environment to build students’ self-efficacy, the availability of such physical resources acts as an enabling factor to engage students in physical activity, further reinforced by the parental support at home and teachers/mentors in school settings (77). Similarly, our study and a 2023 analysis of the National Youth Risk Behavior Survey highlight how safety concerns at school could impact physical activity (83). Any experiences that threaten safety or perceived safety might discourage adolescents from engaging in outdoor physical activities such as walking or playing in parks (84). Such opportunities could be further limited by restrictions from parents due to safety concerns and/or poor physical environments (85, 86).



4.3 Implications of findings on public health

The current study and the extent of evidence highlight that investing in improving all components of school climate could help schools reduce the declining trend of physical activity in higher grades. These school climates are interrelated and call for attention to implement holistic interventions that aim to improve the overall school climate. Adolescents spend significant time in school, and the UN sustainable development goals must include schools as an avenue to provide the infrastructure and access to physical activity opportunities to promote their health and well-being.

Besides improved physical activity, improving school climate would have other positive consequences, such as improved academic performance (87–89). Studies have also found the mental health status of adolescents to be likely improved by better school climate, such as school safety, reduced peer victimization and bullying, and school support (90–92). Thus, schools need to pursue evidence-based strategies to improve their climate, such as the CDC’s six strategies to improve school connectedness (93) or published practical guidelines that provide step-by-step procedures to improve climate utilizing the high schools’ existing multitiered framework of outcomes, data, practices, and systems (94). Similarly, schools could focus on improving teacher-student relationships, student–student relationships, and rule clarity as studies have found improved perceptions of students’ relationships with teachers and other peers to reduce peer victimization and bullying and improve school safety (95–97). A longitudinal study among elementary school students found that the change in physical activity depends on school characteristics such as recess time, integrated physical activity programs, free and reduced lunch provision, and geographic location (98).



4.4 Strengths and limitations

This study has a few limitations. The survey responses were prone to bias and measurement errors due to the self-reported nature of the questions used to measure physical activity level and school climate perception among middle and high school students. Similarly, we were unable to differentiate between physical activity at home or school; the overall physical activity levels are still indicative of the general physical activity behaviors of the participants. Additionally, the highest level of response on physical activity measure was “4–5 days per week,” which is close to the recommended level but does not align perfectly with the WHO and CDC’s recommended level of physical activity. Thus, caution should be used while interpreting the results on physical activity as the study measures higher vs. lower physical activity levels instead of meeting the physical activity requirement vs. not. Potential confounding due to factors such as the demographic background of the students such as race/ethnicity, socio-economic background, and their parents’ characteristics were not directly controlled for, however, in the US school system the schools serve a neighborhood that has similar race/ethnicity, socio-economic background, and parents’ characteristics and our models cluster standard errors at the school level. The GDoE does not release data with both race/ethnicity and school name to ensure data anonymity, nor does it collect information on digital devices use among adolescents. Similarly, GSHS did not have information on availability and accessibility to resources (especially financially), the rural/urban location of the school, and neighborhood socio-economic status, which could impact the school’s ability to improve its school climate environment. Furthermore, the study was conducted at grade level, as the GSHS was an anonymous survey, and longitudinal follow-up of individual students was not feasible. However, the mandatory participation requirement for public schools allowed for longitudinal follow-up at the grade level for each school, and the homogeneity of the student body served by school districts in the US can safely be assumed (36, 37). Caution needs to be taken while interpreting the findings from this study as the results are drawn from group-level data with the assumption of similar distribution of student body over time, and missing potential confounding variables such as demographic characteristics and school-level contextual factors.

Despite these limitations, the study’s main strength is the longitudinal assessments of the impact of changed perceptions of school climate on changes in the proportion of physically active students from population-based data that requires a 75% participation rate from all middle and high schools of GA (99). Previous studies have either conducted longitudinal assessments with a single school climate measure only or are limited to cross-sectional studies, whereas we incorporate recent data to study all school climate measures. Future longitudinal studies at the individual level that accounts for students’ socio-demographic characteristics (such as social origin) and behavioral characteristics, along with school-level contextual factors (such as geographical location of schools, access to resources, and neighborhood characteristics) are needed to provide robust causal estimate on the impact of school climate on physical activity and assess the presence of any heterogeneous treatment effect by sex, race/ethnicity or school-level characteristics. Additionally, future studies should also strive to measure the physical activity level in detail, such as the level of energy expended, to assess the impact of school climate on different levels of physical activity.




5 Conclusion

The study showed a declining trend in the proportion of physically active students as they advanced in grade, particularly among females. Moreover, our study suggests that improvement in school climate will help increase physical activity among students as they progress to higher grades. This connection underscores the importance of fostering positive school climates to mitigate the decline in physical activity levels. Schools should implement evidence-based interventions to improve the school climate and promote physical activity in higher grades for overall adolescent health.
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