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Abstract

:

School-based health promotion interventions have been shown to lead to measurable changes in the nutrition and physical activity behaviors. This study examines whether the impact of an intervention program on students’ healthy eating and physical activity was mediated by teacher training and engagement in health promotion. The trial was conducted in three phases: needs assessment of the baseline survey of teachers, mothers’ and children; intervention among seven randomly selected schools that included teacher training in healthy eating and physical activity; and a post-intervention evaluation survey. The SPSS PROCESS for Hayes (Model8) was used to determine moderation and mediation effects. The difference in difference (DID) was calculated for the three main outcomes of the study: eating breakfast daily (DID = 17.5%, p < 0.001); consuming the recommended servings of F&V (DID = 29.4%, p < 0.001); and being physically active for at least 5 days/week (DID = 45.2%, p < 0.001). Schoolchildren’s eating breakfast daily was mediated by their teachers’ training in nutrition (β = 0.424, p = 0.002), teachers’ engagement (β = 0.167, p = 0.036), and mothers preparing breakfast (β = 1.309, p < 0.001). Schoolchildren’s consumption of F&V was mediated by teachers’ engagement (β = 0.427, p = 0.001) and knowing the recommended F&V servings (β = 0.485, p < 0.001). Schoolchildren’s physical activity was mediated by their teachers’ training in physical activity (β = 0.420, p = 0.020) and teachers’ engagement (β = 0.655, p < 0.001). Health behavior changes in the school setting including improvements in eating breakfast, consuming the recommended F&V and physical activity was mediated by teacher training and engagement. Effective teacher training leading to teacher engagement is warranted in the design of health-promotion interventions in the school setting.
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1. Introduction


The school setting is an optimal environment for health promotion in children. As children spend most of their day in school, the school framework can powerfully influence eating habits [1] and physical activity [2], and provide a safe and supportive environment that enables children to learn and implement healthy practices [3,4]. Schools can play a critical role in the prevention of overweight and obesity in children. Additionally, utilizing existing social settings such as a school can facilitate dissemination of health interventions [5]. Although many successful school-based interventions have been described, there is limited understanding of the underlying mechanisms of healthy eating and physical activity behavior changes in school-based interventions [6].



Teachers are considered both gatekeepers in implementing intervention programs [7] and stakeholders in creating a sense of ownership towards the program [8]. They are fundamental partners in developing and modifying classroom practices, policies and strategies [7] within the school setting. Students in elementary schools consider teachers to be role models as well as educators [9,10]. This dual role increases teachers’ impact on students’ behaviors. As role models, teachers’ consumption of healthy food in the classroom provides an effective opportunity for teaching children to make healthy choices. Fostering teachers’ commitment, interest, and competence in contributing to the program is therefore essential for a successful health promotion program [9,10]. A recent review of teachers’ training programs suggested that the teacher training component of school-based physical activity interventions is under-reported and under-studied, and the role and impact of teacher training is insufficiently understood [11].



A mediator can be defined as a necessary intervening variable, needed to complete the pathway from an intervention to the targeted behavioral outcome [12]. A mediation analysis is considered the tool for assessing the mediators of an intervention effect. It also gives a better understanding of the different components of an intervention and determines their effectiveness [13]. The current literature suggests that the understanding, conduction and presentation of the mediation analysis present a challenge [13]. However, mediation analysis in the assessment of intervention trials has been proven to be useful when conducted properly, as it statistically identifies an intermediate variable that relates an independent variable to an outcome [14]. Furthermore, randomized controlled trials are regarded as the ‘gold standard’ for healthy eating and physical activity interventions, thus providing a valuable opportunity to identify the mediators of behavioral changes [15].



This study tests the hypothesis that the impact of an intervention program on students’ healthy eating and physical activity is mediated by teachers’ training and engagement in health promotion.




2. Materials and Methods


2.1. Study Design and Participants


A randomized controlled intervention program trial was carried out in 14 girls’ elementary schools in East Jerusalem, with random allocation stratified by the four groups of schools that operate in East Jerusalem (schools are operated by the Palestinian Authority (P.A.), the Jerusalem Municipality, the United Nations Relief and Works Agency (UNRWA) or are privately owned). The study design included independent cross-sectional samples of female schoolchildren in the 4th and 5th grades and their mothers, comparing health behaviors in the samples from the intervention and the control group, before and after the 2-academic-year intervention.



The students were the primary target population for the intervention, whereas the secondary target populations were the teachers and the mothers at these schools.



Theoretical framework: The study process was designed using the socio-ecological model, which identifies the position of the individual within a larger social system and describes the individuals’ and environments’ characteristics that affect the health outcomes [16]. The intervention was carried out in three stages: needs assessment, intervention and evaluation (described in detail elsewhere [17]). Stage one: Needs assessment—a semi-structured interview was conducted with all 14 school principals, and a structured self-administered questionnaire was used with all 373 teachers. School inspection tours were completed to assess the school’s health environment. A random sample of 4th- and 5th-grade classes was selected, in which all mothers and their daughters were asked to answer a self-administered questionnaire which was based on a validated translation of the Health Behavior of School Children questionnaire (HBSC) [18]. The height and weight of the children were measured during this stage. These measurements provided the baseline for planning the intervention.



Stage two: Intervention—Schools were stratified by administering body and randomized into intervention and control groups. Data collected at each school were collated and analyzed and presented via power point and written report to representative from each school, including the principals, their deputies and teachers. Data from that school were compared to the composite study data. This was followed by participatory planning and implementation of the intervention in each of the 7 schools based on their particular needs and assets. The health promotion program was designed, implemented and administered by a steering committee in each of the schools, consisting of teachers, mothers, and children. In each school, a teacher was appointed as the program coordinator and headed the health steering committee. The health steering committee consisted of representatives of teachers, mothers, schoolchildren and the owner of the canteen (8–10 individuals). Although each school planned their activities according to their specific needs and assets, ideas were shared through the researcher and the school health coordinator’s visits to other intervention schools. Teachers in each intervention school underwent training which is detailed below. The program activities were monitored by the researcher through regular visits twice a month. The implementation team met every four to six weeks to review the progress.



Stage three: the same assessment questionnaires for both intervention and control schools among a different sample of children from grades 4 and 5, their mothers, and all the teachers. The study has been described in detail elsewhere [19].




2.2. Intervention Content


The 18-month-intervention included seven educational workshops for mothers held in each of the schools (120–150 min long), focusing on the importance of healthy eating (Mediterranean diet pattern) and physical activity. The schools were encouraged to create a supportive health environment and health-promoting policies, such as decorating with health messages at the classrooms and staircases; playgrounds were decorated to encourage physical activity and the canteen offerings were changed, integrating health messages into morning announcements and health content into the curriculum. The teacher capacity building program included intensive training of all teachers through a five-session training program that was held during the first year of the intervention. Each session was 120–150 min long and was presented by professionals in the fields of nutrition, physical education and health promotion. The teachers’ training program was conducted in each school separately, by the same professional team. Teachers’ sessions incorporated methods that promote healthy eating and physical activity in the school setting, in addition to building a school health promotion program. The curriculum for the training sessions was in accordance with the research goals and objectives and based on the needs assessment.



The health promotion programs designed by the steering committees at each school included numerous components designed to implement changes in school policies and the environment to promote healthy nutrition and physical activity. Examples include a checklist to record the schoolchildren’s daily habits of eating breakfast before school, drinking milk, and bringing healthy lunches. Weekly/monthly rewards were offered to the schoolchildren based on healthy habits; these rewards included healthy snacks or school stationery. The schoolchildren were instructed to eat in class under the supervision of their teachers who in return had to set an example by consuming healthy breakfast themselves, followed by an active break in school yards that had been set up with traditional games. The intervention activities encompassed the whole school setting and not only the sampled 4th and 5th graders.




2.3. Measures


The primary outcomes of the study, eating breakfast, fruit and vegetable consumption, and physical activity on the part of the schoolchildren were measured pre- and post-intervention using a validated Arabic translation of the Health Behavior of School Children questionnaire (HBSC) [18]. Eating daily breakfast was coded as yes if the child answered “always”, and no if the child answered “sometimes and never”. To ensure the validity of the schoolchildren’s responses in the questionnaire, their answers regarding consumption of daily breakfast were compared to the follow-up checklists obtained from one of the intervention schools, in which also recorded daily breakfast consumption was recorded during the last three months of the intervention.



The responses to the questions regarding average daily consumption and servings of fruits and vegetables were coded into two categories of less than five or greater than or equal to five servings per day. This was calculated by multiplying the number of days per week the schoolchildren consume fruits by the number of daily servings divided by seven, the same was carried out to calculate the intake of vegetables. To assess their physical activity habits, schoolchildren responded to the following question “over the past 7 days, on how many days were you active in sport at least one hour per day”, which was categorized into two categories: less than five or greater than or equal to five days a week of physical activity. Knowing the recommended daily servings of vegetables & fruits; was converted to 3 categorical variables: (1) do not know, (2) might know and (3) know.



Teachers’ level of engagement in or intention to become engaged in health promotion at school was measured as an ordinal variable based on the “Transtheoretical Model”, using the “stages of change” technique [20]. This was assessed in the pre- and post-intervention questionnaires, teachers were asked to choose statements that best described their stage of readiness with respect to engagement in health promotion at their school; then question was categorized into engaged, intend to be engaged and not engaged. For further analysis, those who responded “intend to be engaged” were coded as not engaged, leading to a dichotomous variable (engaged vs. not engaged)




Teacher’s training in health promotion was assessed using 9 thematic items assessing their training in healthful eating, physical activity. A Likert scale was used for each item, ranging from no training (1 point) to highly trained (5 points). Cronbach’s alpha of the responses to this scale was 0.87, suggesting scale reliability. Score were summed and averaged by the number of responses, leading to an average score of training ranging from 1 (no training in all subjects) to 5 (highly trained in all subjects). This average was categorized into (1) low level of training (1–2 points), (2) moderate level of training (3 points), and (3) high level of training (4–5 points).






2.4. Statistical Analyses


A time variable was defined as the pre- versus post-intervention sub-samples, where the pre- and post-intervention sub-samples were independent of each other, yet were homogeneous in the intervention schedule. Thus, time was set as an independent effect.



A logistic regression was designed to calculate the probability of engagement of teachers in health promotion as a response to a variety of independent variables, where the dependent variable was the binary decision to engage versus not to. The outcomes of the logistic regression were the probabilities of engaging in the health promotion program [21].



A stepwise likelihood ratio logistic regression model was built for identifying independent explanatory factors (i.e., school types of ownership, religion, mothers’ education level and employment status, crowding index, birth order, and teacher’s engagement in health promotion) on schoolchildren eating breakfast daily, engaging in physical activity and being overweight and obese, which were all categorized into a dichotomous scale. Specifically, this stepwise regression was hierarchical in the sense that research factors, healthy eating and physical training, were entered last, to assess their additional effect to the explanatory power of the model by means of R2 change and F.



The moderated mediation model was used in order to examine the research hypothesis that the impact of the intervention program (time: before versus after) on students’ healthy eating and physical activity will be mediated by teachers’ engagement in health promotion, subject to the moderating effect of group affiliation. Model 8 was used from Hayes’s PROCESS for SPSS [22] (Figure 1), which describes the moderating effects (AKA interaction) of the intervention group versus the control on two regression pathways: the pathway from X (time; pre- versus post-intervention, see measure definition above) to the mediator M (teachers’ training type), and the pathway from X to Y (the dependent variables—schoolchildren eating breakfast, consuming recommended quantity of fruits and vegetables and physical activity) (W to M; W to Y). That is, the effect of the independent variable time on the dependent variables may be mediated by another variable termed as “mediator” (mothers’ behavior, teachers’ engagement in health promotion and training, and environmental changes), while the “moderator”, the intervention group, would lead to differences in the degree of mediation, thus in the setting of moderated mediation, for each intervention group we expected the mediation effect to be different. Note that according to Figure 1, the group moderation was set to affect both the pathway from the independent time to the mediators, and from time to the dependent variable. Thus, the indirect effect from X to Y through M may vary by group. The “covariates” school type and crowding index (as a proxy to social class) were controlled for as they might be confounders.



To calculate the net effect of the intervention for each of the main outcome (dependent) variables, the difference in differences (DID) of post- minus pre-intervention among the intervention population was calculated in relation to the post- minus pre-intervention among the control population using WinPepi [23], where the prevalence and standard error (SE) were calculated for each of the intervention and control groups at the pre and post intervention, and then the difference between their means was calculated. Simply put, the DID is an odds ratio which reflects the net change in the intervention group over time when taking into consideration the changes that occurred in the control group over the same time. This enables an accounting for factors other than the treatment that may influence the outcome over time, and helps overcome selection bias. To verify the answer, logistic regression was used, which gave identical results.





3. Results


897 schoolchildren participated in the pre-intervention study, while the sample at the post-intervention assessment included 866 schoolchildren (mean age = 11.02 SD ± 0.73, mean family size was 7.1). Table 1 presents the socio-demographic characteristics of the study population by school ownership. About 94% were Muslims, while 6% were Christians, all attending private schools. The mean family size was 7.1; Schoolchildren from Municipality, P.A and UNRWA had more siblings compared to those in private schools. Schoolchildren from Municipality and UNRWA schools reported a higher crowding index (residents per room) compared to those attending PA and private Schools. Eighty one percent of the mothers did not work and 20% had a diploma or higher education. Further detailed description of the participants has been reported previously [17]. The post-intervention assessment showed improvements in the intervention schools regarding the formal and informal training teachers received in healthy eating and physical activity (Figure 2).



The post intervention assessment indicated a significant net difference in outcomes between the intervention and control schools. For eating breakfast daily, the DID was 17.5% (p < 0.001); for consuming the recommended servings of fruits and vegetables, it was 29.4% (p < 0.001); and for being physically active for at least 5 days per week, it was 45.2% (p < 0.001). The odds ratio for finding a difference in the intervention group compared to the control group for eating breakfast was 1.82 (CI 1.02–3.25, p = 0.042); for eating the recommended servings of fruits and vegetables it was 1.98 (CI 1.03–3.81, p = 0.040); and for physical activity, it was 6.6 (CI 3.16–11.56, p < 0.001), when controlled for baseline predictors. The post-intervention assessment showed that the odds ratio of an increase in overweight and obesity in the intervention group was 0.73 (OR= 0.73, 95% CI 0.57–0.94, p = 0.016).



3.1. Mediators and Moderators of Teachers’ Engagement


Teacher training in healthy eating and physical activity was evaluated and tested separately to determine the effect on teachers’ engagement in the school health promotion program (Figure 3). The school’s type of ownership was used as a covariate in both models—that is, an additional control beyond the model elements. The coefficient for the interaction between time and group in the model of training in healthy eating was 0.397, which was statistically different from zero (p < 0.001). The effect of training in healthy eating on teachers’ engagement, controlled for all other variables in the regression was 0.412, and it was statistically different from zero (p < 0.001). This indicates that the higher the self-assessment of training score the teachers received, the more they became engaged. The model also provides the significant indirect effect of the interaction (time X group) on teachers’ engagement through self-assessment of teacher training in healthy eating, which is the product of the above-mentioned coefficients (β = 0.164, SEboot = 0.066, 95% CIboot = 0.0635–0.3205). This conditional indirect effect was significant for the intervention group (β = 0.204, SEboot = 0.066, 95% CIboot = 0.090–0.3482) and not for the control group (β = 0.040, SEboot = 0.038, 95% CIboot = −0.204–0.640), where the 95% bootstrap confidence interval for these indirect effects was wholly above zero in the intervention and not in the control.



There was also a statistically significant indirect effect of the interaction (time X group) on teachers’ engagement through teachers’ self-assessment of training in physical activity (β = 0.081, SEboot = 0.048, 95% CIboot = 0.013–0.205) (Figure 4). This was detected in the intervention group and not in the control. The conditional indirect effect for the intervention group (β = 0.111, SEboot = 0.048, 95% CIboot = 0.033–0.223) was higher than that in the control group (β = 0.030, SEboot = 0.028, 95% CIboot = −0.011–0.100), where the 95% bootstrap confidence interval for these indirect effects was wholly above zero in the intervention and not in the control.




3.2. Predictors/Mediators of Schoolchildren’s Health Behavior


Table 2 shows the coefficients and standard error of the mediation of teachers’ engagement mediation on schoolchildren eating breakfast daily, predictors and covariates. There was a statistically significant indirect effect of the interaction (time X group) on schoolchildren’s consumption of daily breakfast through their teachers’ engagement (β = 0.092, SEboot = 0.045, 95% CIboot = 0.052–0.186). The conditional indirect effect for the intervention group (β = 0.130, SEboot = 0.062, 95% CIboot = 0.006–0.249) was higher than that of the control group (β = 0.039, SEboot = 0.019, 95% CIboot = 0.003–0.079), where the 95% bootstrap confidence interval for these indirect effects did not include zero in the intervention and the control (Table 2). The crowding index was used as a covariate. The table also shows similar results for mothers’ preparing breakfast and teacher’s training.



There was also a statistically significant indirect effect of the interaction (time X group) on schoolchildren consuming the recommended number of daily servings of fruits and vegetables via teachers’ engagement (β = 0.250, SEboot = 0.065, 95% CIboot = 0.145–0.396). The conditional indirect effect for the intervention group (β = 0.336, SEboot = 0.080, 95% CIboot = 0.185–0.507) was higher than that of the control group (β = 0.086, SEboot = 0.025, 95% CIboot= 0.043–0.146), where the 95% bootstrap confidence intervals for these indirect effects were wholly above zero in the intervention and the control. Mothers’ level of education was used as a covariate since this was associated with the children’s consuming the recommended daily servings of fruits and vegetables at baseline (Table 3). In addition to teachers’ engagement, the table also presents the mediation analysis for schoolchildren’s knowledge on the outcome of schoolchildren consuming recommended servings of fruits and vegetables.



There was also a statistically significant indirect effect of the interaction (time X group) on physical activity in schoolchildren more than 5 times a week through teachers’ engagement in HP (β = 0.361, SEboot = 0.060, 95% CIboot = 0.257–0.496). This was detected in the intervention group and not in the control. The conditional indirect effect for the intervention group (β = 0.512, SEboot = 0.074, 95% CIboot = 0.381–0.678) was higher than that in the control group (β = 0.151, SEboot = 0.032, 95% CIboot= 0.097–0.229), where the 95% bootstrap confidence interval for these indirect effects was wholly above zero in both the intervention and the control. The crowding index was used as a covariate since this variable was a predictor for being physically active for more than five times a week at the baseline (Table 4). Living in a crowding index of more than two persons per room decreased the probability of being physically active by 60% (95% CI 0.20–0.74). The table also shows the coefficients and standard error of teachers’ training on schoolchildren being physically active (≥5 times/week) predictors and covariates.





4. Discussion


This study found that positive outcomes in a school-based health promotion program were mediated by the teachers’ training and engagement in health promotion. Specifically, there was a significant impact of training on teacher engagement in school HP, and teacher engagement affected student behavior regarding healthy eating and physical activity.



In previous studies on nutrition and physical activity behavior changes in children, mediation analysis added to the understanding of the mechanism of the changes [24], as it permits the researcher to identify which of the intervention components were directly or indirectly associated with the behavior changes [25]. Another study on self-efficacy and behavioral capability also showed the mediating effect of teachers on the behavioral changes among children [26]. Such evidence creates a guide for the development, implementation, evaluation and modification of future interventions and enhances the understanding of how the results were achieved [13]. This study is the first, to our knowledge, that quantifies the mediating role of teacher training and teacher engagement in school-based health promotion targeting nutrition behaviors and physical activity.



These findings add to the descriptive literature that suggests that training of teachers and coordinators is a major component in the success of school-based health promotion interventions [27,28] and interventions specifically targeting physical activity [29,30]. Such training could effectively motivate the teachers in implementing the behavioral changes curricula in the classrooms [31]. A number of cross-sectional studies found a positive association between training staff in physical education and the students’ physical activity [11]. Teacher training enables the teachers to be well-informed of the changes that will occur due to the intervention and to be able to fulfill their intended roles in the implementation [32]. As has been recognized by many studies, training can enrich teacher knowledge, attitudes, health behaviors, and teaching skills towards the training subject [33,34].



Health promotion training also influences teachers’ health self-efficacy [27]. Other intervention studies found that teacher training in health promotion is positively associated with increased efficacy in implementing new health curriculum compared with the teachers who do not receive this training [35]. As part of the teacher capacity building in this program, all teachers in the school were given the opportunity to received intensive training in healthy eating and physical activity. This differs from other similar programs that trained only 50% of the teachers [36] or just one teacher in each school [37].



The teachers training program in this intervention sought to increase teachers’ knowledge and attitude towards healthy eating and physical activity, and targeted integration of these topics into varied subjects of teaching. For example, the mathematics teacher started giving examples using fruit and vegetables, the geography teacher used examples of where/how certain foods are grown in the country, etc. Teachers have the ability to integrate the elements of wellness and health into their educational curriculum, which can greatly enhance the effectiveness of a program’s nutrition education [38]. It is recommended that integration of health topics into the curriculum be comprehensive rather than simply a one-time class topic [38].



This study demonstrated that the training program increased the teachers’ engagement in health promotion. In one school, teachers decided to have a competition between them to show which has the best students. Other smaller studies have also identified the role of teacher engagement in forwarding health promotion [28,39] programs, but this remains an understudied element in school-based health promotion [11]. In this study, the teachers set out a role model for their schoolchildren by eating healthy breakfast in class, with their schoolchildren daily. When the schoolchildren started eating in class, they viewed their teachers’ eating habits and were encouraged by their teachers to consume healthier food products and to decrease their intake of salty snacks, chocolates, and sweetened juices.



Limitations


This program was implemented only in girls’ elementary schools in East Jerusalem, and effectiveness among boys’ schools or mixed classrooms requires further testing. Similarly, the majority of teachers in this study were female. The questionnaire was self-administered by children in grades 4 and 5, which could have influenced its validity and reliability. Studies show that results from self-administered questionnaires tend to minimize social desirability bias compared to interviewer administration [40]. The investigator was present during data collection, but to minimize this bias, students were told that there were no right or wrong answers. As with all moderation-mediation models, unidentified confounders may affect the causal interpretation of the findings. The randomized nature of the study and varied schools should minimize these effects. The Hayes’s PROCESS for SPSS technique is also limited by the necessity of discretizing the variables, for example engagement, which may lead to loss of information on more subtle differences.





5. Conclusions


This study examined the mediation effect of teachers’ training and engagement on school-based interventions. Our findings confirm the hypothesis that the positive impact of a school-based health promotion intervention targeting students’ healthy eating and physical activity behaviors was mediated by teachers’ training and engagement in health promotion. To summarize, this study suggests that teacher training and increased engagement are key features that will enhance the efficacy of interventions targeting healthy eating and physical activity. Teachers should be trained prior to program implementation in accordance with the program content in order to increase their engagement in health promotion.



Moreover, mechanisms to promote teacher engagement should be further explored, and teacher training and engagement should be emphasized in school-based health promotion interventions. Implementation of school health promotion education programs with teachers and school staff, including methods to incorporate health education into the standard curriculum, as well as support in planning and implementing activities to promote healthy behaviors is likely to increase the likelihood of effective school-based interventions.







Author Contributions


M.N.H.: conceptualization, methodology, software, validation, formal analysis, investigation, resources, data curation, writing—original draft preparation, visualization, project administration. D.R.Z.: review and editing. M.D.: conceptualization, methodology, review and editing, supervision. All authors have read and agreed to the published version of the manuscript.




Funding


This study is a part of Ph.D. degree. The researcher received scholarship from Joint Distribution Committee (JDC) (20K NIS). The author thanks Nutrition and Health Research Institute Al-Quds University for funding part of the research (4K NIS). The Linda Joy Pollin Cardiovascular Wellness Center for Women at the Division of Cardiology of Hadassah University Medical Center, funded the mothers’ activities and lectures towards the end of the intervention (7K NIS), as well as the implementation of the program at the control schools one year after the study ended (50K NIS), as they were promised when they got selected.




Institutional Review Board Statement


The study was approved by the Hebrew University of Jerusalem/Authority for Research Students Committee. Approval from Israeli Ministry of Education, Palestinian Ministry of Education, UNRWA Office of Education Department and private schools’ principal was obtained.




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Data are available upon reasonable request.




Acknowledgments


The authors thank the participating schools, the Palestinian Ministry of Education, the UNRWA Office of Education and Jerusalem Municipality for facilitating fieldwork. I would like to acknowledge my gratitude to my doctoral thesis supervisors, Elliot Berry and Ziad Abdeen.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Vereecken, C.; Bobelijn, K.; Maes, L. School food policy at primary and secondary schools in Belgium-Flanders: Does it influence young people’s food habits? Eur. J. Clin. Nutr. 2005, 59, 271–277. [Google Scholar] [CrossRef] [PubMed]

	



Wechsler, H.; Devereaux, R.S.; Davis, M.; Collins, J. Using the school environment to promote physical activity and healthy eating. Prev. Med. 2000, 31, S121–S137. [Google Scholar] [CrossRef]

	



World Health Organization. Technical Report Series 916. Diet, Nutrition and the Prevention of Chronic Disease: Report of Joint WHO/FAO Expert Consultation. 2003. Available online: http://whqlibdoc.who.int/trs/who_trs_916.pdf (accessed on 1 August 2013).

	



Wang, Y.; Wu, Y.; Wilson, R.F.; Bleich, S.; Cheskin, L.; Weston, C.; Showell, N.; Fawole, O.; Lau, B.S.J. Childhood Obesity. Prevention Programs: Comparative Effectiveness Review and Meta-Analysis. Comparative Effectiveness Review No. 115; Johns Hopkins University Evidence-Based Practice Center: Baltimore, MD, USA, 2013. Available online: https://www.academia.edu/13981409/Childhood_obesity_prevention_programs_comparative_effectiveness_review_and_meta-analysis (accessed on 1 March 2022).

	



World Health Organization. Global School Health Initiative. Health Promoting School; World Health Organization: Geneva, Switzerland, 1998; Available online: http://www.who.int/school_youth_health/gshi/en/ (accessed on 1 January 2012).

	



De Bourdeaudhuij, I.; Van Cauwenberghe, E.; Spittaels, H.; Oppert, J.-M.; Rostami, C.; Van Lenthe, F.; Lobstein, T.; Maes, L. School-based interventions promoting both physical activity and healthy eating in Europe: A systematic review within the HOPE project. Obes. Rev. 2011, 12, 205–216. [Google Scholar] [CrossRef] [PubMed]

	



Fullan, M. The New Meaning of Educational Change, 4th ed.; Teachers College Press: New York, NY, USA, 2007. [Google Scholar]

	



Wang, D.; Stewart, D. The implementation and effectiveness of school-based nutrition promotion programmes using a health-promoting schools approach: A systematic review. Public Health Nutr. 2013, 16, 1082–1100. [Google Scholar] [CrossRef]

	



World Health Organization. The Status of School Health. Report of WHO Expert Committee on Comprehensive School Health Education and Promotion; World Health Organization: Geneva, Switzerland, 1996. [Google Scholar]

	



Global School Health Initiative World Health Organization. Health Education and Promotion Unit. Report 96.2; In Improving School Health Programmes-Barriers and Strategies; World Health Organization: Geneva, Switzerland, 1996. [Google Scholar]

	



Lander, N.; Eather, N.; Morgan, P.J.; Salmon, J.; Barnett, L.M. Characteristics of teacher training in school-based physical education interventions to improve fundamental movement skills and/or physical activity: A systematic review. Sport Med. 2017, 47, 135–161. [Google Scholar] [CrossRef]

	



Brown, H.; Hume, C.; Pearson, N.; Salmon, J. A systematic review of intervention effects on potential mediators of children’s physical activity. BMC Public Health 2013, 13, 165. [Google Scholar] [CrossRef]

	



Mhatre, V.; Ho Kelsey, C.; Martin, J.-A.L. Mediation analyses: Applications in nutrition research and reading the literature. Bone 2012, 23, 1–7. [Google Scholar] [CrossRef]

	



Van Stralen, M.M.; Yildirim, M.; Velde, S.T.; Brug, J.; Van Mechelen, W.; Chinapaw, M.J.M. What works in school-based energy balance behaviour interventions and what does not A systematic review of mediating mechanisms. Int. J. Obes. 2011, 35, 1251–1265. [Google Scholar] [CrossRef]

	



Risica, P.M.; Tovar, A.; Palomo, V.; Dionne, L.; Mena, N.; Magid, K.; Ward Stanton, D.; Gans, K.M. Improving nutrition and physical activity environments of family child care homes: The rationale, design and study protocol of the “Healthy Start/Comienzos Sanos” cluster randomized trial. BMC Public Health 2019, 19, 419. [Google Scholar] [CrossRef]

	



Sallis, J.F.; Owen, N.; Fisher, E.B. Ecological Models of Health Behavior. In Health Behavior and Health Education: Theory, Research, and Practice, 4th ed.; Glanz, K., Rimer, B.K., Viswanath, K., Eds.; Jossey-Bass: San Francisco, CA, USA, 2008; pp. 465–482. [Google Scholar]

	



Nubani-Husseini, M.; Berry, E.; Abdeen, Z.; Donchin, M. Dietary patterns and physical activity among Palestinian female schoolchildren in East Jerusalem. Southeast Eur. J. Public Health 2016, 5, 1–13. [Google Scholar] [CrossRef]

	



Al Sabbah, H.; Vereecken, C.; Kolsteren, P.; Abdeen, Z.; Maes, L. Food habits and physical activity patterns among Palestinian adolescents: Findings from the national study of Palestinian schoolchildren (HBSC-WBG2004). Public Health Nutr. 2007, 10, 739–746. [Google Scholar] [CrossRef] [PubMed]

	



Husseini, M.N.; Donchin, M. School-based intervention to promote healthy nutrition and physical activity in palestinian girls-process evaluation. Southeast Eur. J. Public Health 2020, 14, 1–16. [Google Scholar] [CrossRef]

	



Prochaska, J.O.; Johnson, S.; Lee, P. The Transtheoretical Model of Behavior Change; Shumaker, S.A., Ockene, J.K., Reikert, K.A., Eds.; Springer Publishing Company: Berlin/Heidelberg, Germany, 2009. [Google Scholar]

	



Agresti, A. Categorical Data Analysis, 2nd ed.; John Wiley & Sons, Inc.: New York, NY, USA, 2002. [Google Scholar] [CrossRef]

	



Hayes, A. PROCESS: A versatile computational tool for observed variable mediation, moderation, and conditional process modeling. Open J. Bus. Manag. 2012, 4, 1–39. [Google Scholar]

	



Abramson, J.H.; Abramson, Z. Research Methods in Community Medicine. Serveys, Epidemilological Research, Programme Evaluation, Clinical Trials., 6th ed.; John Wiley & Sons: Chichester, UK, 2008. [Google Scholar]

	



Lubans, D.R.; Foster, C.; Biddle, S.J.H. A review of mediators of behavior in interventions to promote physical activity among children and adolescents. Prev. Med. 2008, 47, 463–470. [Google Scholar] [CrossRef] [PubMed]

	



Cerin, E.; Mackinnon, D.P. A commentary on current practice in mediating variable analyses in behavioural nutrition and physical activity. Public Health Nutr. 2009, 12, 1182–1188. [Google Scholar] [CrossRef]

	



Salmon, J.; Jorna, M.; Hume, C.; Arundell, L.; Chachine, N.; Tienstra, M.; Crawford, D. A translational research intervention to reduce screen behaviours and promote physical activity among children: Switch-2-Activity. Health Promot. Int. 2011, 26, 311–321. [Google Scholar] [CrossRef]

	



Jourdan, D.; Samdal, O.; Diagne, F.; Carvalho, G.S. The future of health promotion in schools goes through the strengthening of teacher training at a global level. Promot. Educ. 2008, 15, 36–38. [Google Scholar] [CrossRef]

	



Gadais, T.; Caron, T.; Ayoub, M.B.; Karelis, A.; Nadeau, L. The role of the teacher in the implementation of a school-based intervention on the physical activity practice of children. Int. J. Environ. Res. Public Health. 2020, 17, 7344. [Google Scholar] [CrossRef]

	



Kriemler, S.; Zahner, L.; Schindler, C.; Meyer, U.; Hartmann, T.; Hebestreit, H.; Brunner La Rocca, H.P.; van Mechelen, W.; Puder, J.J. Effect of school based physical activity programme (KISS) on fitness and adiposity in primary schoolchildren: Cluster randomised controlled trial. BMJ 2010, 340, c785. [Google Scholar] [CrossRef]

	



Okely, A.D.; Cotton, W.G.; Lubans, D.R.; Morgan, P.J.; Puglisi, L.; Miller, J.; Wright, J.; Batterham, M.J.; Peralta, L.R.; Perry, L. A school-based intervention to promote physical activity among adolescent girls: Rationale, design, and baseline data from the Girls in Sport group randomised controlled trial. BMC Public Health 2011, 11, 658. [Google Scholar] [CrossRef]

	



Weaver, R.G.; Webster, C.A.; Beets, M.W.; Brazendale, K.; Chandler, J.; Schisler, L.; Aziz, M. Initial outcomes of a participatory-based, competency-building approach to increasing physical education teachers’ physical activity promotion and students’ physical activity: A pilot study. Health Educ. Behav. 2018, 45, 359–370. [Google Scholar] [CrossRef]

	



Leger, L.S. Reducing the barriers to the expansion of health-promoting schools by focusing on teachers. Health Educ. 2000, 100, 781–787. [Google Scholar] [CrossRef]

	



Wong, M.C.S.; Sun, J.; Lee, A.; Wong, M.; Le, A.; Cheng, F.; Wei, K.; Ho, Q.M.; Sun, J. The impact of a newly designed resilience-enhancing programme on parent- and teacher-perceived resilience environment among Health Promoting Schools in Hong Kong. J. Epidemiol. Commun. Health 2009, 63, 209–214. [Google Scholar] [CrossRef] [PubMed]

	



Adamowitsch, M.; Gugglberger, L.; Dür, W. Implementation practices in school health promotion: Findings from an Austrian multiple-case study. Health Promot. Int. 2017, 32, 218–230. [Google Scholar] [CrossRef] [PubMed]

	



Shepherd, J.; Pickett, K.; Dewhirst, S.; Byrne, J.; Speller, V.; Grace, M.; Almond, P.; Roderick, P. Initial teacher training to promote health and well-being in schools—A systematic review of effectiveness, barriers and facilitators. Health Educ. J. 2016, 75, 721–735. [Google Scholar] [CrossRef]

	



Lee, A.; St Leger, L.; Cheng, F.F.K. The status of health-promoting schools in Hong Kong and implications for further development. Health Promot. Int. 2007, 22, 316–326. [Google Scholar] [CrossRef]

	



Lee, A.; St Leger, L.; Moon, A. Evaluating health promotion in schools: A case study of design, implementation and results from the Hong Kong Healthy Schools Award Scheme. Promot. Educ. 2005, 12, 123–130. [Google Scholar] [CrossRef]

	



Prelip, M.; Erausquin, J.T.; Slusser, W.; Vecchiarelli, S.; Weighman, H.; Lange, L.; Newmann, C. Role of classroom teachers in nutrition and physical education. Calif. J. Health Promot. 2006, 4, 116–127. [Google Scholar] [CrossRef]

	



Chalkley, A.E.; Routen, A.C.; Harris, J.P.; Cale, L.A.; Gorely, T.; Sherar, L.B. A retrospective qualitative evaluation of barriers and facilitators to the implementation of a school-based running programme. BMC Public Health 2018, 18, 1189. [Google Scholar] [CrossRef]

	



Di Noia, J.; Cullen, K.W.; Monica, D. Social desirability trait is associated with self-reported vegetable intake among women enrolled in the special supplemental nutrition program for women, infants, and children. J. Acad. Nutr. Diet. 2016, 116, 1942–1950. [Google Scholar] [CrossRef]








[image: Ijerph 19 03128 g001 550] 





Figure 1. Conceptual Model 8. 






Figure 1. Conceptual Model 8.
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Figure 2. Teachers’ characteristics (%) in each school for intervention vs. control at baseline and post-intervention—blue is pre intervention and red is post intervention. 
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Figure 3. Empirical model results for teachers’ engagement and their training in healthy eating. 
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Figure 4. Empirical model for teachers’ engagement & their training in physical activity. 
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Table 1. Schoolchildren’s socio-demographic characteristics of the study population in each school ownership at both baseline and post-intervention.






Table 1. Schoolchildren’s socio-demographic characteristics of the study population in each school ownership at both baseline and post-intervention.





	

	
Baseline

	
Post-Intervention




	
Control

	
Intervention




	
School Type

	
JM

	
PA

	
UNRWA

	
Private

	
Total

	
JM

	
PA

	
UNRWA

	
Private

	
Total

	
JM

	
PA

	
UNRWA

	
Private

	
Total






	
Number of Schoolchildren

	
400

	
236

	
136

	
125

	
897

	
191

	
122

	
65

	
42

	
420

	
192

	
116

	
71

	
67

	
446




	
Schoolchildren’s Grade (%)




	
4th Grade

	
49.8

	
50.0

	
49.3

	
51.2

	
49.9

	
54.5

	
52.5

	
46.2

	
61.9

	
53.3

	
45.3

	
49.1

	
50.7

	
47.8

	
47.5




	
5th Grade

	
50.2

	
50.0

	
50.7

	
48.8

	
50.1

	
45.5

	
47.5

	
53.8

	
38.1

	
46.7

	
54.7

	
50.9

	
49.3

	
52.2

	
52.5




	
Schoolchildren’s Age




	
Mean

	
11.02

	
11.00

	
11.10

	
10.98

	
11.02

	
11.01

	
11.05

	
10.86

	
11.14

	
11.01

	
11.10

	
10.86

	
11.05

	
11.01

	
11.02




	
SD

	
0.70

	
0.78

	
0.85

	
0.71

	
0.75

	
0.73

	
0.70

	
0.73

	
0.81

	
0.73

	
0.69

	
0.63

	
0.71

	
0.72

	
0.69




	
Maximum

	
13

	
14

	
14

	
13

	
14

	
13

	
12

	
13

	
13

	
13

	
13

	
12

	
13

	
12

	
13




	
Minimum

	
10

	
9

	
10

	
9

	
9

	
10

	
10

	
10

	
10

	
10

	
10

	
10

	
10

	
10

	
10




	
Birth Order (%)




	
1

	
19.2

	
19.1

	
16.9

	
29.6

	
20.6 ***

	
22.0

	
17.2

	
10.8

	
23.8

	
19.0

	
19.3

	
20.7

	
11.3

	
25.8

	
20.9




	
2–3

	
39.0

	
30.9

	
37.5

	
51.2

	
38.4

	
45.5

	
39.3

	
44.6

	
52.4

	
44.3

	
44.8

	
44.8

	
43.7

	
32.8

	
42.8




	
4

	
15.6

	
16.1

	
15.4

	
9.6

	
15.2

	
11.0

	
18.0

	
21.5

	
16.7

	
15.2

	
13.0

	
11.2

	
21.1

	
13.4

	
13.9




	
5+

	
24.8

	
33.9

	
30.1

	
9.6

	
25.9

	
21.5

	
25.4

	
23.1

	
7.1

	
21.4

	
22.9

	
23.3

	
23.9

	
17.9

	
22.4




	
Sibling (%)




	
0–2

	
14.5

	
6.8

	
5.9

	
43.2

	
15.2 ***

	
9.9

	
9.8

	
1.5

	
38.1

	
11.4 ***

	
15.6

	
9.5

	
15.5

	
26.9

	
15.7 ***




	
3–4

	
44.8

	
42.4

	
38.2

	
46.4

	
43.4

	
48.2

	
47.5

	
27.7

	
54.8

	
45.5

	
51.0

	
44.0

	
38.0

	
53.7

	
47.5




	
5+

	
40.8

	
50.4

	
55.9

	
10.4

	
41.4

	
41.9

	
42.6

	
70.8

	
7.1

	
43.1

	
33.3

	
46.6

	
46.5

	
19.4

	
36.8




	
Crowding Index (%)




	
Up to 1

	
9.0

	
6.4

	
8.1

	
17.6

	
9.4 ***

	
3.7

	
7.4

	
1.5

	
14.3

	
5.5 **

	
5.7

	
6.0

	
5.6

	
26.9

	
9.0 ***




	
1–2

	
54.5

	
66.1

	
51.5

	
62.4

	
58.3

	
53.4

	
50.8

	
61.5

	
69.0

	
55.5

	
55.7

	
51.7

	
54.9

	
64.2

	
55.8




	
>2

	
36.5

	
27.1

	
40.4

	
20.0

	
32.3

	
42.9

	
41.8

	
36.9

	
16.7

	
39.0

	
38.5

	
42.2

	
39.4

	
9.0

	
35.2




	
Religion (%)




	
Muslim

	
100.0

	
100.0

	
100.0

	
59.2

	
94.3 ***

	
100.0

	
100.0

	
100.0

	
26.2

	
92.6 ***

	
100.0

	
100.0

	
100.0

	
100.0

	
100.0




	
Christian

	
0.0

	
0.0

	
0.0

	
40.8

	
5.7

	
0.0

	
0.0

	
0.0

	
73.8

	
7.4

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0








** p < 0.01; *** p < 0.001.
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Table 2. Coefficients and standard error of mothers’ preparing breakfast, teachers’ training and engagement mediation on schoolchildren eating daily breakfast predictors and covariates.
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Mothers’ Preparing Breakfast

	
Schoolchildren’s Consumption of Daily Breakfast

	
Teachers’ Training in Healthy Eating

	
Schoolchildren’s Consumption of Daily Breakfast

	
Teachers’ Engagement in HP

	
Schoolchildren’s Consumption of Daily Breakfast




	
β

	
SE

	
p-Value

	
β

	
SE

	
p-Value

	
β

	
SE

	
p-Value

	
β

	
SE

	
p-Value

	
β

	
SE

	
p-Value

	
β

	
SE

	
p-Value






	
Intercept

	
2.644

	
0.027

	
<0.001

	
−4.126

	
0.373

	
<0.001

	
3.378

	
0.042

	
<0.001

	
1.490

	
0.525

	
0.005

	
2.812

	
0.063

	
<0.001

	
−0.670

	
0.308

	
0.029




	
Time (pre–post-intervention)

	
−0.055

	
0.038

	
0.143

	
−0.117

	
0.163

	
0.476

	
0.238

	
0.025

	
<0.001

	
−0.226

	
0.149

	
0.129

	
0.231

	
0.042

	
<0.001

	
−0.161

	
0.146

	
0.271




	
Group (intervention–control)

	
0.000

	
0.037

	
1.00

	
0.117

	
0.159

	
0.461

	
−0.028

	
0.024

	
0.249

	
0.156

	
0.140

	
0.265

	
0.116

	
0.041

	
0.005

	
0.125

	
0.140

	
0.371




	
Interaction- time X group

	
0.143

	
0.053

	
0.001

	
0.596

	
0.226

	
0.008

	
0.437

	
0.034

	
<0.001

	
0.565

	
0.207

	
0.006

	
0.549

	
0.059

	
<0.001

	
0.649

	
0.204

	
0.001




	
Mothers’ preparing breakfast

	

	

	

	
1.309

	
0.129

	
<0.001

	

	

	

	

	

	

	

	

	

	

	

	




	
Teachers’ training in healthy eating

	

	

	

	

	

	

	

	

	

	
0.424

	
0.138

	
0.002

	

	

	

	

	

	




	
Teachers’ engagement in HP

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	
0.167

	
0.080

	
0.036




	
School type of ownership

	

	

	

	

	

	

	
−0.143

	
0.008

	
0.001

	
0.424

	
0.138

	
0.002

	

	

	

	

	

	




	
Crowding index

	

	

	

	

	

	

	
0.032

	
0.015

	
0.027

	
0.004

	
0.051

	
0.936

	
0.126

	
0.025

	
<0.001

	
−0.214

	
0.084

	
0.010
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Table 3. Coefficients and standard error of teachers’ engagement and schoolchildren knowledge mediation on schoolchildren consuming recommended servings of F&V predictors and covariates.
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Teachers’ Engagement in HP

	
Schoolchildren Consuming Recommended Servings of F&V

	
Schoolchildren’s Knowledge

	
Schoolchildren Consuming Recommended Servings of F&V




	
β

	
SE

	
p-Value

	
β

	
SE

	
p-Value

	
β

	
SE

	
p-Value

	
β

	
SE

	
p-Value






	
Intercept

	
3.501

	
0.049

	
<0.001

	
−2.824

	
0.377

	
<0.001

	
1.774

	
0.051

	
<0.001

	
−2.205

	
0.250

	
<0.001




	
Time (pre–post-intervention)

	
0.200

	
0.044

	
<0.001

	
−0.383

	
0.174

	
0.028

	
−0.018

	
0.046

	
0.893

	
−0.293

	
0.174

	
0.093




	
Group (intervention–control)

	
0.092

	
0.043

	
0.037

	
0.116

	
0.157

	
0.463

	
−0.006

	
0.044

	
0.907

	
0.161

	
0.158

	
0.309




	
Interaction time X group

	
0.586

	
0.062

	
<0.001

	
1.118

	
0.235

	
<0.001

	
0.572

	
0.065

	
<0.001

	
1.110

	
0.235

	
<0.001




	
Teachers’ engagement

	

	

	

	
0.427

	
0.092

	
0.001

	

	

	

	

	

	




	
Mothers’ level of education

	
−0.2180

	
0.021

	
<0.001

	
0.271

	
0.078

	
<0.001

	

	

	

	

	

	




	
Schoolchildren’s knowledge

	

	

	

	

	

	

	

	

	

	
0.485

	
0.091

	
<0.001




	
Mothers’ level of education

	

	

	

	

	

	

	
0.022

	
0.022

	
0.319

	
0.167

	
0.076

	
0.028
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Table 4. Coefficients and standard error of teachers’ training and engagement mediation on schoolchildren being physically active (≥5 times/week) predictors and covariates.
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Teachers’ Training in Physical Activity

	
Physical Activity of Schoolchildren (≥5 Times/wk)

	
Teachers’ Engagement in HP

	
Physical Activity of Schoolchildren (≥5 Times/wk)




	
β

	
SE

	
p-Value

	
β

	
SE

	
p-Value

	
β

	
SE

	
p-Value

	
β

	
SE

	
p-Value






	
Intercept

	
2.965

	
0.037

	
<0.001

	
−3.1604

	
0.060

	
<0.001

	
2.811

	
0.063

	
<0.001

	
−3.732

	
0.392

	
<0.001




	
Time (pre–post-intervention)

	
0.262

	
0.025

	
<0.001

	
−0.154

	
0.205

	
0.452

	
0.231

	
0.042

	
<0.001

	
0.170

	
0.202

	
0.399




	
Group (intervention–control)

	
0.080

	
0.024

	
0.001

	
0.198

	
0.189

	
0.452

	
0.114

	
0.041

	
0.005

	
0.177

	
0.190

	
0.350




	
Interaction time X group

	
0.197

	
0.034

	
<0.001

	
2.046

	
0.258

	
<0.001

	
0.551

	
0.059

	
<0.001

	
1.779

	
0.264

	
<0.001




	
Teachers’ training

	

	

	

	
0.420

	
0.180

	
0.020

	

	

	

	

	

	




	
Teachers’ engagement

	

	

	

	

	

	

	

	

	

	
0.655

	
0.097

	
<0.001




	
Crowding index

	
0.073

	
0.014

	
<0.001

	
−0.005

	
0.103

	
0.960

	
0.126

	
0.025

	
<0.001

	
−0.090

	
0.104

	
0.386

















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png
~ J B n = m’m

100

80

60 -

40 -

20 T+

ﬂ s

Formal & Informal Training in Healthful Eating

Intervention Schools Control Schools

I

1 23 45 6 7A10 8 9 10 11 1213 14 A

(a)

- 3 M O = n

Formal & Informal Training in Physical Activity

100

Intervention Schools Control Schools

80

-
I
I
|
|
3
L

60

40 -

20 -

123 4S5 6 7AI 89 10 11 1213 14 Al

(b)






nav.xhtml


  ijerph-19-03128


  
    		
      ijerph-19-03128
    


  




  





media/file2.png





media/file5.jpg





media/file3.jpg
100

]

s

o

Formal & Informl Traiing in Heslhfol Entng
Tnteration Schas

Nl

(@

ControlSchosk

i

i

°

(b)






media/file1.jpg





media/file7.jpg





media/file0.png





media/file8.png
Training in

0.275 Teachers

Engagement






media/file6.png
Training in

- Healthyv Eating 0.412

Group

2.717 Teachers’

Time
Engagement






