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Abstract

:

Background: Physical activity (PA) is related to a variety of positive outcomes for youth and physical education (PE) represents a primary school-based environment where students can engage in moderate-to-vigorous physical activity (MVPA). Limitations exist in secondary schools with low socio-economic status, where MVPA engagement is generally below the recommended 50% of lesson time. Growing evidence suggests that using a flipped learning approach (FLA) may naturally enhance PE lessons as outlined by The Theory of Expanded, Extended, and Enhanced Opportunities for Youth Physical Activity Promotion. Purpose: The purpose of this study was to compare the impact of the FLA to traditional instruction on student MVPA, lesson context, and teacher involvement during middle school PE lessons. Methods: Participants were 56 male students from two 7th-grade classes from a low-SES, suburban school. This study employed the System for Observing Fitness Instruction Time (SOFIT). Data were examined through descriptive statistics. Linear regression models were used to predict SOFIT outcomes as a function of FLA versus traditional instruction. Results: Students in the FLA class spent significantly more class time in MVPA (p < 0.01). Regression models predicted participants in FLA classes would spend 55% more class time in MVPA (p < 0.01). After adjusting for covariates, models showed students in FLA classes would spend almost 18 more minutes in MVPA than students in traditional classes (p < 0.01). Discussion/Conclusion: The FLA may be a practical lesson enhancement strategy to increase student MVPA and improve PE opportunities for students in low SES schools when compared to the use of traditional instruction. The results of this study demonstrated positive potential of using FLA in PE but should be considered within the context of their limitations. Further examination of the FLA is warranted.
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1. Introduction


Physical activity (PA) has many benefits for school-aged youth, such as increased physical fitness, reduced symptoms of depression, and improved cognition. These benefits last into adulthood and can protect against obesity, high blood pressure, and depression, elevated insulin and blood lipids [1]. International consensus is that children in this age group should accumulate at least 60 min of moderate-to-vigorous PA (MVPA) each day [2], but fewer than 1 in 4 youth meet this guideline [3]. This problem is exacerbated for youth from underrepresented groups and from families classified as low socio-economic status (SES), who tend to be less active and more sedentary than their counterparts [4]. Moreover, the transition from childhood to adolescence may be marked by a decline in PA levels [5]. This period of child development, particularly the years spent in middle/junior high school [6,7], presents a critical window for intervention—particularly for youth from low-income and underrepresented groups where the research has been scant and somewhat conflicting [8].



In the United States, school physical education (PE) should provide the foundation for lifelong PA through instruction that focuses on the development of knowledge and skills needed to be a competent and confident mover [9]. PE also serves as an opportunity for students to be physically active, thus supporting the goal of helping children accrue 60 min of MVPA each day [10]. However, there is no federal law that requires PE be taught in schools; many states have policies that lead to sparsely allocated curriculum time and allowable exemptions from, or substitutions for, PE, which limits the potential of PE to optimally impact student learning or PA [11]. At the middle school level, more than one quarter (13) of the states do not require PE during middle/junior high school, and only 12 states have policies that specify the number of minutes that should be devoted to PE each week [11]. Further, there tends to be fewer MVPA opportunities during PE in secondary schools with low SES where time spent in MVPA generally falls well below the recommended 50% of lesson time in these contexts [12]. These trends echo a long-standing discourse among PE professionals who have lamented the lack of attention school leaders give to PE, which has contributed to a continuous narrative of marginalization and, ultimately, the inability of PE teachers to realize program goals [13]. Based on the available evidence, less than half of U.S. students are likely achieving national content standards [14]. Innovative strategies are needed to help PE programs increase their impact, demonstrate their efficacy, and “flip the script” about what they can accomplish.



1.1. Flipped Learning Approach


Working to effect policy change at higher levels of the education system to increase support for PE is a challenging and long-term process [15]. While pursuing such support must continue to be a priority for PE programs, alternative, shorter-term solutions to increasing program impact should also be considered and tested. The flipped learning approach (FLA, also referred to as the “flipped classroom”) offers one potential strategy for increasing opportunities for both student learning and PA through PE [16,17]. Østerlie and colleagues define FLA within a PE context as a pedagogical approach that uses “asynchronous digital instruction for the expansion of learning and the promotion of physical activity opportunities beyond the PE class, which is designed to enrich students’ skills and knowledge for upcoming face-to-face classes where they engage in collaborative, guided movement experiences designed to extend and deepen their prior learning” ([17], p. 113). This definition reflects how digital learning in FLA can work to offer added independent learning, which can also scaffold face-to-face learning opportunities during class. Indeed, a foundational purpose for teachers using the FLA is to increase the amount of in-person, during school class time available for active learning, without reducing the extent or quality of instructional delivery, learning tasks, or assessments (e.g., watching demonstrations of sports skills, taking cognitive assessments) [18,19,20]. This is possible and inherent to FLA format where a bulk of direct instruction should be placed online for students to review prior to class. Transferring the direct instruction online offers a natural lesson enhancement strategy by effectively removing it from face-to-face instruction, thereby creating space during class for added active learning opportunities (where the direct instruction would have normally occurred). For example, if a teacher wanted to use the FLA to help increase active learning in their classes, they might identify lessons that include more complex instructions or involve more comprehensive demonstrations, which require students to sit a listen for longer periods of time. When a teacher transfers those instructions or demonstrations online for students to review prior to class, the teacher no longer needs to take time during class to provide that content. Instead, they might conduct a brief review at the beginning of class and allow students to engage in active learning opportunities to apply their knowledge. In this way, the transition of cognitive domain content to an online format can influence psychomotor domain learning in face-to-face contexts. Because this instruction is occurring in PE, use of the FLA should result in increases in active learning in the form of added PA and skill practice opportunities. Initial evidence points to the potential of FLA format to enhance PA opportunities in PE. Thus far, one study on FLA has documented distinct increases in motor skill practice during high school PE lessons compared to traditional instruction [21]. These findings are supported by PE students and teachers who reported perceived added PA opportunities during FLA lessons [22,23,24].



Teacher and student views on FLA have been generally favorable and describe the positive impact of its use on PE student learning and motivation [24,25,26]. For example, Killian and colleagues reported that university students perceived an increase in teacher feedback when FLA was used in an individual sports course [22]. Moreover, Lucena and colleagues found that elementary and secondary students who used FLA reported higher evaluations of motivation, autonomy, and class interactions than students who used a traditional approach to PE [27]. Teachers reported how FLA helped to maximize instruction, assessment, and examination practices [23,24].



More generally, FLA has the advantage of promoting student engagement with digital technologies, which aligns with 21st century learning goals [24]. Given widespread use of online instruction throughout COVID-19 lockdowns, FLA might also offer teachers a practical way to efficiently review content by reimplementing previously developed online modules to support continued learning during regular, in-person lessons [28]. Despite evidence pointing to the potential enhancement effect FLA could have on youth PA opportunities in PE, there is a need for further research. Previous studies were mostly conducted in high school settings (9th–12th grades), and there is a paucity of relevant research in low SES and urban schools [29]. Furthermore, despite a recent focus on issues related to diversity, equity, and inclusion in PE, which has sought to inform practice within traditional, face-to-face PE environments [30], these issues have generally been overlooked within the online and FLA PE literature. Another limitation of these previous studies is that they are based on self-report and interview data. No observational studies have explored the influence of FLA on students’ PA or teacher instruction in K-12 PE settings. Direct observation of students’ PA, concurrent teacher behavior, and lesson-level variables in the context of FLA would provide initial objective data on the potential of FLA to enhance PE and promote both PA- and learning-related outcomes.




1.2. Theoretical Framework


The current study was based on the Theory of Expanded, Extended, and Enhanced Opportunities for Youth Physical Activity Promotion (TEO) as a way to understand the potential of FLA to positively influence MVPA, lesson context, and teacher involvement [31]. Whereas many theories applied to research on youth PA promotion focus on complex psychological and socio-cultural mechanisms of change, the TEO takes a more pragmatic approach that gives increased emphasis to PA opportunities and considers how these opportunities can be modified to increase PA engagement. Specifically, based on an extensive review of the research evidence, the TEO suggests that PA opportunities can be expanded, extended, or enhanced to increase youth PA. Expanding involves adding new opportunities. In the context of PE, this would mean increasing the number of lessons that students receive each week. When an opportunity is extended, the same opportunity is allocated more time. Thus, rather than offering additional PE lessons, the existing lessons would be lengthened. The enhancement of PA opportunities is defined as “strategies designed to increase physical activity above routine practice” (p. 120) [31]. Enhancing PA promotion through PE would entail optimizing the use of already available lesson time to increase students’ PA levels.



Both expanding and extending PA opportunities require scheduling changes and possibly reducing time currently devoted to other school activities to accommodate increased PE time. These PA promotion approaches may be unappealing to school leaders who choose to give little priority to PE. Furthermore, in a previous observational study comparing traditional-scheduled (52–58 min on 5 days per week) and modified block-scheduled PE lessons (57–58 min on 3 days per week and 110–130 min on 1 day per week), the extended lesson time did not result in increased levels of PA for high school students [32]. One of the factors that was negatively associated with PA engagement in that study was time devoted to developing students’ knowledge about the lesson content, such as when the teacher presents information about a learning task or gives students performance feedback. A key feature of FLA may allow teachers to address this issue. Within FLA, the traditional instruction is transferred online for students to review prior to class specifically as a means to increase active learning time (i.e., PA engagement) during class. This represents a potential natural enhancement characteristic when applied within PE. In line with the language of the TEO transitioning direct instruction online would be a “strategy designed to increase physical activity above routine practice (p. 120) [31]. This would work to optimize already available lesson time by allowing students to engage in MVPA (active learning) in place of sedentary time listening to instructions. Therefore, FLA may offer a feasible and effective way to increase students’ lesson time in MVPA without compromising attention to students’ knowledge development, changing school schedules, or requiring additional PE resources (e.g., hiring additional PE teachers to support expanded programing).




1.3. Purpose of the Study


Overall, there is an urgent public health need to better understand how to optimize PE as an opportunity to increase and promote PA in middle-school aged youth. The TEO, in combination with FLA, offers a practical perspective for addressing this need via enhanced PE lessons that maximize time for PA while preserving, and possibly improving, instructional processes and student learning. As current FLA research is mostly limited to self-report data, a logical next step for advancing research in this area is the use of observational methods to objectively capture teacher behavior, lesson context, and student outcomes. The purpose of this exploratory study, therefore, was to initially examine, from the perspective of TEO and through direct observation, the impact of FLA applied within a PE invasion games unit in a high-poverty, majority non-White middle school. Specifically, the study addressed the following research questions:




	(1)

	
How do levels of student MVPA differ between a FLA and a traditional, in-person instruction approach?




	(2)

	
How do lesson context and teacher involvement differ between a FLA and a traditional, in-person instruction approach?









This study is important because it considers a practical, economically viable, and teacher-led approach to increasing what PE can accomplish despite limited curriculum time in schools.





2. Materials and Methods


Two middle school PE classes participated in an invasion games (soccer) unit. Both classes received identical content; however, one was taught through traditional, in-person instruction while the other class learned through FLA. Systematic observations were conducted to compare student MVPA, lesson context, and teacher behavior between the teaching approaches. Approval from the University of Illinois Institutional Review Board was obtained prior to data collection.



2.1. Setting and Participants


A public suburban middle school (grades 6–8) located in the Midwestern United States served as the setting for this study. At the time of data collection, 95% of students in the school were classified as low income. A total of 62% of students in the school were Black, 34% were Hispanic, 3% were American Indian, and 1% were White [33]. Students in the district were allotted daily PE and were required to participate in single-sex classes during middle school. In support of recently initiated district technology integration policies, all students were issued a Google Chromebook and teachers were expected to use the Chromebooks to support learning within their subjects.



Participants in this study were 56 males from two 7th grade PE classes. Average attendance for each PE class was 27 (class attendance range over the course of observations: 22–30 students). Students had not been taught soccer as an invasion game during the school year and had never participated in the FLA in any class.



One male teacher with 35 years of teaching experience delivered all the lessons for both classes in this study. It was the first time he implemented instruction using FLA. This teacher was involved in leadership positions at state, regional, and national professional organizations and was recognized as an exemplary physical educator over the course of his career. He independently designed and implemented the content and assessments for the unit, including the digital instruction used for the FLA group.




2.2. Lesson Structure


The invasion games unit observed consisted of five lessons and emphasized the development of soccer skills and invasion game tactics. Both classes followed the same lesson plans and used the same instructional PowerPoint slides and assessments; however, the slides and assessments were transferred online for FLA students to review prior to class.



2.2.1. Traditional Lessons


The first four traditional instruction classes occurred using standard PE practices where the teacher offered lesson content through the provision of teacher-centered, whole-class task presentations. Following large group instructions, students engaged in various skill development activities and small-sided games. During the activities, the teacher circulated around the gym to provide feedback to individuals and small groups. The final unit assessment was administered during the fifth lesson. Students completed the paper and pencil knowledge test at the beginning of the period, then were allotted free play for the duration of the class (most students chose to play basketball).




2.2.2. FLA Lessons


The FLA classes received the same content as students in the traditional instruction classes. However, they engaged with the instruction before class, online, and through text slides and teacher-curated videos in alignment with FLA implementation principles [16,34]. Digital content consisted of a 30-slide PowerPoint presentation that was made available through the schools’ Learning Management System. Slides corresponded to each in-person lesson and students were required to review them prior to the class and the entire slide deck was made available to students at the onset of the unit to allow for self-paced autonomous engagement with the content. Slides contained text related to important concepts that would be emphasized in subsequent in-person classes, video demonstrations of skills and activities they would be performing, as well as key questions for reflection (see Figure 1 for an example). Students were also required to complete a formative accountability assessment for each digital lesson. These were designed to encourage focused engagement with content prior to class.



School policy dictated that students in this school were required to gather in an assigned homeroom for 25 minutes prior to the commencement of the first class period. During this time, all students were served free breakfast and were allotted time to complete homework, study, and socialize. Policy also stipulated that homeroom classes would attend enrichment classes like PE and music together. Since students in the FLA PE class also attended homeroom together, the PE teacher coordinated with their homeroom teacher to ensure they engaged with their flipped PE content on their Chromebooks. The homeroom teacher also agreed to supervise students while they completed their formative PE lesson assessments online, including the final knowledge assessment.





2.3. Data Collection


Each of the traditional instruction (n = 5) and FLA lessons (n =5) was coded in real-time, on-site using the System for Observing Fitness Instruction Time (SOFIT) [35,36]. SOFIT is a validated systematic observation tool that uses alternating 10-s observe, 10-s record intervals to code student PA intensity levels, lesson context, and teacher interaction during a lesson [37,38]. The SOFIT description and procedures manual was followed for this study and provides standardized observer training protocol, operationalized definitions of coding categories, and detailed steps for observation and reliability assurance [35]. Five target students were randomly selected for observation at the beginning of each class to serve as general representatives of class activity levels. Four students were observed individually on a four-minute sequential, rotational basis for the duration of the lessons. The fifth served as an alternate in the event one of the primary target students discontinued participating. Observations began when over half of the students entered the learning space and the teacher was present in the learning space [35].



Student PA intensity was coded on a 1–5 scale based on whether the target student was lying, sitting, standing, walking, or engaged in vigorous PA. MVPA represents a combination of walking and vigorous PA codes. Lesson context was coded as one of six primary PE subject matter delivery systems (i.e., general content/management, knowledge, fitness, skill practice, game play, free play/other). Teacher involvement was coded using the alternate SOFIT method for assessing teacher involvement to allow for the collection of a wider range of behaviors [35]. This version expands beyond assessing teachers’ physical activity promotion to include coding across a hierarchy of categories, which include whether the teacher promoted fitness, demonstrated fitness, instructed generally, managed, observed, or completed other tasks. The category of instructed generally was coded as either “whole group” or “small group or individual” to investigate potential differences in instructional interactions between the two teaching approaches.



The first author served as the Lead Observer for all 10 lessons, while a research assistant served as the Reliability Observer. Both observers were trained to the gold standard as SOFIT data collectors. Initial training included following the SOFIT training manual and digital materials available online through SOFIT [35]. The training process consisted of observers spending at least two hours of studying coding definitions and five hours of coding videos of PE classes freely available online. Observers met regularly to clarify understanding of coding definitions and conventions.



Intraobserver and interobserver reliability checks were conducted at the end of training. To enhance the rigor of training reliability, observers allotted at least one-week between intraobserver checks. To maintain independence, observers refrained from reviewing or accessing the observation record from the first reliability observation session until after the second observation was conducted. Independence was achieved during the interobserver reliability checks by conducting the observations separately before meeting to review [39] Prior to data collection, the Lead Observer and Reliability Observer completed a final, independent interobserver reliability on-site, during a live class. Reliability for the trainings, interobserver checks, and study observations achieved above the recommended 85% agreement threshold across SOFIT categories which was in alignment with adequate reliability and consistent with previous SOFIT research conducted in the United States [35,40].




2.4. Variables of Interest, Design, and Analyses


2.4.1. Main Variables


The independent variable was whether a classroom had FLA versus traditional instruction (binary variable). Each class had the same teacher, and classes were consistent across student demographics (racial/ethnic composition, socioeconomic status, and grade level).



Given this study’s focus on the FLA as a strategy for PA promotion, its two main SOFIT dependent variables were (1) percent of class time during which students participated in MVPA and (2) total minutes that students spent in MVPA. Secondary SOFIT outcomes included lesson context (operationalized as percent of class time spent on general content, knowledge, skill practice, or free play), and teacher involvement (operationalized as percent of class time spent when the teacher instructs a small group, instructs a whole group, manage, observes, or performs other tasks).




2.4.2. Covariates


Class size (total students), length of class (total minutes), and classroom setting (indoors or outdoors) were included as potential confounding variables based on previous literature, which shows an association between these factors, classroom instruction approach, and school-based physical activity engagement [41,42].




2.4.3. Design and Analyses


This study relied on a quantitative, cross-sectional design, as researchers measured dependent variables at the same time the teacher implemented FLA and traditional instruction approaches. As the first step in analysis, descriptive statistics were computed to summarize means and standard deviations for physical activity engagement, lesson context, teacher involvement, and covariates for all FLA and traditional instruction classes. Next, individual regression models were tested to predict each physical activity engagement, lesson context, and teacher involvement variable based on FLA versus traditional instruction. Finally, adjusted regression models were tested to predict physical activity engagement, lesson context, teacher involvement variables as a function of FLA versus traditional instruction while accounting for class size, length of class, and classroom setting. A p-value of <0.05 was used to determine statistical significance; all analyses were performed using SAS 9.4 software (Cary, NC, USA).






3. Results


3.1. Descriptive Statistics of Flipped and Traditional Instruction Classes


Descriptive statistics of all FLA and traditional instruction class sessions are summarized in Table 1. Class sizes, environment (i.e., inside vs. outside), and length of class were comparable between FLA and traditional instruction classes. The percentage of lesson time students spent in MVPA was higher in FLA classes (M = 74.84%, SD = 14.85%) compared to the traditional instruction classes (M = 53.12%, SD = 15.23%); FLA classes also spent more minutes in MVPA (M = 24.16 min, SD = 6.01 min) than traditional instruction classes (M = 17.20 min, SD = 5.07 min). On average, traditional instruction classes spent more time learning general content and building knowledge than FLA classes, whereas FLA classes spent more time engaged in skill practice and free play. Regarding teacher involvement, the PE teacher typically spent more time in whole group instruction and managing students when engaged in traditional instruction, whereas he spent more time in small group instruction, student observation, and completing other tasks in FLA classes. Three SOFIT variables (fitness activity, teacher promotes fitness, and teacher demonstrates fitness) were not observed in any classes. Observed classes focused on invasion games (soccer) rather than fitness.




3.2. Regression Results Predicting SOFIT Outcomes Based on Instructional Approach


Individual regression models predicting each SOFIT variable based on instructional approach and adjusting for covariates yielded significant findings for MVPA, lesson context, and teacher involvement. See Table 2.



3.2.1. MVPA


Independently and when adjusting for class size, length of class, and whether a class took place indoors or outdoors, classes in the FLA condition spent a significantly higher percentage of class time involved in MVPA than did traditional instruction classes; accounting for covariates, regression models predicted that participants in FLA instruction classes would spend 55% more class time in MVPA than students in traditional instruction classes (p = 0.009). After adjusting for covariates, regression models indicated that students in FLA classes would spend, on average, almost 18 more minutes in MVPA than students in traditional instruction classes (p = 0.008).




3.2.2. Lesson Context


Adjusting for class size, length of class, and whether a class took place indoors or outdoors, regression models predicted that FLA classes would spend significantly less class time building knowledge than traditional instruction classes: estimates for the time FLA classes would spend building knowledge were 35% lower than traditional instruction classes (p = 0.03). After adjusting for covariates, no significant differences emerged between FLA and traditional instruction for percent of class time spent learning general content, practicing skills, or engaging in free play.




3.2.3. Teacher Involvement


The percentage of class time the PE teacher spent involved in different activities varied as a function of instructional approach. In his FLA classes and when accounting for covariates, regression models predicted that the teacher would spend 31% less time in whole group instruction (p < 0.01) and 58% more time observing students (p = 0.04) than in traditional instruction classes. No significant differences emerged in the percent of class time the teacher was involved in small group instruction, managing students, or performing other tasks.






4. Discussion


The purpose of this exploratory study was to compare the impact of the FLA and traditional instruction on student MVPA, lesson context, and teacher involvement using direct observation within a high-poverty, majority non-White middle school PE course. To date, limited studies have examined the use of the FLA in similar environments and lack data gathered through direct observation. Therefore, this study represents an important initial step toward understanding if and how the FLA can enhance PE to support positive, equitable MVPA opportunities and outcomes in high-poverty PE contexts. Results suggest that the FLA may be a meaningful way to increase MVPA during PE, although further research will be necessary to support or resist this claim.



The main findings of this study demonstrate the potential for the FLA to enhance MVPA opportunities during PE and diminish disparities in MVPA opportunities in PE for students in a low SES middle school [12]. Students in the FLA class engaged in significantly higher levels of MVPA over the course of a 5-lesson invasion games unit than their traditional instruction counterparts. This occurred despite the direct instruction lessons achieving above the 50% MVPA recommendations for PE lessons [43], which constituted a higher quality PE environment compared to standard PE classes globally [32,40]. Given that student MVPA levels in middle school PE are generally lower than those found in this study, especially in low SES schools, the FLA may present a significant enhancement effect across middle school contexts [12,44]. The FLA seems to have potential as an enhancement strategy with capacity to produce MVPA outcomes comparable to previous enhancement interventions, as well as more complex, multi-component interventions [31,45,46]. The results of this study are encouraging given the practicality of the intervention and point to the FLA as a feasible strategy for improving MVPA opportunities during PE. The practical nature of the FLA as a free, teacher-driven intervention sets the FLA apart from more expensive or complex research that requires extensive professional development or complicated policy change.



In addition to increasing students’ MVPA, the FLA impacted aspects of lesson context and teacher involvement. Significantly lower proportions of lesson time were spent in knowledge context and whole group instruction during class for students in the FLA class compared with the traditional instruction class, which may be how the FLA facilitated added MVPA opportunities. In other words, spending less time in knowledge context receiving whole group instruction may have opened lesson space for students to engage in more MVPA during this study. Limiting the amount of time in knowledge context during in-person classes represents a common concern related to the use of asynchronous modalities like the FLA (i.e., if FLA students do not engage with the digital content appropriately before class, there is a chance for lost knowledge, since in-person class time should be spent in applied learning rather than knowledge acquisition). There are distinct challenges with accountability when employing asynchronous digital instruction due to students’ autonomous interaction with content and the potential for diminished learning engagement [23,47]. However, in this study, students reviewed digital content during homeroom, on school-issued laptops, under the supervision of their homeroom teacher. These learning supports were possible due to school policies and PE teacher initiative to coordinate with the homeroom teacher colleague. They also helped ensure students appropriately engaged with the content prior to class and were ready for in-person applied learning. The approach outlined in this study, and similar policies, represent practical considerations for teachers and schools concerned about student accountability within FLA. Accessibility to technology and equitability of learning opportunities are also essential issues to teachers seeking to apply online (flipped) learning in PE [48,49]. The context of this study demonstrated the value of supportive digital learning environments. Resources were allotted to ensure all students who attended the school were supplied with digital learning devices (access) and corresponding policies were in place to allow time to engage with digital learning assignments (equitably opportunities). The availability of such resources and policies do not exist in many schools however, particularly those serving low-income and marginalized communities, which may represent a key barrier to FLA implementation in these contexts [50].



Less time spent in management during the FLA lessons (although results were not statistically significant) may be indicative of the prior priming students received from the digital instruction and their familiarity with lesson content and applied learning formations. While this study did not specifically examine student engagement with the digital content or analyze their learning acquisition, policies that support students’ technology-based learning are essential, particularly in subjects like PE where learning through technology may not be automatically associated with the subject [51,52].



Though differences were not statistically significant, students in the FLA classes generally participated in more skill practice opportunities than students in traditional instruction. One reason for the lack of significant findings may be the high quality of the traditional instruction, where students were already spending a higher proportion of lesson time engaged in skill practice than PE classes generally [53]. This may have limited the impact the FLA had on the amount of time students spent in skill practice but could point to the value of the FLA to improve lower quality PE. Given the emphasis on fundamental motor skill development within PE across grade-levels, further investigating the capacity of the FLA to support skill development will be an important area for future exploration.




5. Limitations


Despite positive indications regarding the use of FLA in PE, findings from this study should be considered within the context of its limitations as an exploratory study. First, the lesson sample size was small and limited to the content of the observed unit of instruction. Next steps for further research should test FLA with larger sample sizes and alternative contents. Ethical obligations also prevented the collection of student FLA digital content engagement data or related learning assessments, so it is unclear whether and to what extent the FLA may have impacted these outcomes. Second, the teacher in this study independently implemented the FLA with no external support other than existent, peripheral school technology policies. The positive outcomes observed during this study occurred without the teachers’ participation in professional development specific to implementing the FLA. This teacher was, however, recognized as an exemplary educator and shown to be highly effective as evidenced by the high MVPA during direct instruction lessons documented through this study. Given how teacher support has been identified as a key component to technology implementation in PE [54], as well as the successful implementation of the FLA [55], it is likely that to replicate the significant outcomes and positive indications in this study, professional development support will be necessary given the current relative novelty of the FLA in PE. Finally, this study was conducted within all boys’ PE classes and further research should extend into girls’ and mixed-gender PE contexts.




6. Conclusions


This exploratory study employed systematic observation to initially explore the impact of the FLA in PE. In contrast to other interventions that rely on robust professional development and/or more complex strategies, this study showed that the FLA may be a practical strategy to enhance MVPA outcomes in PE within a high-poverty, low-income school and could address a lack of equity in MVPA opportunities in middle school PE. It showed that opportunities for digital learning engagement and greater in-class participation in MVPA during PE lessons are possible within the FLA versus traditional instruction class. This study also gives reason to support a broader conceptualization of enhancement within the TEO [31] to include the use of the FLA to improve existing PE opportunities. Given the preliminary nature of this research, it will be important to broaden the scope of study in this area to gain more substantial insights into the utility of the FLA and its ability to promote positive outcomes within PE, across a variety of learning environments. Nevertheless, results indicate the FLA warrants further study given its potential as an enhancement strategy to increase equitable MVPA and learning opportunities in middle school PE.







Author Contributions


Conceptualization C.M.K. and A.M.W.; methodology, C.M.K., S.M.E., A.M.W. and E.M.D.; formal analysis S.M.E., B.L. and E.M.D.; writing—original draft preparation, C.M.K., S.M.E., C.A.W. and M.U.; writing- review and editing; C.M.K., S.M.E., C.A.W., M.U. and E.M.D.; visualization, S.M.E., B.L. and E.M.D. All authors have read and agreed to the published version of the manuscript.




Funding


Sarah M. Espinoza was supported by the Health Resources and Services Administration (HRSA) of the U.S. Department of Health and Human Services (HHS) under National Research Service Award in Primary Medical Care grant number T32HP22239 (PI: Borowsky), Bureau of Health Workforce.




Institutional Review Board Statement


This study was conducted in accordance with the Declaration of Helsinki and approved by the Institutional Review Board of the University of Illinois (IRB Protocol Number 17554, approved on 10 March 2017).




Informed Consent Statement


Informed consent was obtained from all appropriate study participants.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



U.S. Department of Health and Human Services. Physical activity guidelines for Americans, 2nd ed.; U.S. Department of Health and Human Services: Washington, DC, USA, 2018.

	



World Health Organization. Guidelines on Physical Activity and Sedentary Behavior; World Health Organization: Geneva, Switzerland, 2020.

	



Katzmarzyk, P.T.; Denstel, K.D.; Beals, K.; Carlson, J.; Crouter, S.E.; McKenzie, T.L.; Pate, R.R.; Sisson, S.B.; Staiano, A.E.; Stanish, H.; et al. Results from the United States 2018 Report Card on Physical Activity for Children and Youth. J. Phys. Act. Health 2018, 15, S422–S424. [Google Scholar] [CrossRef] [PubMed]

	



Trost, S.G.; Mccoy, T.A.; Vander Veur, S.S.; Mallya, G.; Duffy, M.L.; Foster, G.D. Physical Activity Patterns of Inner-City Elementary Schoolchildren. Med. Sci. Sport. Exerc. 2013, 45, 470–474. [Google Scholar] [CrossRef] [PubMed]

	



Dumith, S.C.; Gigante, D.P.; Domingues, M.R.; Kohl, H.W., III. Physical Activity Change During Adolescence: A Systematic Review and a Pooled Analysis. Int. J. Epidemiol. 2011, 40, 685–698. [Google Scholar] [CrossRef] [PubMed]

	



Roeser, R.W.; Eccles, J.S.; Sameroff, A.J. Academic and Emotional Functioning in Early Adolescence: Longitudinal Relations, Patterns, and Prediction by Experience in Middle School. Dev. Psychopathol. 1998, 10, 321–352. [Google Scholar] [CrossRef] [PubMed]

	



Wang, M.T.; Eccles, J.S. Adolescent Behavioral, Emotional, and Cognitive Engagement Trajectories in School and Their Differential Relations to Educational Success. J. Res. Adolesc. 2012, 22, 31–39. [Google Scholar] [CrossRef]

	



Stalsberg, R.; Pedersen, A.V. Effects of Socioeconomic Status on the Physical Activity in Adolescents: A Systematic Review of the Evidence. Scand. J. Med. Sci. Sport. 2010, 20, 368–383. [Google Scholar] [CrossRef] [PubMed]

	



Society for Health and Physical Educators America. National Standards and Grade-Level Outcomes for K-12 Physical Education; Society for Health and Physical Educators America: Reston, VA, USA, 2014. [Google Scholar]

	



Centers for Disease Control and Prevention. Increasing Physical Education and Physical Activity: A Framework for Schools; US Department of Health and Human Services: Washington, DC, USA, 2019.

	



Society for Health and Physical Educators America. Shape of the Nation Report: Status of Physical Education in the USA; Society for Health and Physical Educators America: Reston, VA, USA, 2016. [Google Scholar]

	



Sutherland, R.; Campbell, E.; Lubans, D.R.; Morgan, P.J.; Okley, A.D.; Nathan, N.; Gillham, K.; Lecathelinais, C.; Wiggers, J. Physical Education in Secondary Schools Located in Low-Income Communities: Physical Activity Levels, Lesson Context and Teacher Interaction. J. Sci. Med. Sport 2016, 19, 135–141. [Google Scholar] [CrossRef]

	



James, A.R. Introduction: The Marginalization of Physical Education: Problems and Solutions. J. Phys. Educ. Recreat. Dance 2011, 82, 15–16. [Google Scholar] [CrossRef]

	



Hastie, P. Revisiting the National Physical Education Content Standards: What Do We Really Know About Our Achievement of the Physically Educated/Literate Student? J. Teach. Phys. Educ. 2017, 36, 3–19. [Google Scholar] [CrossRef]

	



Rink, J.E. Measuring Teacher Effectiveness in Physical Education. Res. Q. Exerc. Sport 2013, 84, 407–418. [Google Scholar] [CrossRef]

	



Killian, C.M.; Graber, K.C.; Woods, A.M. Flipped Instructional Model in Physical Education. In Physical Education and New Technologies; Kamenaric, D., Antala, B., Eds.; Croatian Kinesiology Association: Zagreb, Croatia, 2016; pp. 102–111. [Google Scholar]

	



Østerlie, O.; Killian, C.M.; Sargent, J. Flipped Learning in Physical Education: Opportunities and Applications; Routledge: Oxford, UK, 2022. [Google Scholar]

	



Gough, E.; DeJong, D.; Grundmeyer, T.; Baron, M. K-12 Teacher Perceptions Regarding the Flipped Classroom Model for Teaching and Learning. J. Educ. Technol. Syst. 2017, 45, 390–423. [Google Scholar] [CrossRef]

	



Mason, G.; Shuman, T.; Cook, K. Comparing the Effectiveness of an Inverted Classroom to a Traditional Classroom in an Upper-Division Engineering Course. IEEE Trans. Educ. 2013, 56, 430–435. [Google Scholar] [CrossRef]

	



Milman, N.B. The Flipped Classroom Strategy: What Is It and How Can it Best Be Used? Distance Learn. 2012, 9, 85–87. [Google Scholar]

	



Campos-Gutieérrez, L.M.; Selleés-Peérez, S.; García-Jaén, M.; Ferriz-Valero, A. 2021. A Flipped Learning in Physical Education: Learning, Motivation and Motor Practice Time. Rev. Int. Med. Y Cienc. Act. Fis. Y Deporte 2021, 21, 63–81. [Google Scholar] [CrossRef]

	



Killian, C.M.; Trendowski, T.N.; Woods, A.M. Students’ Perceptions of the Use of Flipped Instruction in a University Physical Activity Course. In Proceedings of the AIESEP International Conference, Laramie, WY, USA, 8–11 June 2016. [Google Scholar]

	



Killian, C.M.; Woods, A.M. Physical Education Students’ Usage and Perceptions of a Supplemental Online Health-Related Fitness Knowledge Curriculum. Eur. Phys. Educ. Rev. 2022, 28, 633–650. [Google Scholar] [CrossRef]

	



Sargent, J.; Casey, A. Flipped Learning, Pedagogy and Digital Technology: Establishing Consistent Practice to Optimise Lesson Time. Eur. Phys. Educ. Rev. 2020, 26, 70–84. [Google Scholar] [CrossRef]

	



Østerlie, O. Can Flipped Learning Enhance Adolescents’ Motivation in Physical Education? An Intervention Study. J. Res. Arts Sport. Educ. 2018, 2, 1–15. [Google Scholar] [CrossRef]

	



Østerlie, O.; Kjelaas, I. The Perception of Adolescents’ Encounter with a Flipped Learning Intervention in Norwegian Physical Education. Front. Educ. 2019, 4, 114. [Google Scholar] [CrossRef]

	



Lucena, F.J.H.; Belmonte, J.L.; Cabrera, A.F.; Torres, J.M.T.; Sanchez, S.P. Academic Effects of the Use of Flipped Learning in Physical Education. Int. J. Environ. Res. Public Health 2020, 17, 276. [Google Scholar] [CrossRef]

	



Goad, T.; Killian, C.M.; Daum, D.N. Distance Learning in Physical Education: Hindsight Is 2020—Part 3. J. Phys. Educ. Recreat. Dance 2021, 92, 18–21. [Google Scholar] [CrossRef]

	



Killian, C.M.; Kinder, C.J.; Woods, A.M. Online and Blended Instruction in K-12 Physical Education: A Scoping Review. Kinesiol. Rev. 2019, 8, 110–129. [Google Scholar] [CrossRef]

	



Flory, S.B.; Landi, D. Equity and Diversity in Health, Physical Activity, and Education: Connecting the Past, Mapping the Present, and Exploring the Future. Phys. Educ. Sport Pedagog. 2020, 25, 213–224. [Google Scholar] [CrossRef]

	



Beets, M.W.; Okely, A.; Weaver, R.G.; Webster, C.; Lubans, D.; Brusseau, T.; Carson, R.; Cliff, D.P. The Theory of Expanded, Extended, and Enhanced Opportunities for Youth Physical Activity Promotion. Int. J. Behav. Nutr. Phys. Act. 2016, 13, 120. [Google Scholar] [CrossRef] [PubMed]

	



Smith, N.J.; Monnat, S.M.; Lounsbery, M.A. Physical Activity in Physical Education: Are Longer Lessons Better? J. Sch. Health 2015, 85, 141–148. [Google Scholar] [CrossRef]

	



Illinois State Board of Education. Illinois at-a-Glance Report Card 2016–2017. 2017. Available online: https://www.illinoisreportcard.com (accessed on 1 July 2022).

	



Østerlie, O. Flipped Learning in Physical Education: Why and How? In Physical Education and New Technologies; Kamenaric, D., Antala, B., Eds.; Croatian Kinesiology Association: Zagreb, Croatia, 2016; pp. 166–176. [Google Scholar]

	



McKenzie, T.L. SOFIT: System for Observing Fitness InstructionTime Description and Procedures Manual; San Diego State University: San Diego, CA, USA, 2015. [Google Scholar]

	



McKenzie, T.L.; Sallis, J.F.; Nader, P.R. SOFIT: System for Observing Fitness Instruction Time. J. Teach. Phys. Educ. 1992, 11, 195–205. [Google Scholar] [CrossRef]

	



Rowe, P.J.; Schuldheisz, J.M.; Van Der Mars, H. Validation of SOFIT for Measuring Physical Activity of First- to Eighth-Grade Students. Pediatr. Exerc. Sci. 1997, 9, 136–149. [Google Scholar] [CrossRef]

	



Rowe, P.; van der Mars, H.; Schuldheisz, J.; Fox, S. Measuring Students’ Physical Activity Levels: Validating SOFIT for Use with High-School Students. J. Teach. Phys. Educ. 2004, 23, 235–251. [Google Scholar] [CrossRef]

	



Van der Mars, H. Observer Reliability: Issues and Procedures. In Analyzing Physical Education and Sport Instruction; Darst, P.W., Zakrajsek, D.B., Mancini, V.H., Eds.; Human Kinetics Books: Champaign, IL, USA, 1989; pp. 53–80. [Google Scholar]

	



McKenzie, T.L.; Smith, N.J. Studies of Physical Education in the United States Using SOFIT: A Review. Res. Q. Exerc. Sport 2017, 88, 492–502. [Google Scholar] [CrossRef]

	



Gill, M.; Chan-Golston, A.M.; Rice, L.N.; Cole, B.L.; Koniak-Griffin, D.; Prelip, M.L. Consistency of Moderate to Vigorous Physical Activity in Middle School Physical Education. Fam. Community Health 2016, 39, 283–292. [Google Scholar] [CrossRef]

	



Zhou, Y.; Wang, L. Correlates of Physical Activity of Students in Secondary School Physical Education: Systematic Review of Literature. BioMed Res. Int. 2019, 2019, 1–12. [Google Scholar] [CrossRef]

	



U.S. Department of Health and Human Services. Strategies to Improve the Quality of Physical Education. 2010. Available online: https://www.cdc.gov/healthyschools/pecat/quality_pe.pdf (accessed on 1 July 2022).

	



Kwon, S.; Welch, S.; Mason, M. Physical Education Environment and Student Physical Activity Levels in Low-Income Communities. BMC Public Health 2020, 20, 147. [Google Scholar] [CrossRef] [PubMed]

	



Pulling-Kuhn, A.; Stoepker, P.; Dauenhauer, B.; Carson, R.L. A Systematic Review of Multi-Component Comprehensive School Physical Activity Program (CSPAP) Interventions. Am. J. Health Promot. 2021, 35, 1129–1149. [Google Scholar] [CrossRef] [PubMed]

	



Russ, L.B.; Webster, C.A.; Beets, M.W.; Phillips, D.S. Systematic Review and Meta-Analysis of Multi-Component Interventions Through Schools to Increase Physical Activity. J. Phys. Act. Health 2015, 12, 1436–1446. [Google Scholar] [CrossRef] [PubMed]

	



Mohnsen, B. Implementing online physical education. J. Phys. Educ. Recreat. Dance 2012, 83, 42–47. [Google Scholar] [CrossRef]

	



D’Agostino, E.M.; Urtel, M.; Webster, C.A.; McMullen, J.; Culp, B. Virtual Physical Education During COVID-19: Exploring Future Directions for Equitable Online Learning Tools. Front. Sport. Act. Living 2021, 3, 716566. [Google Scholar] [CrossRef]

	



Webster, C.A.; D’Agostino, E.; Urtel, M.; McMullen, J.; Culp, B.; Loiacono, C.A.E.; Killian, C. Physical Education in the COVID era: Considerations for Online Program Delivery Using the Comprehensive School Physical Activity Program Framework. J. Teach. Phys. Educ. 2021, 40, 327–336. [Google Scholar] [CrossRef]

	



Centeio, E.E. The Have and Have Nots: An Ever-Present Digital Divide. J. Phys. Educ. Recreat. Dance 2017, 88, 11–12. [Google Scholar] [CrossRef]

	



Bodsworth, H.; Goodyear, V.A. Barriers and Facilitators to Using Digital Technologies in the Cooperative Learning Model in Physical Education. Phys. Educ. Sport Pedagog. 2017, 22, 563–579. [Google Scholar] [CrossRef]

	



Marttinen, R.; Daum, D.N.; Fredrick, R.N.; Santiago, J.; Silverman, S. Students’ Perceptions of Technology Integration During the F.I.T. Unit. Res. Q. Exerc. Sport 2019, 90, 206–216. [Google Scholar] [CrossRef]

	



Smith, N.J.; McKenzie, T.L.; Hammons, A.J. International Studies of Physical Education Using SOFIT: A Review. Adv. Phys. Educ. 2019, 9, 53–74. [Google Scholar] [CrossRef]

	



Gibbone, A.; Rukavina, P.; Silverman, S. Technology Integration in Secondary Physical Education: Teachers’ Attitudes and Practice. J. Educ. Technol. Dev. Exch. 2010, 3, 27–42. [Google Scholar] [CrossRef]

	



Killian, C.M.; Woods, A.M.; Graber, K.C.; Templin, T.J. Factors Associated with High School Physical Education Teachers’ Adoption of a Supplemental Online Instructional System (iPE). J. Teach. Phys. Educ. 2021, 40, 136–145. [Google Scholar] [CrossRef]








[image: Ijerph 19 15188 g001 550] 





Figure 1. Instructional Slide Used as a Part of the FLA. Note. This figure contains the essential tactical learning question for the upcoming face-to-face lesson, as well as a video that describes and demonstrates the main applied activity students will participate in during class. The Suggested Questions represent areas of reflection and encourage students think about key tactical strategies that will be emphasized in upcoming lessons. 






Figure 1. Instructional Slide Used as a Part of the FLA. Note. This figure contains the essential tactical learning question for the upcoming face-to-face lesson, as well as a video that describes and demonstrates the main applied activity students will participate in during class. The Suggested Questions represent areas of reflection and encourage students think about key tactical strategies that will be emphasized in upcoming lessons.



[image: Ijerph 19 15188 g001]







[image: Table] 





Table 1. Descriptive Statistics of SOFIT Variables of Interest in Physical Education Classes Using Flipped Learning and Direct Instruction Approaches.
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	Flipped
	
	
	Direct
	





	
	N
	M (SD)
	Range
	N
	M (SD)
	Range



	Class Size (# of students)
	5
	28.60 (1.14)
	27.00–30.00
	5
	24.80 (1.64)
	22.00–26.00



	Length of Class (min)
	5
	32.00 (2.12)
	29.00–35.00
	5
	32.40 (1.95)
	30.00–35.00



	Indoor Classes
	2
	
	
	2
	
	



	Outdoor Classes
	3
	
	
	3
	
	



	PA Engagement
	
	
	
	
	
	



	  MVPA
	5
	74.84 (14.85)
	52.30–88.30
	5
	53.12 (15.23)
	29.70–70.30



	  MVPA (min)
	5
	24.16 (6.01)
	15.10–30.50
	5
	17.20 (5.07)
	9.00–21.70



	Lesson Context
	
	
	
	
	
	



	  General Content
	5
	24.94 (11.07)
	8.00–36.80
	5
	28.84 (6.14)
	21.00–35.80



	  Knowledge
	5
	2.26 (3.55)
	0–8.10
	5
	23.58 (16.93)
	9.90–48.40



	  Skill Practice
	5
	55.02 (30.94)
	0–72.00
	5
	38.6 (25.07)
	0–58.00



	  Free Play
	5
	17.60 (39.35)
	0–88.00
	5
	9.00 (20.12)
	0–45.00



	Teacher Involvement
	
	
	
	
	
	



	  Instructs Small Group
	5
	30.28 (25.22)
	0–58.10
	5
	19.04 (10.71)
	8.80–36.80



	  Instructs Whole Group
	5
	3.12 (3.38)
	0–8.10
	5
	15.28 (10.72)
	8.40–34.10



	  Manages
	5
	30.72 (12.11)
	17.40–48.00
	5
	43.08 (3.77)
	37.00–47.30



	  Observes
	5
	31.54 (21.47)
	10.50–63.80
	5
	20.30 (14.59)
	2.20–35.00



	  Other Tasks
	5
	4.34 (3.54)
	0–9.50
	5
	2.06 (2.15)
	0–5.00







Note. PA = physical activity; MVPA = moderate-to-vigorous physical activity. All SOFIT variables presented as % of class time unless otherwise noted. Three SOFIT variables (fitness activity, teacher promotes fitness, teacher demonstrates fitness) did not occur in observed sessions.
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Table 2. Results of Individual Linear Regression Models Predicting Each SOFIT Variable by Instructional Style (Flipped Learning vs. Direct Instruction Approach).
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	SOFIT Dependent Variables
	   β    (95% Confidence Interval)
	SE
	p-Value





	PA Engagement
	
	
	



	  MVPA
	55.03 (21.30, 88.75)
	13.12
	<0.01



	  MVPA (min)
	17.70 (6.90, 28.49)
	4.20
	<0.01



	Lesson Context
	
	
	



	  General Content
	−7.80 (−27.78, 12.18)
	7.74
	0.36



	  Knowledge
	−34.89 (−63.34, −6.43)
	11.07
	0.03



	  Skill Practice
	−15.97 (−80.20, 48.25)
	24.98
	0.55



	  Free Play
	58.22 (−24.93, 141.37)
	32.35
	0.13



	Teacher Involvement
	
	
	



	  Instructs Small Group
	−22.72 (−94.12, 48.69)
	27.78
	0.45



	  Instructs Whole Group
	−31.30 (−47.66, −14.95)
	6.36
	<0.01



	  Manages
	−6.91 (−37.57, 23.75)
	11.93
	0.59



	  Observes
	58.30 (5.64, 110.96)
	20.48
	0.04



	  Other Tasks
	2.51 (−9.32, 14.35)
	4.60
	0.61







Note. PA = physical activity; MVPA = moderate-to-vigorous physical activity. In each model, direct instruction classes served as the reference group (coded as 0); flipped instruction classes were coded as 1. Each model adjusts for class size, length of class, and whether class took place indoors or outdoors. All SOFIT variables assessed as % of class time unless otherwise noted.
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