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Abstract

:

The purpose of this randomized controlled study was to investigate the efficacy of an 8-week exercise programme conducted in e-learning mode on high school students’ academic performance. The aim was to examine the changes in physical fitness and learning outcomes during the enforced period of lockdown caused by outbreak of the second wave of COVID-19 pandemic and the closure of schools in Italy. Thirty high-school students (14–15 years) were randomly assigned to an experimental group (n = 15) that performed an at-home workout programme (~60 min., twice a week), or a control group (n = 15) who received only a regular programme of theoretical lessons where no practice takes place. Both groups were synchronized in real-time with the physical education teacher. In order to assess students’ starting level and significant changes reached, at baseline and after training, a battery of standardized assessment motor tests (Standing long jump test, Harvard step test, sit and reach test, and butt kicks test), and an academic achievement test (Amos 8–15) were administered. In comparison to the control group at baseline and the end of the programme, the experimental group reported considerable improvements in motivation and concentration, significant anxiety reduction, and an increase in capacity to organize studying and to be more flexible. Moreover, it was possible to observe the efficacy of the workout to improve learning ability among practicing students (p < 0.001). No significant changes were found in the control group. The results suggest that a school-based exercise programme conducted online could be a powerful approach in order to achieve the best academic outcomes and for improving students’ physical fitness as well as their cognitive health.






Keywords:


academic performance; physical activity; learning outcomes; e-learning; exercise












1. Introduction


In recent years, the impact of daily physical activity upon academic performance is a concept that is gaining high importance, especially in the professional education system.



Physical activity is considered to be correlated with academic performance by many researchers. Multiple lines of empirical evidence [1,2,3,4,5] confirm that students performing additional physical activity present an improvement in cognitive functions and psychomotor development [6]. This growing body of research claims that physical activity may have a significant influence on academic performance across a multitude of cognitive, physiological, emotional, and learning factors, acting in a direct and indirect manner [3,7]. Engaging in high amounts of physical activity provides more effective brain activation when committing in cognitive tasks, higher inhibitory control, better working memory, and greater attention span [8].



Even a few minutes after the beginning of physical activity, students are more capable of hyper-focusing on classroom tasks, which may improve learning. As time passes, with regular exercise, their better physical fitness could have a positive impact on academic results in certain fields, such as mathematics, reading, and writing [9,10]. It is hypothesised that this is mainly caused by a number of interacting neurobiological, psychological, and social mechanisms [11], such as increased hormones, increased self-esteem, and reduced stress and anxiety [12]. A higher level of physical activity might be able to supply new routes for faster and more pleasant learning of academic skills. Unfortunately, within the school context, even today instructional time dedicated for basic curricular subjects is increasingly extended to the disadvantage of physical education. It is often considered a secondary subject and is perceived by some teachers to be potential barrier to academic performance [4]. It is more and more common for, young people not to engage in any sport outside of school, meaning that it represents the only opportunity for children to participate in physical activity [13]. Consequently, the school should be a privileged place where the importance of physical activity is ceaselessly nurtured. Several reviews and reports in this area have been released over the last few years, largely concluding that a routine physical activity could be connected with enhanced cognitive benefits, classroom behavior, and academic performance among school age youth [14,15].



More attention should be paid to improved opportunities for physical activity, especially because the prevalence of weight gain is more related to physical inactivity than improper eating behavior alone [16]. Global estimates indicate that 27.5% of adults and 81% of adolescents fail to respect the 2010 World Health Organization (WHO) recommendations for physical activity. This circumstance of significantly decreased physical activity is all the more evident at an age range between 9 and 15 years [17]. The latest Guidelines on physical activity and sedentary behavior (2020), dictated by WHO [18], suggest practicing greater physical activity in terms of frequency, intensity and duration. Their aim is to offer significant physical and mental health benefits, in order to give greater value to a healthy weight and general well-being. It is widely acknowledged that physical activity during the span of life represents an important protective factor against numerous diseases. Children who properly engaged in the suggested level of physical activity build healthy bones and muscles, enhance muscular strength and endurance, reduce chronic disease risk factors, optimize self-esteem and their perceived sense of self-efficacy, and reduce stress and negative emotions [19].



Limited physical activity as a consequence of COVID-19 restrictions may be associated with unfavourable effects. Thus, maintaining a healthy lifestyle, which includes an adequate amount of physical exercise and a convenient alimentary regimen, should also be a priority, especially in a critical situation like this [20,21]. During quarantine, partaking in a regular physical activity routine at home, staying active, vigorous, and safe is essential for mental and physical health [22]. Furthermore, ensuring quality education and a quality lifestyle, also in terms of attention to health, is one of the most important objectives pursued by the UN 2030 Agenda for the realization of a sustainable society [23]. Schools and, in particular, physical education teachers need to become the main promoters of sustainability education, in order to obtain an integrated connection between health and physical education. In fact, students who engage in outdoor activity, learning about environmental aspects of personal safety, examining competition versus cooperation, in sport and in life, will be able to experience first-hand this transformative process necessary for achieving a better future [24].



Concerning that, previous studies have shown the connection between physical inactivity, improper diet, and consequently obesity [25]. There is ample evidence that the more time individuals spend in sedentary activities, the more likely they are to change their purchasing behavior concerning food, and they can significantly increase their weight [26]. Therefore, at a time in world history when people are called to answer difficult challenges and crucial responsibilities, overcoming interpersonal distance, concern, and reduction in physical activity has become an urgent necessity.



Since students are getting less and less active because of COVID-19 restrictions, it is of paramount importance to devise practical and efficient interventions to inhance physical health, as well as cognitive health. On the other hand, Physical Education is the only school subject through which children can gain the necessary foundation to become physically active. The emergence of COVID-19 has severely changed the way of teaching physical education. In this respect, the main concern is about the practical and experiential nature of teaching and learning in Physical Education, which is addressed towards a much stronger online component. This new approach to learning will require new methods for student engagement, and both teachers and pupils will need to have positive behavior and the proper training to get ready to deal with this change as well as possible [27]. In fact, the most important international associations in the field, such as the European Physical Education Association (EUPEA) and International Motor Development Research Consortium (I-MDRC), insist that Physical Education curricular lessons must ensure the level and quality established prior to the crisis for all children with and without disabilities.



Therefore, to foster progression in this research field, the purpose of this study was to assess the impact of a Physical activity video classes programme on academic performance at the time when students must observe a forced rest because of COVID-19 confinement.




2. Method


2.1. Study Design


This research used a randomized controlled study design to examine the consequences of an 8-week exercise online programme on high-school students, forced to work from home due to the second wave of COVID-19 pandemic. The study was conducted online and included a series of supervised exercises performed for 8 weeks for the intervention group, and only a regular programme of theoretical lessons for the control group where no practice takes place. The evaluation regarded a total of 16 lessons during which participants were monitored at the 1st and 8th week. The acquisition of measurements was carried out 1 week before the beginning of intervention (pre-test) and at the end of it (post-test).




2.2. Participants


Thirty high-school students, aged 14–15 years (18 males and 12 females, age 14.53 ± 0.50, mean ± SD), were recruited to participate in the study.



Participation in the study was entirely on a voluntary basis and all students attending local high-school could access this study. Participant inclusion criteria were as follows: not having a health condition that could limit the ability to move, being able to performing a moderate-intensity aerobic exercise session, and abstaining from all physical activity not involving the study protocol during the full period of intervention. Exclusion criteria were the following: having an orthopedic condition limiting the ability to perform an exercises program, and not being able to abstain from all physical activities outside the study protocol during all of the intervention days. Forty-four subjects met the protocol selection criteria for participating in the program. Of those recruited, fourteen refused the invitation to participate in the study because they considered the program too demanding or due to their own personal reasons. Conversely, 30 subjects agreed to take part in the study and completed the protocol. Thus, the final sample selected was composed of 30 subjects, 12 females and 18 males, who carried out the assessments at baseline and at the end of the intervention. Each of them were randomly assigned to the experimental group or to the group receiving only theoretical physical education lessons, as the control. Consequently, the experimental group was composed of 7 males and 8 females, while the control group was composed of 10 males and 5 females. The selected subjects had the same socio-economic background, educational level, and similar lifestyle conditions. Moreover, they had at baseline similar results in the assessment motor tests and shared academic achievement level, in order to avoid negative affects on the final findings.



Attendees were sent an e-mail containing information about the study 7 days before the start of the programme. Written informed consent was secured from all participants’ parents prior to study enrolment and all parents gave their approval for the performance of the practical classes by them carefully overseen. The researchers ensured the anonymity of the participants. The study was conducted from October 2020 to December 2020, in accordance with the Declaration of Helsinki. The Department of Basic Medical Sciences, Neurosciences, and Sensory Organs—Sports Science Section—at the University of Bari “Aldo Moro” and the Department of Clinical and Experimental Medicine, at the University of Foggia, did not consider approval of the Ethics Committee necessary for this study because the research did not provide any clinical, health, or biological treatments.




2.3. Procedures


The intervention was administered online using the G-suite for Education platform, during normal school lessons, carried out through distance teaching (in synchronous mode). The measurements and tests were administered at school. It was possible because, despite the epidemiological emergency period, the Italian Ministry of Education allowed the activities to be carried out in person by summoning the students in small groups and in line with safety precautions.



All two groups attended an online classroom twice per week and received 60 min each day of supervised training (EG) or theoretical knowledge (CG), under carefully monitored and controlled conditions. Before study participation, the subjects were given a battery of standardized assessment motor tests and an academic achievement test. The test battery included the Standing long jump test, Harvard step test, sit and reach test, and butt kicks test. Concerning academic achievement, the test used was the Amos 8–15. Moreover, we examined associations between Body mass index (BMI) and lifestyle (active/sedentary).



Participants completed the tests immediately before and after the intervention, with the objective of ensuring pre- and post-testing data connection and to assess the impact of the intervention. The extrapolated data from initial and final tests were collected at the same time of day and under the same experimental conditions. The participants were divided into two groups and physical testing took 30 min for each of them. All students were tested individually and each motor task item was explained before starting. On the day of the first training session, a meeting was held in order to explain the content of the exercise program and verify the motivation of every single student. On the same occasion, it was communicated to participants that that the control group would receive the study intervention in a delayed manner. However, despite the control group subjects abstaining from the physical activity program during the experimental period, they were constantly encouraged to remain active on their own in their daily life.



Moreover, students were urged not to ingest stimulating food or soft drinks before testing, but they were asked to continue with their normal intake of foods. They wore sports shoes and clothing suitable for physical activity during the whole intervention program. An experienced Physical Education teacher instructed, performed, and supervised the entire at-home workout program and all measurements for testing.




2.4. Measures


2.4.1. Motor Tests


The evaluation included four physical fitness tests as shown below:




	
Standing long jump test, a valid, reliable and easy to administer test used to assess explosive leg power [28].



	
Harvard Step test, a test used to measure endurance [29].



	
Sit and reach test, a common measure of flexibility of the lower back and hamstring muscles. It requires three measurements, and the score is the average reached by the three distances [30].



	
Butt kicks test, a test used to measure the athlete’s speed of movement execution [31].








The physical fitness tests were conducted for both the EG and CG at the beginning and end of the intervention program.




2.4.2. Body Mass Index (BMI)


Body mass index (BMI) is a simple and practical method of screening used to determine weight categories (underweight, normal weight, overweight, and obese) and the level of fat accumulation that might cause health problems [32]. It is a worldwide measure expressed through the relationship between weight (kilograms) and height (meters). In children it is calculated in a similar manner as for adults, but rather than using fixed thresholds, it is converted to percentiles in order to extrapolate the approximate position of the child’s BMI number compared to children of the same sex and age [33].




2.4.3. Amos 8–15 Questionnaire


The Amos 8–15 [34] is a test battery meant for the Italian cultural context. It is designed to assess study skills as well as motivational aspects of the students from 8 until 15 years of age. The test battery includes a series of objective tests and questionnaires that require students to analyze their approach to the study, use of strategies for the study, beliefs about oneself as student, and accidental attributions about both success and failure events. Specifically, it includes the following:




	
Study approach questionnaire (QAS);



	
Study strategies questionnaire (QS1 e QS2);



	
Convictions questionnaire (QC1I, QC2F, QC3O) and attributions questionnaire (QCA);



	
Objective study tests.








The operator can choose to use all of them, some specific ones, or just one. In this study, Authors decided to use the Study approach questionnaire (QAS), and the Objective study tests.



Study Approach Questionnaire (QAS)


The Study approach questionnaire is an invaluable tool that evaluates the different components of the student’s study approach. It consists of 49 items divided into 7 areas (7 items for each area, 5 positive and 2 negative, except for the Anxiety Area that is composed of 2 positive and 5 negative). Those areas include 1. Motivation; 2. Organization; 3. Didactic material development; 4. Study flexibility; 5. Concentration; 6. Anxiety; 7. Attitude towards school.



The response scale involves a 3-point “Likert-type”, ranging from 1 (disagree) to 3 (strongly agree). The score is calculated for each area separately. If a respondent’s Study approach questionnaire score increased, it suggests they experienced an appropriate approach to the study. The time required to fulfill the test was between 15 and 20 min, (it includes instruction and practice phases). The assessment protocol was administered before the beginning of the intervention and at the end of the exercise program, with the purpose of evaluating any changes.




Objective Study Tests


This an assessment tool that checks the student’s ability to understand and memorize. This test requires to learn a text for 30 min each one individually. Participants can use their usual study habits. At the end of the study phase, there was a 15-min break. Next, participants carried out 3 different tests:



	
Choice of titles: this measures the student’s ability to identify the most important events in the text. They should select, from an 8-title list, the 3 most meaningful. The system for calculating the score uses 1 point for each valid title.



	
Open questions: the student is asked to answer 6 open questions about the text studied. The system for calculating the score uses 1 to 3 points to assess the accuracy of the response.



	
True/False questions: the student is asked to answer true or false to 12 questions. They evaluate the student’s ability to understand and remember specific information. The system for calculating the score uses 1 point for each correct answer, 0 points for an answer not given, and −1 for each incorrect answer.






The sum of the scores obtained for each test determines the overall final score. The time required to fulfill the test was between 75 and 90 min, (it includes instruction and practice phases). The assessment protocol was administered before the beginning of the intervention and at the end of the exercise program, with the purpose of evaluating any changes.





2.4.4. Grades


The school board allowed access to student’s grades at the end of each term time. They were the results of tests and examinations prepared and administered according to the ministerial guidelines. The numeric scale of the grades ranged from 1 to 10.




2.4.5. Exercise Training Intervention


This eight-week training programme was conceived for students to boost strength, stay fit, and feel healthy. It is made up of bodyweight and cardiovascular moderate-intensity exercises to be completed each week. Consistency was the core of this approach. This workout was designed for beginners, but it could be modified for all fitness levels. No equipment or gym was required. Most body-weight exercises could be completed indoors within a confined space (i.e., burpees, air squats, and push-ups). The goal was to transition from a sedentary lifestyle to an active lifestyle, and to help students better overcome the periods of lockdown and restricted movement. It was also thought to remove problems that sometimes come along with resuming exercise activity. The intent was to build an exercise habit in order to improve cardiovascular health and muscular endurance by engaging in consistent practice. Every body-weight exercise involved utilized multiple muscle groups, got the heart rate pumping, and burned calories. The first week of the routine was a total-body workout to kick-start metabolism and perfect muscle moves. Over the following weeks, the complexity and resistance were increased and the routine was focused on strength and cardiovascular exercises. During weeks one and two, rest periods were granted ranging from 90 s and two minutes, between each set. Over the following weeks, rest periods were reduced to one minute. When training involved the use of dumbbells, these were replaced by water bottles or something else present in the house.



The workout routine started with a 10 min warm-up sequence. The purpose of the warm-up was to prepare the student mentally and physically for the conditioning exercises that followed and to reduce the risk of injury. The warm-up included the following exercises: marching in place, wide toe touch, leg swings, arm swings, half jacks, chest expansions, torso rotation, alt back expansions, shoulder rotations, hops on the spots, single-leg hops, hip rotations, walking jacks, hip circles, walking knee hugs, side shuffles, inchworms, light punches, and karaoke.



Later, the main workout exercises included 40 min of a sequence of movements that involved rotation, abduction, and extension of body parts. This training plan was aimed at improving the strength, resistance, and flexibility of the body. It was designed to improve musculoskeletal prowess, cardiovascular competence, as well as the development of different psychomotor abilities (Table 1 and Table A1).



Each training session ended with a brief full-body cool-down exercises (10 min). It consisted in a sequence of static stretching exercises which included glute stretch, standing quad stretch, piriformis stretch, side bench stretch, arm-cross shoulder stretch, overhead triceps stretch, lower back stretch, abdominal stretch, and child’s pose, lunge with spinal twist, 90/90 stretch, frog stretch, butterfly stretch, seated shoulder squeeze, lunging hip flexor stretch, lying pectoral stretch, knee to chest stretch, and seated neck release. It was important for muscle relaxation and the improvement of joint range of motion.




2.4.6. Statistical Analysis


The statistical analyses were carried out through SAS JMP Statistics (Version <15.1>, SASA Institute Inc. Cary, NC, USA, 2020). Data generated were shown as group mean values and standard deviations. They also were checked for assumptions of homogeneity of variances (i.e., Levene test). Using the Shapiro–Wilk test procedure the normality of all variables was tested. An independent sample t-test was performed to establish the baseline differences among the groups in all considered variables. A two-factor ANOVA analysis (group experimental/control) × time (pre/post intervention), was effected to analyze the impact of the intervention program on all investigated factors. Likewise, a group-specific post hoc test (paired t-test) was used to pinpoint the significant levels of interaction reached. To estimate the magnitude of the variation among each group partial eta squared (η2p) was applied. The following criteria was used to interpret it: small (η2p < 0.06), medium (0.06 ≤ η2p < 0.14), large (η2p ≥ 0.14). Lastly, Cohen’s d was useful to identified effect sizes (ES) for the pairwise comparisons. It was interpreted as small, moderate, and large effects defined as 0.20, 0.50, 0.80, respectively [35]. Statistical significance was set at p ≤ 0.05.



Results


The training program was completed by all participants. They were given the treatment conditions as planned and none of them reported injuries. Both the two groups (EG and CG) shared the same characteristics at baseline, with regard to age and anthropometric and psychological measures (p > 0.05) (Table A2). Table 2 presents pre- and post-intervention results for all dependent measures.




Motor Tests


A two-factor repeated measures ANOVA found significant ‘Time x Group’ interaction for the all four Motor tests performed: Standing long jump test (F1,28 = 54.25, p < 0.001, η2p = 0.66, large effect size), Harvard Step test (F1,28 = 60.03, p < 0.001, η2p = 0.68, large effect size), Sit and Reach test (F1,28 = 108.91, p < 0.001, η2p = 0.79, large effect size), and Butt kicks test(F1,28 = 41.71, p < 0.001, η2p = 0.59, large effect size). Post hoc analysis revealed that the experimental group significantly increased test scores from pre- to post-test in the Standing long jump test (t = 7.42, p < 0.001, d = 1.91 large effect size), Harvard Step test (t = 8.78, p < 0.001, d = 2.26, large effect size), Sit and Reach test (t = 13.12, p < 0.001, d = 3.38, large effect size), and Butt kicks (t = 7.54, p < 0.001, d = 1.94, large effect size). No significant changes were found for the control group (p > 0.05).




BMI


A significant ‘Time x Group’ interaction was also found for Body Mass Index (F1,28 = 34.53, p < 0.001, η2p = 0.55, large effect size). Post hoc analysis revealed that the experimental group significantly decreased in BMI from pre- to post-test (t = 4.63, p< 0.001, d = 1.19 large effect size). No significant changes were found for the control group (p > 0.05).




Study Approach Questionnaire QAS


A significant ‘Time x Group’ interaction was also found for Motivation (F1,28 = 61.16, p < 0.001, η2p = 0.68, large effect size), Organization (F1,28 = 40.88, p < 0.001, η2p = 0.59, large effect size), Study flexibility (F1,28 = 40.46, p< 0.001, η2p = 0.59, large effect size), Concentration (F1,28 = 30.09, p < 0.001, η2p = 0.51, large effect size), and Anxiety (F1,28 = 67.27, p < 0.001, η2p = 0.70, large effect size). The post hoc analysis revealed that the experimental group significantly increased scores from pre- to post-test in Motivation (t = 8.26, p < 0.001, d = 2.13, large effect size), Organization (t = 6.87, p < 0.001, d = 1.77, large effect size), Study flexibility (t = 5.95, p < 0.001, d = 1.53, large effect size), and Concentration (t = 8.45, p < 0.001, d = 2.18, large effect size). In the same way, experimental group showed a significant decrease in Anxietyscore (t = −8.14, p < 0.001, d = 2.10, large effect size). After 8 weeks of the intervention program, there were no significant “Time x Group” interactions in Didactic material development and Attitude towards school (p > 0.05). No significant changes were found for the control group (p > 0.05).




Objective Study Tests


A two factor repeated measure ANOVA found significant “Time × Group” interaction effects for Objective Study Tests (F1,28 = 101.32, p < 0.001, η2p = 0.78, large effect size). The post hoc analysis revealed that the experimental group significantly increased scores for Objective Study Tests (t = 12.10, p < 0.001, d = 3.27, large effect size) in the intervention group after 8 weeks, whereas no significant changes were found for the control group (p > 0.05).







3. Discussion


This study aimed to investigate the effects of a physical activity at-home program on academic achievement at the time of the COVID-19 lock-down. Two groups of students participated in 60 min of a workout program or physical education theoretical knowledge, respectively, and afterwards performed one standardized questionnaire of cognitive functioning. In this work, the results revealed that, after an 8-week workout program, students who practiced the exercise plan had markedly better academic performance than those not recruited in the experimental intervention program, as a result of greater levels of physical activity gained over the course of exercise sessions.



The first significant finding of this work involved the positive effect that the workout program had on motivation and concentration in the treatment group. This supports the idea that the rise in physical activity throughout school hours could lead arousal and reduce boredom, and at the same time contribute towards an augmented attention span and concentration [36,37]. Shephard and Lavallee (1994) [38] also argued that higher physical activity levels might be linked to the growth of self-esteem, which would enhance both classroom behavior and academic performance. Moreover, it was possible to observe significant anxiety reduction. This disclosure was in keeping with previous research indicating that exercise can decrease symptoms of stress and depression related to anxiety, raise enjoyment, and promote academic achievement [39]. By lowering this load, increased working memory become accessible, allowing students to execute school tasks. Converselt, it is considered that worries and negative emotions generated from anxiety are able to inhibit working memory, thus reducing the students’ resources helpful for learning [40]. Thus, regular exercise could decrease the symptoms and consequences of quarantine-induced anxiety and depression through its positive neuroprotective effects [41].



Another important finding which positively connects workout with academic achievement pertained to the increase in capacity to organize study and to be more flexible. This result stemmed from the advantages provided by exercise. In fact, a large body of research has demonstrated that people who consistently train show greater problem solving and decision-making capabilities [42,43].



Nevertheless, the greatest finding of this research was the demonstration of the efficacy of workouts to improve learning ability among students practicing. Compared with controls, the experimental group reported significant improvements in learning outcomes upon completion of an 8-week workout intervention. In line with previous literature, we suggest that this result was a consequence of a better concentration and attention span [44,45], better working memory [46], reduction of anxiety, greater motivation, higher capacity to organize the study and reduced off-task behaviors [47,48].



Interestingly, most research showed that exercise can improve children’s academic outcomes, because at the end of physical activity sessions they respond more rapidly and with higher accuracy to different cognitive tasks (i.e., on-task behavior, executive function skills, and academic achievement) [49,50,51,52,53]. Further, it has been shown that physical activity mediates improvements in academic performance because it can permit the allocation of neural resources underpinning performance on a working memory task [54,55]. Furthermore, a positive association between BMI and an active lifestyle was observed in this study. In fact, students who improved their body mass index were also those who reported best grades, enhancing at the same time their health. On the other hand, students following the theoretical lessons were those who showed an increase in BMI and, consequently, a worsening of physical conditions and school grades. Most probably, we assumed that it was due to a lack of physical activity and sedentary lifestyle leading to poor habits and improper eating behavior. This negative connection between physical inactivity, weight gain, and school failure are possibly clarified by lifestyle factors related to energy and metabolic balance, and to changes in health behaviors [56]. A range of studies [57,58,59] agreed that a sedentary lifestyle during childhood affects both physical and cognitive health.



Lastly, it was interesting to note that many students refused to be part of the study when invited to participate. Our main explanation is that the young generation prefers a different mode of interaction, by choosing to stay comfortably seated behind a screen instead of practicing physical exercises. This situation was further aggravated during the restriction period. With a view to overcoming the problem, schools experimented with an educational alliance with families and institutions in order to promote health through physical education, especially at this critical time [60]. In this regard, the active school model was revised and adjusted through the pursuit of an intersection between physical education, families, and community.



In connection with the issues raised, these results were consistent with previous research corroborating the existence of a positive relationship between an active lifestyle and academic performance [61,62,63,64]. Especially with the outbreak of the Coronavirus emergency and the closure of all schools, at-home exercises provided numerous advantages. Various researches in this field have demonstrated that enforced sedentary behavior brought both negative feelings and moods in healthy people within seven days [65]. Moreover, as pupils were ever more sedentary and less trained because of lockdown, introducing robust interventions to enhance metabolic, cardiovascular, and cognitive health was of fundamental importance. Thus, teachers and educators should cooperate in order to incorporate physical activity into children’s daily routine and promote healthy movement practices in alignment with the global movement behavior guidelines [66]. In accordance with the latest scientific studies, physical activity is able to affect academic performance via different direct and indirect physiological, cognitive, emotional, and learning factors [67,68,69,70], thereby opportunities for children to maintain a steady pace of training should be provided by the school [56]. Esteban-Cornejo et al. (2020) [59] suggested the adoption of a school-based active approach, including more frequent Physical Education lessons, for the purpose of enhancing brain health, and executive function, as well as academic performance. In fact, the promotion of daily physical activity and favouring an active lifestyle have been shown to increase children’s concentration and attention. Furthermore, leading an active lifestyle is a convenient and practical way to improve children’s psychophysical well-being, classroom behavior, and academic outcomes. In relation to these arguments it is possible to establish that the findings of the research available support our idea, as pupils had considerably enhanced their psychophysical well-being and academic performance following the workout intervention.



Although the evidence concerning the significant connection between physical activity and school outcomes, in this study some limitations were present. The first is related to the small sample size (n = 30), generated by problems in recruiting motivated students to participate or difficulties associated with the use of the technological devices. Furthermore, the sample was drawn from a population of students at a local public school located in a small district. Thus, the results may not be generalizable to students from other schools or with other backgrounds. Nevertheless, this work represents a pilot study that had only the ambition to be an opening research for future study on this topic. Lastly, this study was conducted towards the end of the first quarter of school, thus it can be assumed that participants were a highly motivated group who wanted to improve their academic performance in view of the quaterly report card. This might have affected the final results. Additional limitations concerned the fact that we did not evaluate the long-term effects of the workout on cognitive skills. Future study would need to investigate these opportunities with the aim of clarifying these variables. Nonetheless, the findings achieved could provide important indications for future research. Therefore, the strengths of this study were represented by the revolution that this simple and effective approach brings to academic performance as well as physical and cognitive health among school-aged youth. In fact, once past the first days of confusion, demotivation, and laziness, students were more involved with learning in lockdown, away from the ‘chaos’ of the classroom. Physical education practice through remote learning has proved to be engaging and it was a convenient way to get out of the daily routine. As the lockdown weeks passed, the pupils, encouraged by their steady sense of accomplishment and supported by the improvement of their regular academic rewards, became organized and punctual. Also, the pupils who previously needed to be constantly spurred to participate and join the class became those who interacted better. Thus, Educational Institutions must admit the significance of this advantageous intervention strategy, recognising that Physical Education may be an effective approach for health promotion among students. Against this background, most European countries have wondered about the ways of promoting of physical education. Concerning that, there has been resistance on a normative and organizational plane, above all linked to qualification of teachers [71], which becomes, now more than ever, an essential promotion strategy which shall be revised periodically. Fortunately, in some European countries the training of teachers has been implemented [27]. In addition, the increase in the number of hours dedicated to this subject, and building concrete and consistent programs with the growing need for movement of the new generations (also with a focus on attractive programs that combine physical activity with technologies—such as apps, video resources and exergames), represent all together the most effective way to promote physical education.




4. Conclusions


Lockdown to contain the spread of the second wave of COVID-19 pandemic has obliged Italian school education to face several challenges. The COVID-19 pandemic, as a result of its incomparable risk and one-of-kind response strategy, has had a negative and dramatic impact on youth’s physical fitness as well as academic performance, particularly for those who have not practiced physical activity. With the second wave outbreak of the Coronavirus emergency and the closure of schools in Italy, to facilitate learning, lessons were organized remotely. Thanks to online physical education teaching, however, pupils were able to still attend their practice virtually and effectively to support their learning during the closure period.



As children were becoming increasingly sedentary and unfit during the closure period, it was important to be able to identify potentially effective interventions and low-cost strategies for improving metabolic, cardiovascular, and cognitive health for school-age children. A school-based physical activity programme conducted online could be a powerful approach, in order to achieve these aims. However, this work represents a pilot study that had only the ambition to be an opening research for future study on this topic. On the other hand, physical education in schools remains the most important way to promote the interpersonal relationship and educational process between teacher and pupil through the variations of both teaching styles and strategies.



Thus, several questions remain to be answered, for example to be able to establish the optimal type, intensity, and timing of school physical education, and how on-line different teaching approaches might influence the effects of the physical activity on cognitive learning. Therefore, it would be important that future study should focus on whether to offer students new strategies monitored for a longer time.
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Table A1. Home workout plan: main exercises.






Table A1. Home workout plan: main exercises.





	Week
	Main Exercise





	1
	Complete 2 sets of 12 repetitions:

Jumping rope, skaters, jumping jacks, standing x crunches, chair squats, knee push-ups, knee planks (hold for 20 s), standing shoulder presses, forward lunges, step-ups, sit-ups, donkey kicks.



	2
	Complete 2 sets of 12 repetitions:

Lateral toe taps, mountain climbers, side reach jacks, reverse lunges, squats, bicep curls, plank and drag (hold for 20 s), tricep dips, hip bridges, russian twists, crunches, half burpees.



	3
	Complete 2 sets of 15 repetitions:

High knees, criss-cross jacks, x hops, alternating lateral lunges, squat punches, full plank (hold for 30 s), push-ups and reach, single-arm rows, straight leg jackknifes, single-leg glute bridges, overhead seated leg lifts, burpees.



	4
	Complete 2 sets of 15 repetitions:

Lateral shuffle floor taps, bench runners, sit-outs, punch jacks & knee pumps, walking plank (hold for 30 s), triceps overhead extensions, T push-ups, raised-leg sit-ups & claps, half burpees & plank jacks, straight-leg sit-ups, walking lunges, sumo squats.



	5
	Complete 2 sets of 15 repetitions:

Banded vertical jacks, fast-feet drops, knee pumps to overhead jacks, shoulder tap plank (hold for 40 s), alternate V-sits, Burpees 180° Jumps, leg lifts, diagonal squats, hip thrust single-arm reaches, hover leg extensions, walking push-ups, scissors.



	6
	Complete 3 sets of 15 repetitions:

X mountain climbers, knee to elbow-toe touches, beast shoulder taps, dumbbell thrusters, lay-down push-ups, walkout burpees, wall hip thrusts, bicycle crunches, bottoms-up lunges, hip drive step-ups, rear-foot-elevated split squats, flutter kicks.



	7
	Complete 3 sets of 15 repetitions:

Running in place, power skips, star jumps, drop squats, plyometric woodchoppers, x plank (hold for 50 s), hip thrusts, side step-ups, knee-tap burpees, bent-leg raises, heel taps, pike push-ups.



	8
	Complete 3 sets of 15 repetitions:

Fast feet, broad jumps, spiderman burpees, side plank & hold (hold for 60 s), dumbbell seesaw presses, knee back to knee raises, reaching oblique crunches, marching hip lifts, single-leg sit-to-stands, dumbbell squatscleans, single-leg deadlifts, glute-bridges and hamstring rolls, ab rollbacks.










[image: Table] 





Table A2. Changes in physical fitness and study abilities after an 8-week at-home workout plan.






Table A2. Changes in physical fitness and study abilities after an 8-week at-home workout plan.





	

	
Experimental Group (n = 15)

	
Control Group (n = 15)




	

	
Baseline

	
Post-Test

	
Δ

	
Baseline

	
Post-Test

	
Δ






	
Motor Tests

	

	

	

	

	

	




	
Standing long jump test

	
1.5 (0.11)

	
1.57 (0.10) †*

	
0.06 (0.03)

	
1.46 (0.09)

	
1.44 (0.09)

	
−0.01 (0.02)




	
Harvard step test

	
74 (4.14)

	
81.73 (5.36) †*

	
7.73 (3.41)

	
76.53 (3.29)

	
72.73 (6.09)

	
−3.8 (4.64)




	
Sit and reach test

	
18.93 (2.31)

	
23.33 (2.66) †*

	
4.4 (1,29)

	
18.8 (2.04)

	
17.06 (2.25)

	
−1.73 (1.86)




	
Butt kicks test

	
82. 8 (11.71)

	
92.2 (12.32) †*

	
9.4 (4.82)

	
82.86 (11.55)

	
78.33 (9.61)

	
−4.53 (6.82)




	
Amos 8–15—QAS

Questionnaire

	

	

	

	

	

	




	
Motivation

	
15.6 (1.50)

	
18.66 (1.58) †*

	
3.06 (1.43)

	
15.33 (1.39)

	
14.53 (1.55)

	
−0.8 (1.26)




	
Organisation

	
15.2 (1.37)

	
18.2 (1.74) †*

	
3 (1.69)

	
15.26 (1.27)

	
14.8 (1.56)

	
−0.46 (1.24)




	
Didactic material development

	
15.66 (1.34)

	
15.46 (1.68)

	
−0.2 (1.47)

	
15.93 (1.53)

	
15.73 (2.25)

	
−0.2 (1.85)




	
Study flexibility

	
15.73 (1.62)

	
18.53 (1.76) †*

	
2.8 (1.82)

	
14.93 (1.16)

	
14.33 (1.34)

	
−0.6 (0.98)




	
Concentration

	
14.33 (1.54)

	
18.06 (1.83) †*

	
3.73 (1.70)

	
14.2 (1.65)

	
14.06 (1.33)

	
−0.13 (1.18)




	
Anxiety

	
18.26 (1.66)

	
15.06 (1.90) †*

	
−3.2 (1.52)

	
18.2 (1.56)

	
19.13 (1.35)

	
0.93 (1.22)




	
Attitude towards school

	
15.53 (1.59)

	
15.26 (1.86)

	
−0.26 (1.09)

	
15.93 (1.03)

	
15.46 (1.59)

	
−0.46 (1.35)




	
Amos 8–15—Objective Study Tests

	
19 (2.26)

	
25.93 (2.60) †*

	
6.93 (2.12)

	
19.6 (2.19)

	
17.2 (2.45)

	
−2.4 (2.89)




	
BMI percentile median (QR) Ω

	
74.00 (13.55)

	
67.86 (15.21) †*

	
−6.13 (5.12)

	
61.83 (20.61)

	
67.47 (16.52)

	
5.63 (5.82)








Note: values are presented as mean (±SD); Δ: pre- to post-training changes; † Significant ‘Group × Time’ interaction: significant effect of the intervention (p < 0.001). * Significantly different from pre-test (p < 0.001); Ω BMI percentile indicates the relative position of the child’s BMI number among children of the same sex and age.













References


	



Castelli, D.M.; Centeio, E.E.; Hwang, J.; Barcelona, J.M.; Glowacki, E.M.; Calvert, H.G.; Nicksic, H.M. VII. The history of physical activity and academic performance research: Informing the future. Monogr. Soc. Res. Child Dev. 2014, 79, 119–148. [Google Scholar] [CrossRef]

	



Donnelly, J.E.; Hillman, C.H.; Castelli, D.; Etnier, J.L.; Lee, S.; Tomporowski, P.; Lambourne, K.; Szabo-Reed, A.N. Physical Activity, Fitness, Cognitive Function, and Academic Achievement in Children. Med. Sci. Sports Exerc. 2016, 48, 1197–1222. [Google Scholar] [CrossRef] [PubMed]

	



Sibley, B.A.; Etnier, J.L. The Relationship between Physical Activity and Cognition in Children: A Meta-Analysis. Pediatr. Exerc. Sci. 2003, 15, 243–256. [Google Scholar] [CrossRef]

	



Singh, A.S.; Saliasi, E.; van den Berg, V.; Uijtdewilligen, L.; de Groot, R.H.M.; Jolles Andersen, L.B.J.; Bailey, R.; Chang, Y.; Diamond, A.; Ericsson, I.; et al. Effects of physical activity interventions on cognitive and academic performance in children and adolescents: A novel combination of a systematic review and recommendations from an expert panel. Br. J. Sports Med. 2019, 53, 640–647. [Google Scholar] [CrossRef] [PubMed]

	



Vazou, S.; Pesce, C.; Lakes, K.; Smiley-Oyen, A. More than one road leads to Rome: A narrative review and meta-analysis of physical activity intervention effects on cognition in youth. Int. J. Sport Exerc. Psychol. 2019, 17, 153–178. [Google Scholar] [CrossRef] [PubMed]

	



Hillman, C.H.; Erickson, K.I.; Kramer, A.F. Be smart, exercise your heart: Exercise effects on brain and cognition. Nat. Rev. Neurosci. 2008, 9, 58–65. [Google Scholar] [CrossRef]

	



Santana, C.C.A.; Azevedo, L.B.; Cattuzzo, M.T.; Hill, J.O.; Andrade, L.P.; Prado, W.L. Physical fitness and academic performance in youth: A systematic review. Scand. J. Med. Sci. Sports 2017, 27, 579–603. [Google Scholar] [CrossRef]

	



Howie, E.K.; Schatz, J.; Pate, R.R. Acute Effects of Classroom Exercise Breaks on Executive Function and Math Performance: A Dose–Response Study. Res. Q. Exerc. Sport 2015, 86, 217–224. [Google Scholar] [CrossRef]

	



Committee on Physical Activity and Physical Education in the School Environment; Food and Nutrition Board; Institute of Medicine. Educating the Student Body: Taking Physical Activity and Physical Education to School; Kohl, H.W., III, Cook, H.D., Eds.; The National Academies Press: Washington, WA, USA, 2013. [CrossRef]

	



Phillips, D.; Hannon, J.C.; Castelli, D.M. Effects of vigorous intensity physical activity on mathematics test performance. J. Teach. Phys. Educ. 2015, 34, 346–362. [Google Scholar] [CrossRef]

	



Biddle, S.J.; Ciaccioni, S.; Thomas, G.; Vergeer, I. Physical activity and mental health in children and adolescents: An updated review of reviews and an analysis of causality. Psychol. Sport Exerc. 2019, 42, 146–155. [Google Scholar] [CrossRef]

	



Shephard, R.J. Curricular Physical Activity and Academic Performance. Pediatr. Exerc. Sci. 1997, 9, 113–126. [Google Scholar] [CrossRef]

	



Rasberry, C.N.; Lee, S.M.; Robin, L.; Laris, B.; Russell, L.A.; Coyle, K.K.; Nihiser, A.J. The association between school-based physical activity, including physical education, and academic performance: A systematic review of the literature. Prev. Med. 2011, 52, S10–S20. [Google Scholar] [CrossRef] [PubMed]

	



Álvarez-Bueno, C.; Pesce, C.; Cavero-Redondo, I.; Sánchez-López, M.; Garrido-Miguel, M.; Martínez-Vizcaíno, V. Academic Achievement and Physical Activity: A Meta-analysis. Pediatrics 2017, 140, e20171498. [Google Scholar] [CrossRef] [PubMed]

	



Martin, A.; Booth, J.N.; Laird, Y.; Sproule, J.; Reilly, J.J.; Saunders, D.H. Physical activity, diet and other behavioural interventions for improving cognition and school achievement in children and adolescents with obesity or overweight. Cochrane Database Syst. Rev. 2018, 3, CD009728. [Google Scholar] [CrossRef]

	



Greco, G.; Cataldi, S.; Fischetti, F. Effectiveness of a short after-school intervention on physical fitness in school-aged children extracurricular multilateral training improves physical fitness in children. Ric. Pedagog. Didatt. 2019, 14, 143–164. [Google Scholar] [CrossRef]

	



Nader, P.R.; Bradley, R.H.; Houts, R.M.; McRitchie, S.L.; O’Brien, M. Moderate-to-Vigorous Physical Activity From Ages 9 to 15 Years. JAMA 2008, 300, 295–305. [Google Scholar] [CrossRef]

	



WHO. Guidelines on Physical Activity and Sedentary Behaviour: At a Glance; World Health Organization: Geneva, Switzerland, 2020.

	



Janssen, I.; LeBlanc, A.G. Systematic review of the health benefits of physical activity and fitness in school-aged children and youth. Int. J. Behav. Nutr. Phys. Act. 2010, 7, 40. [Google Scholar] [CrossRef]

	



Danaei, G.; Ding, E.; Mozaffarian, D.; Taylor, B.; Rehm, J.; Murray, C.J.L.; Ezzati, M. The Preventable Causes of Death in the United States: Comparative Risk Assessment of Dietary, Lifestyle, and Metabolic Risk Factors. PLoS Med. 2009, 6, e1000058. [Google Scholar] [CrossRef]

	



Latino, F.; Greco, G.; Fischetti, F.; Cataldi, S. Multilateral training improves body image perception in female adolescents. J. Hum. Sport Exerc. 2019 Spring Conf. Sports Sci. 2019, 14, S927–S936. [Google Scholar] [CrossRef]

	



Lippi, G.; Henry, B.M.; Sanchis-Gomar, F. Physical inactivity and cardiovascular disease at the time of coronavirus disease 2019 (COVID-19). Eur. J. Prev. Cardiol. 2020, 27, 906–908. [Google Scholar] [CrossRef]

	



Filho, N.D.P.A. The agenda 2030 for responsible management education: An applied methodology. Int. J. Manag. Educ. 2017, 15, 183–191. [Google Scholar] [CrossRef]

	



Bácsné-Bába, É.; Ráthonyi, G.; Pfau, C.; Müller, A.; Szabados, G.; Harangi-Rákos, M. Sustainability-Sport-Physical Activity. Int. J. Environ. Res. Public Health 2021, 18, 1455. [Google Scholar] [CrossRef] [PubMed]

	



Eaton, S.B.; Eaton, S.B. Physical Inactivity, Obesity, and Type 2 Diabetes: An Evolutionary Perspective. Res. Q. Exerc. Sport 2017, 88, 1–8. [Google Scholar] [CrossRef]

	



Nelson, M.C.; Neumark-Stzainer, D.; Hannan, P.J.; Sirard, J.R.; Story, M. Longitudinal and Secular Trends in Physical Activity and Sedentary Behavior During Adolescence. Pediatrics 2006, 118, e1627–e1634. [Google Scholar] [CrossRef] [PubMed]

	



O′Brien, W.; Adamakis, M.; Brien, N.O.; Onofre, M.; Martins, J.; Dania, A.; Makopoulou, K.; Herold, F.; Ng, K.; Costa, J. Implications for European Physical Education Teacher Education during the COVID-19 pandemic: A cross-institutional SWOT analysis. Eur. J. Teach. Educ. 2020, 43, 503–522. [Google Scholar] [CrossRef]

	



Eurofit. Eurofit Tests of Physical Fitness, 2nd ed.; Sports Division Strasbourg, Council of Europe Publishing and Documentation Service: Strasbourg, France, 1993. [Google Scholar]

	



Brouha, L. The Step Test: A Simple Method of Measuring Physical Fitness for Muscular Work in Young Men. Res. Q. Am. Assoc. Health Phys. Educ. Recreat. 1943, 14, 31–37. [Google Scholar] [CrossRef]

	



Wells, K.F.; Dillon, E.K. The Sit and Reach—A Test of Back and Leg Flexibility. Res. Q. Am. Assoc. Health Phys. Educ. Recreat. 1952, 23, 115–118. [Google Scholar] [CrossRef]

	



Buonaccorsi, A. Manuale di Standardizzazione dei Test; C.O.N.I.—Edizioni Scuola dello Sport CONI—Osservatorio Nazionale sulle Capacità Motorie: Livorno, Italy, 2000. [Google Scholar]

	



Prentice, A.M.; Jebb, S.A. Beyond body mass index. Obes. Rev. 2001, 2, 141–147. [Google Scholar] [CrossRef]

	



Cole, T.J.; Bellizzi, M.C.; Flegal, K.M.; Dietz, W.H. Establishing a standard definition for child overweight and obesity worldwide: International survey. BMJ 2000, 320, 1240. [Google Scholar] [CrossRef]

	



Cornoldi, C.; De Beni, R.; Zamperlin, C.; Meneghetti, C. AMOS 8-15. Strumenti di Valutazione di Abilità e Motivazione Allo Studio per Studenti Dagli 8 ai 14 Anni; Erickson: Trento, Italy, 2005. [Google Scholar]

	



Cohen, J. A power primer. Psychol. Bull. 1992, 112, 155–159. [Google Scholar] [CrossRef] [PubMed]

	



Gallotta, M.C.; Bonavolontà, V.; Zimatore, G.; Iazzoni, S.; Guidetti, L.; Baldari, C. Effects of Open (Racket) and Closed (Running) Skill Sports Practice on Children’s Attentional Performance. Open Sports Sci. J. 2020, 13, 105–113. [Google Scholar] [CrossRef]

	



Shephard, R.J. Habitual Physical Activity and Academic Performance. Nutr. Rev. 2009, 54, S32–S36. [Google Scholar] [CrossRef]

	



Shephard, R.J.; Lavallee, H. Academic skills and required physical education: The Trois Rivieres experience. Cahper. J. Res. 1994, 5 (Suppl. 1), 1–12. [Google Scholar] [CrossRef]

	



Renkl, A. Toward an Instructionally Oriented Theory of Example-Based Learning. Cogn. Sci. 2013, 38, 1–37. [Google Scholar] [CrossRef]

	



Mavilidi, M.F.; Ouwehand, K.; Riley, N.; Chandler, P.; Paas, F. Effects of An Acute Physical Activity Break on Test Anxiety and Math Test Performance. Int. J. Environ. Res. Public Health 2020, 17, 1523. [Google Scholar] [CrossRef] [PubMed]

	



Woods, J.A.; Hutchinson, N.T.; Powers, S.K.; Roberts, W.O.; Gomez-Cabrera, M.C.; Radak, Z.; Berkes, I.; Boros, A.; Boldogh, I.; Leeuwenburgh, C.; et al. The COVID-19 pandemic and physical activity. Sports Med. Health Sci. 2020, 2, 55–64. [Google Scholar] [CrossRef]

	



Masini, A.; Marini, S.; Gori, D.; Leoni, E.; Rochira, A.; Dallolio, L. Evaluation of school-based interventions of active breaks in primary schools: A systematic review and meta-analysis. J. Sci. Med. Sport 2020, 23, 377–384. [Google Scholar] [CrossRef] [PubMed]

	



Watson, A.; Timperio, A.; Brown, H.; Best, K.; Hesketh, K.D. Effect of classroom-based physical activity interventions on academic and physical activity outcomes: A systematic review and meta-analysis. Int. J. Behav. Nutr. Phys. Act. 2017, 14, 1–24. [Google Scholar] [CrossRef] [PubMed]

	



Hillman, C.H.; Snook, E.M.; Jerome, G.J. Acute cardiovascular exercise and executive control function. Int. J. Psychophysiol. 2003, 48, 307–314. [Google Scholar] [CrossRef]

	



Pontifex, M.B.; Scudder, M.R.; Drollette, E.S.; Hillman, C.H. Fit and vigilant: The relationship between poorer aerobic fitness and failures in sustained attention during preadolescence. Neuropsychology 2012, 26, 407–413. [Google Scholar] [CrossRef] [PubMed]

	



Hillman, C.; Pontifex, M.; Raine, L.; Castelli, D.; Hall, E.; Kramer, A. The effect of acute treadmill walking on cognitive control and academic achievement in preadolescent children. Neuroscience 2009, 159, 1044–1054. [Google Scholar] [CrossRef] [PubMed]

	



Bartholomew, J.B.; Jowers, E.M. Physically active academic lessons in elementary children. Prev. Med. 2011, 52 (Suppl. 1), S51–S54. [Google Scholar] [CrossRef] [PubMed]

	



Mahar, M.T.; Murphy, S.K.; Rowe, D.A.; Golden, J.; Shields, A.T.; Raedeke, T.D. Effects of a Classroom-Based Program on Physical Activity and On-Task Behavior. Med. Sci. Sports Exerc. 2006, 38, 2086–2094. [Google Scholar] [CrossRef]

	



Budde, H.; Voelcker-Rehage, C.; Pietraßyk-Kendziorra, S.; Ribeiro, P.; Tidow, G. Acute coordinative exercise improves attentional performance in adolescents. Neurosci. Lett. 2008, 441, 219–223. [Google Scholar] [CrossRef] [PubMed]

	



Ellemberg, D.; St-Louis-Deschênes, M. The effect of acute physical exercise on cognitive function during development. Psychol. Sport Exerc. 2010, 11, 122–126. [Google Scholar] [CrossRef]

	



Hillman, C.H.; Buck, S.M.; Themanson, J.R.; Pontifex, M.B.; Castelli, D.M. Aerobic fitness and cognitive development: Event-related brain potential and task performance indices of executive control in preadolescent children. Dev. Psychol. 2009, 45, 114–129. [Google Scholar] [CrossRef]

	



Pesce, C.; Crova, C.; Cereatti, L.; Casella, R.; Bellucci, M. Physical activity and mental performance in preadolescents: Effects of acute exercise on free-recall memory. Ment. Health Phys. Act. 2009, 2, 16–22. [Google Scholar] [CrossRef]

	



Tomporowski, P.D. Effects of acute bouts of exercise on cognition. Acta Psychol. 2003, 112, 297–324. [Google Scholar] [CrossRef]

	



Fredericks, C.R.; Kokot, S.J.; Krog, S. Using a developmental movement programme to enhance academic skills in grade 1 learners. S. Afr. J. Res. Sport, Phys. Educ. Recreat. 2006, 28, 29–42. [Google Scholar] [CrossRef]

	



Kamijo, K.; Pontifex, M.B.; O’Leary, K.C.; Scudder, M.R.; Wu, C.-T.; Castelli, D.M.; Hillman, C.H. The effects of an afterschool physical activity program on working memory in preadolescent children. Dev. Sci. 2011, 14, 1046–1058. [Google Scholar] [CrossRef] [PubMed]

	



Fischetti, F.; Cataldi, S.; Greco, G. A combined plyometric and resistance training program improves fitness performance in 12 to 14-years-old boys. Sport Sci. Health 2019, 15, 615–621. [Google Scholar] [CrossRef]

	



Migueles, J.H.; Cadenas-Sanchez, C.; Esteban-Cornejo, I.; Torres-Lopez, L.V.; Aadland, E.; Chastin, S.F.; Erickson, K.I.; Catena, A.; Ortega, F.B. Associations of Objectively-Assessed Physical Activity and Sedentary Time with Hippocampal Gray Matter Volume in Children with Overweight/Obesity. J. Clin. Med. 2020, 9, 1080. [Google Scholar] [CrossRef]

	



Davis, C.L.; Tomporowski, P.D.; McDowell, J.E.; Austin, B.P.; Miller, P.H.; Yanasak, N.E.; Allison, J.D.; Naglieri, J.A. Exercise improves executive function and achievement and alters brain activation in overweight children: A randomized, controlled trial. Health Psychol. 2011, 30, 91–98. [Google Scholar] [CrossRef]

	



Esteban-Cornejo, I.; Reilly, J.; Ortega, F.B.; Matusik, P.; Mazur, A.; Erhardt, E.; Forslund, A.; Vlachopapadopoulou, E.A.; Caroli, M.; Boyland, E.; et al. Paediatric obesity and brain functioning: The role of physical activity—A novel and important expert opinion of the European Childhood Obesity Group. Pediatr. Obes. 2020, 15, e12649. [Google Scholar] [CrossRef] [PubMed]

	



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]

	



Ahn, S.; Fedewa, A.L. A Meta-analysis of the Relationship Between Children’s Physical Activity and Mental Health. J. Pediatr. Psychol. 2011, 36, 385–397. [Google Scholar] [CrossRef] [PubMed]

	



Castelli, D.M.; Hillman, C.H.; Buck, S.M.; Erwin, H.E. Physical Fitness and Academic Achievement in Third- and Fifth-Grade Students. J. Sport Exerc. Psychol. 2007, 29, 239–252. [Google Scholar] [CrossRef] [PubMed]

	



Chaddock, L.; Erickson, K.I.; Prakash, R.S.; Kim, J.S.; Voss, M.W.; VanPatter, M.; Pontifex, M.B.; Raine, L.B.; Konkel, A.; Hillman, C.H.; et al. A neuroimaging investigation of the association between aerobic fitness, hippocampal volume, and memory performance in preadolescent children. Brain Res. 2010, 1358, 172–183. [Google Scholar] [CrossRef] [PubMed]

	



Singh, A.; Uijtdewilligen, L.; Twisk, J.W.R.; Van Mechelen, W.; Chinapaw, M.J.M. Physical Activity and Performance at School: A systematic review of the literature including a methodological quality assessment. Arch. Pediatr. Adolesc. Med. 2012, 166, 49–55. [Google Scholar] [CrossRef]

	



Endrighi, R.; Steptoe, A.; Hamer, M. The effect of experimentally induced sedentariness on mood and psychobiological responses to mental stress. Br. J. Psychiatry 2016, 208, 245–251. [Google Scholar] [CrossRef] [PubMed]

	



Guan, H.; Okely, A.D.; Aguilar-Farias, N.; del Pozo Cruz, B.; Draper, C.E.; El Hamdouchi, A.; Florindo, A.A.; Jáuregui, A.; Katzmarzyk, P.T.; Kontsevaya, A.; et al. Promoting healthy movement behaviours among childrenduring the COVID-19 pandemic. Comment 2020, 4, 416–418. [Google Scholar] [CrossRef]

	



Hillman, C.H.; Castelli, D.M.; Buck, S.M. Aerobic Fitness and Neurocognitive Function in Healthy Preadolescent Children. Med. Sci. Sports Exerc. 2005, 37, 1967–1974. [Google Scholar] [CrossRef]

	



Lambourne, K.; Hansen, D.; Szabo, A.; Lee, J.; Herrmann, S.; Donnelly, J. Indirect and direct relations between aerobic fitness, physical activity, and academic achievement in elementary school students. Ment. Health Phys. Act. 2013, 6, 165–171. [Google Scholar] [CrossRef] [PubMed]

	



Rosenbaum, D.A.; Carlson, R.A.; Gilmore, R.O. Acquisition of Intellectual and Perceptual-Motor Skills. Annu. Rev. Psychol. 2001, 52, 453–470. [Google Scholar] [CrossRef] [PubMed]

	



Trudeau, F.; Shephard, R.J. Relationships of Physical Activity to Brain Health and the Academic Performance of Schoolchildren. Am. J. Lifestyle Med. 2010, 4, 138–150. [Google Scholar] [CrossRef]

	



Gobbi, E.; Maltagliati, S.; Sarrazin, P.; Di Fronso, S.; Colangelo, A.; Cheval, B.; Escriva-Boulley, G.; Tessier, D.; Demirhan, G.; Erturan, G.; et al. Promoting Physical Activity during School Closures Imposed by the First Wave of the COVID-19 Pandemic: Physical Education Teachers’ Behaviors in France, Italy and Turkey. Int. J. Environ. Res. Public Health 2020, 17, 9431. [Google Scholar] [CrossRef] [PubMed]








[image: Table] 





Table 1. Home workout plan: main exercises.






Table 1. Home workout plan: main exercises.





	Week
	Main Exercise





	1
	Complete 2 sets of 12 repetitions:

Jumping rope, skaters, jumping jacks, standing x crunches, chair squats, knee push-ups, knee planks (hold for 20 s), standing shoulder presses, forward lunges, step-ups, sit-ups, donkey kicks.



	2
	Complete 2 sets of 12 repetitions:

Lateral toe taps, mountain climbers, side reach jacks, reverse lunges, squats, bicep curls, plank and drag (hold for 20 s), tricep dips, hip bridges, russian twists, crunches, half burpees.



	3
	Complete 2 sets of 15 repetitions:

High knees, criss-cross jacks, x hops, alternating lateral lunges, squat punches, full plank (hold for 30 s), push-ups and reach, single-arm rows, straight leg jackknifes, single-leg glute bridges, overhead seated leg lifts, burpees.



	4
	Complete 2 sets of 15 repetitions:

Lateral shuffle floor taps, bench runners, sit-outs, punch jacks & knee pumps, walking plank (hold for 30 s), triceps overhead extensions, T push-ups, raised-leg sit-ups & claps, half burpees & plank jacks, straight-leg sit-ups, walking lunges, sumo squats.



	5
	Complete 2 sets of 15 repetitions:

Banded vertical jacks, fast-feet drops, knee pumps to overhead jacks, shoulder tap plank (hold for 40 s), alternate V-sits, Burpees 180° Jumps, leg lifts, diagonal squats, hip thrust single-arm reaches, hover leg extensions, walking push-ups, scissors.



	6
	Complete 3 sets of 15 repetitions:

X mountain climbers, knee to elbow-toe touches, beast shoulder taps, dumbbell thrusters, lay-down push-ups, walkout burpees, wall hip thrusts, bicycle crunches, bottoms-up lunges, hip drive step-ups, rear-foot-elevated split squats, flutter kicks.



	7
	Complete 3 sets of 15 repetitions:

Running in place, power skips, star jumps, drop squats, plyometric woodchoppers, x plank (hold for 50 s), hip thrusts, side step-ups, knee-tap burpees, bent-leg raises, heel taps, pike push-ups.



	8
	Complete 3 sets of 15 repetitions:

Fast feet, broad jumps, spiderman burpees, side plank & hold (hold for 60 s), dumbbell seesaw presses, knee back to knee raises, reaching oblique crunches, marching hip lifts, single-leg sit-to-stands, dumbbell squatscleans, single-leg deadlifts, glute-bridges and hamstring rolls, ab rollbacks.
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Table 2. Changes in physical fitness and study abilities after an 8-week at-home workout plan.






Table 2. Changes in physical fitness and study abilities after an 8-week at-home workout plan.





	

	
Experimental Group (n = 15)

	
Control Group (n = 15)




	

	
Baseline

	
Post-Test

	
Δ

	
Baseline

	
Post-Test

	
Δ






	
Motor Tests

	

	

	

	

	

	




	
Standing long jump test

	
1.5 (0.11)

	
1.57 (0.10) †*

	
0.06 (0.03)

	
1.46 (0.09)

	
1.44 (0.09)

	
−0.01 (0.02)




	
Harvard step test

	
74 (4.14)

	
81.73 (5.36) †*

	
7.73 (3.41)

	
76.53 (3.29)

	
72.73 (6.09)

	
−3.8 (4.64)




	
Sit and reach test

	
18.93 (2.31)

	
23.33 (2.66) †*

	
4.4 (1.29)

	
18.8 (2.04)

	
17.06 (2.25)

	
−1.73 (1.86)




	
Butt kicks test

	
82. 8 (11.71)

	
92.2 (12.32) †*

	
9.4 (4.82)

	
82.86 (11.55)

	
78.33 (9.61)

	
−4.53 (6.82)




	
Amos 8–15—QAS Questionnaire

	

	

	

	

	

	




	
Motivation

	
15.6 (1.50)

	
18.66 (1.58) †*

	
3.06 (1.43)

	
15.33 (1.39)

	
14.53 (1.55)

	
−0.8 (1.26)




	
Organisation

	
15.2 (1.37)

	
18.2 (1.74) †*

	
3 (1.69)

	
15.26 (1.27)

	
14.8 (1.56)

	
−0.46 (1.24)




	
Didactic material development

	
15.66 (1.34)

	
15.46 (1.68)

	
−0.2 (1.47)

	
15.93 (1.53)

	
15.73 (2.25)

2.25

	
−0.2 (1.85)




	
Study flexibility

	
15.73 (1.62)

	
18.53 (1.76) †*

	
2.8 (1.82)

	
14.93 (1.16)

	
14.33 (1.34)

	
−0.6 (0.98)




	
Concentration

	
14.33 (1.54)

	
18.06 (1.83) †*

	
3.73 (1.70)

	
14.2 (1.65)

	
14.06 (1.33)

	
−0.13 (1.18)




	
Anxiety

	
18.26 (1.66)

	
15.06 (1.90) †*

	
−3.2 (1.52)

	
18.2 (1.56)

	
19.13 (1.35)

	
0.93 (1.22)




	
Attitude towards school

	
15.53 (1.59)

	
15.26 (1.86)

	
−0.26 (1.09)

	
15.93 (1.03)

	
15.46 (1.59)

	
−0.46 (1.35)




	
Amos 8–15–Objective Study Tests

	
19 (2.26)

	
25.93 (2.60) †*

	
6.93 (2.12)

	
19.6 (2.19)

	
17.2 (2.45)

	
−2.4 (2.89)




	
BMI percentile median (QR) Ω

	
74.00 (13.55)

	
67.86 (15.21) †*

	
−6.13 (5.12)

	
61.83 (20.61)

	
67.47 (16.52)

	
5.63 (5.82)








Note: values are presented as mean (± SD); Δ: pre- to post-training changes; † Significant ‘Group × Time’ interaction: significant effect of the intervention (p < 0.001). * Significantly different from pre-test (p < 0.001); Ω BMI percentile indicates the relative position of the child’s BMI number among children of the same sex and age.
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