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Introduction: Inactivity levels among children are climbing at alarming rates, leading to a lack of physical activities that produce muscular strength (MusS) development, which in turn creates effective neuromuscular control (NC) development. Developing appropriate MusS during childhood decreases the chances of physical injuries and many chronic diseases such as type II diabetes and cancer, which leads to healthier, active future adults. The purpose of this study was to utilize the physical education setting to examine MusS and NC factors in the Fall and Spring (Time 1 to Time 2) of one school year in a predominately Hispanic sample of second-grade children who received 60 min or 20 min of daily recess.



Methods: This quasi-experimental pre-test/post-test study administered four MusS tests and one NC test to District 1 (N = 59) which received 60 min of recess daily (intervention), and District 2 (N = 49) which received one 20 min daily recess (control). ANCOVAs were run for group differences at Time 2 while controlling for Time 1.



Results: Intervention children significantly outperformed control children on the single leg 3-hop muscular strength test F(1,105) = 13.1, p < .001, n2 = .05, and the neuromuscular control side-step test F(1,105) = 4.77, p = .03, n2 = .04. Between group ANCOVAs controlling for body fat percentages showed the single leg 3-hop test remained significant between groups F(1,91) = 23.5, p < .001, n2 = .09.



Discussion: Increased recess was shown to aid in improved lower body muscular strength and neuromuscular control among second grade children, even when controlling for body fat percentages. As 70% of American children are not participating in the recommended daily activity guidelines, and roughly 20% of American children are overweight, exploring movement opportunities for children and efficient means of monitoring MusS and NC is pivotal to future health and movement functions of children.
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1 Introduction

Physical activity (PA) levels during childhood have declined as over 70% of American children do not participate in the Center for Disease Control and Prevention (CDC) recommended 60 min of PA, and roughly 20% are considered obese (1). Childhood physical inactivity hinders proper musculoskeletal strength as bones and muscles weaken through decreased limb use (2–5). Inactivity is highly problematic as muscular strength (MusS) is a dominant factor in producing neuromuscular control (NC), which is the brain's ability to recruit muscles efficiently for increased motor and movement skills and decreased injury (6–9). MusS is additionally essential for children due to its ability to help prevent diabetes, obesity, cardiovascular disease, bone mineral density, blood lipid profiles, insulin sensitivity, cancer, and mental health (10–14).
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FIGURE 1
Change scores from time 1 to time 2.


Despite CDC guidelines, childhood inactivity is still prevalent, and intensified as PA inequalities exist across cultural backgrounds, sex, and body fat composition, presenting significant developmental gaps as children mature (15–23). For many children, varying cultural backgrounds and social health determinants play a key role in PA engagement (24). These PA disparities exist due to socio-economic and cultural influences, where those who are more advantaged tend to be more physically active, less sedentary, and therefore, less likely to suffer adverse health conditions (15, 23). Unhealthy housing, unsafe neighborhoods, and fewer convenient community PA locations reduce PA opportunities for varied child populations (25–27). Children in lower-income households appear to have less opportunity for PA participation, creating more significant developmental gaps in fine and gross motor, cognitive, language, and socio-emotional skills as they mature (18). The American Heart Association's “2022 Life Essential 8” assessed the cardiovascular health (CVH) of 74,435 American children ages 2–19 revealed white children (77.2%) participated in more PA and muscle-strengthening activities and were less overweight/obese than Black (75%) and Hispanic (71.1%) children. The study also revealed 78% of the boys, on average, participated in healthy PA while 71.8% of the girls, on average, participated in healthy PA, and girls had a 1.6% higher average BMI than boys (26). Sex plays an important role in a child's PA involvement as boys, on average, participate in roughly 40% more moderate to vigorous PA than females (28). This is a serious disadvantage to females, as MVPA is highly influential in maintaining healthy physical development markers during childhood (29, 30). These statistics leave Hispanic females in a category for the least movement opportunities, and therefore the least physically active demographic group.

PA disparities such as these lead to an increased childhood obesity risk (16, 20, 31). This weight gain accumulation creates an overall PA decline compared to normal-weight non-obese counterparts (7, 32–35). Obesity not only stresses children's joints, it also alters gait mechanics and increased hip pain, further limiting PA levels (19). Decreased PA levels have left American children with less bone mass and consequently less MusS than children four decades ago, preventing a means for lifetime activity (1, 36). Without the MusS foundation, NC is greatly hindered as well, and the ability to advance in movement skills is stifled (6, 8). This is not a hopeful diagnosis for millions of children entering what should be considered the most active time of their lives.

The conditions in which children are born, live, and play impact their PA opportunities, but school settings can provide safe, equitable access, and developmentally appropriate PA programs and movement opportunities daily for many children (7, 15). There are different ways to incorporate movement in the school day, but school recess, or unstructured, outdoor play, or recess, has unique child development benefits that may transcend PA inequalities (37). Recess within the school day provides movement opportunities for children regardless of demographics, income, or local extracurricular opportunities offered. Recess provides the freedom of choice in movements participated in, which is essential for PA opportunities among children of varied demographics, sex or body fat percentages. Although recess provides opportunity for increased PA, not all stakeholders in education understand the value of this entity. Therefore, not all children have access to safe recess facilities, nor have policies in place to assure children are receiving adequate recess time.

This is very unfortunate, as recess provides children with a perfect space to be physically active, coordinate limb movements, and move kinesthetically, while engaging in single or combined motor tasks like walking, running, jumping, dodging, and climbing movements (38–40). This freedom to move leads to increased MusS development naturally through play, which in turn, provides the foundation for motor coordination of gross and fine motor skills (5, 39, 40). These movements during play provide the confidence to engage in more advanced movements over time (38, 40, 41). Research also shows increasing movement opportunities, such as recess during the school day, can improve musculoskeletal traits for up to four years after physical activities in school have ended (36, 42).Therefore, time spent in recess should be considered foundational for proper physical development and MusS during the critical developmental elementary years.

Although previous research has shown recess to be a viable means for limb movement utilization that could enhance muscular and neurological development (40), the long-term effects of recess on MusS development still needs to be established. One successful longitudinal recess intervention showing whole child development is the LiiNK Project® (Let's inspire innovation ‘N Kids). The LiiNK Project implements four 15 min recesses and one 15 min character lesson (Positive Action®) daily in elementary and middle schools (43). Though PA is not the primary goal of this recess project, the LiiNK research team has found moderate to vigorous PA (MVPA) occurs significantly more, postural balance increases and motor competencies increase as children participate in more unstructured, outdoor recess (38, 44, 45). Although many whole child benefits have been found through LiiNK's longitudinal intervention, the MusS and NC recess benefits have yet to be studied.

Whether genetically or environmentally driven, demographics such as sex, race, and body fat play a role in PA behaviors, increasing or decreasing MusS and NC development during childhood. Access to quality movement opportunities is essential for MusS, NC, and the overall health of every child (32). Physical educators' ability to assess MusS and NC development within childhood, and across various interventions or physical education programs is equally essential. Therefore, the purpose of this study was to use the physical education setting to examine MusS and NC factors in the Fall and Spring (Time 1 to Time 2) of one school year in a predominately Hispanic sample of second-grade children who received 60 min (LiiNK intervention) or 20 min (control) of daily recess. It was hypothesized that children in the intervention group would demonstrate greater improvements in MusS and NC scores compared to children in the control group. A second hypothesis was the intervention's positive effects on MusS and NC would be consistent even when controlling for body fat percentages between groups. The independent variable for this study was the recess group and the dependent variables were the mean scores for each of the six tests administered (single hand grip, single leg 3-hop, push-up, vertical jump, side-step, and body fat analysis).



2 Materials and methods


2.1 Participants

This quasi-experimental pre-test/post-test study focused on second grade students from two Texas public school districts (one elementary school per district) with predominately Hispanic populations. As previous studies have shown demographics can influence PA levels in childhood, the school districts were chosen due to similar demographic populations (24–27). District 1, the LiiNK intervention children (N = 59) received 60 min (four 15 min segments) of recess daily, while District 2, the control children (N = 49) participated in one 20 min daily recess. The children's distribution of sex, race and body fat percentages (N = 108) are provided in Table 1 and Table 2. Demographic data for sex and race were gathered from the participating school principals. Children's race was predominantly Hispanic in both groups, intervention (72%) and control (61%). Other races (White, Black and Asian) were combined as the “non-Hispanic” group for descriptive presentation. As race research has shown to influence child PA participation levels, the two districts were chosen for time spent in daily recess and the predominantly Hispanic populations. Time 1 assessments were completed in October 2023 and Time 2 assessments were completed in February 2024. The children were tested during their regularly scheduled physical education classes and all physical education classes took place between 9 and 10:30am. The inclusion criteria for participating in this study were (a) parent consent and child assent, (b) no injury that inhibited participation in the physical education class, and (c) being present on the day of testing.


TABLE 1 Sex and race distribution comparison between intervention and control groups.
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TABLE 2 Body fat category comparisons between intervention and control groups.
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2.2 Sample

A priori power analysis was conducted using G*Power 3.1.9.2. To detect a between-group effect, the power analysis was performed with alpha and beta set (α = 0.05; β = 0.80) and with a small effect size (f = 025) (46). The power analysis computed 128 participants for adequate statistical power. The original sample size was 80 participants per group (160 total) accounting for attrition between Time 1 and Time 2. In order to be included in the analysis, each child had to complete all pre-tests and post-tests. Due to absences on the post-test days, some children were removed from further analysis, leaving the final sample size at 108. Table 1 shows sex and race descriptives for the study. A chi-square analysis determined no differences between groups by sex and race. This analysis confirmed the two groups were similar for hypotheses testing.



2.3 Measures

Four MusS, one NC, and one body fat test were administered to children in both groups at Time 1 (October) and Time 2 (February). Muscular strength testing during childhood can be done either unilaterally (one limb singularly) or bilaterally (both upper or lower limbs working simultaneously). Four MusS tests (single hand grip, push-up, single leg 3-hop and vertical) assessed the unilateral and bilateral strength of the upper and lower limbs. MusS in childhood can also be exhibited as increased NC, or motor units recruited in more abundance and with greater efficiency (9), therefore, one NC test (side-step) was also included. With the rise in childhood obesity, Bioelectric Impedance Analysis (BIA) was included to better understand the intervention effects with this population. All six assessments identified for this study were found to be affordable (materials purchased online and totaled $120), portable, easy to use in the field such as a physical education setting, and showed good reliability in previous studies (33, 40, 45, 47–53). Additionally, the PI trained the physical educators to help administer the tests and aid in data collection.


2.3.1 The digital dynamometer single hand grip test

The Single Hand Grip test is a highly reliable instrument used to assess hand/arm unilateral upper-body MusS (33, 47). Grip strength is associated with the prediction of musculoskeletal fitness, upper body strength, triglyceride levels, cardiometabolic health, cardiovascular disease, type II diabetes, and bone health during childhood and into adulthood (10, 47, 54, 55). As a current and future indicator of childhood health, grip strength was included in the MusS testing of children.

The GRIPIX Digital Dynamometer grip strength instrument was used to administer this test. To start the assessment, the tool was powered on and set to the appropriate age group and sex. The children were asked to stand with both feet shoulder-width apart, and maintain an angle of 15 degrees so that the torso and the arm (to be measured) did not touch each other, held the handle of the dynamometer with the second joints of their fingers, and pulled the handle while keeping their arms from shaking. They were asked to grip the dynamometer with their choice of whichever hand to begin. Once the instrument was checked to be in the correct position, the child was asked to squeeze the device for five seconds. The child was then asked to alternate hands and repeat the method. The grip strength of both hands was measured, twice on each side, and the highest value was recorded in pounds to the first decimal place. The highest attempt for the right and the left grip was used for statistical analysis.



2.3.2 The single-leg 3-hop test

The Single-Leg 3 Hop Test assesses unilateral lower-body MusS and power in pre-adolescent children (49, 56). It is an easy, field-expedient, inexpensive test to administer, and is often used to indicate sport and physical activity readiness, as low scores in the single hop test are associated with increased injury risk in the thigh and knee (57). Additionally, research shows a strong relationship between low limb symmetry (distance hopped between limbs difference) and a propensity to develop foot and ankle injuries (58).

To set up for the assessment, a four-foot line of tape was placed on the floor to designate the start line. A 20-foot perpendicular line of tape ran from the center of the start line out the full 20 feet. A 20-foot tape measure was then placed with the zero at the back of the start line and taped down on each end. Children were taken through the following steps: (1) stand behind the start line with toes on the edge but not over; (2) balance on one foot of choice until stable; (3) hop as far as possible three consecutive times on a single leg without losing balance and landing firmly each time; and (4) on the third hop, stabilize on the landing foot for at least 2 s so the distance could be recorded. Failure to stick the final hop ended in a voided test score. The distance was measured from the start line to the heel of the landing leg down the perpendicular line. The children performed this process for two attempts per leg (right/left/right/left). Each distance was recorded to the nearest foot and whole inch. The farthest attempt for each leg was used for the analysis. If the child only had one attempt due to a voided test score, that score was used.



2.3.3 The push-up test

This 90-degree Push-Up Test, as introduced in the FINTESS GRAM for American elementary school students, assesses upper-body bilateral MusS (50, 53, 59). During the push-up, the muscles in the front and back of the arms (triceps brachia and biceps), chest (pectoralis major), and shoulders (deltoids) are recruited (59). The push-up test can aid in monitoring this upper-body mass recruitment on both sides of the body, known as arm and shoulder girdle strength (50).

To start the assessment, children assume a prone position with hands slightly wider than shoulders, legs straight, and toes tucked under. They raise into a plank position (shoulders, hips, and ankles are in a straight line as if a plank was placed on them). A soft foam ball is placed in a circular holder under the child's chest. The children participate in one practice push-up as they are cued to extend their arms while keeping their legs and back straight in a plank position, then to drop down so the chest touches the ball at the base of the push-up (90-degree angle of the elbows), and then return to the straight-arm plank position. After the practice push-up, the children were allowed to rest for 30 s and then return to the straight-arm plank position. They were cued to start when the 30 s timer began. The children completed as many push-ups as possible within 30 s. For attempted push-ups to count, the body must stay in a plank position, the push-up must start and end in the extended arm position, and the chest must touch the ball on each downward attempt. The children participated in this test only once, and the whole number of completed push-ups in 30 s was used for the analysis.



2.3.4 The double leg vertical jump test

The Double Leg Vertical Jump Test assesses bilateral lower-body MusS and is one of the most common tests to assess bilateral (33, 48), explosive movements in elementary-aged children (48, 60). Assessing these movements is important to determine if the child is ready for the explosive contractions of the muscle-tendon attachments in the lower limbs, as these movements are utilized in many play and sport arenas as the child advances in movement skills (9).

To set up for the assessment, “0” of the tape measure was secured to the wall at the gym floor base, then was secured vertically up the wall. The children followed the following protocol: (1) begin in an upright position perpendicular to the wall at the tape measure; (2) extend one hand and arm up the tape measure with feet flat on the floor (hip and armpit touching the wall)—this is the “reach” which was recorded in nearest half inch first; (3) in their perpendicular position to the wall with hand still raised from the “reach”, lower their hips until the knees bent around a 90° position; (4) finally, jump vertically with both feet as high as possible, i.e., extend the hips and reach with the fingertips. The recording in nearest half inch was based on the furthest finger touch on the tape measure. Two attempts were recorded. The vertical jump score was calculated to the nearest half-inch from the highest recorded jump minus the “reach.”



2.3.5 The side-step test

The Side-Step Test assesses neuromuscular control (NC) of the lower body (33). It calls for entire core and lower body recruitment to complete the task, allowing for a better understanding of the brain-body connection. American Academy of Pediatrics has noted MusS gains in pre-adolescent children are displayed as neuromuscular advances rather than muscle hypertrophy, as seen in pubertal children (9).

To set up for the assessment, parallel lines at 24” in length were taped 27” apart on the floor. Children were asked to stand with both feet inside the two taped lines. Once the timer started, they stepped with the right foot outside of the right line and returned it as quickly as possible, then they stepped with the left foot outside of the left line and returned it as quickly as possible. Side-steps must alternate between right and left feet and one foot must always be on the ground (no jumping). Only one attempt of total whole number taps was recorded for the analysis.



2.3.6 The bioelectric impedance analysis (BIA)

Bioelectric Impedance Analysis (BIA) assesses body fat percentages, and categorizes the children as heathy, overweight, or obese based on sex and age normative data (51). BIA is able to determine an estimate of fat mass, fat free mass, water weight, and bone density that shows a moderate to strong association with DXA results (51). This assessment has been recommended as an alternative body fat measure to body mass index (BMI) in children and adolescent fitness manuals such as the FITNESSGRAM to collect data in a school setting (53). This shift is due to reducing human error, convenience of using it in large group settings, and body fat percentage accuracy across different populations (45, 51–53). As obese and overweight children are in jeopardy of decreased PA which can lead to MusS and NC deficiencies (1, 7, 32–36), BIA is included to better understand MusS and NC findings of obese and overweight children who participate in varying amounts of recess.

To set up BIA, the scale was put on the floor surface, turned on, and synced to the computer that would record the child's full analysis. Once the scale was ready and assent was provided, each child stood on the metal plates of the scale with their shoes and socks off when their names were called. After about 15–20 s, the scale flashed a green light signifying that the measurement was complete, and students returned to the class activity. The PI then saved the data to the computer, disinfected the scale with alcohol wipes, and called the next child to stand on the scale so the process could be repeated.




2.4 Procedures

Following University Institutional Review Board approval of this study (1801-65-1801), Superintendents, Principals, and physical educators at each participating school approved the data collection. An IRB approved consent form was sent home to each parent for signed approval. Once all parents submitted their signed forms to the children's homeroom teachers, the primary investigator (PI) collected all forms of parents who approved their children to participate in each of the six assessments described in the measures section. Although the parent consented, their child still needed to sign an assent form prior to participation in each activity. The physical educator worked with the PI to make sure each student assented or declined participation in writing. Opt out reminders were given at the beginning of each class and prior to beginning each activity.

Prior to beginning the assessment phase, the PI scheduled adherence training for three other researchers who would help collect the data. Once the PI felt the others could competently administer the five tests and the BIA, the PI assigned one of the five stations to each of the three researchers. Each of the stations was set up around the perimeter of the gym during the regularly scheduled physical education classes. One station consisted of two tests that took the least time (the Dynamometer Grip Test and the Vertical Jump Test). The single-leg three-hop test, the push-up test, the side-step test and BIA were separate stations. The PI trained the physical educators the morning of data collection to administer the MusS and NC tests alongside the data collection team. Each physical educator showed competence for the administration of the test before they were allowed to assist the researchers in collecting the MusS and NC tests. On the testing day, children wore the required tennis shoes and activity clothes for participation in the physical education class.

Children were informed about the purpose and technique of each test within one large group setting. They were then separated into eight groups and assigned one of the four stations. Once at each station, the researchers gave detailed instructions on how to perform their test and allowed the children to ask questions before beginning (61). Once all children at each station completed the test, each group rotated to the next station, while the researchers and physical educators remained at their assigned stations. Children could stop participation at any time. If a child stopped before all five tests were completed, their data was eliminated from the analyses.



2.5 Data security and analysis

The data management personnel from the children's schools shared their demographic data through a protective link with the PI as a result of a school district agreement with the PI's university. Each child was assigned an ID number to preserve confidentiality, so names could no longer be linked with demographic information. The child's ID numbers replaced their names to analyze MusS and NC testing, BIA data, and all demographic data. Data was collected, processed, and complied with general data regulation procedures.

All data was cleaned and coded in Microsoft Excel and then analyzed using IBM SPSS version 29. All data were examined for outliers and missing scores and children who did not complete all four MusS and the one NC test were removed from the data set. The children who attempted the push-up test, but could not complete at least one push-up, remained in the data set with a score of zero. A test administration error in push-ups occurred when one of the raters counted push-ups inaccurately in Time 1. The error was not detected until Time 2 data collection, making it impossible to fix in the appropriate time window. This error resulted in a deletion of 17 samples from the original intervention group, leaving the remaining 59 for analysis. No other outliers were detected.

Sex and race distributions were examined by group and chi-square was used to analyze any group differences. Descriptive statistics were determined for MusS scores, NC scores, and for body fat category percentages at Time 1, Time 2, for the average scores (Time 1 plus Time 2 divided by two), and the change scores (Time 2 minus Time 1) by group. For descriptives, independent sample t-tests were run to determine group differences for the MusS and NC tests at Time 1, Time 2, for average scores, and change scores. To answer Hypothesis 1, a MANOVA was run to determine group differences for the MusS and NC tests at Time 2 controlling for Time 1. To answer Hypothesis 2, a MANCOVA was run to determine group differences for the MusS and NC tests at Time 2 controlling for Time 1 with body fat mean scores as a covariate.




3 Results


3.1 Demographic information

Preliminary chi-square analyses determined if the body fat category percentage was an influencing factor between groups at Time 1, Time 2, and the change scores (Time 2 minus Time 1) (Table 2). An independent sample t-test determined body fat percentage group differences for Time 1, Time 2, and the change scores (Table 2). Body fat category percentages were not different between groups at Time 1, Time 2, or the scores. Body fat percentage, however, was found to be significantly different between groups for the change scores. Although body fat category groups did not significantly differ on the change scores, notable shifts existed:


	•5% of the intervention group moved into the healthy category from Time 1 to Time 2

	•2% of the control group moved out of the healthy category from Time 1 to Time 2

	•4% of the control group moved into the obese category from Time 1 to Time 2





3.2 Hypothesis testing


3.2.1 Hypothesis 1a

Independent sample t-tests determined means (M), standard deviations (SD) and group differences for the MusS and NC tests with post hoc (Bonferroni correction) to reduce risk of Type 1 error (Table 3).


	•Intervention children significantly outperformed control children for Time 1, Time 2, and average scores on the right single hand grip, left single hand grip, average of right and left single hand grip, push-up; and the NC side-step test.

	•Intervention children significantly outperformed control children on change scores, meaning greater improvement over time, on the right single leg 3-hop, left single leg 3-hop, average of right and left single leg 3-hop, and the NC side-step test.

	•Control children had higher change scores on the push-up test than intervention children, but the control children scored much lower in the Fall than the intervention children.




TABLE 3 Muss and NC test mean and standard deviations by group.
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3.2.2 Hypothesis 1b

To establish Time 1 measures as an appropriate baseline between groups, Independent Sample T-Tests showed no significant group differences at Time 1 for the single leg 3-hop or the vertical jump. Significant group differences were found at Time 1 for the single hand grip, the push-up, and the side-step. Unable to use Time 1 as a baseline, for change scores, ANCOVAs determined group differences at Time 2 while controlling for Time 1 (Table 4, Figure 2).


	•Time 2 scores, controlling for Time 1 showed intervention children significantly outperformed control children on the single leg 3-hop and the NC side-step test.




TABLE 4 Comparing time 2 measure of musS and NC by group, while controlling for time 1 & body fat percentages.
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FIGURE 2
Significant differences in time 2 group scores controlling for time 1.




3.2.3 Hypothesis 2

ANCOVAs determined group differences at Time 2, while controlling for Time 1, with body fat percentage as the covariate (Table 4) to answer Hypothesis 2.


	•When controlling for body fat percentages, the NC side-step test was no longer significantly different between groups, but the MusS single leg 3-hop remained significant between groups.







4 Discussion

The purpose of this study was to use the physical education class setting to examine factors related to MusS and NC scores over time (Time, Time 2, average scores, and change scores) in a predominately Hispanic sample of second-grade children who received 60 min (LiiNK intervention) or 20 min (control) of daily recess. Research has shown Hispanic children, specifically Hispanic females, have less opportunity for PA and are more inactive than children of other races and sex (24–28). This study provides a unique contribution to literature with a focus on Hispanic children, movement opportunities accessible during the school day, and possible positive MusS and NC outcomes with the increased PA opportunities for this population of children.

Due to focusing on a predominantly Hispanic population across the two districts, race was not compared for differences. Conversely, sex and body fat were not found to be different at Time 1 or Time 2. As sex, race and body fat are shown in research to influence PA opportunities among children, the balanced sample allowed the intervention influence to be better observed (15, 16, 18–20, 23–25). Notably, we found consistent evidence for a positive association between increased time spent in daily recess with increased MusS and NC scores among this sample of predominantly Hispanic, second grade children.

LiiNK intervention children outperformed control children in Time 1, Time 2 and the average scores in single hand grip, the push-up and in the NC side-step (Figure 1). Although movement competency in early elementary years is essential for future movement skills, many studies report low levels of these skills among children (2–5, 62, 63). Second-grade children are a critical developmental age, as by age 7 they are expected to have engaged in adequate levels of movement competency such as running, jumping, kicking and throwing (64). Without this foundation, the ability to advance into more specialized skills such as sport or physical education is greatly hindered (6–9). As most children in this age group lack movement skills, the LiiNK intervention children were found to be more advanced in MusS and NC than their 20 min daily recess counterparts.

Controlling for Time 1, Time 2 scores were significantly better for the LiiNK intervention children in the single leg 3-hop (Figure 2). This significant improvement may indicate the extra time spent in recess readies both individual lower limbs for sport and PA while decreasing injury risk to the entire lower body chain (thigh, knee, ankle and foot). All MusS tests are important measures for assessing childhood fitness and MusS function, but the single leg 3-hop is unique in its assessment capabilities. The single leg 3-hop test is used to measure MusS and power in the individual lower limbs of pre-adolescent children; indicating sport and physical activity readiness, as low scores in the single hop test are associated with increased injury risk in the thigh and knee, ankle and foot (49, 56–58). As second grade children are in a pivotal motor development stage, the performance in the single leg 3-hop gives the LiiNK intervention children an advantage in lower-body motor development.

Controlling for Time 1, Time 2 scores were significantly better for the LiiNK intervention children in the side-step test measuring lower body NC (Figure 2). This means that LiiNK children, who are allowed 60 min of daily recess from early childhood on, may be more prepared cognitively and neurologically for advanced movements and sport skills by second grade. NC is the brain's ability to recruit muscles efficiently for increased motor and movement skills and decreased injury (6–9). Inactivity among children is problematic to NC, as development advances with limb movements (65). This finding once again highlights the importance of these brain-body connections needed by age 7 and the possible advantage to those who participate in more outdoor, unstructured free play.

Control children showed significantly better change scores in the push-up, yet they started and ended with a substantially lower percentage of children capable of completing at least one or more push-ups. By Time 2, only 53% of control children could complete at least one push-up, whereas 85% of the LiiNK children could complete at least one push-up. The push-up test was unique compared to the other four tests in that many control children scored a zero. This was not found in the other measures. The push-up test, as it recruits the core, arms, chest and back, is used in younger children as a discriminatory predictor of the potential participation in future athletic or advanced movement endeavors (66). Additionally, injury rates of children who participate in sport from ages 7–12 have increased in recent years, and is higher than adolescent and adult players (67, 68). This increase in child injury rates may be due to low skills and lack of MusS (69), once again highlighting the importance of MusS testing within this population. As upper body MusS is linked to decreased injury and increased sport readiness, it appears LiiNK children are more prepared for advanced upper-body movement with decreased chance of injury.

LiiNK intervention children shifted into healthier categories by 5% from Time 1 to Time 2 (overweight to healthy and obese to overweight), but had no shifts towards obesity. Control children shifted 2% from the healthy group to overweight or obese, had no change among the overweight group, and shifted 4% into the obese group from Time 1 to Time 2. Recess aids in increasing limb movements and MVPA for elementary-aged children (44, 61). Through recess, these PA increases may be more associated with lower body fat percentages in children (70, 71). Extra time spent in recess may be a factor in children shifting to the healthy body fat category and preventing a shift into the obese category over time.

When controlling for bodyfat, LiiNK intervention children continued to outperform control children in the single leg 3-hop. Increases of daily recess may allow children regardless of body fat percentages, to recruit and utilize lower body MusS to a significantly greater degree. Obese children are typically found to have less MusS, which hinders advanced movement skills, increases injury and decreases risk of all-cause mortality (7, 9–14, 19, 32–34). When controlling for body fat, children who participate in 60 min of daily recess maintained higher lower-limb MusS. This finding points to recess defined as unstructured, outdoor play as a potential PA opportunity to increase limb usage in children with higher body fat compositions especially in Hispanic populations.



5 Conclusions

PA discrepancies exist across race, sex and body fat percentages in children. A lack of equitable PA opportunities, where children of varied race, sex, and body fat compositions can participate is evident with the inactivity epidemic in America. Unstructured, outdoor play, or school recess, can provide an equitable PA opportunity due to its accessibility across demographics and its self-directed nature that spans comfort levels, cultures and intrinsic values of each individual child (72–74). The findings showed school recess to be a strong avenue for PA that has shown a preliminary positive influence on MusS and NC development among Hispanic, second grade children. This is an exceptional addition to the literature, as second grade students are at a pivotal developmental time in movement capabilities, where increases in MusS and NC set them up for more advanced sport and movement opportunities in the future, with less chance of injury. Whereas without this PA opportunity, typical trends within this age group point to movement deficiencies, leading to less MusS and increased injury. This study shows recess as a viable, equitable, PA opportunity across sex, race and obese children for MusS and NC advancement.

Feedback from the physical educators showed the MusS and NC tests were within the physical education class scope, and were simple to administer to students. For a class size of 50, the physical educator and one aid believed it would take no longer than one school week of regular scheduled physical classes (in Texas that is mandated at 150 min per week) to administer all tests. Students viewed the MusS and NC tests as fun “challenges” and repeatedly asked the PI and physical educators to repeat attempts for “fun” after the tests were completed.

Great MusS and NC gains were noted in this study among elementary children who received 60 min of daily recess, opposed to those who participated in 20 min of daily recess. To reap the benefits of whole child development, including appropriate MusS and NC development among a sedentary generation of children, it is recommended that elementary schools follow the United Nations Convention on the Rights of the Child (UNCRC) as a bare minimum recess policy (75):


	•No less than 40 daily recess minutes separated into a minimum of two recess breaks daily

	•Disallow withholding recess for missed school work and discipline

	•Provide training for teachers and staff to ensure safe, healthy, outdoor, and inclusive recess





6 Future directions and limitations

In order for the results of this study to be generalized into larger population groups, this study should be repeated with a much larger sample size within a physical education setting across various demographics and geographical areas. In these larger studies, it would also be beneficial to collect at a minimum three time points (as opposed to two), as well as continuing to assess the intervention longitudionally. Additionally, this study was intended for typically developing children in elementary schools. The studies effects on non-typically developing children (those who need adaptations or inclusion teachers to aid in physical education activities) would be beneficial.

Although supplies for the MusS and NC tests are roughly $120 total, and therefore assessable in terms of cost, the testing protocol may not be easily understood by all physical educators. Therefore, the development of a training manual with video descriptions of how to administer procedures will need to be created if the tests are going to be assessable to all physical educators.

Other limitations were found in testing administration. The PI, three trained assistants, and trained physical educators administered the test, nevertheless, an error occurred in the push-up test that caused the deletion of 17 samples from the intervention group. This error occurred because the physical educator counted the push-ups similar to class procedures instead of the research training procedures. In order to prevent this in future studies, the PI and physical education teacher need to communicate clearly what a FITNESSGRAM push up looks like for research purposes, opposed to classroom protocol.

The last limitation was found in the vertical jump training. The PI noticed discrepancies in the ability to administer this test properly during training. Therefore, the PI solely administered the vertical test to control the potential for error. The PI suggests the two-foot vertical jump be replaced with the two-foot broad jump for future studies.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by The Texas Christian University Institutional Review Board (1801-65-1801). The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants' legal guardians/next of kin.



Author contributions

GW: Conceptualization, Data curation, Formal Analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Validation, Visualization, Writing – original draft, Writing – review & editing. YZ: Data curation, Formal Analysis, Methodology, Software, Writing – review & editing. DR: Funding acquisition, Methodology, Resources, Supervision, Visualization, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. A research travel grant was awarded to the researcher and applied to collect the data.



Acknowledgments

Thank you to Texas Christian University Harris College of Nursing and Health Sciences and to the participating Texas school districts. Thank you Connor Judd Lazenby, Lauren Wagner, Hailey Von Borok and Dr. Mark Lopez for aiding in data collection. Thank you to Dr. Timothy Eastman, PE teacher in Texas, for your contributions to the manuscript.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. CDC.Gov. (2022). Available online at: https://www.cdc.gov/healthyschools/physicalactivity/facts.htm (accessed June 15, 2022).

2. Barnett LM, Lai SK, Veldman SL, Hardy LL, Cliff DP, Morgan PJ, et al. Correlates of gross motor competence in children and adolescents: a systematic review and meta-analysis. Sports Med. (2016) 46:1663–88. doi: 10.1007/s40279-016-0495-z

3. Basso JC, Satyal MK, Rugh R. Dance on the brain: enhancing intra-and inter-brain synchrony. Front Hum Neurosci. (2021) 14:584312. doi: 10.3389/fnhum.2020.584312

4. Cebolla AM, Cheron G. Understanding neural oscillations in the human brain: from movement to consciousness and vice versa. Front Psychol. (2019) 10:1930. doi: 10.3389/fpsyg.2019.01930

5. Han A, Fu A, Cobley S, Sanders RH. Effectiveness of exercise intervention on improving fundamental movement skills and motor coordination in overweight/obese children and adolescents: a systematic review. J Sci Med Sport. (2018) 21(1):89–102. doi: 10.1016/j.jsams.2017.07.001

6. Munn J, Herbert RD, Hancock MJ, Gandevia SC. Training with unilateral resistance exercise increases contralateral strength. J Appl Physiol. (2005) 99(5):1880–4. doi: 10.1152/japplphysiol.00559.2005

7. Musálek M, Clark CC, Kokštejn J, Vokounova Š, Hnízdil J, Mess F. Impaired cardiorespiratory fitness and muscle strength in children with normal-weight obesity. Int J Environ Res Public Health. (2020) 17(24):9198. doi: 10.3390/ijerph17249198

8. Pedersen BK. Physical activity and muscle–brain crosstalk. Nat Rev Endocrinol. (2019) 15(7):383–92. doi: 10.1038/s41574-019-0174-x

9. Stricker PR, Faigenbaum AD, McCambridge TM, LaBella CR, Brooks MA, Canty G, et al. Resistance training for children and adolescents. Pediatrics. (2020) 145(6). doi: 10.1542/peds.2020-1011

10. García-Hermoso A, Ramírez-Campillo R, Izquierdo M. Is muscular fitness associated with future health benefits in children and adolescents? A systematic review and meta-analysis of longitudinal studies. Sports Med. (2019) 49:1079–94. doi: 10.1007/s40279-019-01098-6

11. Laurson KR, Saint-Maurice PF, Welk GJ, Eisenmann JC. Reference curves for field tests of musculoskeletal fitness in US children and adolescents: the 2012 NHANES national youth fitness survey. J Strength Cond Res. (2017) 31(8):2075–82. doi: 10.1519/JSC.0000000000001678

12. Niessner C, Utesch T, Oriwol D, Hanssen-Doose A, Schmidt SC, Woll A, et al. Representative percentile curves of physical fitness from early childhood to early adulthood: the MoMo study. Front Public Health. (2020) 8:458. doi: 10.3389/fpubh.2020.00458

13. Tabacchi G, Lopez Sanchez GF, Nese Sahin F, Kizilyalli M, Genchi R, Basile M, et al. Field-based tests for the assessment of physical fitness in children and adolescents practicing sport: a systematic review within the ESA program. Sustainability. (2019) 11(24):7187. doi: 10.3390/su11247187

14. Torres-Costoso A, López-Muñoz P, Martínez-Vizcaíno V, Álvarez-Bueno C, Cavero-Redondo I. Association between muscular strength and bone health from children to young adults: a systematic review and meta-analysis. Sports Med. (2020) 50:1163–90. doi: 10.1007/s40279-020-01267-y

15. Ball K, Carver A, Downing K, Jackson M, O'Rourke K. Addressing the social determinants of inequities in physical activity and sedentary behaviours. Health Promot Int. (2015) 30(suppl_2):ii8–19. doi: 10.1093/heapro/dav022

16. Jurić P, Jurak G, Morrison SA, Starc G, Sorić M. Effectiveness of a population-scaled, school-based physical activity intervention for the prevention of childhood obesity. Obesity. (2023) 31(3):811–22. doi: 10.1002/oby.23695

17. Kann L. Youth risk behavior surveillance—United States, 2017. MMWR Surveill Summ. (2018) 67:1–114. doi: 10.15585/mmwr.ss6708a1

18. Kuhn AW, Grusky AZ, Cash CR, Churchwell AL, Diamond AB. Disparities and inequities in youth sports. Curr Sports Med Rep. (2021) 20(9):494–8. doi: 10.1249/JSR.0000000000000881

19. Lerner ZF, Browning RC. Compressive and shear hip joint contact forces are affected by pediatric obesity during walking. J Biomech. (2016) 49(9):1547–53. doi: 10.1016/j.jbiomech.2016.03.033

20. Obita G, Alkhatib A. Effectiveness of lifestyle nutrition and physical activity interventions for childhood obesity and associated comorbidities among children from minority ethnic groups: a systematic review and meta-analysis. Nutrients. (2023) 15(11):2524. doi: 10.3390/nu15112524

21. Tomkinson GR, Lang JJ, Tremblay MS. Temporal trends in the cardiorespiratory fitness of children and adolescents representing 19 high-income and upper middle-income countries between 1981 and 2014. Br J Sports Med. (2019) 53(8):478–86. doi: 10.1136/bjsports-2017-097982

22. Wahl-Alexander Z, Camic CL. Impact of COVID-19 on school-aged male and female health-related fitness markers. Pediatr Exerc Sci. (2021) 33(2):61–4. doi: 10.1123/pes.2020-0208

23. Wilson OW, Bopp M. College student aerobic and muscle-strengthening activity: the intersection of gender and race/ethnicity among United States students. J Am Coll Health. (2023) 71(1):80–6. doi: 10.1080/07448481.2021.1876709

24. Marrero-Rivera JP, Sobkowiak O, Jenkins AS, Bagnato SJ, Kline CE, Gordon BD, et al. The relationship between physical activity, physical fitness, cognition, and academic outcomes in school-aged latino children: a scoping review. Children. (2024) 11(3):363. doi: 10.3390/children11030363

25. Bantham A, Ross SE, Sebastião E, Hall G. Overcoming barriers to physical activity in underserved populations. Prog Cardiovasc Dis. (2021) 64:64–71. doi: 10.1016/j.pcad.2020.11.002

26. Lloyd-Jones DM, Ning H, Labarthe D, Brewer L, Sharma G, Rosamond W, et al. Status of cardiovascular health in US adults and children using the American heart association’s new “Life’s Essential 8” metrics: prevalence estimates from the national health and nutrition examination survey (NHANES), 2013 through 2018. Circulation. (2022) 146(11):822–35. doi: 10.1161/CIRCULATIONAHA.122.060911

27. Zhang C, Zhang H, Zhang B. Prevalence trends and racial-ethnic disparities of diabetes and prediabetes among children and adolescents in the United States from 2019 to 2021. Prev Med Rep. (2024) 41:102688.38533394

28. Kretschmer L, Salali GD, Andersen LB, Hallal PC, Northstone K, Sardinha LB, et al. Gender differences in the distribution of children’s physical activity: evidence from nine countries. Int J Behav Nutr Phys Act. (2023) 20(1):103. doi: 10.1186/s12966-023-01496-0

29. Hibbing PR, Carlson JA, Steel C, Greenwood-Hickman MA, Nakandala S, Jankowska MM, et al. Low movement, deep-learned sitting patterns, and sedentary behavior in the international study of childhood obesity, lifestyle and the environment (ISCOLE). Int J Obes. (2023) 47(11):1100–7. doi: 10.1038/s41366-023-01364-8

30. Sardinha LB, Magalhães JP, Santos DA, Hetherington-Rauth M. Intensity matters: impact of physical activity energy expenditure at moderate and vigorous intensity on total and abdominal obesity in children. Eur J Clin Nutr. (2023) 77(5):546–50. doi: 10.1038/s41430-022-01242-y

31. Falconer CL, Park MH, Croker H, Kessel AS, Saxena S, Viner RM, et al. Can the relationship between ethnicity and obesity-related behaviours among school-aged children be explained by deprivation? A cross-sectional study. BMJ open. (2014) 4(1):e003949. doi: 10.1136/bmjopen-2013-003949

32. Avigo EL, Stodden DF, Silva AA, Rodrigues VB, Barela JA. Motor competence deficit in urban-area Brazilian children based on chronological age. Braz J Mot Behav. (2019) 13(2):52–63. doi: 10.20338/bjmb.v13i2.128

33. Cho M, Kim JY. Changes in physical fitness and body composition according to the physical activities of Korean adolescents. J Exerc Rehabil. (2017) 13(5):568. doi: 10.12965/jer.1735132.566

34. Heo J, Oh J, Subramanian SV, Kim Y, Kawachi I. Addictive internet use among Korean adolescents: a national survey. PLoS One. (2014) 9(2):e87819. doi: 10.1371/journal.pone.0087819

35. Katzmarzyk PT, Chaput JP, Fogelholm M, Hu G, Maher C, Maia J, et al. International study of childhood obesity, lifestyle and the environment (ISCOLE): contributions to understanding the global obesity epidemic. Nutrients. (2019) 11(4):848. doi: 10.3390/nu11040848

36. Rosengren B, Lindgren E, Jehpsson L, Dencker M, Karlsson M. Musculoskeletal benefits from a physical activity program in primary school are retained 4 years after the program is terminated. Calcif Tissue Int. (2021) 109:405–14. doi: 10.1007/s00223-021-00853-0

37. Rhea DJ. Let the kids play: the impact of chaos on academic success. J Kinesiol Wellness. (2021) 10(1):98–105. doi: 10.56980/jkw.v10i.98

38. Campbell-Pierre DM. Finding our Balance: The Effect of Multiple Recess on Elementary Children Motor Competence and Executive Functioning Abilities. Dissertation. Fort Worth, TX: Texas Christian University (2023).

39. Dankiw KA, Tsiros MD, Baldock KL, Kumar S. The impacts of unstructured nature play on health in early childhood development: a systematic review. PLoS One. (2020) 15(2):e0229006. doi: 10.1371/journal.pone.0229006

40. Webb GK, Rhea DJ. The impact of multiple recesses on limb movement patterns in children: an exploratory study. Int J Child Health Nutr. (2023) 12:99–106. doi: 10.6000/1929-4247.2023.12.03.4

41. Smith JJ, Eather N, Weaver RG, Riley N, Beets MW, Lubans DR. Behavioral correlates of muscular fitness in children and adolescents: a systematic review. Sports Med. (2019) 49:887–904. doi: 10.1007/s40279-019-01089-7

42. Stanković D, Pivač S, Antonijević M, Pekas D, Trajković N. School-based exercise programs for promoting musculoskeletal fitness in children aged 6 to 10. Youth. (2022) 2(3):309–17. doi: 10.3390/youth2030023

43. Rhea DJ, Bauml M. An innovative whole child approach to learning: the liink project®. Child Educ. (2018) 94(2):56–63. doi: 10.1080/00094056.2018.1451691

44. Farbo D, Maler LC, Rhea DJ. The preliminary effects of a multi-recess school intervention: using accelerometers to measure physical activity patterns in elementary children. Int J Environ Res Public Health. (2020) 17(23):8919. doi: 10.3390/ijerph17238919

45. Farbo DJ, Rhea DJ. A pilot study examining body composition classification differences between body mass index and bioelectrical impedance analysis in children with high levels of physical activity. Front Pediatr. (2021) 9:724053. doi: 10.3389/fped.2021.724053

46. Faul F, Erdfelder E, Lang AG, Buchner A. G* power 3: a flexible statistical power analysis program for the social, behavioral, and biomedical sciences. Behav Res Methods. (2007) 39(2):175–91. doi: 10.3758/BF03193146

47. Baptista F, Zymbal V, Janz KF. Predictive validity of handgrip strength, vertical jump power, and plank time in the identification of pediatric sarcopenia. Meas Phys Educ Exerc Sci. (2022) 26(4):361–70. doi: 10.1080/1091367X.2021.1987242

48. Bogataj Š, Pajek M, Hadžić V, Andrašić S, Padulo J, Trajković N. Validity, reliability, and usefulness of My Jump 2 App for measuring vertical jump in primary school children. Int J Environ Res Public Health. (2020) 17(10):3708. doi: 10.3390/ijerph17103708

49. Hammami R, Nobari H, Hanen W, Gene-Morales J, Rebai H, Colado JC, et al. Exploring of two different equated instability resistance training programs on balance and muscle strength and power performance in pre-pubertal weightlifters. Res Sq. (2022). doi: 10.21203/rs.3.rs-2018819/v1

50. Hashim A, Ariffin A, Hashim AT, Yusof AB. Reliability and validity of the 90° push-ups test protocol. Int J Sci Res Manage. (2018) 6(06):10–8535. doi: 10.18535/ijsrm/v6i6.pe01

51. Kuriyan R. Body composition techniques. Indian J Med Res. (2018) 148(5):648–58. doi: 10.4103/ijmr.IJMR_1777_18

52. Lemos T, Gallagher D. Current body composition measurement techniques. Curr Opin Endocrinol Diabetes Obes. (2017) 24(5):310–4. doi: 10.1097/MED.0000000000000360

53. Plowman SA, Meredith MD. Fitnessgram/Activitygram Reference Guide. 4th ed. Dallas, TX: The Cooper Institute (2013).

54. Fraser BJ, Blizzard L, Buscot MJ, Schmidt MD, Dwyer T, Venn AJ, et al. The association between grip strength measured in childhood, young-and mid-adulthood and prediabetes or type 2 diabetes in mid-adulthood. Sports Med. (2021) 51(1):175–83. doi: 10.1007/s40279-020-01328-2

55. Kunutsor SK, Isiozor NM, Khan H, Laukkanen JA. Handgrip strength—a risk indicator for type 2 diabetes: systematic review and meta-analysis of observational cohort studies. Diabetes Metab Res Rev. (2021) 37(2):e3365. doi: 10.1002/dmrr.3365

56. Booher LD, Hench KM, Worrell TW, Stikeleather J. Reliability of three single-leg hop tests. J Sport Rehabil. (1993) 2(3):165–70. doi: 10.1123/jsr.2.3.165

57. Guild P, Lininger MR, Warren M. The association between the single leg hop test and lower-extremity injuries in female athletes: a critically appraised topic. J Sport Rehabil. (2020) 30(2):320–6. doi: 10.1123/jsr.2019-0391

58. Brumitt J, Heiderscheit BC, Manske RC, Niemuth PE, Rauh MJ. Lower extremity functional tests and risk of injury in division iii collegiate athletes. Int J Sports Phys Ther. (2013) 8(3):216.23772338

59. Fawcett M, DeBeliso M. The validity and reliability of push-ups nd a measure of upper body strength for 11–12 year-old females. J Fitness Res. (2014) 3(1):4–11.

60. Watkins CM, Barillas SR, Wong MA, Archer DC, Dobbs IJ, Lockie RG, et al. Determination of vertical jump as a measure of neuromuscular readiness and fatigue. J Strength Cond Res. (2017) 31(12):3305–10. doi: 10.1519/JSC.0000000000002231

61. Webb GK. The effects of unstructured outdoor play on muscular strength and neuromuscular control in children. J Kinesiol Wellness. (2025). In press.

62. Bardid F, Huyben F, Lenoir M, Seghers J, De Martelaer K, Goodway JD, et al. Assessing fundamental motor skills in Belgian children aged 3–8 years highlights differences to US reference sample. Acta Paediatr. (2016) 105(6):e281–90. doi: 10.1111/apa.13380

63. O’Brien W, Belton S, Issartel J. Fundamental movement skill proficiency amongst adolescent youth. Phys Educ Sport Pedagogy. (2016) 21(6):557–71. doi: 10.1080/17408989.2015.1017451

64. Bolger LE, Bolger LA, O’Neill C, Coughlan E, O’Brien W, Lacey S, et al. Global levels of fundamental motor skills in children: a systematic review. J Sports Sci. (2021) 39(7):717–53. doi: 10.1080/02640414.2020.1841405

65. DiGirolamo DJ, Kiel DP, Esser KA. Bone and skeletal muscle: neighbors with close ties. J Bone Miner Res. (2013) 28(7):1509–18. doi: 10.1002/jbmr.1969

66. Henriques-Neto D, Hetherington-Rauth M, Magalhaes JP, Correia I, Judice PB, Sardinha LB. Physical fitness tests as an indicator of potential athletes in a large sample of youth. Clin Physiol Funct Imaging. (2022) 42(2):88–95. doi: 10.1111/cpf.12735

67. Anam K, Sumartiningsih S, Permana DF, Nurfadhila R, Aditia EA. FIFA 11+kids can increase muscle strength: a 12 weeks treatment. J SPORTIF Penelit Pembelajar. (2022) 8(2):189–200. doi: 10.29407/js_unpgri.v8i2.18059

68. Pomares-Noguera C, Ayala F, Robles-Palazón FJ, Alomoto-Burneo JF, López-Valenciano A, Elvira JL, et al. Training effects of the FIFA 11+kids on physical performance in youth football players: a randomized control trial. Front Pediatr. (2018) 6:40. doi: 10.3389/fped.2018.00040

69. Nasrulloh A, Wicaksono IS. Latihan bodyweight dengan total-body resistance exercise (TRX) dapat meningkatkan kekuatan otot. J Keolahragaan. (2020) 8(1):52–62. doi: 10.21831/jk.v8i1.31208

70. Agbaje AO, Perng W, Tuomainen TP. Effects of accelerometer-based sedentary time and physical activity on DEXA-measured fat mass in 6059 children. Nat Commun. (2023) 14(1):8232. doi: 10.1038/s41467-023-43316-w

71. Skinner AM, Vlachopoulos D, Barker AR, Moore SA, Rowlands AV, Soininen S, et al. Physical activity volume and intensity distribution in relation to bone, lean and fat mass in children. Scand J Med Sci Sports. (2023) 33(3):267–82. doi: 10.1111/sms.14255

72. Gray P. Free to Learn: Why Unleashing the Instinct to Play Will Make our Children Happier, More Self-reliant, and Better Students for Life. New York, NY: Basic Books (2013).

73. Gray P. What exactly is play, and why is it such a powerful vehicle for learning? Top Lang Disord. (2017) 37(3):217–28. doi: 10.1097/TLD.0000000000000130

74. US Department of Education. Free Appropriate Public Education. Washington, DC: US Department of Education (2024). Available online at: https://www2.ed.gov/about/offices/list/ocr/frontpage/pro-students/issues/dis-issue03.html (March 06, 2024).

75. Alliance GR, Ramstetter CL, Baines E, Brickman CW, Hyndman B, Jarrett O, et al. Recess in the 21st century post-COVID world. J Sch Health. (2022) 92(10):941. doi: 10.1111/josh.13235



OPS/images/fspor-07-1527810-t003.jpg
Time 1 Time 2 Average Scores® Change Scores®

Intervention | Control | Intervention | Control | Intervention | Control | Intervention | Control

pre-test pre-test post-test post-test average average change change
scores® scores®
Mus$ Tests
Right Grip® 237 (64" 200 (5.4) 253 (5.7 224 (34) 245 (56)" 212 (4.0) 16 (45) 24 (44)
Left Grip® 227 (62" 191 (5.0) 237 (55 215 (3.4) 232 (5.4 203 (37) 10 (42) 24 (44)
Average"® 232 (61" 196 (5.1) 245 (54 220 (3.1) 23.87 (5.5 213 (36) 13 (40) 24 (4.0)
Right Hop' 69.7 (302) 741 (240) 830 (304) 763 (18.0) 763 (29.2) 75.2 (17.8) 133 (166)* 22(232)
Left Hop' 662 (327) 734 (228) 810 (29.0) 730 (17.8) 736 (28.8) 73.2 (17.6) 148 226 ~0.4 (20.7)
Average Hop™! 67.9 (28.7) 738 (229) 820 (289) 747 (166) 752 (28.2) 750 (168) 141 (1557 0.92 (20.6)
Push-Up 7.1 (5.5 05 (0.8) 83 (64)" 34 (49) 7.7 5.7 20 26) 12 (34) 29 (47)
Vertical Jump® 68 (2.0) 66 (1.9) 7.3 (19) 7.3 (17) 7.1 (18) 7.0 (15) 0.5 (1.6) 07 (21)
Side Step 232 (46) 213 (50) 267 (5.2 241 (62) 249 (43) 227 (47) 35 (46) 28 (6.5)

‘Average (Average of right and left limb scores).
"Change Scores (Time 2 minus Time 1).

Recorded in pounds to the nearest tenth.

*Recorded in inches to the nearest half-inch.

Average Scores (Time 1 plus Time 2 divided by 2).

Significant differences between group averages, *p=.05, *p = 01, ***p < 001,
Intervention 1= 59. Control n = 49,





OPS/images/fspor-07-1527810-t002.jpg
Chi-square or t-test Time 2 Chi-square or t-test Change scores® Chi-square or t-test
Intervention | Control Intervention | Control Intervention | Control
34% E 39% 41% ! 4 2%
25% 2% Z 0%
+4%
077 (3.7) -0.73 (1.9)

Time 1

Body fat categories

Healthy
Overfat 20% !
Obese 7% 31% 7% 35%

255 (86)

27.5 (11.0) 24.(8.9)

2638 (107)

Body Fat%
Change from Time 1 to Time 2 (Time 2 scores minus Time 1 scores).
Iodceweiiion % %7 Conticl sy,





OPS/images/fspor-07-1527810-t004.jpg
Main effect

Single hand grip
Group F(1,105) = 2.68, p = 97,
7

MusS tests NC Test

Single leg hop Vertical jump Side-step
77, p= 03,
04

Group controlling
body fat

61,p=21,
2





OPS/images/fspor-07-1527810-t001.jpg
Demographic Groups Intervention (N = 59)

Control (N = 49)

32 (54%)
27 (46%)

25 (51%)
24 (49%)

Hispanic 43 (72%)

30 (61%)

Non-Hispanic 16 (28%)

19 (39%)





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Utilizing physical educators to monitor muscular strength and neuromuscular control among children with varied recess time

		1 Introduction



		2 Materials and methods



		2.1 Participants



		2.2 Sample



		2.3 Measures



		2.3.1 The digital dynamometer single hand grip test



		2.3.2 The single-leg 3-hop test



		2.3.3 The push-up test



		2.3.4 The double leg vertical jump test



		2.3.5 The side-step test



		2.3.6 The bioelectric impedance analysis (BIA)











		2.4 Procedures



		2.5 Data security and analysis











		3 Results



		3.1 Demographic information



		3.2 Hypothesis testing



		3.2.1 Hypothesis 1a



		3.2.2 Hypothesis 1b



		3.2.3 Hypothesis 2



















		4 Discussion



		5 Conclusions



		6 Future directions and limitations



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher's note



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers Sports and Active Living

Utilizing physical educators to

monitor muscular strength and
neuromuscular control among
children with varied recess time









OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
, frontiers ‘ Frontiers in Sports and Active Living





OPS/images/fspor-07-1527810-g002.jpg
Single Leg 3-Hop*** Side-Step*

N Intervention Time 2 Control Time 2





OPS/images/fspor-07-1527810-g001.jpg
133

—
04

Right Left Average

Hop** Hop*** Hop***

M Intervention Change Scores

-
Push-Up*

m Control Change Scores

Side-
Step*





