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Abstract

:

(1) Background: The developmental model describes possible mechanisms that could impact the trajectory of children and adolescents’ health behaviors related to obesity; however, few data are available that support this model in the adolescent population. This study investigated the associations among motor competence (MC), moderate-to-vigorous physical activity (MVPA), perceived motor competence (PMC), and aerobic fitness in children and adolescents and the mediating and moderating effects of PMC, aerobic fitness, and weight status on the MC–MVPA relationship. (2) Methods: Participants included 47 adolescents (12.2 ± 1.6 y; 55% male) who completed the Bruininks–Oseretsky Test of Motor Proficiency, 2nd Edition (MC), Harter’s perceived self-competency questionnaire (PMC), and the PACER test (aerobic fitness) and whose MVPA was measured via accelerometry. The body mass index (BMI) was calculated from measured height and weight. (3) Results: There were positive correlations between MC and fitness [rs(47) = 0.469, p < 0.01], PMC and fitness [rs(47) = 0.682, p < 0.01], and PMC and MC [rs(47) = 0.416, p < 0.01]. There were no associations among MVPA and MC, PMC, or fitness (p > 0.05). There were inverse associations between BMI and both MVPA [rs(44) = −0.410, p < 0.01] and fitness [rs(47) = 0.295, p < 0.05]. The association between MC and MVPA was mediated by fitness (β = 0.3984; 95% CI (0.0564–0.7985)). (4) Conclusions: The associations among MC, PMC, and fitness highlight the critical role of MC in health and partially support the proposed developmental model concerning the relationships that exist among MC, MVPA, PMC, fitness, and BMI.
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1. Introduction


Participation in regular physical activity is critical to youth development and is related to numerous health benefits including improved cardiometabolic health, physical fitness, and cognitive and mental wellness [1,2]. Physical activity behaviors and their benefits track from childhood through adolescence and eventually to adulthood [3,4]. Unfortunately, there has been a decline in the number of children and adolescents who meet the recommended 60 min per day of moderate-to-vigorous physical activity (MVPA) over the past few decades, which has negative implications for healthy youth development and subsequent adulthood behaviors [2,5,6,7]. The Physical Activity Guidelines for Americans focus specifically on MVPA throughout middle childhood and adolescence, rather than habitual physical activity, as it is related to better overall health outcomes [8]. Therefore, identifying factors related to MVPA participation and mechanisms for facilitating engagement in physical activity among children and adolescents is critical to fostering a physically active lifestyle.



Stodden et al. proposed a conceptual model emphasizing the importance of motor competence (MC), the ability to execute motor skills in a proficient manner, in facilitating engagement in physical activity [9,10]. Children who fail to develop the requisite fundamental motor skills as a foundation for MC may lead to less engagement in exercise, sport, and game participation, along with subsequent decreases in their engagement in a healthy amount of physical activity [8]. Specifically, poor fundamental motor skills may create a skill proficiency barrier that compromises the subsequent development of specialized motor skills and sports-specific skills [11,12]. This has been emphasized by De Meester and colleagues, who found that only 12% of older children with poor fundamental motor skills meet physical activity guidelines [13]. Children with poor MC may face increasing challenges in establishing and maintaining healthy activity levels that promote health-related physical fitness. Therefore, it is important to understand the relationship between MC and MVPA in youth.



The developmental model describes possible developmental mechanisms that could impact the trajectory of children and adolescents’ health behaviors related to obesity and the central role that MC and physical activity play in children’s health [10]. The model also postulates a dynamic and reciprocal relationship between MC and physical activity, whereas in late childhood, MC drives physical activity engagement. This relationship is further mediated by children’s health-related physical fitness and perceptions of competence throughout childhood. Evidence has supported a few of these pathways in early and middle childhood, but few have examined the applicability of this proposed framework in later childhood and adolescent age groups [14,15]. Of particular interest in this endeavor is an exploration in how the MC–MVPA relationship is potentially mediated by perceived motor competence (PMC), physical fitness, and weight status in adolescents.



A motivational factor that is related to participation in activity isPMC. PMC is an individual’s belief in their abilities across a range of different gross and fine motor skills [16]. PMC can either positively or negatively impact a child’s physical activity engagement, because children who perceive their motor skills to be better tend to persist in engaging in activities related to those skills and view themselves more positively, which motivates them to participate in physical activity, leading to higher levels of physical fitness [17]. Presumably, PMC may be more strongly related to physical activity in older children and adolescents due to their improved cognitive skills [18]. Multiple studies in the later childhood/adolescent age group have shown positive associations between PMC and MC, physical activity, and fitness, and a negative association between PMC and body mass index (BMI) [18,19]. However, additional studies in this age group are needed to provide sufficient support for the role PMC plays in the proposed developmental model. The majority of studies that found a significant mediating effect of PMC on the relationship between MC and physical activity largely included children in later childhood and adolescence [14,20,21,22]. Although these studies reported a mediating effect of PMC, additional evidence is needed to strengthen the applicability of this relationship in later childhood and adolescence [14].



The potential mediating effect of physical fitness on the MC–MVPA relationship also requires further examination [14]. Health-related physical fitness, indexed by aerobic capacity, muscular strength, muscular endurance, and flexibility, has been found to be related to both MC and PMC [23,24]. Children who are more physically active have been shown to have higher levels of health-related physical fitness and MC, whereas children who are less physically active have been shown to have lower levels of health-related physical fitness and MC [23,25]. Several studies have explored physical fitness as a mediating variable on the MC and physical activity relationship. Two studies have confirmed the mediating effect of physical fitness during middle childhood [21,26]. Cattuzzo et al. conducted a review of studies on the relationship between physical fitness and MC and identified aerobic fitness as the component that had the strongest association with MC [27]. As older children often participate in games or activities that require sustained engagement in physical activity behaviors, it makes sense that a higher competence level of motor coordination and motor abilities may bolster aerobic fitness in this older age group.



Weight status is generally considered the outcome of the developmental trajectory model outlined by Stodden and colleagues (2008) that is primarily influenced by MC and physical activity [10]. This factor is important because low levels of PMC, MC, and health-related physical fitness are thought to lead to obesity in youth [28]. Additionally, the inverse relationship between weight status and MC potentially creates a cycle in which continued deceleration in MC will perpetuate and magnify sedentary behaviors, leading to an increased overweight/obese weight status for many children [28,29]. Furthermore, it is plausible that children with a lower PMC will avoid physical activity, fail to develop adequate motor skills, and have more difficulty in maintaining a healthy body composition [10,28]. Inverse associations between weight status and MC, MVPA, PMC, and aerobic fitness have been established [15,18,19,30]. However, studies investigating the mediating and moderating roles of weight status on the MC–MVPA relationship are limited and further examination is warranted. Although the mediating and moderating effects of weight status deviate from the developmental model, the morphological constraints associated with obesity may logically impact engagement in MVPA, providing sound justification for this investigation.



The relationships among MC, physical activity, PMC, and aerobic fitness have been more extensively studied in young children compared to those in late childhood and adolescence. Specifically, research has identified positive relationships among MC, physical activity, PMC, and health-related physical fitness in early childhood (3–5 years old) and middle childhood (5–10 years old); research focusing on these variables during late childhood and adolescence (10–15 years old) is limited [10,14,15,17,31]. Therefore, the purpose of this study was to determine the associations among MC, MVPA, PMC, and aerobic fitness in late childhood and adolescence (10–15 years old) as proposed in the developmental model. Additionally, this study aims to investigate the possible mediating effects of PMC and aerobic fitness and the moderating effect of weight status on the MC–MVPA relationship.




2. Materials and Methods


2.1. Study Participants


Within a cross-sectional study design, participants included 47 youth (ages 10–15 years), who were recruited from two communities, located in east Tennessee and northwest Ohio. Participants were recruited through social media postings, flyer distribution, emails, and word of mouth. Exclusion criteria included any medical condition reported by a parent/guardian that would limit participation in physical activity. The investigator obtained written assent from each participant after reading a description of the study to the participants. Each participant signed an assent form after the investigator read the description of the study from the parental permission form. Written parental permission was then obtained for each participant by the parental guardian(s). The study protocol was approved by the university’s Institutional Review Board.




2.2. Study Design


Participants attended two separate sessions at either a research laboratory or a local gymnasium. At each site, identical protocols were used for all participants. Visit 1 was one hour in duration and Visit 2 was thirty min in duration. There was a seven-day time- period between Visit 1 and Visit 2 to reduce the probability of fatigue and to increase compliance for the 7-day accelerometer wear time protocol by returning the device in person. All activities were the same for all participants on Visit 1 and Visit 2; no randomization of assessments occurred. All assessments were completed by one of the co-authors (E.M.P.).



During Visit 1, after obtaining written parental permission and verbal participant assent, standing height, seated height, and weight were measured and BMI and maturity offset were calculated. Then, participants completed the Bruininks–Oseretsky Test of Motor Proficiency (BOT-2) and reported their PMC using one of the scales described below based on their specific age. After the completion of these assessments, participants were fitted with an accelerometer and parents/guardians and children were provided verbal instructions on appropriate usage. Visit 2 was scheduled at least one full week after Visit 1. Participants returned the accelerometer and completed the FitnessGram Physical Fitness Test Battery. In addition, each participant completed the same PMC questionnaire used during Visit 1.



2.2.1. Bruininks–Oseretsky Test Analysis Test for Motor Proficiency


The participants completed the Bruininks–Oseretsky Test for Motor Proficiency, Second Edition [32]. BOT-2 measures fine and gross motor development and includes eight subtests (fine motor precision, fine motor integration, manual dexterity, body coordination, balance, running speed and agility, upper-limb coordination, and strength) consisting of a total of 53 items. The assessments were scored individually and combined to create four categorical standard scores, which included fine motor control (fine motor precision and fine motor integration), manual coordination (manual dexterity and upper limb coordination), body coordination (bilateral coordination and balance), and strength and agility (strength and running speed and agility). The four categorical values were compiled to create a total motor composite score and overall percentile using the BOT-2 normative reference tables. Research team members were trained with the BOT-2 Comprehensive Training video, which provides training on test administration, scoring, and reporting. Training also included the completion of 10–15 practice trials. Data integrity for the current study was further supported using reliability testing on a randomly selected sample of scores from approximately 10% of the participants. Interrater reliability was excellent (ICC = 0.99; 95% confidence interval = 0.99–1.00).



BOT-2 raw scores for each activity were used to determine scores and motor percentiles for four categories: fine manual coordination, manual coordination, body coordination, and strength and agility. Categorical scores were used to calculate the total motor composite score and total motor percentile following BOT-2 scoring procedures [32]. The total motor composite score was used in the statistical analysis. Percentiles were used to categorize each participant (10–13 years) for descriptive purposes.




2.2.2. Perceived Motor Competence


Each participant completed a PMC assessment using the Perceived Competence Scale for Children (ages 10–13) or the Perceived Competence Scale for Adolescents (ages 14–15) [33]. These scales are valid and reliable for the chosen population [34,35]. Participants responded to the physical competence subset consisting of six questions. The physical competence questionnaire consists of one example question and five assessment questions assessing how the children and adolescents feel regarding their ability to participate in physical activity (score of 1–4 per question; 1 being least confident and 4 being most confident). The mean score per question was used in the analysis.




2.2.3. Physical Activity Assessment


Each participant wore an accelerometer (ActiGraph GT3X+, Pensacola, FL), which recorded physical activity during a seven-day period. The accelerometer was placed above the iliac crest of the right hip using a nylon elastic belt. The accelerometer was initialized to collect raw data at 30 Hz [36,37]. Physical activity data from accelerometers were recorded as raw activity counts, a measure reflecting the number of times raw acceleration data exceeded a pre-defined threshold. Activity count data were converted to minutes of physical activity using Evenson et al.’s [38] cut-points. Cut-points were used to classify the activity into four categories: sedentary (0–100 counts per minute or CPM); light (101–2295 CPM); moderate (2296–4011 CPM); and vigorous (4012 or more CPM). The total number of minutes of moderate and vigorous activity was then summed. Each participant’s total MVPA score was divided by the number of days during which the accelerometer was worn to yield a measure of average daily minutes of MVPA. Average daily MVPA minutes were used in the subsequent correlational analysis described below. Participants were excluded if they did not have at least three days (including one weekend day) of 10 h daily accelerometer wear time [39].




2.2.4. Health-Related Fitness Assessment


Participants completed the FitnessGram Physical Fitness Battery to assess aerobic fitness, muscular strength, muscular endurance, flexibility, and body composition [40]. Only the Progressive Aerobic Cardiovascular Endurance Run (PACER; aerobic fitness), which is a paced, 20 m shuttle run was included in the analysis.




2.2.5. Data Treatment and Statistical Analyses


A power analysis was conducted to estimate sample size using association studies (MC and PA, MC and fitness). A minimum sample of 44 was needed based on a significance of A-0.05 and a power of 0.80.



Demographic and anthropometric data included race, sex, age, and both standing and seated heights. BMI was calculated and BMI percentile was then identified using the sex-specific BMI-for-age percentile curves [41]. The predicted age of peak height velocity (PHV) was calculated from the participant’s birthdate, test date, standing height, sitting height, and weight using procedures described by Mirwald et al. [42]. A maturity offset score (i.e., the number of years away from predicted age of PHV) was then used to categorize each participant as pre-PHV, PHV, or post-PHV. Descriptive statistics and frequencies were calculated for demographic variables, BMI, weight status, and the pre-PVH maturity offset category.



Descriptive statistics were calculated for PMC for each visit and overall. A comparison of PMC scores from Visits 1 and 2 using independent t-tests showed no significant difference (p > 0.05); the higher of the two scores for each participant was used in subsequent analysis described below.



Descriptive statistics were calculated for all variables assessed. BMI data were not normally distributed, leading to nonparametric correlational analysis (Spearman’s rank-order correlations) being used to examine associations among MC, MVPA, PMC, aerobic fitness, and BMI.



Mediation and moderation models were analyzed using a bootstrapping approach to determine the indirect effects. MC was entered as the predictor variable with the outcome variable being MVPA. The proposed mediators in the model were PMC and physical fitness, with BMI as the proposed moderator. The PROCESS macro Model 4 (V.4.2) in SPSS was used to conduct these analyses; 95% confidence intervals were used to determine the significance of the indirect effects mediated by PMC and aerobic fitness and moderated by BMI. SPSS 27.0 (IBM, Armonk, NY, USA) was used for all statistical analyses. The alpha level was set to p < 0.05 to determine statistical significance.






3. Results


Participant Characteristics


From the 47 participants (12.2 ± 1.6 y; 55% male) recruited for this study, 3 participants were excluded from the physical activity analyses because they did not meet wear time criteria. Table 1 shows the descriptive statistics of the participants. The prevalence of children with overweight/obesity in this sample was 27.7%. Most of the participants were classified as pre-PHV (89.4%), indicating that they had not started the maturation process. Most participants (72.3%) had average levels of motor competency. The average BOT-2 total motor composite score was 49.9 ± 9.0. Participants spent an average of 40.0 ± 17.6 min in MVPA per day, with only 16.7% of the participants meeting the aerobic physical activity guidelines. The mean PMC score was 3.1 ± 0.5 and the participants achieved a mean PACER score of 31.6 ± 14.9 laps.



Table 2 depicts the Spearman’s rank-order correlations for the total group. There were significant positive correlations between MC and aerobic fitness [rs(47) = 0.469, p < 0.01], PMC and aerobic fitness [rs(47) = 0.682, p < 0.01], and PMC and MC [rs(47) = 0.416, p < 0.01]. There were no significant associations between average daily MVPA and MC, PMC, or aerobic fitness (p > 0.05). There was a significant inverse association between BMI and both MVPA [rs(44) = −0.410, p < 0.01] and aerobic fitness [rs(47) = −0.295, p < 0.05].



Figure 1 illustrates the results of the mediation analysis. There was no mediating effect of PMC on the MC–MVPA relationship (see Figure 1A). Aerobic fitness mediated the relationship between MC and MVPA (see Figure 1B). There was a significant indirect effect of MC on MVPA that was mediated by aerobic fitness [b = 0.3984; 95% CI (0.0535–0.7839)]. Additionally, aerobic fitness accounted for ~28% of the variance in the model. The was no significant moderating effect of BMI on the MC–MVPA relationship (r2 = 0.1534, F(1,40) = 0.2426, p = 0.6250).





4. Discussion


The purpose of this study was to determine the associations among MC, MVPA, PMC, and aerobic fitness in children and adolescents (10–15 years old). It was hypothesized that there would be significant, positive associations among all the variables (MC, MVPA, PMC, and aerobic fitness). Additionally, this study aimed to investigate the possible mediating (PMC and aerobic fitness) and moderating (BMI) effects on the MC–MVPA relationship. The current study provides an examination of the holistic framework of the proposed developmental model and includes a sample of youth (late childhood and adolescence) that have not been extensively studied compared to younger age groups. Additionally, the inclusion of the BOT-2 and the focus on MVPA might provide unique insights to further our understanding of the MC and physical activity relationship. While this study cannot imply causality, there are a few plausible explanations for why associations exist among some of these variables and the mediating effect of aerobic fitness.



There was a moderate, positive correlation between MC and PMC. The PMC scores were consistent with previously reported average ranges for children aged 10–15 years old [16]. Presumably, children with higher perceptions of their motor competence are more likely to engage in a greater variety of physical activities, further enhancing the development of their motor skills. In the present study, children had high perceptions of competence (average three out of four) and had above average MC rates as assessed by the BOT-2, which aligns with this notion; however, only 17% of children were meeting physical activity guidelines. It might be that the focus on MVPA (versus habitual physical activity) may have contributed to the mismatch among PMC and physical activity in the present study. Children with lower PMC scores are likely to participate in fewer physical activities, which would limit their opportunities to further develop their motor skills [10,43,44]. It is also likely that a child’s level of MC contributes to PMC, creating reciprocal reinforcement. The utilization of the PMC and MC assessments in the current study may have also contributed to the significant associations. Harter’s Perceived Competence Scales for children and adolescents assess perceptions of global physical competence and the BOT-2 measures a wide range of motor skills (fine and gross) in addition to coordination, strength, and agility, which may be viewed as a more global assessment of MC.



Another possibility is that one or more other variables affect both MC and PMC. A likely candidate would be aerobic fitness, since it was found to be positively correlated to both. These results suggest that promoting PMC may be an effective means to foster physical activity in middle childhood and adolescence. Although changes in MC and aerobic fitness can require extended periods of time to achieve noticeable results, readily available psychological interventions to increase PMC through techniques such as encouragement, goal setting, and reframing may allow practitioners to quickly increase the odds of a child engaging in physical activity [45]. This reasoning is consistent with previous research arguing that PMC can have a positive impact on adolescent’s MC [10,43,44,46,47] and that some children lack the motivation to participate in physical activity due to the belief that they are not able to be successful during activity engagement [47].



Research has shown that positive encouragement during physical and motor activities can lead to an increased PMC and promotion of other psychological factors that support activity engagement [43]. Additionally, a recent study proposed that psychological factors, such as PMC and intrinsic motivation, play a significant role in physical activity participation in youth [48]. Enjoyment is one of the main factors contributing to whether an individual will participate in an activity [47]. Additionally, higher levels of PMC may increase enjoyment of physical activity, which can help a child persist in their engagement of motor practice and improve their motor skills [46]. In addition, social interaction with peers is one way to simultaneously increase PMC and promote positive psychological benefits [47].



MC and aerobic fitness were also positively correlated. It appears that future physical fitness can be predicted by the level of gross motor skills during early childhood [49]. Fundamental motor skills are the foundation for the more complex motor skills required to improve aerobic fitness (i.e., most locomotor activities) [24,48,50]. These findings may provide an explanation for the significant association between MC and aerobic fitness, based upon running (PACER) performance [24,48,50]. In the present study, the full BOT-2 was used to measure MC and it includes a subscale which measures strength and agility, which aligns with the aerobic fitness results of the PACER test as children scored at or above average in both assessments. Presumably, exposure to similar movements, such as galloping and jumping, would enhance the neuromuscular system function as well as motor control and coordination [24]. Higher fitness levels also promote the attainment of motor competency throughout adolescence [51]. Additionally, youth in late childhood who are proficient in their motor skills tend to be classified in a healthy weight category. This may be due to the greater opportunity for activity participation and the ability to achieve success during these activities [51].



The mediation analysis of the current study revealed a significant, indirect effect of aerobic fitness on the MC and physical activity relationship. Stodden’s model postulated that fitness may mediate the relationship between MC and physical activity through the potential increase in engagement in physical activity in youth with higher fitness levels [10]. Numerous studies have identified aerobic fitness as a mediating variable or have suggested the exploration of the mediating impact of aerobic fitness [14,15]. Several studies have found fitness to have a significant mediating effect, but the majority of these studies focused on middle childhood [20,21,26]. The mediating effect of aerobic fitness provides some insight that demonstrates that youth may need to attain higher fitness levels to illustrate an influence of MC on physical activity levels. This study provides a significant contribution to the literature through the investigation of the mediating effect of fitness on youth in late childhood and adolescent age groups.



Findings from the current study indicate no significant associations among average daily MVPA and MC, PMC, or aerobic fitness. Only 17% of children in the present study met physical activity recommendations; this prevalence of meeting recommendations was lower compared to a nationally representative sample [52]. The results did not support the theory that older children’s motor skills are associated with their MVPA level. This is a different result than what was hypothesized by Stodden et al. regarding a positive relationship between MC and physical activity in this age group [10]. However, the original model proposed the relationship between total physical activity and not specifically MVPA. Higher amounts of MVPA are associated with a lower cardiovascular disease risk and tend to be associated with a higher cardiorespiratory fitness. The present study focused on health-enhancing MVPA levels in this age group, but this may have limited the ability to fully examine the relationship between MC and different intensities, including light PA, which has recently garnered more attention in terms of reducing overall sedentary behavior across a 24 h period. Research has shown significant positive associations among MC and physical activity in younger children (<10 years of age), but not older children (≥10 years of age) [10,17]. If children are not physically active at a young age, then their motor competency may not be established or progress appropriately [11,12]. Deficiencies in MC may also result from insufficient exposure to motor skills or opportunities to learn or practice motor skills (i.e., in physical education, sports teams, activity classes). Even if a group of adolescents (10–15 years old) are physically active, variations in their levels of motor skill proficiency developed during childhood would presumably decrease the chances of detecting a correlation between MC and MVPA. This would be compounded by the fact that MVPA cut-points can create homogenous groups in terms of activity counts, even when the sample includes a wide range of skill proficiencies for activities that may or may not contribute to assessments via accelerometers.



Differences in sport-specific skill requirements may allow some adolescents to achieve relatively high activity counts (i.e., MVPA) despite underdeveloped skills for a range of complex movements. For example, an adolescent could potentially compete in a sport such as cross-country running while not meeting age-related skill proficiency expectations for sports requiring object control skills such as throwing, kicking, and catching. In contrast, a basketball player would be likely to achieve high activity counts and possess a broader skill set because of the demands of the sport. Therefore, exposure to complex movement activities such as basketball during childhood might be expected to provide a stronger foundation for successfully participating in a broader range of physical activity during adolescence.



Overall, there are many strengths to this study. First, the sample size overall achieved an adequate power, based upon a power analysis that identified a target sample size of 44, and the sample was of equal proportion between males (54.3%) and females (45.7%). Also, validated, objective tools were used for all the assessments (BOT-2, Actigraph GT3X accelerometer, PMC, FitnessGram). This study also had several limitations. One limitation of this study is the homogenous sample. The sample only included Caucasian participants and it was a convenience sample, which may have caused selection bias; therefore, generalizations of these findings should be interpreted with caution. In addition, this population had a similar aerobic fitness level, but were less physically active compared to national samples [49,53]. This may be due to the accelerometers not capturing all of the MVPA that the youth participated in (such as bicycling or water-based activities). Anecdotally, some participants reported that they did not wear the accelerometer during certain sports and activities (i.e., baseball, swimming).




5. Conclusions


The main objective of the study was to assess the associations among MC, MVPA, PMC, and aerobic fitness in youth aged 10–15 years old and to explore the possible mediating and moderating factors impacting the relationship between MC and physical activity. There were significant associations among MC and PMC, MC and aerobic fitness, and PMC and aerobic fitness. In the current study, MVPA was not significantly associated with any of the other variables assessed. Therefore, this study only partially supports the developmental model concerning the relationships among MC, MVPA, PMC, and aerobic fitness [10]. One of this study’s main contributions to the current literature is finding that in children aged 10–15, MC is not associated with their engagement in MVPA, but there were significant indirect associations when considering the mediating influence of aerobic physical fitness. These findings build on previous research and provide further evidence for the proposed developmental trajectory model and for how these important factors influence adolescent health.







Author Contributions


Conceptualization, D.P.C. and E.M.P.; Methodology, D.P.C., E.M.P., E.C.F. and J.T.F.; Formal analysis, D.P.C., E.M.P., E.C.F., J.T.F. and E.K.W.; Investigation, D.P.C. and E.M.P.; Data curation, D.P.C. and E.M.P.; Writing—original draft, D.P.C., E.M.P., E.C.F. and J.T.F.; Writing—review and editing, D.P.C., E.C.F., J.T.F. and E.K.W.; Visualization, E.M.P. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki, and approved by the Institutional Review Board of the University of Tennessee, Knoxville (UTK IRB-15-02291-XP; date of initial approval: 14 May 2015) for studies involving humans.




Informed Consent Statement


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




Data Availability Statement


The data presented in the current study are available upon request from the corresponding author. The data are not publicly available due to privacy and ethical restrictions.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



Chaput, J.P.; Willumsen, J.; Bull, F.; Chou, R.; Ekelund, U.; Firth, J.; Jago, R.; Ortega, F.B.; Katzmarzyk, P.T. 2020 WHO guidelines on physical activity and sedentary behaviour for children and adolescents aged 5–17 years: Summary of the evidence. Int. J. Behav. Nutr. Phys. Act. 2020, 17, 141. [Google Scholar] [CrossRef] [PubMed]

	



Piercy, K.L.; Troiano, R.P.; Ballard, R.M.; Carlson, S.A.; Fulton, J.E.; Galuska, D.A.; George, S.M.; Olson, R.D. The Physical Activity Guidelines for Americans. JAMA 2018, 320, 2020–2028. [Google Scholar] [CrossRef]

	



Malina, R.M. Tracking of physical activity and physical fitness across the lifespan. Res. Q. Exerc. Sport 1996, 67, S48–S57. [Google Scholar] [CrossRef]

	



Telama, R.; Yang, X.; Leskinen, E.; Kankaanpaa, A.; Hirvensalo, M.; Tammelin, T.; Viikari, J.S.; Raitakari, O.T. Tracking of physical activity from early childhood through youth into adulthood. Med. Sci. Sports Exerc. 2014, 46, 955–962. [Google Scholar] [CrossRef]

	



Marques, A.; Henriques-Neto, D.; Peralta, M.; Martins, J.; Demetriou, Y.; Schonbach, D.M.I.; Matos, M.G. Prevalence of Physical Activity among Adolescents from 105 Low, Middle, and High-income Countries. Int. J. Environ. Res. Public. Health 2020, 17, 3145. [Google Scholar] [CrossRef] [PubMed]

	



Neville, R.D.; Lakes, K.D.; Hopkins, W.G.; Tarantino, G.; Draper, C.E.; Beck, R.; Madigan, S. Global Changes in Child and Adolescent Physical Activity during the COVID-19 Pandemic: A Systematic Review and Meta-analysis. JAMA Pediatr. 2022, 176, 886–894. [Google Scholar] [CrossRef]

	



Troiano, R.P.; Berrigan, D.; Dodd, K.W.; Masse, L.C.; Tilert, T.; McDowell, M. Physical activity in the United States measured by accelerometer. Med. Sci. Sports Exerc. 2008, 40, 181–188. [Google Scholar] [CrossRef] [PubMed]

	



Strong, W.B.; Malina, R.M.; Blimkie, C.J.; Daniels, S.R.; Dishman, R.K.; Gutin, B.; Hergenroeder, A.C.; Must, A.; Nixon, P.A.; Pivarnik, J.M.; et al. Evidence based physical activity for school-age youth. J. Pediatr. 2005, 146, 732–737. [Google Scholar] [CrossRef]

	



Gallahue, D.L.; Ozmun, J.C.; Goodway, J.D. Understanding Motor Development: Infants, Children, Adolescents, Adults; McGraw-Hill: New York, NY, USA, 2012. [Google Scholar]

	



Stodden, D.F.; Lagendorfer, S.J.; Roberton, M.A.; Rudisill, M.E.; Garcia, C.; Garcia, L.E. A Developmental Perspective on the Role of Motor Skill Competence in Physical Activity: An Emergent Relationship. Quest 2008, 60, 290–306. [Google Scholar] [CrossRef]

	



Metcalfe, J.; Clark, J. The mountain of motor development: A metaphor. Mot. Dev. Res. Rev. 2002, 2, 163–190. [Google Scholar]

	



Seefeldt, V. Developmental motor patterns: Implications for elementary school physical education. In Psychology of Motor Behavior and Sport; Nadeau, C.H.W., Roberts, G., Eds.; Human Kinetics: Champaign, IL, USA, 1980; pp. 314–323. [Google Scholar]

	



deMeester, A.; Stodden, D.F.; Goodway, J.D.; True, L.; Brian, A.; Ferkel, R.; Haerens, L. Identifying a motor proficiency barrier for meeting physical activity guidelines in children. J. Sci. Med. Sport 2018, 21, 58–62. [Google Scholar] [CrossRef]

	



Barnett, L.M.; Webster, E.K.; Hulteen, R.M.; De Meester, A.; Valentini, N.C.; Lenoir, M.; Pesce, C.; Getchell, N.; Lopes, V.P.; Robinson, L.E.; et al. Through the Looking Glass: A Systematic Review of Longitudinal Evidence, Providing New Insight for Motor Competence and Health. Sports Med. 2022, 52, 875–920. [Google Scholar] [CrossRef] [PubMed]

	



Robinson, L.E.; Stodden, D.F.; Barnett, L.M.; Lopes, V.P.; Logan, S.W.; Rodrigues, L.P.; D’Hondt, E. Motor Competence and its Effect on Positive Developmental Trajectories of Health. Sports Med. 2015, 45, 1273–1284. [Google Scholar] [CrossRef] [PubMed]

	



Spessato, B.C.; Gabbard, C.; Robinson, L.; Valentini, N.C. Body mass index, perceived and actual physical competence: The relationship among young children. Child. Care Health Dev. 2013, 39, 845–850. [Google Scholar] [CrossRef]

	



Stodden, D.F.; Goodway, J.D. The Dynamic Association Between Motor Skill Development and Physical Activity. J. Phys. Educ. 2007, 78, 33–49. [Google Scholar] [CrossRef]

	



den Uil, A.R.; Janssen, M.; Busch, V.; Kat, I.T.; Scholte, R.H.J. The relationships between children’s motor competence, physical activity, perceived motor competence, physical fitness and weight status in relation to age. PLoS ONE 2023, 18, e0278438. [Google Scholar] [CrossRef] [PubMed]

	



Burton, A.M.; Cowburn, I.; Thompson, F.; Eisenmann, J.C.; Nicholson, B.; Till, K. Associations between Motor Competence and Physical Activity, Physical Fitness and Psychosocial Characteristics in Adolescents: A Systematic Review and Meta-analysis. Sports Med. 2023, 53, 2191–2256. [Google Scholar] [CrossRef]

	



Burns, R.D.; Fu, Y. Testing the Motor Competence and Health-Related Variable Conceptual Model: A Path Analysis. J. Funct. Morphol. Kinesiol. 2018, 3, 61. [Google Scholar] [CrossRef]

	



Khodaverdi, Z.; Bahram, A.; Stodden, D.; Kazemnejad, A. The relationship between actual motor competence and physical activity in children: Mediating roles of perceived motor competence and health-related physical fitness. J. Sports Sci. 2016, 34, 1523–1529. [Google Scholar] [CrossRef]

	



Royo, E.; Latorre-Peña, J.; Denoni, M.; Orejudo, S. The Mediating Role Played by Perceived Motor Competence in the Relationship between Motor Competence and Physical Activity in Spanish Adolescents. Sustainability 2023, 15, 16327. [Google Scholar] [CrossRef]

	



Haga, M. Physical fitness in children with high motor competence is different from that in children with low motor competence. Phys. Ther. 2009, 89, 1089–1097. [Google Scholar] [CrossRef]

	



Stodden, D.F.; Roberton, M.A. The Association between Motor Skill Competence and Physical Fitness in Young Adults. Res. Q. Exerc. Sport 2009, 80, 223–229. [Google Scholar] [CrossRef]

	



Wrotniak, B.H.; Epstein, L.H.; Dorn, J.M.; Jones, K.E.; Kondilis, V.A. The relationship between motor proficiency and physical activity in children. Pediatrics 2006, 118, e1758–e1765. [Google Scholar] [CrossRef] [PubMed]

	



Lopes, V.P.; Rodrigues, L.P. The Role of Physical Fitness on the Relationship between Motor Competence and Physical Activity: Mediator or Moderator? J. Mot. Learn. Dev. 2021, 9, 456–469. [Google Scholar] [CrossRef]

	



Cattuzzo, M.T.; Dos Santos Henrique, R.; Re, A.H.; de Oliveira, I.S.; Melo, B.M.; de Sousa Moura, M.; de Araujo, R.C.; Stodden, D. Motor competence and health related physical fitness in youth: A systematic review. J. Sci. Med. Sport 2016, 19, 123–129. [Google Scholar] [CrossRef] [PubMed]

	



D’Hondt, E.; Deforche, B.; Gentier, I.; De Bourdeaudhuij, I.; Vaeyens, R.; Philippaerts, R.; Lenoir, M. A longitudinal analysis of gross motor coordination in overweight and obese children versus normal-weight peers. Int. J. Obes. 2013, 37, 61–67. [Google Scholar] [CrossRef] [PubMed]

	



Gentier, I.; D’Hondt, E.; Shultz, S.; Deforche, B.; Augustijn, M.; Hoorne, S.; Verlaecke, K.; De Bourdeaudhuij, I.; Lenoir, M. Fine and gross motor skills differ between healthy-weight and obese children. Res. Dev. Disabil. 2013, 34, 4043–4051. [Google Scholar] [CrossRef]

	



Morrison, K.M.; Cairney, J.; Eisenmann, J.; Pfeiffer, K.; Gould, D. Associations of Body Mass Index, Motor Performance, and Perceived Athletic Competence with Physical Activity in Normal Weight and Overweight Children. J. Obes. 2018, 2018, 3598321. [Google Scholar] [CrossRef]

	



Caspersen, C.J.; Powell, K.E.; Christenson, G.M. Physical activity, exercise, and physical fitness: Definitions and distinctions for health-related research. Public Health Rep. 1985, 100, 126–131. [Google Scholar] [PubMed]

	



Bruininks, R.H.; Bruininks, B.D. Bruininks-Oseretsky Test of Motor Proficiency, 2nd ed.; Pearson: Bloomington, MN, USA, 2013. [Google Scholar]

	



Harter, S. Effectance motivation reconsidered: Toward a developmental model. Hum. Dev. 1978, 21, 34–64. [Google Scholar] [CrossRef]

	



Harter, S. The Perceived Competence Scale of Children. Child Dev. 1982, 53, 87–97. [Google Scholar] [CrossRef]

	



Harter, S. Self-Perception Profile for Adolescents (SPPA). APA PsycTests 2012. [Google Scholar] [CrossRef]

	



Hibbing, P.R.; Bassett, D.R.; Crouter, S.E. Modifying Accelerometer Cut-Points Affects Criterion Validity in Simulated Free-Living for Adolescents and Adults. Res. Q. Exerc. Sport 2020, 91, 514–524. [Google Scholar] [CrossRef]

	



Brønd, J.C.; Arvidsson, D. Sampling frequency affects the processing of Actigraph raw acceleration data to activity counts. J. Appl. Physiol. 2016, 120, 362–369. [Google Scholar] [CrossRef]

	



Evenson, K.R.; Catellier, D.J.; Gill, K.; Ondrak, K.S.; McMurray, R.G. Calibration of two objective measures of physical activity for children. J. Sports Sci. 2008, 26, 1557–1565. [Google Scholar] [CrossRef]

	



Rich, C.; Geraci, M.; Griffiths, L.; Sera, F.; Dezateux, C.; Cortina-Borja, M. Quality control methods in accelerometer data processing: Defining minimum wear time. PLoS ONE 2013, 8, e67206. [Google Scholar] [CrossRef]

	



The Cooper Institute. FITNESSGRAM/ACTIVITYGRAM Test Administration Manual; The Cooper Institute: Dallas, TX, USA, 2013. [Google Scholar]

	



Kuczmarski, R.J.; Ogden, C.L.; Guo, S.S.; Grummer-Strawn, L.M.; Flegal, K.M.; Mei, Z.; Wei, R.; Curtin, L.R.; Roche, A.F.; Johnson, C.L. 2000 CDC Growth Charts for the United States: Methods and development. Vital Health Stat. 11 2002, 246, 1–190. [Google Scholar]

	



Mirwald, R.L.; Baxter-Jones, A.D.; Bailey, D.A.; Beunen, G.P. An assessment of maturity from anthropometric measurements. Med. Sci. Sports Exerc. 2002, 34, 689–694. [Google Scholar] [CrossRef] [PubMed]

	



Biddle, S.J.; Whitehead, S.H.; Nevill, M.E. Correlates of participation in physical activity for adolescent girls: A systematic review of recent literature. J. Phys. Act. Health 2005, 2, 423–434. [Google Scholar] [CrossRef]

	



Davison, K.K.; Schmalz, D.L.; Downs, D.S. Hop, skip…no! Explaining adolescent girls’ disinclination for physical activity. Ann. Behav. Med. 2010, 39, 290–302. [Google Scholar] [CrossRef] [PubMed]

	



Morano, M.; Colella, D.; Rutigliano, I.; Fiore, P.; Pettoello-Mantovani, M.; Campanozzi, A. Changes in actual and perceived physical abilities in clinically obese children: A 9-month multi-component intervention study. PLoS ONE 2012, 7, e50782. [Google Scholar] [CrossRef]

	



Pontifex, M.B.; Raine, L.B.; Johnson, C.R.; Chaddock, L.; Voss, M.W.; Cohen, N.J.; Kramer, A.F.; Hillman, C.H. Cardiorespiratory fitness and the flexible modulation of cognitive control in preadolescent children. J. Cogn. Neurosci. 2011, 23, 1332–1345. [Google Scholar] [CrossRef] [PubMed]

	



Whitehead, S.H.; Biddle, S.J. Adolescent girls’ perceptions of physical activity: A focus group study. Eur. Phys. Educ. Rev. 2008, 14, 243–262. [Google Scholar] [CrossRef]

	



Ensrud-Skraastad, O.K.; Haga, M. Associations between Motor Competence, Physical Self-Perception and Autonomous Motivation for Physical Activity in Children. Sports 2020, 8, 120. [Google Scholar] [CrossRef] [PubMed]

	



Baghurst, T.M.; Mwavita, M. Preschool motor development predicting high school health-related physical fitness: A prospective study. Percept. Mot. Ski. Phys. Dev. Meas. 2014, 119, 279–291. [Google Scholar]

	



Hands, B.; Larkin, D.; Parker, H.; Straker, L.; Perry, M. The relationship among physical activity, motor competence and health-related fitness in 14-year-old adolescents. Scand. J. Med. Sci. Sports 2009, 19, 655–663. [Google Scholar] [CrossRef]

	



Rodrigues, L.P.; Stodden, D.F.; Lopes, V.P. Developmental pathways of change in fitness and motor competence are related to overweight and obesity status at the end of primary school. J. Sci. Med. Sport 2016, 19, 87–92. [Google Scholar] [CrossRef]

	



Friel, C.P.; Duran, A.T.; Shechter, A.; Diaz, K.M. U.S. Children Meeting Physical Activity, Screen Time, and Sleep Guidelines. Am. J. Prev. Med. 2020, 59, 513–521. [Google Scholar] [CrossRef]

	



Carrel, A.L.; Bowser, J.; White, D.; Moberg, D.P.; Weaver, B.; Hisgen, J.; Eickhoff, J.; Allen, D.B. Standardized childhood fitness percentiles derived from school-based testing. J. Pediatr. 2012, 161, 120–124. [Google Scholar] [CrossRef]








[image: Children 11 00260 g001] 





Figure 1. Mediating effects of (A) perceived motor competence and (B) aerobic fitness on the relationship between motor competence and moderate-to-vigorous physical activity (MVPA). 
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Table 1. Descriptive statistics of the participants (n = 47).
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	Variable
	Mean (SD)
	n (%)





	Age (y)
	12.2 (1.7)
	



	Mass (kg)
	50.5 (16.2)
	



	Height (cm)
	157.2 (13.1)
	



	BMI (kg/m2)
	20.0 (4.2)
	



	Weight Status
	
	



	Underweight
	
	1 (2.1)



	Healthy Weight
	
	33 (70.2)



	Overweight
	
	10 (21.3)



	Obese
	
	3 (6.4)



	Maturity Offset
	
	



	Pre-Peak Height Velocity
	
	42 (89.4)



	At-Peak Height Velocity
	
	3 (6.4)



	Post-Peak Height Velocity
	
	2 (4.3)



	Sex
	
	



	Male
	
	26 (55.3)



	Female
	
	21 (44.7)



	Race
	
	



	Caucasian
	
	47 (100)










 





Table 2. Spearman rank-order correlation coefficients (rs).
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	Variable
	Aerobic Capacity
	Motor Competence
	Perceived Motor Competence
	MVPA





	BMI
	−0.295 *
	−0.207
	−0.318 *
	−0.358 *



	Aerobic

Capacity
	
	0.469 **
	0.682 **
	0.243



	Motor Competence
	
	
	0.416 **
	−0.012



	Perceived Motor Competence
	
	
	
	0.212







Note: * Denotes significant correlation (p < 0.05, two-tailed); ** Denotes significant correlation (p < 0.01, two-tailed). BMI = body mass index; aerobic capacity measured by the PACER; motor competence measured by the BOT-2; perceived motor competence measured by Harter’s self-competency scales.



















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to i