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Abstract

:

The objective of this paper was to evaluate the relationship between physical exercise and physical fitness with cognitive and psychosocial functioning in a group of adolescents. 167 teenagers between 14 and 15 years old (M = 14.53; SD = 0.50) from the city of Malaga (Spain) participated in the study. This research used a comparative and predictive type of design. The Tanita® Body Composition Monitor BC-601, some Eurofit battery tests, the D2 Attention Test, the WISC-IV Scale Symbols and Keys tests, the Form 5 Self-Concept Questionnaire (AF5), the General Self-Efficacy Scale (GSE) and the General Health Questionnaire (GHQ-28) were used to evaluate the study variables. The results found in this research pointed to a positive relationship between physical exercise and physical fitness with cognitive and psychosocial functioning in the adolescents analyzed. For example, adolescents who practiced more physical exercise had better scores on variables such as selective attention (p < 0.001; η2 = 0.10), processing speed (p < 0.001; η2 = 0.09) or general self-efficacy (p < 0.001; η2 = 0.15). In addition, cardiorespiratory fitness was the best predictor of test scores to assess cognitive ability and psychosocial variables. These findings suggest the need to promote physical exercise among young people because of its implications for various facets of their health and development






Keywords:


physical exercise; physical fitness; cognitive functioning; psychosocial well-being












1. Introduction


Numerous studies have supported the health benefits of regular physical activity (any movement that requires energy expenditure) and exercise (physical activity that is planned, structured and repetitive) [1,2]. However, recent years have seen an increase in sedentary lifestyles among younger people, limiting the potential effects of active lifestyles [3,4]. Moreover, recent research has indicated that children and adolescents should perform physical exercise of intensity and volume from moderate to high, which only occurs in a low percentage of the population [5].



Specifically, there has been a notable increase in studies that have analyzed the link between physical exercise and cognitive functioning for this age group [6,7]. In the set of studies carried out, those that have highlighted positive relationships of physical exercise with cognitive abilities, such as attention and concentration, processing speed, cognitive functioning or language, stand out [7,8,9,10,11]. Different advances in neuroscientific knowledge help to explain why this happens, thus endorsing this phenomenon and considering it as an important line of research in the field of health [12,13].



Specifically, selective attention and concentration, as well as the speed of cognitive processing, are some of the capacities that have been studied in this age group, observing relations between these abilities and the practice of physical exercise, as well as the level of physical fitness [14,15,16,17,18,19,20,21,22]. In these and other studies that have analyzed this phenomenon, it has been emphasized that it is necessary to carry out exercise of intensity and frequency from moderate to high to increase the degree of physical fitness [23,24]. In fact, one of the best indicators to assess the relationships between these variables is the level of cardiorespiratory fitness, which has been presented as a good predictor of cognitive functioning at these ages [20,21,25].



These findings have a great impact on adolescence because of their consequences on the development of children and adolescents. In fact, adequate cognitive functioning is considered to allow for better psychosocial adjustment at these ages, facilitating adaptation to the environment and contributing to greater success in multiple academic or social tasks [26,27,28,29].



On the other hand, the regular practice of physical and sporting activity, carried out in appropriate social contexts, has been positively associated with other psychological parameters that could also have a favorable impact on child and adolescent development [26,27,28,29,30]. Thus, physical exercise usually occurs in environments that require the development of psychosocial skills necessary to function properly in them, which facilitates their training and learning, while contributing to interpersonal bonds or to the development of personal and social identity [2,26,31,32]. For this reason, the regular practice of exercise could contribute to improving the psychosocial functioning of children and adolescents, influencing aspects such as perceptions of self-concept, personal effectiveness or the assessment of one’s own health [33,34].



Self-concept is considered the perception that people have of themselves, and nowadays it is usually analyzed as a multidimensional construct constituted by perceptions of academic or labor type, familiar, social, emotional or physical self-concept, among others [35,36]. The perception of self-efficacy refers to the assessment of the capacity to successfully carry out a task [37,38]. Although it is considered that self-efficacy can be studied specifically in different contexts, some authors have developed positions that point to the possibility of assessing general self-efficacy, which would allude to a broad perception of effectiveness over a wide set of situations [39,40,41]. Finally, health perception includes judgments made about one’s physical or mental health, which is considered a strong indicator of psychosocial well-being and a predictor of future health levels [42,43]. Previous studies have associated the practice of physical exercise and a better level of physical fitness with better perceptions of self-concept, general self-efficacy and health perception in young populations [30,42,44,45,46,47,48,49].



With the purpose of analyzing the relationship between these variables, and given that few studies have addressed all of them together, the objective of this research was to analyze the relationship between physical exercise and physical fitness with cognitive and psychosocial functioning in an adolescent sample.




2. Materials and Methods


2.1. Design


A comparative and predictive design was used to carry out this research [47].




2.2. Participants


In total, 167 adolescents were included from the city of Malaga (Spain) (boys = 48.50%, girls = 51.50%), with ages between 14 and 15 years (M ± SD: age = 14.53 ± 0.50 years; height = 167.02 ± 10.14 cm; weight = 64.27 ± 14.75 kg; BMI = 22.95 ± 4.32 kg·m2). Age was used as the inclusion criterion, and those adolescents who were 14 or 15 years old during the research period were accepted for the study. Those who had a health problem that could affect the results of the study, did not perform the tests properly, or did not provide informed consent signed by their parents or legal guardians were excluded from the study.




2.3. Materials and Measures


2.3.1. Attention Test d2


This instrument was used to assess selective attention and concentration [50]. It is made up of a total of 658 items distributed in 14 rows. Each contains the letter “d” or “p”, which may be accompanied by one or two stripes at the top, bottom, or both. The “d” must be marked when they have two stripes (regardless of their position), considered objective stimuli. A maximum of 20 s can be spent on each row, and the order should be left to right and top to bottom. The following scores can be obtained: TA (total number of attempts), TH (total number of hits), O (omissions or number of relevant stimuli not crossed out), C (omissions or errors), TOT [total effectiveness in the test = TA − (O + C)], CON (concentration = TH − C), and VAR [index of variation between the last stimulus analyzed between different rows = (TA+) – (TA−)]. TA+ is the last stimulus analyzed in the row with the most attempted elements, and TA− is the last stimulus analyzed in the row with the fewest attempted elements.




2.3.2. Wechsler Intelligence Scale Key Test and Symbol Search for Children (WISC-IV)


These tests mainly analyze processing speed, but also attention or cognitive flexibility [51]. In the Keys Test, you must copy a series of symbols associated with a specific number. In the Symbols Test, it is necessary to decide whether there is a matching group of symbols between two groups of symbols. 120 s are available for each test. In addition, a Processing Speed Index can be extracted from the scores obtained.




2.3.3. Self-Concept Form-5 Questionnaire (AF5)


This instrument is made up of 30 items, and five dimensions of self-concept can be differentiated: academic, social, emotional, family and physical [52]. Each item is scored from 1 (total disagreement) to 99 (total agreement), and then transformed into a score between 1 and 10. The internal consistency values (Cronbach’s Alpha) in this research have been: academic = 0.80, social = 0.75, emotional = 0.72, family = 0.81, and physical = 0.83.




2.3.4. General Self-Efficacy Scale (GSE)


This questionnaire is composed of 10 items and evaluates a single dimension, the perception of competence to tackle a broad set of tasks [40,41,53,54]. Scores are from 1 (strongly disagree) to 10 (strongly disagree). The internal consistency value (Cronbach’s Alpha) in this research has been 0.82.




2.3.5. General Health Questionnaire in Its 28-Item Version (GHQ-28)


This instrument consists of 28 items and 4 dimensions: somatic symptoms, anxiety and insomnia, social dysfunction and severe depression [55,56]. We respond with scores from 0 (absence of health problems) to 3 (presence of health problems). The values of internal consistency (Cronbach’s Alpha) in this research have been: somatic symptoms = 0.79, anxiety and insomnia = 0.75, social dysfunction = 0.77 and severe depression = 0.82.




2.3.6. Anthropometric and Physical Fitness Measurements


The participant’s height was evaluated using a conventional measuring rod. The weight and percentage of fat mass was analyzed with a bioimpedanciometer (Tanita® Body Composition Monitor BC-601, Corp., Tokyo, Japan). The explosive force in the undercarriage was measured by means of the horizontal jump test [57]. The speed was analyzed with the test 5 × 10 m [57]. The Course Navette test [57,58] was used to evaluate maximum oxygen consumption indirectly, using the following formula: VO2max = 31.025 + 3.238S − 3.248E + 0.1536SA (where S is the maximum speed reached and A is the age of the participant).




2.3.7. “Ad hoc” Questionnaire on Weekly Physical Exercise Volume


A simple questionnaire was used to collect information on how many days a week and for how long participants engaged in regular physical exercise. This questionnaire raised three aspects: (a) Do you exercise regularly? (b) How many days a week do you exercise regularly? (c) How much time do you usually spend in your physical exercise sessions?





2.4. Procedure


The sample was selected in different schools in the city of Malaga (Spain). Permission was first sought from the management of the center, and subsequently informed consent was obtained from parents or legal guardians. In addition, the ethical principles of the Declaration of Helsinki [59] were respected and it was approved by the Ethics Committee of the University of Malaga (No. 243, CEUMA Registry No. 18-2015-H).



Evaluations were conducted on three different days. First, anthropometric and body composition measurements were evaluated. Second, cognitive functioning tests were performed. Finally, the psychosocial functioning questionnaires were completed and information was collected on the number of weekly hours dedicated to physical exercise, using a simple questionnaire. Based on this information, the sample was divided into three groups. Group 1 (n = 60; 26 boys, 34 girls) did not engage in weekly physical exercise or it was occasional (<120 min per week); group 2 (n = 56; 21 boys, 35 girls) engaged in regular physical exercise between 120 and 240 min per week; group 3 (n = 51; 34 boys, 17 girls) engaged in physical exercise more than 240 min per week.




2.5. Data Analysis


Descriptive and inferential analyses were performed. The Kolmogorov–Smirnov test was applied to analyze normality. In order to make comparisons between the groups, variance analysis (ANOVA), Bonferroni’s statistic and Cohen’s d were used to estimate the size of the effect between groups (≈0.20: small, ≈0.50: medium, and ≈0.80: large [60]). Correlations were assessed with the Pearson coefficient (±0.01 to ±0.19 = very weak correlation; ±0.20 to ±0.39 = weak correlation; ±0.40 to ±0.59 = moderate correlation; ±0.60 to ±0.79 = high correlation [61]). A multiple comparison adjustment (Bonferroni) was performed in the correlation analysis. The predictive capacity of the physical fitness over the other variables was verified by means of linear regression analysis (successive steps) [62]. The level of significance was set to α = 0.05. Analysis of variance components and generalizability analysis have also been performed to show that the sample is reliable and the results are generalizable. The software SPSS v.20.0 (IBM Corp., Armonk, NY, USA), SAS v.9.1 (SAS Institute Inc., Cary, NC, USA) [63,64] and SAGT v.1.0 (University of Malaga, Malaga, Spain) [65] were used for statistical processing.





3. Results


3.1. Descriptive Analysis and Data Normality


Table 1 and Table 2 show the descriptive and normal statistics for the total sample and for the groups constituted according to the volume of weekly physical exercise.




3.2. Differences among Groups


The ANOVAs performed showed differences between the three groups in percentage of fat mass (F[2,164] = 37.70; p < 0.001; η2 = 0.32; 1−β = 0.99), horizontal jump (F[2,164] = 22.87; p < 0.001; η2 = 0.22; 1−β = 0.99), VO2max (F[2,164] = 30.70; p < 0.001; η2 = 0.27; 1−β = 0.99), 5x10 speed test (F[2,164] = 14.47; p < 0.001; η2 = 0.15; 1−β = 0.99), D2-TA (F[2,164] = 6.63; p < 0.01; η2 = 0.08; 1−β = 0.91), D2-TH (F[2,164] = 7.39; p < 0.001; η2 = 0.08; 1−β = 0.94), D2-C (F[2,164] = 5.64; p < 0.01; η2 = 0.06; 1−β = 0.86), D2-TOT (F[2,164] = 8.67; p < 0.001; η2 = 0.10; 1−β = 0.97), D2-CON (F[2,164] = 7.70; p < 0.001; η2 = 0.09; 1−β = 0.95), D2-TA− (F[2,164] = 8.59; p < 0.001; η2 = 0.10; 1−β = 0.97), Symbols (F[2,164] = 6.09; p < 0.01; η2 = 0.07; 1−β = 0.88), Keys (F[2,164] = 5.37; p < 0.01; η2 = 0.06; 1−β = 0.84), Processing Speed (F[2,164] = 8.03; p < 0.001; η2 = 0.09; 1−β = 0.95), academic self-concept (F[2,164] = 3.18; p < 0.05; η2 = 0.04; 1−β = 0.60), emotional self-concept (F[2,164] = 8.66; p < 0.001; η2 = 0.10; 1−β = 0.97), physical self-concept (F[2,164] = 9.98; p < 0.001; η2 = 0.11; 1−β = 0.98), general self-efficacy (F[2,164] = 14.37; p < 0.001; η2 = 0.15; 1−β = 0.99), somatic symptoms (F[2,164] = 9.29; p < 0.001; η2 = 0.10; 1−β = 0.99) and anxiety and insomnia (F[2,164] = 11.24; p < 0.001; η2 = 0.12; 1−β = 0.99). Levene’s test indicated that there was homogeneity between group variances in each case (p < 0.05). Table 3 shows the differences by pairs (Bonferroni) and the size of the effect (Cohen’s d).




3.3. Correlations and Linear Regression


Table 4 and Table 5 show the correlations between measures of physical fitness and cognitive and psychosocial functioning. As can be observed, there were multiple significant relationships between the variables, highlighting those established with the general indices of test d2 (TOT and CON), as well as with the measures of processing speed of the WISC-IV; also noteworthy are those established with emotional and physical self-concept, general self-efficacy, and the somatic symptom factors, anxiety, and insomnia of GHQ-28. Overall, maximum oxygen consumption should be indicated as the physical fitness measure that best correlated with the rest of the variables.



Table 6 shows the linear regression analyses (successive steps). The physical fitness measurements have been predictive and the others have been established as criteria. All models meet the assumptions of linearity in the relationship between predictor variables and criteria, homoscedasticity and normal waste distribution (mean value = 0; standard deviation = 0.99). In addition, the Durbin-Watson was between 1.56 and 1.88, being suitable according to Pardo and Ruiz [66]. As can be seen, maximum oxygen consumption was shown to be the best predictor of the cognitive and psychosocial functioning variables analyzed.




3.4. Generalizability Analysis


In order to verify the reliability and generalizability of the numerical structure of the sample, analysis of variance components and generalizability analysis were performed.



An analysis of variance components was performed using a least-squares procedure (VARCOM Type I) and a maximum likelihood procedure (GLM). This analysis used a 6-faceted model [y = p s e r c f], where: Participant (p) × Gender (s) × Age (e) × Exercise (r) × Instruments (c) × Factor (f). Due to the saturation produced by working with such a high number of facets, initially the model [y = p s e r c f] was used without interactions. It was obtained that the error variance with both procedures is equal (GLM = 323,117.4491/VARCOMP = 323,117), the model and the facets [p] and [f] are significant (<0.0001) and explains 48% of the variance. The rest of the facets collapsed because of the contribution to the model of the facet [p]. Next, another analysis without interactions with the model [y = s e r c f] is made to know the contribution of each facet, dispensing with the facet [p]. The model and all of the facets are significant (with the exception of the facet (c)). The model explains 16.32% of the variance.



The error variance with both procedures is equal (GLM = 520,664/VARCOMP = 520,663.5582). From this analysis, the 4 facets that contribute most variance to the model are considered, and a new analysis is performed, with all interactions, with the model [y = s|e|r|f]. The model and all the facets with their interactions are significant (with the exception of the interactions s × e × r, s × f, e × f, s × e × f, s × r × f, and, e × r × f). The model explains 22.37% of the variance. The error variance with both procedures is equal (GLM and VARCOMP). With these estimated results on the equality in the error variance, both a least-squares and a maximum likelihood procedure can be assumed that the sample is linear, normal, and homocedastic [67,68].



Using the sum of squares of these results, two generalizability analyses are performed. One with a cross-faceted design on the model [f]/[p] obtains generalizability coefficients higher than 0.95 (relative G = 0.973 and absolute G = 0.959). This data confirms the reliability and capacity of generalization of the numerical structure of the sample studied. In addition, another analysis is carried out using the [e] [r] [f]/[s] model and its different variants (Table 7). Once again, the reliability and capacity of generalization of the sample studied is confirmed.





4. Discussion


The aim of this research was to explore the relationships between physical exercise and physical fitness with cognitive and psychosocial functioning in an adolescent sample. To this end, groups of adolescents have been compared according to the amount of weekly exercise carried out and measures of physical fitness have been related to the cognitive and psychosocial variables under study. The results found show relations between these variables, being more favorable for those participants who performed more physical exercise and that had better levels of physical fitness, which satisfies the research objective and is congruent with previous studies [6,7,26,30].



On the one hand, teenagers who engaged in more physical exercise per week had better scores on selective attention, concentration and processing speed. These data are in line with those obtained in other studies, and also suggest that it is necessary to significantly increase physical exercise to improve results [14,15,16,18,19,22]. In fact, a greater difference has been observed between the group with the greatest and least physical exercise, than with the group with the moderate practice. Likewise, it can be observed that the group that practiced more hours of physical exercise per week had greater physical fitness. This is consistent with the postulates of several studies that indicated that increased physical fitness was an indicator of the impact that exercise has on the brain development of children and adolescents [20,21,23,24].



In recent years there have been great advances in neuroscientific knowledge applied to sports sciences, obtaining data that support how organic changes produced by physical exercise of intensity and frequency from moderate to high, would also explain the changes produced in brain functioning [12,13,24]. Therefore, it is consistent to consider that adolescents who regularly practiced more hours a week will have generated previous changes in their brain that will have helped them develop greater cognitive capacity, which has been reflected in the data obtained. Thus, as previous studies support, also reflected in this research, there has been a positive relationship in physical fitness and tests of attention, concentration and processing speed. Specifically, cardiorespiratory fitness has been the best predictor of these variables, which is consistent with previous findings [20,21,25]. Some studies have revealed that those exercises that allow to increase cardiorespiratory fitness, also generate increases in the synthesis of biomolecules such as the brain-derived neurotrophic factor (BDNF) or the insulin-like growth factor-1 (IGF-1), which facilitate the brain plasticity processes [13]. In turn, it has been observed that cardiovascular fitness is positively associated with the cortical and subcortical gray matter volume in various brain regions [24].



On the other hand, it has also been observed in this study that adolescents who performed more hours of physical exercise per week and had better physical fitness scored better in some dimensions of self-concept, had better perception of general self-efficacy and health. In addition, cardiorespiratory fitness would again stand out as the best predictor of these variables. These data are congruent with other research that had highlighted these partnerships [42,44,45,46,47,48,49,69], and contributes to consolidating the positive relationship between physical exercise and various psychological variables that may contribute to a better psychosocial development of people at these ages [26,30,33,34].



There are many factors that can modulate the relationships between exercise and psychosocial development. Although the type of design used in this research cannot explain causal relationships, it is considered that adequate contexts of physical exercise would generate environments in children and adolescents in which they have to overcome challenges and adapt to different situations, they could acquire greater sensations of competition, a better perception of body image or of their state of health [2,28,31,32]. In other words, exercise would contribute to acquiring a series of personal and social skills that would constitute an extrapolable advantage to other contexts, improving their psychosocial aptitude and capacity to adapt to the continuous demands of their social environment [26,27].



This paper has some limitations. The type of design does not facilitate causal explanations, so longitudinal or quasi-experimental designs could be used in future work. Additionally, it would be interesting to collect information on the intensity and type of physical exercise, as well as the amount of physical activities, information about the family, financial background, parental education, etc., in order to perform analyzes based on these variables. These parameters could generate essential information to understand how physical exercise is related to the measures analyzed in the present study. Likewise, aspects such as the family environment, the time they use to study or sleep, could be analyzed due to the possible influence they might have on the results. Furthermore, it would be appropriate to analyze whether the gender variable is a factor that could condition the results found. In addition, it would be interesting to analyze the interactions between the variables of cognitive and psychosocial functioning, to observe how they modulate among themselves their relationships with the practice of exercise.



However, this work represents an interesting approximation to the joint study of these variables, which had hardly been previously addressed, and allows us to obtain a broader perspective of the relations between physical exercise and physical fitness with the rest of the measures under study. In addition, effect size calculations are included in most analyses, which is relevant for estimating the magnitude of differences between the groups analyzed. Therefore, this work provides valuable information in this field of knowledge, and its data suggest the need to widely promote physical exercise among the youngest because of its involvement in issues relating to their health and their integral development.




5. Conclusions


This study highlights the relationships among physical exercise, physical fitness, cognitive and psychosocial functioning in an adolescent sample. On the one hand, it shows that adolescents who practice exercise regularly have better scores on selective attention and processing speed, as well as better self-concept, self-efficacy and self-perceived health. In addition, this research points out that it is necessary to increase the levels of physical fitness so that the relationships between physical exercise and health are more evident. Therefore, the results of this research suggest the need to continue promoting physical activity and exercise at these ages, due to its impact on the health and development of adolescents.
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Table 1. Mean and standard deviation of study variables.






Table 1. Mean and standard deviation of study variables.





	

	
Total (n = 167)

	
Group 1 (n = 60)

	
Group 2 (n = 56)

	
Group 3 (n = 51)




	

	
M

	
SD

	
M

	
SD

	
M

	
SD

	
M

	
SD






	
% FM

	
22.54

	
9.57

	
28.73

	
8.85

	
22.25

	
7.20

	
15.57

	
7.66




	
HJT

	
161.08

	
39.91

	
141.35

	
32.03

	
158.71

	
35.54

	
186.90

	
39.18




	
VO2max

	
41.46

	
8.79

	
36.21

	
7.12

	
41.61

	
7.54

	
47.46

	
8.02




	
5 × 10

	
19.01

	
2.23

	
19.95

	
2.09

	
19.09

	
2.16

	
17.84

	
1.94




	
D2-TA

	
60.55

	
18.98

	
54.52

	
18.40

	
60.93

	
19.01

	
67.24

	
17.59




	
D2-TH

	
60.77

	
20.60

	
53.50

	
19.61

	
62.11

	
19.39

	
67.84

	
20.61




	
D2-O

	
46.69

	
21.32

	
43.22

	
18.96

	
49.77

	
23.95

	
47.41

	
20.68




	
D2-C

	
47.24

	
16.74

	
41.63

	
16.96

	
49.73

	
16.97

	
51.10

	
14.63




	
D2-TOT

	
60.77

	
18.72

	
53.97

	
17.66

	
61.36

	
18.28

	
68.14

	
17.80




	
D2-CON

	
59.91

	
20.88

	
52.28

	
19.75

	
61.64

	
19.76

	
66.98

	
20.82




	
D2-TA+

	
55.49

	
16.26

	
53.10

	
19.15

	
55.45

	
14.61

	
58.35

	
13.96




	
D2-TA−

	
64.02

	
19.05

	
57.08

	
17.26

	
64.71

	
19.71

	
71.43

	
17.67




	
D2-VAR

	
44.99

	
19.59

	
47.47

	
21.16

	
44.95

	
18.65

	
42.14

	
18.65




	
SIM

	
11.36

	
2.67

	
10.65

	
3.00

	
11.21

	
2.26

	
12.35

	
2.41




	
CL

	
10.19

	
3.24

	
9.22

	
3.14

	
10.32

	
2.82

	
11.18

	
3.53




	
VP

	
105.35

	
13.23

	
100.82

	
14.57

	
105.50

	
10.28

	
110.51

	
12.76




	
AF5-A

	
5.74

	
1.69

	
5.43

	
1.64

	
5.63

	
1.56

	
6.21

	
1.80




	
AF5-S

	
6.03

	
1.04

	
6.15

	
0.89

	
5.90

	
1.02

	
6.05

	
1.22




	
AF5-E

	
6.26

	
1.79

	
5.70

	
1.84

	
6.13

	
1.59

	
7.05

	
1.70




	
AF5-F

	
6.36

	
0.91

	
6.32

	
0.81

	
6.41

	
0.92

	
6.36

	
1.01




	
AF5-P

	
5.83

	
1.96

	
5.24

	
2.07

	
5.62

	
1.80

	
6.77

	
1.63




	
GSE

	
6.88

	
2.06

	
5.95

	
2.30

	
6.93

	
1.49

	
7.90

	
1.82




	
GHQ-SS

	
0.75

	
0.46

	
0.83

	
0.50

	
0.87

	
0.42

	
0.53

	
0.37




	
GHQ-AI

	
0.92

	
0.74

	
1.09

	
0.75

	
1.07

	
0.73

	
0.53

	
0.56




	
GHQ-SDy

	
0.93

	
0.47

	
0.99

	
0.55

	
0.98

	
0.47

	
0.82

	
0.37




	
GHQ-SDe

	
0.45

	
0.55

	
0.48

	
0.60

	
0.54

	
0.53

	
0.31

	
0.46








Note: % FM = Percentage of body fat mass; HJT = Horizontal jump test (cm); 5 × 10 = Speed test (sec); VO2max = Maximum oxygen consumption (mL/kg/min); D2 = Test D2; TA = Total number of attempts; TH = Total hits; O = Omissions; C = Commissions; TOT = Total effectiveness in the test; CON = Concentration index; VAR = Variation index; (TA+) = Line with the greatest number of attempted elements; (TA−) = Line with fewer elements attempted; SIM = Symbols; CL = Keys; VP = Processing Speed; AF5 = Self-Concept Form-5; A = Academic; S = Social; E = Emotional; F = Family; P = Physical; GSE = General Self-efficacy; GHQ = Health perception questionnaire; SS = Somatic symptoms; AI = Anxiety and insomnia; SDy = Social dysfunction; SDe = Severe Depression.













[image: Table] 





Table 2. Skewness, curtosis and Kolmogorov–Smirnov (Z) of study variables.
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Study Variables

	
Total (n = 167)

	
Group 1 (n = 60)

	
Group 2 (n = 56)

	
Group 3 (n = 51)




	
S

	
K

	
Z

	
S

	
K

	
Z

	
S

	
K

	
Z

	
S

	
K

	
Z






	
% FM

	
0.03

	
−1.18

	
1.23

	
−0.75

	
−0.22

	
1.25

	
−0.18

	
−1.01

	
1.09

	
0.86

	
−0.70

	
1.18




	
HJT

	
0.45

	
−0.71

	
1.17

	
1.34

	
2.27

	
1.31

	
0.24

	
−0.68

	
0.89

	
−0.25

	
−0.81

	
0.69




	
VO2max

	
0.36

	
−1.48

	
1.24

	
1.54

	
1.02

	
1.07

	
0.51

	
−1.35

	
0.95

	
−0.71

	
−0.91

	
1.22




	
5 × 10

	
0.32

	
−0.84

	
0.98

	
−0.19

	
−0.15

	
0.56

	
0.23

	
−0.95

	
0.88

	
1.35

	
1.31

	
1.17




	
D2-TA

	
0.09

	
−1.21

	
1.14

	
0.74

	
−0.74

	
1.27

	
−0.01

	
−1.07

	
0.78

	
−0.49

	
−0.58

	
1.15




	
D2-TH

	
−0.18

	
−1.14

	
1.02

	
0.41

	
−0.95

	
1.14

	
−0.27

	
−0.58

	
1.01

	
−0.86

	
−0.49

	
1.06




	
D2-O

	
0.51

	
−0.06

	
1.18

	
0.49

	
0.36

	
0.85

	
0.38

	
−0.54

	
0.89

	
0.53

	
0.19

	
0.65




	
D2-C

	
−0.02

	
−0.71

	
1.33

	
0.09

	
−0.91

	
1.12

	
0.04

	
−0.43

	
1.18

	
0.00

	
−1.23

	
1.04




	
D2-TOT

	
−0.01

	
−1.45

	
1.30

	
0.77

	
−0.92

	
1.19

	
−0.14

	
−1.18

	
1.11

	
−0.79

	
−0.62

	
1.26




	
D2-CON

	
−0.12

	
−1.24

	
1.21

	
0.48

	
−0.93

	
0.97

	
−0.14

	
−0.89

	
1.16

	
−0.83

	
−0.57

	
1.18




	
D2-TA+

	
−0.03

	
−0.32

	
1.35

	
0.38

	
−0.58

	
0.80

	
0.06

	
0.14

	
0.89

	
−0.87

	
0.48

	
1.22




	
D2-TA−

	
−0.16

	
−1.23

	
1.16

	
0.48

	
−0.72

	
1.15

	
−0.31

	
−1.01

	
1.23

	
−0.84

	
−0.58

	
1.16




	
D2-VAR

	
−0.09

	
−0.59

	
0.81

	
−0.04

	
−0.90

	
0.95

	
−0.05

	
−0.32

	
0.87

	
−0.40

	
−0.58

	
0.81




	
SYM

	
0.31

	
0.00

	
1.36

	
0.28

	
−0.76

	
0.97

	
0.54

	
−0.10

	
0.91

	
0.84

	
1.06

	
1.25




	
KEY

	
0.36

	
0.18

	
1.04

	
0.12

	
−0.12

	
1.04

	
0.35

	
1.05

	
1.20

	
0.51

	
−0.61

	
1.30




	
PS

	
0.15

	
−0.18

	
1.10

	
0.30

	
−0.40

	
0.65

	
0.18

	
0.47

	
0.77

	
0.33

	
−0.78

	
0.76




	
AF5-A

	
0.07

	
−0.80

	
0.95

	
−0.19

	
−0.72

	
0.76

	
0.33

	
−0.31

	
1.01

	
−0.03

	
−1.20

	
0.85




	
AF5-S

	
−1.55

	
1.11

	
1.12

	
−0.31

	
1.01

	
0.99

	
−1.93

	
1.52

	
1.18

	
−1.86

	
1.37

	
1.21




	
AF5-E

	
−0.23

	
−1.00

	
1.26

	
−0.06

	
−1.31

	
0.98

	
0.06

	
−1.19

	
1.12

	
−0.81

	
0.27

	
0.92




	
AF5-F

	
−0.51

	
1.46

	
0.96

	
0.02

	
0.76

	
0.95

	
−0.04

	
−0.34

	
0.61

	
−1.26

	
1.23

	
1.03




	
AF5-P

	
−0.22

	
−0.47

	
0.83

	
−0.30

	
−0.53

	
0.64

	
0.28

	
−0.71

	
0.85

	
−0.18

	
−0.98

	
0.70




	
GSE

	
−0.33

	
−0.32

	
1.08

	
−0.14

	
−1.03

	
1.16

	
0.10

	
−0.40

	
0.86

	
−0.23

	
−0.68

	
0.95




	
GHQ-SS

	
0.41

	
−0.17

	
1.31

	
0.38

	
0.14

	
0.94

	
0.10

	
−0.54

	
0.92

	
0.61

	
−0.60

	
1.26




	
GHQ-AI

	
0.63

	
−0.27

	
1.19

	
0.30

	
−0.48

	
0.71

	
0.54

	
−0.12

	
0.73

	
1.20

	
0.66

	
1.15




	
GHQ-SDy

	
0.94

	
1.68

	
1.24

	
1.08

	
0.82

	
1.17

	
0.77

	
1.44

	
0.85

	
0.03

	
−0.25

	
0.95




	
GHQ-SDe

	
1.50

	
1.65

	
1.18

	
1.46

	
1.76

	
1.16

	
1.46

	
1.37

	
1.19

	
1.64

	
1.75

	
1.22








Note: S = Skewness; K = Curtosis; Z = Kolmogorov-Smirnov (Z); % FM = Percentage of body fat mass; HJT = Horizontal jump test (cm); 5 × 10 = Speed test (sec); VO2max = Maximum oxygen consumption (ml/kg/min); D2 = Test D2; TA = Total number of attempts; TH = Total hits; O = Omissions; C = Commissions; TOT = Total effectiveness in the test; CON = Concentration index; (TA+) = Line with the greatest number of elements tried; (TA−) = Line with fewer elements attempted; VAR = Index of variation; SYM = Symbols; KEY = Keys; PS = Processing Speed; AF5 = Self-Concept Form-5; A = Academic; S = Social; E = Emotional; F = Family; P = Physical; GSE = General Self-efficacy; GHQ = Health perception questionnaire; SS = Somatic symptoms; AI = Anxiety and insomnia; SDy = Social dysfunction; SDe = Severe Depression.
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Table 3. Differences among groups for each variable.






Table 3. Differences among groups for each variable.





	
Study Variables

	
Group 1 vs. Group 2

	
Group 2 vs. Group 3

	
Group 1 vs. Group 3




	
p-Value

	
Cohen’s d [95% CI]

	
p-Value

	
Cohen’s d [95% CI]

	
p-Value

	
Cohen’s d [95% CI]






	
% FM

	
<0.001

	
−0.80 [−1.18, −0.42]

	
<0.001

	
−0.90 [−1.30, −0.50]

	
<0.001

	
−1.58 [−2.08, −1.15]




	
HJT

	
<0.01

	
0.51 [0.14, 0.88]

	
<0.001

	
0.76 [0.36, 1.15]

	
<0.001

	
1.28 [0.87, 1.69]




	
VO2max

	
<0.001

	
0.74 [0.36, 1.11]

	
<0.001

	
0.75 [0.35, 1.14]

	
<0.001

	
1.49 [1.07, 1.91]




	
5 × 10

	
<0.05

	
−0.40 [−0.77, −0.04]

	
<0.01

	
−0.60 [−0.99, −0.22]

	
<0.001

	
−1.04 [−1.44, −0.65]




	
D2-TA

	
---

	
---

	
---

	
---

	
<0.001

	
0.34 [−0.03, 0.73]




	
D2-TH

	
<0.05

	
0.44 [0.07, 0.81]

	
---

	
---

	
<0.001

	
0.71 [0.33, 1.10]




	
D2-C

	
<0.01

	
0.48 [0.11, 0.85]

	
---

	
---

	
<0.01

	
0.59 [0.21, 0.98]




	
D2-TOT

	
<0.05

	
0.41 [0.04, 0.78]

	
---

	
---

	
<0.001

	
0.80 [0.41, 1.19]




	
D2-CON

	
<0.05

	
0.47 [0.10, 0.84]

	
---

	
---

	
<0.001

	
0.73 [0.34, 1.11]




	
D2-TA−

	
<0.05

	
0.42 [0.06, 0.78]

	
---

	
---

	
<0.001

	
0.82 [0.43, 1.21]




	
SYM

	
---

	
---

	
<0.05

	
0.49 [0.10, 0.87]

	
<0.001

	
0.62 [0.24, 1.01]




	
KEY

	
---

	
---

	
---

	
---

	
<0.01

	
0.59 [0.21, 0.97]




	
PS

	
<0.05

	
0.37 [0.01, 0.74]

	
<0.05

	
0.43 [0.05, 0.82]

	
<0.001

	
0.70 [0.32, 1.09]




	
AF5-A

	
---

	
---

	
---

	
---

	
<0.05

	
0.34 [−0.04, 0.73]




	
AF5-E

	
---

	
---

	
<0.01

	
0.56 [0.17, 0.95]

	
<0.001

	
0.76 [0.37, 1.15]




	
AF5-P

	
---

	
---

	
<0.01

	
0.67 [0.28, 1.06]

	
<0.001

	
0.81 [0.43, 1.20]




	
GSE

	
<0.01

	
0.50 [0.13, 0.87]

	
<0.01

	
0.59 [0.20, 0.97]

	
<0.001

	
0.93 [0.54, 1.32]




	
GHQ-SS

	
---

	
---

	
<0.001

	
−0.86 [−1.25, −0.46]

	
<0.001

	
−0.67 [−1.06, −0.29]




	
GHQ-AI

	
---

	
---

	
<0.001

	
−0.83 [−1.22, −0.43]

	
<0.001

	
−0.84 [−1.23, −0.45]








Note: % FM = Percentage of body fat mass; HJT = Horizontal jump test (cm); 5 × 10 = Speed test (sec); VO2max = Maximum oxygen consumption (mL/kg/min); D2 = Test D2; TA = Total number of attempts; TH = Total hits; TOT = Total effectiveness in the test; CON = Concentration index; (TA−) = Line with fewer elements attempted; SYM = Symbols; KEY = Keys; PS = Processing Speed; AF5 = Self-Concept Form-5; A = Academic; E = Emotional; P = Physical; GSE = General Self-efficacy; GHQ = Health perception questionnaire; SS = Somatic symptoms; AI = Anxiety and insomnia.
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Table 4. Correlation analysis among physical fitness and cognitive functioning measures.






Table 4. Correlation analysis among physical fitness and cognitive functioning measures.





	
Physical

Variables

	
D2

	
WISC-IV




	
TA

	
TH

	
O

	
C

	
TOT

	
CON

	
TA+

	
TA−

	
VAR

	
SYM

	
KEY

	
PS






	
% FM

	
−0.24

	
−0.26 *

	
−0.10

	
−0.09

	
−0.29 **

	
−0.28 *

	
−0.15

	
−0.20

	
0.07

	
−0.37 ***

	
−0.28 **

	
−0.38 ***




	
HJT

	
0.25 *

	
0.27 *

	
0.12

	
0.07

	
0.30 **

	
0.29 **

	
0.19

	
0.18

	
−0.03

	
0.36 ***

	
0.27 **

	
0.36 ***




	
VO2max

	
0.32 ***

	
0.31 **

	
0.08

	
0.06

	
0.38 ***

	
0.34 ***

	
0.27 *

	
0.26 *

	
−0.03

	
0.44 ***

	
0.30 ***

	
0.43 ***




	
5 × 10

	
−0.16 *

	
−0.19

	
−0.13

	
−0.01

	
−0.22

	
−0.21

	
−0.12

	
−0.17 *

	
0.04

	
−0.28 **

	
−0.22 *

	
−0.29 **








Note: % FM = Percentage of body fat mass; HJT = Horizontal jump test (cm); 5 × 10 = Speed test (sec); VO2max = Maximum oxygen consumption (mL/kg/min); D2 = Test D2; TA = Total number of attempts; TH = Total hits; O = Omissions; C = Commissions; TOT = Total effectiveness in the test; CON = Concentration index; (TA+) = Line with the highest number of elements tried; TA− = Line with the lowest number of elements tried; VAR = Variation index; SYM = Symbols; KEY = Keys; PS = Processing speed. * p < 0.05; ** p < 0.01; *** p < 0.001.
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Table 5. Correlation analysis among physical fitness and psychosocial measures.
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Physical

Variables

	
AF5

	
GSE

	
GHQ




	
A

	
S

	
E

	
F

	
P

	
SS

	
AI

	
SDy

	
SDe






	
% FM

	
−0.21

	
−0.05

	
−0.33 ***

	
−0.14

	
−0.49 ***

	
−0.44 ***

	
0.42 ***

	
0.34 ***

	
0.14

	
0.11




	
HJT

	
0.23

	
0.04

	
0.36 ***

	
0.13

	
0.48 ***

	
0.41 ***

	
−0.51 ***

	
−0.41 ***

	
−0.11

	
−0.12




	
VO2max

	
0.22

	
0.09

	
0.39 ***

	
0.12

	
0.56 ***

	
0.46 ***

	
−0.55 ***

	
−0.40 ***

	
−0.16

	
−0.18




	
5 × 10

	
−0.19

	
−0.03

	
−0.31 ***

	
−0.14

	
−0.38 ***

	
−0.29 ***

	
0.42 ***

	
0.36 ***

	
0.09

	
0.06








Note: % FM = Percentage of body fat mass; HJT = Horizontal jump test (cm); 5 × 10 = Speed test (sec); VO2max = Maximum oxygen consumption (mL/kg/min); AF5 = Self-Concept Form-5; A = Academic; S = Social; E = Emotional; F = Family; P = Physical; GSE = General Self-efficacy; GHQ = Health perception questionnaire; SS = Somatic symptoms; AI = Anxiety and insomnia; SDy = Social dysfunction; SDe = Severe depressions. *** p < 0.001.
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Table 6. Linear regression analysis of D2 test factors, processing speed, self-concept (AF5), general self-efficacy (GSE) and self-related health (GHQ-28) regressed on physical fitness predictors (successive steps).






Table 6. Linear regression analysis of D2 test factors, processing speed, self-concept (AF5), general self-efficacy (GSE) and self-related health (GHQ-28) regressed on physical fitness predictors (successive steps).














	F
	R2
	D-W
	Criterion
	Predictor
	B
	t





	19.36 ***
	0.10
	1.73
	D2-TA
	VO2max
	0.32
	4.40 ***



	18.02 ***
	0.09
	1.61
	D2-TH
	VO2max
	0.31
	4.25 ***



	27.49 ***
	0.14
	1.57
	D2-TOT
	VO2max
	0.38
	5.24 ***



	21.63 ***
	0.11
	1.75
	D2-CON
	VO2max
	0.34
	4.65 ***



	12.91 ***
	0.07
	1.68
	D2-TA+
	VO2max
	0.27
	3.59 ***



	12.36 ***
	0.06
	1.66
	D2-TA−
	VO2max
	0.26
	3.52 ***



	40.18 ***
	0.19
	1.56
	SYM
	VO2max
	0.44
	6.34 ***



	16.76 ***
	0.09
	1.60
	KEY
	VO2max
	0.30
	4.09 ***



	36.93 ***
	0.18
	1.75
	PS
	VO2max
	0.43
	6.08 ***



	15.14 ***
	0.08
	1.68
	AF5-C
	HJT
	0.30
	3.89 ***



	29.13 ***
	0.15
	1.82
	AF5-E
	VO2max
	0.39
	5.40 ***



	73.48 ***
	0.30
	1.62
	AF5-P
	VO2max
	0.56
	8.57 ***



	24.62 ***
	0.22
	1.63
	GSE
	VO2max
	0.30
	2.86 **



	
	
	
	
	% FM
	−0.21
	−2.03 *



	70.84 ***
	0.30
	1.80
	GHQ-SS
	VO2max
	−0.55
	−8.42 ***



	33.88 ***
	0.17
	1.84
	GHQ-AI
	HJT
	−0.41
	−5.82 ***



	4.31 *
	0.02
	1.77
	GHQ-SDy
	VO2max
	−0.16
	−2.08 *



	5.29 *
	0.03
	1.88
	GHQ-SDe
	VO2max
	−0.18
	−2.30 *







Note: % FM = Percentage of body fat mass; HJT = Horizontal jump test (cm); VO2max = Maximum oxygen consumption (mL/kg/min); D2 = Test D2; TA = Total number of attempts; TH = Total number of successes; TOT = Total effectiveness in the test; CON = Concentration index; TA+ = Line with the greatest number of elements tried; TA− = Line with fewer elements attempted; SYM = Symbols; KEY = Keys; PS = Processing Speed; AF5 = Self-Concept Form-5; A = Academic; E = Emotional; P = Physical; GSE = General Self-efficacy; GHQ = Health perception questionnaire; SS = Somatic symptoms; AI = Anxiety and insomnia; SDy = Social dysfunction; SDe = Severe depression. * p < 0.05; ** p < 0.01; *** p < 0.001.
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Table 7. Absolute generalizability coefficient and relative generalizability coefficient for [e] [r] [f] / [s] model and its different variants.
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Model

	
Generalizability Coefficients






	
[e] [r] [f]/[s]

	
G relative = 1




	
G absolute = 1




	
[e] [r] [f]/[s]

	
G relative = 0.783




	
G absolute = 0.745




	
[s] [e] [r]/[f]

	
G relative = 0.924




	
G absolute = 0.819




	
[s] [r] [f]/[e]

	
G relative = 0.848




	
G absolute = 0.848








s = Gender; e = Age; r = Exercise; f = Factor.
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