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INTRODUCTION 

A recent meta-analysis estimates that each additional year of education 

provides a cognitive benefit of about 1 to 5 IQ points(Keeley & Fox, 2009). 

Education has been linked to better cognitive function in people(Zhou et 

al., 2021). These effects then persist throughout the life course and are 

present in a wide range of cognitive abilities. A lifestyle that involves 

Abstract 

This research is a quantitative study with a correlational design that 

aims to determine the relationship between movement skills and 

cognitive function in students of public elementary schools in Kuantan 

Singingi Regency, Riau Province. The population of this study was 

students for the 2021/2022 school year, with a population of 37.085 

children spread across 256 public elementary schools. The sampling 

technique used in this research is random sampling. With this 

technique, I obtained a sample of 4700 students. Methods of data 

collection using tests and measurements of cognitive function and 

movement skills Cognitive function uses the Concentration Grid Test 

(CGT) instrument and movement skills by observing movement 

learning. The results showed that students' cognitive function was in a 

good category, and their movement learning was also good. The results 

of the correlation analysis obtained a correlation coefficient of 0.471 > 

rtable = 0.160. This shows that there is a significant relationship between 

movement skills and cognitive function in public elementary school 

students in Kuantan Singingi District for the 2021/2022 academic year. 

The conclusion that can be drawn from the results of the research is 

that one student's movement skills is influenced by cognitive function. 

Students who have good cognitive function tend to have good 

movement skills. 
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physical activity can protect against future brain damage(Bertuol et al., 

2021). People who are more physically active are expected to perform 

well cognitively even when facing old age, which is thought to reduce 

their cognitive abilities(Liu et al., 2021). Thus, doing more physical activity 

should be linked to cognitive performance. Although proposed as a 

potential moderator of the relationship between physical activity and 

cognitive functioning, few studies have directly tested the moderating 

effect of education. Loprinzi et al., (2019) found that there was a 

relationship between physical activity and semantic knowledge in people 

with low education, while Irwin et al., (2018) found that moderate to 

vigorous walking had a stronger relationship. Research shows that the 

optimal effect of physical activity on neurocognitive preservation is 

obtained by maintaining a physically active lifestyle throughout life 

(Wang et al., 2020; Gasquoine, 2018).  

On the other hand, research also shows that the cognitive benefits 

of physical activity are greater for those who are less active(Morais et al., 

2018; Vestberg et al., 2017). This finding shows that education in physical 

education can affect the relationship between physical activity and 

cognition; however, it is difficult to determine a clear hypothesis about 

the direction of the educational moderation effect based on previous 

studies. Therefore, it is possible that there is a correlation between the 

average level of low physical activity and high physical activity and 

cognitive function. A number of studies have identified physical activity 

as a lifestyle factor that plays an important role in maintaining and even 

improving cognitive function throughout life (Hakked et al., 2017; Gomes 

da Silva & Arida, 2015). Meta-analyses and systematic reviews show a 

consistent pattern of prospective association between doing more 

physical activity and reduced risk of cognitive decline and 

neurodegenerative diseases (Aarsland et al., 2020; Alderman et al., 2019; 

Fiľo & Janoušek, 2021).  

Intervention studies (MacDonald & Minahan, 2016; Pokorski, 

2015) and meta-analyses of intervention studies show a positive effect 

on many cognitive domains(Loef & Walach, 2012; Milanović et al., 2019; 

Schneider et al., 2021; Meijer et al., 2020; Loprinzi et al., 2019). Despite 

the abundance of evidence supporting the cognitive benefits of physical 

activity, there is little research that describes the relationship between 

individuals(Cabirol et al., 2018). Influence between individuals is used to 

describe differences between individuals in one variable and other 

variables. Therefore, this article wants to explore information at a 

different level, namely at the elementary school level. This analysis will 

involve attributes that are considered stable and reflect the person as a 

whole, and this variable is independent of time. Expression in a person 

refers to the presence of intra-individual variations when assessed 

repeatedly(Mbhatsani et al., 2017). Effects on a person can only be 

observed directly when each person has been measured more than 

once(Veijalainen et al., 2021). Deciphering influence in a person is 
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important because the results often differ between levels(Natalia, 2015; 

Matthews et al., 2017; Grebener et al., 2021).  

In addition, little is known about the longitudinal association 

between physical activity and cognitive function (Coco et al., 2019; 

Charlett et al., 2021; Yongtawee et al., 2021; Irwin et al., 2018). Evidence 

of moderation exists if the relationship between two variables (e.g., 

physical activity and cognition) differs at different levels of the 

moderating variable (e.g., age). Greater understanding of the variables is 

essential because it allows the identification of subgroups that could 

specifically benefit from physical activity (Kilger & Blomberg, 2020; 

(Narkauskaitė-Nedzinskienė et al., 2020). This study therefore examined 

the relationship between motor learning and cognitive function to 

describe the relationship between one's self and examine whether the 

variables of cognitive function and movement learning have a strong 

relationship. 

 

METHOD 

The data collection method used in this study is a quantitative approach 

with a correlational design. This research was carried out in two places, 

namely in the school field and school room. For cognitive function tests, 

it was carried out in the classroom, while for motion literacy tests, it was 

carried out in the school yard. The time for the implementation of this 

research was carried out in January–May 2023 to take cognitive function 

and motion learning for the implementation of the test during class 

hours. In this study, the population taken was elementary school 

students in Kuantan Singingi Regency for the 2021–2022 academic year, 

with a population of 37,085 children spread over 256 elementary schools. 

The sample used was 4700 students with a random sampling technique. 

The IOWA TES movement learning test instrument is from Johnson Berry 

dan Jack K Nelson (1970:144-146) and for cognitive function tests, use 

the Concentration Grid Test (CGT) instrument. Data analysis uses 

product-moment correlation calculations. 

 

RESULT 

Based on data analysis, an overview of the movement learning of 

elementary school students in Kuantan Singingi Regency for the 2021–

2022 academic year is obtained as follows:  

 

Table 1. Description of the Data Categories of the Results of the 

Movement Learning Assessment for Elementary School Students in 

Kuantan Singingi Regency for the 2021/2022 Academic Year 

Description total Percentage 

Very well 

Good 

Currently 

Not enough 

1051 

2849 

751 

49 

22.36% 

60.63% 

15.96% 

1.05% 
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Total 4700 100% 

 

The table above shows that the majority of elementary school students in 

Kuantan Singingi Regency for the 2021–2022 academic year have good 

motor literacy (60.63%), the rest have very good motor literacy (22.36%), 

moderate (15.96%), and less (1.05%). For more details, it can be illustrated 

by the graph below: 

 

Figure 1. Percentage of Movement Learning Assessment for Elementary 

School Students in Kuantan Singingi Regency for the 2021/2022 Academic 

Year 

 

Based on data analysis, an overview of the cognitive function of elementary 

school students in Kuantan Singingi Regency for the 2021–2022 academic 

year is obtained as follows: 

 

Table 2. Description of Data Category Results of Cognitive Function of State 

Elementary Schools in Kuantan Singingi Regency 

Description total Percentage 

Very well 

Good 

Currently 

Not enough 

Total 

853 

2698 

1002 

147 

4700 

18.14% 

57.40% 

21.32% 

3.14% 

100% 

The table above shows that the majority of elementary school students in 

Kuantan Singingi Regency for the 2021–2022 academic year have good 

cognitive function (57.40%), the rest have moderate movement learning 

(21.32%), very good (18.04%), and poor (3.14%). For more details, it can be 

illustrated by the graph below: 
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Figure 2. Percentage of Cognitive Function of Elementary School Students in 

Kuantan Singingi Regency for the 2021/2022 Academic Year 

 

To test the hypothesis, this study uses correlation analysis. Based on the 

results of the correlation analysis, the results are obtained as in the following 

table: 

 

Table 3. Analysis of Movement Learning with the Cognitive Function of 

Elementary School Students in Kuantan Singingi Regency for the 2021–

2022 Academic Year 

Variable r Sig Error Criteria 

Movement Skills and 

Cognitive Function 

0.471 0.00 5% Significant 

 

Based on the calculation results in Table 3 above, it shows that the 

correlation coefficient between movement learning and cognitive function 

is 0.471 with a significance of 0.00. Because the significance value obtained, 

which is 0.00, is smaller than the specified error limit, which is 0.05, it can be 

concluded that there is a significant relationship between movement 

learning and cognitive function in elementary school students in Kuantan 

Singingi Regency for the 2021–2022 academic year. 

 

DISCUSSION 

In this study, we examined the relationship between physical activity 

through movement learning and students' cognitive function. The results of 

the study show that physical activity through movement learning is related 

to cognitive function. The relationship between physical activity level, 

movement learning, and memory recall is stronger in active individuals. The 

relationship between physical activity and changes in cognitive function is 

much more informative. Related to this study, the initial level of physical 

activity is a reliable predictor of changes in cognitive outcomes(Lundgren et 

al., 2016). The relationship between people that links initial levels of physical 
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activity and changes in cognitive function can be a strong 

indicator(Piepmeier et al., 2020; Loprinzi, 2019;Bianco et al., 2017). 

herefore, individuals who engage in more physical activity appear to have 

higher cognitive abilities, and these cognitive advantages are maintained 

over time. In line with several previous studies(BenOunis et al., 2013) and 

different from other studies (e.g., Holfelder et al., 2020; Hostinar et al., 2012; 

Lundgren et al., 2016; Wang et al., 2013). Regarding this study, it should be 

noted that Wallhead et al., (2021) found a stronger effect of executive 

function (i.e., an index based on verbal fluency) on physical activity than the 

effect of physical activity on subsequent executive function in a sample of 

older adults. Meijer et al., (2020) found only an association between early 

physical activity and reduced verbal fluency decline in older adults but found 

no association between early physical activity and changes in semantic 

memory, knowledge, or reasoning.  

Finally, Broadbent et al., (2015) found that physical activity at a young 

age predicts less decline from old age in latent factors of general cognitive 

ability (i.e., based on four subtests: number symbol, block design, number 

range, and picture completion). Thus, there is some evidence that baseline 

or average levels of physical activity may have long-term effects on several 

cognitive domains. However, there is great heterogeneity between studies 

(e.g., regarding measures of cognitive and physical activity, measurement 

intervals, and age ranges), and most of the studies involved adults. This 

study covered a slightly wider age range (i.e., 40–85 years at study entry), 

and the results are in line with other studies that included samples across 

the adult age range(Fiľo & Janoušek, 2022). In addition to the more 

stationary, between-person-level relationships, it also examines the 

dynamic, between-person-level relationships between physical activity and 

cognitive function.  

It represents the occasion-specific, person-to-person relationship 

between physical activity and cognitive functioning while controlling for the 

average rate of change over time. In line with previous research (e.g., Gomes 

da Silva & Arida, 2015; Irwin et al., 2018; Masel et al., 2010; Schnider et al., 

2021), this study found a consistent relationship at the individual level 

between physical activity and cognitive outcomes. The magnitude of this 

person-to-person association was stronger for episodic memory recall 

(0.686) compared to verbal fluency (0.296) and visuospatial ability (0.255), 

and the pattern suggests that wave-to-wave fluctuations in physical activity 

around an individual's average trajectory are related to corresponding 

fluctuations in the cognitive domain. Other research has also found that age 

moderates the relationship between physical activity levels and all three 

cognitive outcomes at study entry, so the relationship is stronger among 

participants. More specifically, older participants who were more physically 

active at the start of the study performed better on cognitive tests at the 

start of the study compared to older participants who were less active. These 

findings may be related to changes in brain structure and function that occur 
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with aging(Kilger & Blomberg, 2020). Physical activity has been found to 

predict total brain volume and gray matter volume(Clark et al., 2020), as well 

as regional brain volume in some areas (mie.g., the hippocampus;Loprinzi, 

2019), which are prone to age-related decline(Antunes et al., 2020). Nerve 

activation, functional connectivity, and cerebral blood flow are also 

negatively affected by increasing age but have been shown to be positively 

affected by physical activity(Broadbent et al., 2015; Miyamoto et al., 2018).  

Physical activity affects brain structure and function, which are known 

to decrease with age, indicating that the beneficial effects of physical activity 

may become more pronounced(Miyamoto et al., 2018; Soriano-Maldonado 

et al., 2016). However, given the mixed findings in the literature and the 

heterogeneity between studies on the moderating effect of age on the 

physical activity-cognition relationship(Broadbent et al., 2015; Gomes da 

Silva & Arida, 2015; Kraft, 2012; Viegas et al., 2021), research like this is 

urgently needed. At the individual level, the effect of physical activity on 

episodic memory is stronger in active people. This finding is in line with 

recent suggestions that the health benefits (including cognitive benefits) of 

physical activity may be most pronounced for individuals who are fit(Keeley 

& Fox, 2009; Liu et al., 2022). It is now known that the retrieval processes 

involved in episodic memory function are highly dependent on the 

formation of the hippocampus (Miyamoto et al., 2018; Ohko et al., 2021). It 

is also well documented that with increasing age, hippocampal volume 

decreases (e.g., Piepmeier et al., 2020) and that aerobic fitness and physical 

activity are related to hippocampal volume in individuals(Antunes et al., 

2020, 2020). Thus, one possible explanation for this finding is that physical 

activity can positively influence the structure and function of the 

hippocampus and that increased activity levels can be highly beneficial for 

active individuals. We also found that years of education moderated the 

effect of a person's level of physical activity on verbal fluency. This may 

indicate that some of the cognitive benefits of physical activity are more 

pronounced in people who have been involved in intellectually stimulating 

activities (e.g., education) throughout their lives)(Ploughman, 2008).  

The findings in the current study are in line with previous findings 

showing that the effect of physical activity on cognition is greater among 

those with education (e.g., Verswijveren et al., 2020). However, the 

interaction between physical activity and education is associated with 

different cognitive outcomes in this study (namely motor fluency) when 

compared to (Formenti et al., 2019) who found a relationship with semantic 

knowledge. Other previous studies have shown that the interaction between 

physical activity and education is positively related to working 

memory(Powell et al., 2016), ndicating an additive effect on cognition in the 

presence of several protective factors. Evidence from meta-analyses and 

systematic reviews indicates a greater effect of a combination of cognitive 

and physical interventions on cognitive function when compared to the 

control group or the physical intervention alone(Aarsland et al., 2020; 
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Coimbra et al., 2021; Kraft, 2012). This suggests that multiple factors (e.g., 

physical activity and cognitively stimulating activities) have an effect on 

cognitive function. 

 

CONCLUSION 

The results of this study support the effect of physical activity on cognitive 

function; conversely, the results of this study suggest that engaging in 

physical activity has cognitive benefits, which is more in line with the theory 

of use dependence(Masel et al., 2010; Wallhead et al., 2021). Overall, the 

effects of the relationship between physical and cognitive activity were 

consistent across levels of analysis. In line with previous findings, the 

findings of this study highlight the importance of deciphering the effect of 

age level on a person and separating level from change over time when 

examining predictors of cognitive function. 
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