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Abstract: Background and aim: This study aims to examine the associations between physical activity 

intensities with working memory and fluid intelligence in children with ADHD.  

Methods: The current research is conducted using a descriptive-correlation methodology, in alignment with its 

objectives. The statistical population for this study comprises 124 adults, who were chosen through convenience 

sampling. Standard tests were used for measuring research variables. Pearson's correlation test was applied for 

the inferential analysis of the relationships among the research variables. 

Results: Children with ADHD showed a moderate level of physical activity (M = 2.59). Also, there was a direct 

and significant relationship between physical activity with working memory (r=0.559, p<0.001). Moreover, 

there was a direct relationship between physical activity and fluid intelligence (r=0.337, p<0.001).  

Conclusion: Physical activity plays an important role in working memory and fluid intelligence of children with 

ADHD. Hence, it is strongly recommended that children with ADHD participate in enough level of physical 

activity.  
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Introduction 

An active lifestyle in childhood appears to have a positive impact on the developing brain, particularly 

regarding its structure and function. Recent studies have emphasized the connection between physical activity in 

childhood and cognitive control. Cognitive control encompasses a higher-order cognitive process that integrates 

various mental functions, including inhibitory control, working memory, and cognitive flexibility, all of which 

are essential for goal-directed actions and self-regulation (Baniasadi et al., 2022; Gibson et al., 2011). Notably, 

working memory is a crucial element of cognitive control, functioning as a hierarchical system that allows for 

the temporary storage and manipulation of information to facilitate motivated behavior. Prior intervention 

studies have indicated a beneficial relationship between childhood physical activity and working memory. For 

instance, children participating in physical training programs lasting 8 weeks, 10 weeks, or 9 months exhibited 

enhancements in working memory performance, as assessed through tasks such as the delay-matching paradigm, 

the Sternberg paradigm, or the n-back task (Buehner et al., 2006; Gawrilow et al., 2016; Ilkım et al., 2021, 

Yurtseven et al., 2024; Karaaslan et al., 2021; Sekban et al., 2022). 

https://orcid.org/0000-0003-4054-3336


Res. J. Manag. Rev. Vol., 9 (1), 30-37, 2024 

31 

Interventional research and cross-sectional studies employing objective measures of physical activity (PA) 

have been utilized to investigate the relationship between PA and working memory in children. In contrast to 

interventional studies that aimed to enhance children's PA levels beyond their usual patterns, cross-sectional 

studies have relied on objective assessments of daily, lifestyle-oriented PA, such as accelerometer data, to 

explore how children's typical activity patterns correlate with their working memory performance (Chaharbaghi 

et al., 2022; Kazemi, & Mohammadi, 2019; Omidvar et al., 2018). It is possible that the cross-sectional studies 

did not identify a significant relationship between physical activity and working memory due to insufficient 

control over potential confounding factors related to demographics or fitness, such as intelligence, aerobic 

fitness, or motor skills. Research indicates that intelligence may influence the responsiveness of working 

memory to external stimuli, such as working memory training, with individuals of higher intelligence exhibiting 

more substantial improvements from such training. Furthermore, there is a strong correlation between 

intelligence and working memory. According to Dang et al., fluid intelligence is linked to both the visuospatial 

and verbal-numerical components of working memory, although the association may be more pronounced with 

the visuospatial aspect. Additionally, it has been proposed that intelligence and working memory may originate 

from similar cognitive processes, albeit with varying degrees of dependence. These insights underscore the 

importance of considering individual differences in intelligence when examining working memory and its 

relationship with any specific exposure (Ghorbani et al., 2020; Najafzadeh et al., 2024). 

Previous research has corroborated the beneficial impact of aerobic fitness on working memory 

performance, indicating that children with elevated levels of aerobic fitness tend to exhibit superior 

performance. It could be posited that aerobic fitness is a direct physiological outcome of engaging in physical 

activity; however, recent developmental studies challenge this notion. Unlike physical activity, which is a 

behavioral construct, aerobic fitness is characterized as a personal attribute that includes a genetic component 

(Hsieh et al., 2018; Mansur-Alves, & Saldanha-Silva, 2017). Additionally, interventional studies reveal that 

enhancements in aerobic fitness do not necessarily result from increased physical activity among children. 

Another dimension of fitness that may explain individual variations in working memory is motor fitness, were 

higher levels of motor fitness correlate with improved performance. It is clear that motor fitness influences 

cognitive function through different mechanisms compared to aerobic fitness. While aerobic fitness appears to 

enhance brain function primarily through biological and physiological pathways, motor fitness seems to operate 

through the mental processes it shares with higher-order cognitive functions. This is further supported by 

evidence that the execution of motor tasks—particularly those that are complex, unpredictable, time-sensitive, 

and demand rapid responses—engages brain regions linked to higher-order cognition. Therefore, motor fitness 

should be recognized as a distinct aspect of fitness, separate from aerobic fitness (Diamond & Ling, 2020; 

Khosravi et al., 2023). 

Pre-adolescence is a period characterized by numerous transformations, during which cognitive 

development is particularly influential. Historically, the mental faculties associated with reasoning, planning, 

and problem-solving have been categorized under the concept of intelligence, which is further divided into two 

distinct types: crystallized and fluid intelligence (Bidzan-Bluma & Lipowska, 2018; Najafzadeh et al., 2024). 

Crystallized intelligence pertains to the accumulated knowledge gained over a lifetime, whereas fluid 

intelligence, often referred to as fluid reasoning, encompasses the capacity to think critically and resolve issues 

in new, unfamiliar situations. Fluid reasoning is especially crucial in educational settings during this 

developmental stage, as it correlates with working memory, inhibitory control, rapid knowledge acquisition, and 

the ability to navigate complex problem-solving scenarios, as well as psychosocial adjustment. Consequently, 

students exhibiting higher levels of fluid reasoning tend to achieve better academic outcomes, as they are more 

adept at learning and integrating new information (Dehn, 2017; Piepmeier et al., 2015). 

Scientific investigations have examined the connection between fluid reasoning and physical fitness across 

various demographic groups. For example, Etnier and Berry performed a study assessing the impact of both a 3-

month and an 18-month exercise regimen on cognitive performance among a cohort of 40 individuals aged 

between 55 and 80 years (Fernandes et al., 2016). The findings indicated that enhancements in physical fitness 

components, including cardiorespiratory fitness, strength, and speed, were linked to improvements in fluid 

intelligence in both exercise programs. In a separate study involving children and adolescents, Fochesatto et al. 

analyzed data from 317 schoolchildren aged 6 to 11, focusing on the interplay between physical fitness and fluid 

intelligence. Their results revealed a statistically significant correlation between agility and fluid intelligence. 

Nonetheless, there exists a scarcity of literature investigating these variables specifically in pre-adolescent 

populations (Abdoshahi & Ghorbani, 2022). 

Although previous studies have examined the associations between physical activity and exercise with 

cognitive capability of children (such as working memory and fluid intelligence), however, its effects on 

memory function of children with ADHD has received less attention. Hence, this study was designed to explore 

the relationships between physical activity with working memory and fluid intelligence in children with ADHD. 
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Methods 

The current research utilizes a descriptive-correlational approach that is consistent with its aims. The 

statistical sample comprises 125 children diagnosed with ADHD, ranging in age from 7 to 12 years, who were 

chosen using convenience sampling techniques. 

Demographic factors were assessed, with participants providing information on their sex and age. The 

body mass index (BMI) was determined by dividing weight by height (kg/m²). Additionally, intelligence 

quotient (IQ) scores were derived from the Test of Nonverbal Intelligence–Second Edition. 

Physical activity was assessed utilizing the short form of the International Physical Activity Questionnaire 

(IPAQ) (Baniasadi et al., 2022). This instrument comprises seven questions designed to collect data regarding 

individuals' physical activity levels over the preceding week. In accordance with the guidelines of the 

questionnaire, the overall intensity of physical activities is categorized into three distinct levels: light, moderate, 

and vigorous, determined by the energy expenditure recorded during the past seven days. Activities lasting less 

than 11 minutes are excluded from the calculations. In this assessment, walking is assigned a metabolic 

equivalent of task (MET) value of 3.3, moderate physical activity is valued at 4, and vigorous physical activity 

is rated at 8. A MET quantifies the energy expended per minute by an individual during physical activities. To 

compute the total weekly physical activity, one must aggregate the products of walking (MET × minutes × 

days), moderate physical activity (MET × minutes × days), and vigorous physical activity (MET × minutes × 

days) reported over the previous week. This questionnaire is specifically designed to evaluate the physical 

activity levels of adults aged 18 to 65 and has been widely employed in numerous studies, demonstrating robust 

validity and reliability. 

The current investigation utilized a modified delayed-matching task, which serves as an assessment of 

perceptual working memory, akin to a methodology previously employed with children. The task was developed 

using STIM 2.0 software (Neuroscan Ltd, El Paso, TX). All visual stimuli were displayed on a 17-inch computer 

monitor positioned 60 cm from the participants. In alignment with the study conducted by Wang et al. (2017), 

the stimuli comprised a red dot (0.5° x 0.5°) that was randomly located within a gray rectangle measuring 3.8° x 

7.4°. This rectangle was either centered on the screen or displaced 5.9° to the left or right of the central fixation 

point. The experiment included two conditions that varied in their cognitive load on working memory. In the 

non-delayed condition, two rectangles were shown simultaneously, with one rectangle situated at the center of 

the screen and the other either to the left or right. The red dot could occupy any of nine designated positions 

(i.e., center, center right, center left, upper center, upper right corner, upper left corner, lower center, lower right 

corner, and lower left corner) within its respective rectangle. The rectangles were displayed for 180 ms, a 

duration shorter than typical voluntary saccades, to reduce the likelihood of unintended saccadic movements 

influencing the outcomes. Participants were tasked with determining whether the red dots were located in the 

same position within their respective rectangles. Occasionally, the red dots exhibited slight variations, which 

might have led to confusion among the children and impacted their judgments; however, any such effects were 

expected to be consistent across the different groups. 

The Matrices and Balances subtest of the Wechsler Intelligence Scale for Children (WISC-V) is 

specifically designed to assess fluid intelligence and problem-solving capabilities in children and adolescents 

aged 6 to 16 years. The matrices subtest comprises 32 matrices, where participants are required to identify the 

correct piece that completes each matrix from five provided options. These matrices are presented in color and 

vary in difficulty. The balance subtest includes 34 scenarios in which participants must select the option that 

maintains equilibrium among five alternatives, all within a specified time limit. To derive the results from each 

subtest, the number of correct responses (raw score) must be converted into a scaled score appropriate for each 

age group. Subsequently, the Fluid Reasoning Index (FRI) is calculated by summing the scaled scores from both 

subtests and referencing a conversion table to determine the FRI. 

In this study, descriptive statistical methods, such as the mean and standard deviation, were employed to 

characterize the research variables. The Kolmogorov-Smirnov test was utilized to assess the normal distribution 

of the collected data. Furthermore, Pearson's correlation test was applied for the inferential analysis of the 

interrelationships among the research variables, with a significance level set at 0.05. 

 

 

Results 

Table 1 presents a comprehensive overview of the characteristics of the research participants, 

encompassing their age, height, weight, body mass index, and IQ. The mean age of the participants is noted to 

be 8.51 years. Furthermore, the participants exhibit a body mass index with an average of 17.22, indicating that 

they are classified within the normal range. Lastly, the average IQ scores of the children are reported to be 

105.44, which also falls within the normal range.  
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Table 1. Demographic characteristics of the subjects 

Variable Age (year) Height (cm) Weight (kg) BMI IQ 

Mean ± SD 8.51 ± 0.86 115.61 ± 3.27 45.11 ± 2.76 17.22 ± 1.77 105.44 ± 3.47 

 

The average and standard deviation of the scores obtained by participants across all research variables are 

detailed in Table 2. Regarding the physical activity levels of children diagnosed with ADHD, it is apparent that 

the participants demonstrated a level of physical activity that is below the guidelines established by the World 

Health Organization. The analysis of physical activity patterns indicated that merely 32% of the participants 

engaged in moderate-to-vigorous physical activity, implying that around 68% of the participants fail to meet the 

essential physical activity standards necessary for optimal physical and mental health. Furthermore, the scores 

pertaining to working memory and fluid intelligence were observed to be within the average range. 

 

Table 2. Description of research variables 

Variable 

physical 

activity 

(day of 

the week) 

physical 

activity 

(minutes 

per week) 

physical activity (intensity) 

Working 

memory 

Fluid 

intelligence 
light 

(percent) 

moderate 

(percent) 

vigorous 

(percent) 

Mean ± 

SD 

2.11 ± 

0.43 

114.51 ± 

10.23 
68% 25% 7% 65.85±3.47 92.55 ± 6.25 

 

Table 3 displays the results of the Kolmogorov-Smirnov test, which was performed to evaluate the 

normality of the data distribution. The results demonstrate that all research variables adhere to a normal 

distribution, as indicated by the significance level (P>0.05).  

 

Table 3. The results of normal distribution 

Variable 

physical 

activity 

(day of 

the week) 

physical 

activity 

(minutes 

per week) 

physical activity (intensity) 

Working 

memory 

Fluid 

intelligence 
light 

(percent) 

moderate 

(percent) 

vigorous 

(percent) 

K-S 0.966 0.895 0.871 0.990 0.887 0.864 0.937 

P 0.200 0.200 0.200 0.200 0.200 0.957 0.200 

 

Table 4 presents the findings from the Pearson correlation analysis. The results indicate that 1) there exists 

a direct and statistically significant correlation between physical activity (measured in days per week) (r= 0.663, 

p<0.001), physical activity (measured in minutes per week) (r= 0.528, p<0.001), and the intensity of physical 

activity (r= 0.487, p<0.001) with working memory; 2) similarly, a direct and significant correlation was found 

between physical activity (days per week) (r=0.635, p<0.001), physical activity (minutes per week) (r=0.384, 

p<0.001), and intensity of physical activity (r=0.473, p<0.001) with fluid intelligence. 

 

Table 4. The results of the relationship between physical activity with working memory and fluid intelligence 

Variable Working memory Fluid intelligence 

physical activity 

(day of the week 

r= 0.663 

p<0.001 

r=0.635 

p<0.001 

physical activity 

(minutes per week) 

r= 0.528 

p<0.001 

r=0.384 

p<0.001 

physical activity (intensity) 
r= 0.487 

p<0.001 

r=0.473 

p<0.001 

 

 

Discussion 

The objective of this research was to investigate the relationships between physical activity with working 

memory and fluid intelligence in children with ADHD. Table 4 presents the findings from the Pearson 

correlation analysis. The results indicate that there exists a direct and statistically significant correlation between 

physical activity (measured in days per week), physical activity (measured in minutes per week), and the 

intensity of physical activity with working memory. Similarly, a direct and significant correlation was found 

between physical activity (days per week), physical activity (minutes per week), and intensity of physical 

activity with fluid intelligence. 

Previous research has indicated that engaging in physical activity or training can positively influence 

neurological and cognitive functions by enhancing neurogenesis, angiogenesis, and increasing cerebral blood 

flow (Barudin-Carreiro et al., 2022; Lahat et al., 2014; Potvin et al., 2015). Additionally, physical activity 



Res. J. Manag. Rev. Vol., 9 (1), 30-37, 2024 

34 

activates the motor regions of the brain, promotes the release of neurohormones, and accelerates the conduction 

velocity of nerve impulses (Al-Saad et al., 2021; Partanen et al., 2020). Various forms of physical exercise can 

exert distinct effects on the brain; however, some studies suggest that these differences may stem from 

variations in the secretion of specific biomarkers within the neurochemical system, as well as disparities in brain 

tissue volume and activation patterns associated with the type of exercise performed. While physical activity has 

particular impacts on neurocognitive performance, research indicates that all exercise modalities influence 

executive functions (Fry & Hale, 1996; Seyedi Asl et al., 2016, 2020; Shafaei et al., 2024 a,b). Findings from 

both human and animal studies reveal that different exercise interventions, such as open versus closed skill 

activities, can lead to unique effects on brain structures and neural activation. Furthermore, studies have 

demonstrated that attentional demands and information processing mechanisms differ between open and closed 

training environments (Ramos et al., 2020; Spanou et al., 2022; Swanson & McMurran, 2018; Wang et al., 

2022). In closed settings, where changes among components are less perceptible, maintaining accuracy in timing 

tasks that rely on relatively stable environmental information is deemed a fundamental requirement for success. 

Conversely, in variable environmental conditions typical of open practice, the reliance on predictive 

mechanisms is diminished, necessitating real-time processing of working memory to adapt to fluctuating 

demands (Baniasadi et al., 2022; Perrig et al., 2009). 

The environment plays a crucial role in the execution of skills. A sustained emphasis on environmental 

cues pertinent to a task enhances working memory performance when compared to training scenarios that are 

more closed in nature. In the context of open skills, the associated cognitive processes tend to occur rapidly and 

almost instantaneously, reflecting the inherent complexity of perception and decision-making, as each action 

must be adapted to the demands of the environment (Gaye et al., 2024). Conversely, in closed skills, the 

individual assesses the environmental and movement requirements in advance, free from time constraints, 

allowing for the organization and execution of responses without the need for adjustments (Christiansen et al., 

2019). Research indicates that optimal performance in working memory is linked to the neural capacity to 

concentrate on task-relevant information while disregarding distractions. Furthermore, enhancements in working 

memory attributed to training are believed to stem from improvements in these cognitive abilities (Pindus et al., 

2016). Studies have demonstrated a correlation between an individual's working memory capacity and their 

proficiency in directing attention toward relevant environmental stimuli. This ability to manage attention is 

essential for focusing on information that aligns with current objectives while filtering out distractions that may 

divert attention. The process of directing attention toward one's goals is influenced by "top-down" signals 

originating from the prefrontal cortex, which modulate processing in the dorsal cortical areas (Sofologi et al., 

2022). 

The rationale for these findings can be anchored in prior evidence indicating that consistent engagement in 

physical activity at specific intensities induces alterations in both the structure and functionality of the brain, 

thereby enhancing its development and fostering improved brain plasticity (Baniasadi et al., 2022; Taghva et al., 

2020; Titz & Karbach, 2014). The research demonstrated that elevating the intensity of physical education 

sessions, particularly through interval aerobic running, positively affects numerical speed and the ability to solve 

simple mathematical problems. While two out of three cross-sectional studies indicated a favorable correlation 

between physical fitness and cognitive performance, a definitive consensus on this relationship remains elusive 

(Kofler et al., 2020; Suarez-Manzano et al., 2018). It is important to note that, given the cross-sectional nature of 

this research, causal inferences cannot be established. Nevertheless, it is reasonable to propose that individuals 

exhibiting higher levels of physical fitness may have previously engaged in greater amounts of physical activity 

to attain such fitness levels. Consequently, the cognitive enhancements documented in the literature may have 

developed progressively, leading to the outcomes observed in this study. Thus, superior physical fitness may 

serve as both an indicator and a consequence of an active lifestyle, resulting in neurophysiological changes that 

positively impact cognitive development among the participants examined (Yuan et al., 2006). 

 

 

Conclusion 

In conclusion, the principal findings of the present study indicate that children with ADHD exhibiting 

higher levels of physical activity (PA) showed enhanced performance on working memory tasks, both 

behaviorally and at the neuroelectric level, when compared to their fewer active peers. These results were 

achieved while accounting for potential confounding factors such as intelligence and fitness-related variables, 

including aerobic and motor fitness. The implications of this study are substantial, particularly given that (a) 

physical inactivity is increasingly common among children, (b) the childhood years (specifically ages 6 to 11) 

represent a crucial period for the development of working memory, and (c) working memory plays a vital role in 

moderating academic success among school-aged children. It is advisable for future research, especially 

randomized controlled trials (RCTs), to investigate the relationship between maturity and the extent of cognitive 

benefits derived from physical activity. Additionally, studies incorporating neurobiological measures, such as 
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blood flow and biochemical variables, would be beneficial in elucidating the mechanisms that connect physical 

activity and working memory. 
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