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 Abstract 

Professional trainers and athletes often neglect the importance of cognitive skills yet they are 

arguably among the keys to improving athletes’ performance. This study aims to investigate the 

role of cognitive skills in gymnasts’ performance using the correlational method. The research 

study included thirty-seven young gymnasts (average age of 18.64 ± 0.83 years old) who 

regularly participated in and were preparing for competitions. Research data were collected 

from cognitive skills tests and gymnastic performance reviewed by a professional jury. The 

findings of this study show that better cognitive abilities led to better gymnastic performance, 

emphasizing the importance of attention, concentration, memory, visuospatial, language, and 

executive functions. Further research could longitudinally examine the development of athletes’ 

cognitive skills and focus on implementing cognitive training to enhance gymnastic performance. 
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INTRODUCTION

 

Optimal performance in sports, 

specifically at the elite level, requires a 

balance between physical aspects and 

cognitive skills. Although we could argue 

that strength, flexibility, and endurance are 

highly important (Höög & Andersson, 

2021; Marefat et al., 2021; Mkaouer et al., 

2018; Russo et al., 2021), the deficiency in 

cognitive skills could prevent an athlete 

from reaching their full potential. (Walton 

et al., 2018). Professional trainers and 

athletes oftentimes only prioritize physical 

development without taking into account 

the fact that cognitive abilities play an 

important role in improving overall 

performance (Kilger & Blomberg, 2020). 

Cognitive abilities such as creativity, 

mental sharpness, focus, memory, 

multitasking, and inhibition, have been 

identified as important factors in predicting 

athlete’s success at the elite level. 

Especially for athletes who have specialized 

in sports early on, such as gymnastics, the 

early development of cognitive abilities can 

play an important role in helping to deal 

with the stress and challenges that arise 

when transitioning to the next stage (Hofer 

& Clouston, 2014). For instance, in 

women's artistic gymnastics, athletes must 

synchronize their movements with music. 
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Their cognitive capacity to memorize 

intricate routines and adjust to fluctuations 

in musical tempo distinguishes between 

impressive and less satisfactory 

performances. 

Cognitive skills, also known as 

cognitive abilities or functions, consist of 

mental processes performed consciously 

such as thinking, remembering, learning, 

and using language in communication  

(Leisman et al., 2016). Cognitive processes 

are caused by the gradual psychological 

changes in the brain constructed from 

interactions with the environment (Cocchi 

et al., 2017; Grossberg, 2021). Such 

processes directly affect knowledge 

acquisition (Cherukunnath & Singh, 2022; 

Molenaar et al., 2011), and according to 

Jean Piaget’s views on cognitive 

development, they are also interconnected 

with maturity, brain development, and 

environmental adaptation (Barrouillet, 

2015; Daskalakis et al., 2013). During one’s 

development, cognitive abilities transform 

as one gets older and obtains experiences 

(Hopkins et al., 2016; Park & Bischof, 

2013; Riva et al., 2016). The transformation 

affects one’s view in making sense of the 

world and in responding to the acquired 

information (Modabbernia et al., 2021). In 

the early stages of development, children 

learn through sensory experiences and 

physical activity, but over time, they begin 

to use symbols and language to describe 

their reality. This stage not only includes the 

ability to think logically and abstractly, but 

also introduces increasingly complex 

concepts of problem-solving, creativity and 

reasoning. This transformation continues 

into adulthood, where individuals develop 

the ability to process information, evaluate 

situations and make complex decisions 

(Lourenço, 2016). 

In recent years, there has been 

significant attention directed towards the 

role of cognitive skills and neuroscience in 

comprehending, predicting, and enhancing 

the performance of elite athletes (Chuang et 

al., 2013; García-Monge et al., 2020; 

Jacobson & Matthaeus, 2014; Negara et al., 

2021). This trend is evident from previous 

studies that have investigated the cognitive 

performance of athletes (Logan et al., 2023; 

Stasielowicz, 2020). Other researchers even 

concluded that basic cognitive abilities 

could potentially become indicators of 

athletic achievements in the future (Cona et 

al., 2015; Montuori et al., 2019; Vestberg et 

al., 2017). Another study similarly 

investigated the functions of five primary 

cognitive abilities: attention and 

concentration, memory, visuospatial, 

language, and executive functions 

(Hendrayana et al., 2020). Those 

aforementioned studies prove to be highly 

significant element in understanding how 

cognitive abilities affect athletes’ 

performance in various sports. 

Gymnastics is a branch of sports 

requiring complex technical skills 

(Hendrianto & Firmansyah, 2023). It 

requires coordination of precise movements 

and the ability to adapt to unexpected 

situational changes (Diaz-artiles & 

Karmali, 2021; Hiley et al., 2019; G. K. R. 

Williams et al., 2016). In gymnastics, 

several skills are gradually taught in phases 

(Irwin et al., 2005), in which every phase is 

aimed at fundamentally preparing one’s 

skills for the next phase, for instance: 

posture adjustment, balance, flexibility, and 

muscle strength. 

In this context, cognitive skills take 

center stage. The complex characteristics of 

gymnastics call for quick decision-making, 

proper spatial awareness, and quick 

information processing (Heppe et al., 2016; 
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Hötting et al., 2021; Von Lassberg et al., 

2012). Additionally, attention, 

concentration, and memory are required to 

perform certain movements accurately and 

to coordinate step patterns with the music or 

choreography (Abdollahipour et al., 2015; 

Bisagno et al., 2022; de Paula Ferreira et al., 

2021; Seidler et al., 2012). Executive 

functions involving planning, self-

regulation, and impulse control (Miyake & 

Friedman, 2012) are also vital in 

gymnastics. Gymnasts must be able to plan 

every movement with precision, manage 

time efficiently, and control impulses to 

avoid mistakes. Language ability also 

enables gymnasts to comprehend creative 

nuances and movement interpretations and 

their relevance when interacting with their 

trainers and teammates (Ivanova, 2022). 

Those aforementioned cognitive abilities 

enable athletes to perform under pressure 

and at high stakes. 

Despite the significance of previously 

explained elements, the precise contribution 

of cognitive skills in gymnastics is yet to be 

fully understood. Therefore, this study aims 

to provide a comprehensive description of 

the impact of cognitive skills on gymnasts’ 

performance. The study focuses on the 

question of whether cognitive abilities 

contribute to gymnasts’ performance, since 

previous studies focused on one cognitive 

aspect only such as attention, concentration 

(Nassib et al., 2014), memory (Zisi et al., 

2009), or executive functions (Bisagno et 

al., 2022). Ultimately, this research seeks to 

investigate the most important cognitive 

skills in gymnastic performance. 

This study anticipates to provide 

empirical evidence supporting the 

significance of cognitive abilities in 

gymnastics, potentially facilitating the 

development of more effective training 

programs in the sport. In essence, this study 

aims to bridge the gap by comprehensively 

identifying the relationship between 

cognitive aspects and gymnastics, which 

has not been fully explored. 

One of the important issues in this 

research is the fact that there is insufficient 

empirical evidence to support the 

contribution of cognitive aspects to 

gymnastic exercise performance. The main 

objective of this study was to find more 

empirical evidence that could support the 

role played by the cognitive components in 

gymnastic training. It is hoped that this 

study will not only provide empirical 

confirmation but also provide a solid 

foundation for the development of more 

effective training programs, as the main 

problem it seeks to address is the lack of a 

deep and detailed understanding of the 

causal relationship between cognitive 

processes and gymnasts' performance 

enhancement. This study aims to expand 

our scientific knowledge on how cognitive 

processes such as concentration, memory, 

language, executive and visuospatial 

functions correlate with gymnastics to 

achieve the best performance. 

  

METHODS 

 

This study employed the correlational 

method, involving thirty-seven male artistic 

gymnasts who regularly participated in 

competitions or undergoing preparations 

for them. Participants were randomly 

selected and provided their consent prior to 

data collection. Data were gathered while 

participants were in peak physical 

condition. Detailed physical characteristics 

are presented in Table 1.

Table 1  
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Physical characteristics of the research participants 

Data 𝒙̅ ± Sd Min Max N 

Age 19.03 ± 3.88 10 25 

37 
Height (cm) 155.14 ± 8.07 135 171 

Weight (kg) 50.51 ± 8.56 28 67 

Body Mass Index 20.78 ± 2.18 15 25 

We employed various instruments to 

collect data, including cognitive tests 

designed to measure attention and 

concentration, memory, language, and 

executive functions. 

Attention and concentration were 

assessed using the Concentration Grid Test 

(CGT), as described by Weinberg and Gould 

(2018). The CGT has been validated in 

multiple studies (Greenlees et al., 2006; 

Hendrayana et al., 2020; Komarudin et al., 

2021; Negara et al., 2021). This test consists 

of a 10x10 grid marked with two-digit 

numbers ranging from 00 to 99. To conduct 

the test, participants require several tools and 

facilities, including a comfortable indoor 

room, a concentration test grid drawing 

sheet, stationery (such as pens or pencils), 

and a stopwatch. The test procedure involves 

participants sitting comfortably and relaxed 

in the designated area, with a minimum 

distance of 2 meters between each 

participant. Participants are then asked to 

complete their provided biodata before 

commencing the test. Each participant is 

instructed to connect the numbers in 

ascending order, from the smallest (00) to 

the largest (99), using horizontal, vertical, or 

diagonal lines. 

Memory ability was assessed using the 

Digit Span test, as outlined by Ridsdale 

(2011) and validated in multiple studies 

(Alloway et al., 2008; Hendrayana et al., 

2020; Woods et al., 2011). The test involved 

sheets of paper with sequentially arranged 

rows of numbers, ranging from 3 to 10 digits, 

for both forward and backward tests. 

Participants were tasked with repeating back 

the series of numbers presented by the 

researcher, either in the same order (forward 

test) or in reverse order (backward test). The 

difficulty level increased gradually, with 

rows of numbers starting from a lower 

difficulty level and increasing by one digit 

each time. Participants had two attempts 

within each difficulty level, with different 

number sequences, before being considered 

to have failed that level after making two 

errors. Each correct repetition earned the 

participant a check mark (√), while errors 

were marked with a cross (X).

 Language, visuospatial, and 

executive function skills were evaluated 

using academic potential tests (Hendrayana 

et al., 2020). These tests are commonly 

regarded as measures of an individual's 

intelligence (Coyle & Greiff, 2021). 

Academic potential tests typically include 

verbal or language tests, numerical or 

mathematical tests, logical reasoning tests, 

and spatial or visual reasoning tests. As part 

of cognitive assessment, academic potential 

tests aim to assess an individual's maximum 

performance and are utilized to predict their 

potential achievement.   

To evaluate performance in gymnastics, 

we engage judges who have experience in 

judging gymnastics or specialized 

knowledge of the scoring guidelines 

referring to the Code of Points (Fédération 

International de Gymnastique, 2022). In 

gymnastics, there are two judges whose job 
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is to assess the athlete's performance, namely 

D Jury (Difficulty Jury)  and E Jury 

(Execution Jury) (Dallas & Kirialanis, 

2010). D Jury is responsible for assessing the 

level of difficulty, group elements and 

connections between movements performed 

by the athlete as well as providing additional 

marks for successful connections. E jury is 

responsible for assessing the athlete's overall 

performance, including technical and artistic 

aspects. E Jury also grades the quality of the 

movements performed by the athlete, 

including body position, speed, and 

smoothness of movement. After D Jury and 

E Jury have completed their tasks, the 

difficulty and performance scores of the 

athletes are combined to determine the final 

score of each athlete's performance. 

We employed the Statistical Package 

for the Social Sciences - Version 25.0 (SPSS 

25.0) for analyzing statistical data. 

Descriptive statistical processes included 

using the average score as the central 

indicator, standard deviation to assess data 

distribution, and identifying the minimum 

and maximum scores to determine the data 

range. The normality of the data was 

assessed using the Shapiro-Wilk test, which 

confirmed that the data were normally 

distributed. Subsequently, the Linear 

Regression Test was utilized to examine the 

correlation between the independent and 

dependent variables. Statistical significance 

was set at p < 0.05 to determine whether the 

relationship between the independent and 

dependent variables was significant. 

 

 

 

 

 

 

RESULTS 

 

The collected data consisted of 

cognitive function scores (attention and 

concentration, memory, visuospatial skills, 

language, and executive functions) and the 

gymnasts’ performance, as presented in 

Table 2. Specifically, attention and 

concentration had an average score of 7.86, 

with a standard deviation of 2.85, a 

maximum score of 14, and a minimum score 

of 3. Memory had an average score of 65.86, 

with a standard deviation of 5.61, a 

maximum score of 79, and a minimum score 

of 55. Visuospatial, language, and executive 

functions (assessed via academic potential 

test) had an average score of 440.64, with a 

standard deviation of 82.55, a maximum 

score of 588, and a minimum score of 440. 

Overall, the cognitive skills had an average 

score of 150, with a standard deviation of 

26.51, a maximum score of 212.68, and a 

minimum score of 110.55.  

 

Table 2 The descriptive data of cognitive 

skills and athletes’ performance 

Variable 𝒙̅ ± Sd Min Max 

A&C 7.86 ± 2.85 3 14 

M 65.86 ± 5.61 55 79 

VLEF 
440.64 ± 

82.55 
440 588 

CF 150 ± 26.51 212.68 110.55 
(A&C) attention & concentration, (M) memory, (VLEF) 

visuospatial, language & executive function), (CF) 

cognitive function. 

 

The correlation of cognitive skills 

with gymnastic scores is presented in Table 

3. The correlation significance reached (r = 

.727, p = .000) with determination 

coefficient of (r2 = .529) (see Figure 1). This 

means that cognitive functions contribute 

2.9% to gymnastic performance. 

 

Table 3 
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The linear regression test on gymnastic performance 

Variable 
Correlation Contribution 

(%) 
p 

r r2 

Attention & Concentration .592 .351 35.1% .000 

Memory .671 .451 45.1% .000 

Visuospatial, Language, Executive 

Function 

.664 .441 44.1% .000 

Cognitive Function .727 .529 52.9% .000 

All cognitive aspects, including 

attention and concentration, memory, 

visuospatial skills, language, and executive 

function, were thoroughly evaluated. Results 

indicate that memory emerged as the 

primary predictor of gymnastic 

performance, as illustrated in Figure 2. The 

correlation significance reached (r = .671, p 

= .000) with a contribution score of 45.1%. 

Additionally, attention and concentration 

had a correlation score of (r = .592, p = .000) 

and a contribution score of 35.1%. 

Moreover, the academic potential test had a 

significant correlation score of (r = .664, p = 

.000) with a contribution score of 44.1%. 

 

 

Figure 1. The scatter plot of cognitive functions' 

contribution to gymnastic performance R= .529; p = .000 

 

 

Figure 2. The scatter plot of memory's contribution to 

gymnastic performance R= .451; p = .000 

 

Figure 3. The scatter plot of the contribution of attention 

and concentration to gymnastic performance R= .351; p = 

.000 

 

Figure 4. The scatter plot of the contribution of visuospatial, 

language and executive functions to gymnastic 

performance R= .441; p = .000 

 

DISCUSSION 

 

This study addresses two key 

objectives. Firstly, we aimed to investigate 

the role of cognitive skills in the 

performance of young gymnasts. 

Additionally, we sought to identify the 

primary predictor among five cognitive 

aspects: attention and concentration, 

memory, visuospatial skills, language, and 

executive functions. As hypothesized, we 

initially posited that cognitive skills could 

serve as predictors of young gymnasts’ 

performance. The results conclusively 

demonstrate that cognitive skills can indeed 
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predict the quality of gymnastic 

performance. These findings build upon 

previous studies' conclusions, which have 

highlighted the relationships between 

attention and concentration and gymnastic 

performance (Nassib et al., 2014), memory 

and gymnastic performance (Zisi et al., 

2009), and the impact of executive functions 

on gymnastic performance (Bisagno et al., 

2022). 

Optimal cognitive skills are undeniably 

crucial for sports performance, especially at 

the elite level. There is a complex 

relationship between cognitive skills and 

sports activities. While the relationship 

between cognitive skills and sports activities 

may not be fully elucidated (Brimmell et al., 

2022; Hernández-Mendo et al., 2019; 

Vaughan & Laborde, 2021), several studies 

suggest that athletes outperform non-athletes 

in tasks requiring rapid processing and 

attention (Isoglu-Alkac et al., 2018), 

executive functions (De Waelle et al., 2021; 

Sharma et al., 2019), and spatial memory 

(Cynthia et al., 2016; Verburgh et al., 2016). 

It's important to recognize that each sport 

demands distinct cognitive skills, 

emphasizing the specificity of cognitive 

abilities required for performance (Koch & 

Krenn, 2021; Pačesová, 2021). 

In the realm of sports, each type 

presents athletes with unique cognitive 

demands. From strategy and tactics to 

coordination and responses to dynamic 

situations, the characteristics of each sport 

vary widely. This perspective aligns with 

Jean Piaget’s insights into cognitive 

development, emphasizing the complexity 

of cognitive growth influenced by neural 

changes and experiences (Barrouillet, 2015; 

Choi et al., 2014). Through structured, 

intentional, focused, and consistent training 

(Chiappe & Vu, 2019; Eccles et al., 2022; 

Ericsson, 2020; Moratal et al., 2020), 

athletes' brain neurons form stronger and 

more efficient connections (Hosang et al., 

2022; Kapilevich et al., 2019; Ludyga et al., 

2016; Nakata et al., 2010). This concept 

aligns with cognitive adaptation, which 

underscores the brain's ability to adapt to 

increased physical activity levels. Moreover, 

environmental experiences, such as 

engaging in matches, interacting with peers, 

and learning from professional trainers, are 

integral to athletes' cognitive development. 

These experiences enable athletes to develop 

effective cognitive strategies that enhance 

their performance. 

The results of this study underscore the 

significant contribution of memory 

compared to other cognitive aspects. Here, 

memory refers to the brain's capacity to 

store, retain, and access information 

garnered from past experiences (Ofen et al., 

2016). The dual process theory (Furley et al., 

2015; Imbir, 2016; Shea & Frith, 2016) 

reinforces the notion that memory plays a 

pivotal role in predicting the performance of 

young gymnasts. This theory delineates two 

primary systems in information processing: 

automatic and controlled. The automatic 

system operates unconsciously and 

efficiently during familiar or routine 

activities. Conversely, the controlled system 

involves conscious thought, deep analysis, 

and planning. 

In the context of young gymnasts, 

memory functions akin to the automatic 

processing system, enabling athletes to 

recall and replicate gymnastic movements 

automatically after rigorous training. 

However, when executing complex 

choreographies, the controlled processing 

system becomes paramount. A robust 

memory assists athletes in recollecting 

movement patterns, technical intricacies, 

and choreographic sequences (Enghauser, 

2003; Fukuo et al., 2020), while also aiding 
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in sustaining mental focus during 

performances (Furley & Wood, 2016; 

Unsworth & Robison, 2017). 

In this context, concentration refers to 

athletes' capacity to focus on relevant 

environmental cues during practice or 

competition (Oliver et al., 2021). This entails 

the ability to filter out external and internal 

distractions that may impede performance. 

Concentration is sometimes referred to as 

executive attention in literature (Posner et 

al., 2019; Rueda et al., 2015; Uus et al., 

2020), encompassing mental processes 

responsible for athletes' stimulus awareness. 

It activates athletes' perception of stimuli, 

including visuospatial abilities. During 

competition, gymnasts must rapidly process 

visual and kinesthetic information, such as 

recognizing movements, assessing spatial 

dimensions, and adjusting body positioning 

(Barreto et al., 2021). Optimal performance 

necessitates high concentration, enabling 

athletes to maintain focus despite external 

disruptions like audience cheers or internal 

distractions such as anxiety.  

Furthermore, language ability plays a 

pivotal role in facilitating effective 

communication between athletes and their 

gymnastics trainers. Effective 

communication not only enhances learning 

but also improves performance in practice 

and competition (Kim & Park, 2020; A. 

Williams et al., 2023). Clear communication 

enables athletes to better receive feedback, 

leading to accelerated improvements in 

performance. Communication with trainers, 

comprehension of instructions and feedback, 

involve robust executive skills comprising 

inhibition control, memory, and cognitive 

flexibility (Diamond & Lee, 2011; Miyake et 

al., 2000). Athletes must cultivate these 

skills to regulate impulses, retain pertinent 

information, and adapt to changing 

strategies or situations. Additionally, they 

must actively listen, seek clarification when 

necessary, and communicate clearly to 

ensure comprehension of feedback from 

their trainers. These elements collectively 

contribute to effective communication 

between athletes and trainers, fostering 

optimal gymnastics performance. 

In conclusion, all cognitive skills are 

interconnected and contribute to gymnastic 

performance. Developing these skills not 

only enhances gymnasts' cognitive 

capabilities but also leads to significant 

improvements in their performance, which 

necessitates precision in choreography 

execution. 

 

CONCLUSIONS 

 

Based on the findings and discussions 

outlined in this study, there is potential for 

further research to delve deeper into the role 

of cognitive skills in gymnastic 

performance. Future studies could 

longitudinally investigate the development 

of athletes' cognitive skills by incorporating 

brain imaging techniques and cognitive 

training into gymnastic training regimens, 

particularly among young gymnasts. This 

approach may enhance their potential, 

ultimately leading to greater achievements at 

competitive levels. Additionally, expanding 

the scope of research to include regional 

variations (across different countries) and 

international competitions could provide 

new valuable insights. 
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