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ABSTRACT 

Background. Basketball is a dynamic sport where athletes are expected to observe the fast movements of team players 

and opponents in a performance. This condition requires a collective focus on the stipulated tasks, to achieve peak 

performance. Besides, training is frequently performed to improve concentration and athlete performance. This 

instigates the need for technology-based methods, including the NeuroTracker 3D MOT. Objectives. This study aims 

to examine differences in the effect of NeuroTracker 3D MOT and conventional training on the concentration and 

game performance of basketball athletes. Methods. This experimental study involved a pre and post-training session 

design, and the treatments were provided to 21 university basketball athletes. Furthermore, a total of 12 NeuroTracker 

3D MOT training were performed by the experimental group, while the control was provided with conventional 

training. Subsequently, Concentration Grid Test (CGT) was used to measure the concentration, and FIBA-LiveStats 

were collected to evaluate the game statistics and athlete performance. Results. The results showed that there was a 

significant difference in the effect of NeuroTracker training and conventional training on increasing concentration. 

Furthermore, there was no significant difference in the effect of NeuroTracker training and conventional training on 

improving game performance. Conclusion. The practice of NeuroTracker 3D MOT training positively influenced 

concentration. However, there are no significant differences in contrast to conventional training on game performance. 
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INTRODUCTION 
Perceptual-cognitive training is designed to 

improve an athlete’s performance during the 

search, identification, processing, and integration 

of information with the knowledge and ability to 

perform appropriate actions (1) These skills are 

essential to improve sporting performance, and 

several methods have been implemented to ensure 

perfection, including visual simulation, video 

projection, and the use of Neurotrackers (2). 

Besides, these approaches are widely used by 

coaches, sports experts, and athletes to enhance 

skills (3) and are potentially practiced in diverse 

sports, including the dynamic team forms (e.g., 

football, basketball, ice skating, baseball, softball, 

and field hockey) and individual sports (e.g., 

running, tennis) (2, 4). Moreover, perceptual-

cognitive training is also applied to improve 

athlete concentration for the actual game (5).  

The act of concentrating is a vital skill in many 

sports, as observed in basketball (6). These 

athletes are practically expected to perform better 

during the game and observe the fast movements 
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of fellow team players as well as the opponents. 

Also, it is essential to understand and interpret 

information in the court, and also make decisions 

regarding where the ball is to be passed, or the 

anticipated position of team players (7, 8). The 

external environment quickly changes during a 

competition, and significant focus and 

concentration are required to keep up with the 

fast-movement of both players and ball. This is 

possibly improved by athletes’ engagement in 

some training, including through Neurotracker 

training.  

Based on previous studies, training using a 3D 

Multiple Object Tracking (3D-MOT) 

NeuroTracker software have the potential to 

enhance concentration and game performance (9). 

Besides, related studies have focused on the 

individuals’ observation and response-ability 

towards various stimuli in a basketball game. The 

experimental study performed by Romeas, 

Guldner, and Faubert (2016)  showed a significant 

improvement in precision on ball passing, and not 

in dribbling or shooting (10). A study conducted 

by Mangine, et al., (2014) examined the 

relationship between visual tracking speed (VTS) 

and reaction time (RT) during basketball game 

performance. This was measured in terms of the 

assists (AST), turnovers (TO), assist-to-turnover 

ratio (AST/TO), and steals (STL) (8). The results 

showed the existence of an association with VTS 

and not RT, while the correlation with 

concentration was not explored. This current 

study is, therefore, this study aims to examine 

differences in the effect of NeuroTracker training 

and conventional training on increasing 

concentration and game performance of 

basketball athletes.  

MATERIALS AND METHODS 
This experimental study involved pre-and 

post-training sessions with 21 basketball athletes, 

and were classified into experimental (6 male, 5 

female; Age 19.909 ± 1.136) and control groups 

(6 male, 4 female; Age 19.900 ± 0.738). The 

investigation was focused on two essential skills, 

including concentration and game performance, 

trial based on field goal attempts, free throws, 

two-point made, three-point shots, number of 

assists, total defensive, and offensive rebounds, 

number of fouls, number of turnovers, total steals, 

number of block shots (BS) FIBA-LiveStats 2018 

(11). The experiment was performed 12 times 

from May 2020 to August 2020, and four trained 

observers were involved in the observation both 

pre- and post-training. Furthermore, all 

participants were informed of the treatments and 

voluntarily signed the right to be involved. 

Therefore, both written and oral informed consent 

was sought. 

Data Collection Technique. The 

Concentration Grid Test (CGT) was created by 

Haris & Haris in 1984 (12) and game performance 

statistics from FIBA-LiveStats (FLS) Version 7 

(13), were used to obtain data. Specifically, CGT 

was applied in mental focus and concentration 

practices, with a 10x10 grid characterized by two-

digit numbers from 00 to 99. Furthermore, 

participants were required to connect the lowest 

to the highest numbers by placing a check or 

across, while the scoring was determined by the 

total numbers in sequence. Moreover, there was a 

pre- and post-test administration, performed 

within 60 seconds. The FIBA-LiveStats are 

provided by game performance data from the 

International Basketball Federation (FIBA), and 

also information about other components. These 

include field goal attempts, free throws, two-point 

made, three-point shots, number of assists, total 

defensive, and offensive rebounds, number of 

fouls, total; turnovers, number of steals, and total 

block shots. 

Procedure. The study involved a 

Neurotracker, which is a 3-dimensional multiple 

object tracking (3D MOT) task to improve the 

athlete’s working memory performance and 

attention. Before the experiment, participants 

were informed of the procedure and placed in a 

quiet room to evaluate the level of concentration. 

Therefore, treatments were provided for 8 

minutes based on the available program, and the 

experimental group was trained for up 12 

meetings (three times a week). Besides, a total of 

20 CORE sessions were performed during 

treatments with the Neurotracker 3D-MOT 

program. The results were assessed, with all 

participants compelled to follow similar standards 

and procedures. Also, the individuals were 

required to sit in front of the computer and wear 

3D glasses during each trial, and a 3D transparent 

cube encompassing eight identical yellow balls 

displayed on a TV screen was used. 

The first phase of the 20 trials was characterized 

by athletic warm-ups. This required the candidates 

to sit in front of the screen and were asked to 

observe eight identical yellow balls present. The 

balls tend to move simultaneously through a 

specified path. Before the movement, a total of 
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four balls exhibited a color change and were used 

as the tracking target. These distinct balls changed 

back to yellow during movement, and the athletes 

were asked to track the position of all four in eight 

seconds, and also when stationary, by clicking the 

respectively inscribed numbers. The movement 

speed depended on the scores made by the athletes 

in the previous session. Figure 1 shows an increase 

in speed on instances where the athletes possess a 

successful identification characteristic and vice 

versa. Moreover, those in the control groups 

performed a routine exercise three times a week at 

the basketball club without any NeuroTracker 

exercise.  
 

 
Figure 1. Steps in Neurotracker Training (Adapted, Thomas Romeas, Antoine Guldner, Jocelyn Faubert, 2016) 

 

 

Data Analysis Technique. This study used 

ANCOVA analysis was the post-test score was 

the dependent variable, the group was the fixed 

factor, and the pre-test was the covariate. Data 

analysis used the SPSS version 26 program. 

The parametric statistics were used to 

evaluate the information on concentration and 

performance variables. See Figure 1. Therefore, 

an independent t-test was used to determine 

differences in the effect of the NeuroTracker 3D 

MOT and conventional training on the 

increasing values on concentration, and game 

performance. Meanwhile, ANCOVA was used 

to evaluate the differences in the effects of the 

NeuroTracker 3D MOT compared to 

conventional training, and data analysis involved 

the SPSS version 21.0 program. 

RESULTS 
Before doing ANCOVA analysis, several 

assumptions or conditions must be met, namely 

normality test, homogeneity of variance, 

homogeneity of regression (slope), and linearity 

test. Table 1 shows the results of the ANCOVA 

assumption test on the concentration and game 

performance variables.   

 

Table 1. ANCOVA Assumptions Test Results on Concentration and Game Performance Variables 

Concentration 

Assumptions Test p Information 

Normality test pretest_Concentration   

Neurotracker_group 0.134 Assumption are met 

Conventional_group 0.228 Assumption are met 

Postest_Concentration    

Neurotracker_group 0.448 Assumption are me 

Conventional_group 0.202 Assumption are met 

Homogeneity of variance 0.338 Assumption are met 

Homogeneity of Regression (Slope)  0.425 Assumption are met 

Linearity test 0.035 Assumption are met 

Normality test pretest_game performance   

Neurotracker_group 0.050 Assumption are met 

Conventional_group 0.537 Assumption are met 

Postest_game performance   

Neurotracker_group 0.068 Assumption are met 

Conventional_group 0.073 Assumption are me 

Homogeneity of variance 0.926 Assumption are met 

Homogeneity of Regression (Slope)  0.644 Assumption are met 

Linearity test 0.045 Assumption are met 
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Table 1 shows that in the concentration and 

performance game variables all the assumptions 

of the ANCOVA test are met, so this study can 

use the ANCOVA test. To see an illustration of 

whether there is a difference in the average 

concentration score and game performance after 

being given the exercise (posttest in each 

exercise), as shown in Table 2. 

Table 2. shows that the posttest scores on 

concentration and game performance 

descriptively can be concluded that the average 

concentration and game performance scores in 

the NeuroTracker group are higher than the 

conventional group. The next analysis was 

continued by testing whether there was a 

significant difference in the average score of 

concentration and game performance in the 

NeuroTracker and conventional training 

groups. The analysis results can be seen in 

Table 3. 
 

Table 2. Posttest Score on Concentration and Game Performance 

Variables N Mean SD 

Concentration    

NeuroTracker 11 17,91 1,00 

Conventional 10 12,70 1,50 

Game performance    

NeuroTracker 11 16,64 4,10 

Conventional 10 13,80 1,50 

 

 
Table 3. Analysis of Differences in Mean Concentration and Game Performance Scores Based on the Neurotracker 

Exercise Group and Conventional Exercise. 

Variable B SE P-value (Bonferroni test) 
p-value (Parameter 

estimates) 
95% CI 

Concentrartion 5,258 0,814 0,001 0,001 3,547 – 6,969 

Game performance 2.091 2.702 0,449 0,449 3,547 – 6,969 

 

 
Table 4. Results of NeuroTracker 3D MOT training 

Subjects 
Means 

Initial Baseline Current Baseline 

A 0.69 0.74 

B 1.77 2.46 

C 0.97 1.77 

D 0.52 1.13 

E 1.78 2.49 

F 1.12 2.30 

G 0.46 1.25 

H 1.16 1.80 

I 0.63 1.16 

J 0.93 1.41 

K 1.66 2.08 

 

 

The value of treatment variables in the 

concentration using Bonferroni adjustment 

obtained p-value 0.001 < 0.05, so it can be 

concluded that there is a difference in the average 

concentration score of athletes trained by 

NeuroTracker with conventional training. On the 

parameter estimates, it can be seen that 

Nurotracker training was effective in increasing 

the athlete's concentration (P-value 0.001; B = 

5.258; SE = 0.814). Furthermore, in the 

performance game using Bonferroni adjustment, 

the p-value is 0.449 > 0.05, so it can be concluded 

that there are significant differences in 

performance games trained using NeuroTracker 

3D MOT and conventional. On parameter 

estimates, it can be seen that NuroTracker training 

is not effective in improving the game 

performance of basketball athletes (P-value 0.449 

< 0.05; B = 2.091; SE = 2.702). Table 4 shows the 

results of the NeuroTracker 3D MOT training 

treatment on 11 subjects for 12 sessions. The 

result shows an increase in the individuals’ ability 

to perform object tracking, which commences at 

the Initial to Current Baseline. This indicates the 

acquisition of focus abilities, particularly in the 

aspect of object identification. 
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DISCUSSION 
The results of statistical analysis showed 

significant differences in athlete concentration 

between groups treated with NeuroTracker and 

conventional training. However, the effects were 

not substantial in the aspect of game performance. 

Particularly, NeuroTracker 3D-MOT training is 

considered a perceptual-cognitive training 

program (14) widely used to increase the 

biological motion perception required by athletes 

to improve sporting performance. The training is 

developed to enhance the individuals’ dynamic 

information scanning process, reflect several 

fundamental aspects, and the concentration 

demand levels required. Also, this is crucial for 

athletes to perform the complex and useful 

movements needed to maintain a working 

memory and promote concentration (15). Hence, 

this study proves the ability of NeuroTracker 3D-

MOT training to significantly increase 

concentration amongst basketball athletes.  

The treatment strives to combine several key 

elements, including awareness and focus to 

perform simple but challenging tasks. Therefore, 

athletes during training are expected to carefully 

consider four complex and dynamic targets 

(objects) and simultaneously maintain 

concentration as well as a focus before attaining 

high-speed movements (16). This process 

enhances individual awareness as well as 

concentration and is estimated to ensure quick 

and precise decisions making, required to provide 

significant improvements. Besides, the 

phenomenon is observed especially in the aspect 

of attention, memory, information processing 

speed, and learning (17).  

Based on the neuroscience perspective, 

NeuroTracker 3D-MOT training is estimated to 

utilize a modern neuroplasticity principle. This 

condition indicates the ease of human brain 

adaptability to environmental demands through 

functions of reorganization, increasing efficiency, 

and new neural network growth. This organ has 

the potential to adapt through self-modification 

required for better response to performance (18). 

Furthermore, it is essential to task the brain for 

increased awareness through MOT, to ensure 

stimulation. This is a perceptual skill, where 

athletes are expected to distribute attention and 

concentration on several points in the 

environment. Therefore, these abilities are very 

important in a basketball game because athletes 

are expected to move dynamically, and good 

decisions are possibly made after careful 

observation of all field movements, including 

those of team members, opponents, and the ball 

(19). 

Similarly, Zhang, et al., (2019) reported the 

following requirements for basketball athletes to 

achieve a successful performance: read the 

opponents' play, engage in good movements and 

predict the opponent’s advances, identify game 

patterns, and process biological basic movement 

(20). The NeuroTracker training is assumed to 

improve athlete concentration, which is a strength 

in basketball adopted to focus on mental 

resources and maintain awareness during games. 

Therefore, the absence indicates loss of athlete 

awareness (16) as concentration is considered an 

essential ability estimated to greatly influence the 

decision-making process. Hence, long term 

concentration using MOT is very important in 

basketball (21). Meanwhile, increased tracking 

speed threshold against objects is considered the 

most important aspect of NeuroTracker treatment, 

as faster movements require greater 

concentration, while the focus is necessitated with 

higher speeds (22).  

Based on the neurological perspective, 

NeuroTracker 3D-MOT training plays a 

significant role in facilitating concentration, 

visual information processing, and enhancing the 

working memory (23). The imagery training 

study showed the exercise ability to ensure the 

high-level activation of several brain parts while 

concentrating (24). Specifically, the parietal, 

frontal, and cortex parts have the potential to 

increase athlete concentration and eye movement, 

while the middle temporal brain is involved in 

perceiving the motion to perform during the MOT 

process. The act of reading the opponent's play 

pattern indicates intellectual involvement, which 

the athlete perceives in the motion or action 

process by activating both the dorsal and ventral 

pathways (25). Also, there is a need for cognitive 

resources on the multiple targets process, 

particularly on instances of similar disturbances 

during the process (26). Based on neuroimaging 

studies, the activation process of subjects 

performing MOT exercise tasks is demonstrated 

along with the dorsal attention network, including 

the frontal eye fields, superior parietal lobe, 

anterior, and posterior intraparietal sulcus. 

However, deactivation is observed within the 

dorsal medial network, comprising the medial 

prefrontal and temporal cortex (27). Moreover, 
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the segment of the dorsal attention network 

involved in goal-driven (top-down) selections and 

responses tend to strongly support the selective 

and sustainable visuospatial attention (28). 

This present study acknowledges the absence 

of any significant differences in the playing 

performance of basketball athletes between the 

groups exposed to NeuroTracker 3D MOT and 

conventional training. Therefore, game 

performance was based on a real context, as 

observed in a match. The participants from both 

groups competed and the individual performances 

were evaluated using FIBA-LiveStats. 

Meanwhile, a professional assessment team 

measured the game performance, and the team's 

maximum functioning was achieved in instances 

where abilities and excellence are adequately 

maintained, and also the prestige appreciated by 

other teams after a victory. The maximum 

performance is supported by physiological as well 

as psychological abilities, including commitment, 

control, challenge, and coping skills (19). These 

are further considered to be very important in 

achieving match success, as psychological 

abilities aim to maximize all player’s potentials 

obtained during training. Besides, athletes ought 

to possess the ability to display these potentials 

during competition.  

These psychological abilities are closely 

related to the athletes’ emotional condition, as 

emotions play a crucial role under match 

situations, and influence good or bad 

performance, as well as win or loss (29). 

Furthermore (30) reported on the close 

relationship between emotion and concentration, 

where happiness provided positive energy and 

consequently improved the game outcome. This 

resulted from the ability to predict the attention 

sources required to achieve goals. Hence, the 

concentration attributed to the designated tasks is 

possibly externalized (31, 32). Conversely, 

negative emotions including anxiety, frustration, 

and anger instigate a decline in performance, due 

to the intense feeling of tension and absence of 

focus. 

Besides, self-confidence is considered a basic 

capital needed to achieve success in athlete 

performance, despite being in a physiologically 

anxious state. Therefore, high levels alongside 

low somatic anxiety are implicated in greater 

concentration and consequently higher 

accomplishments  (7) id various failures (33). 

However, numerous studies have emphasized the 

tendency for anxiety to impair athlete attention 

and concentration. Therefore, the optimal 

psychological condition is required to improve 

performance during training processes or in 

competitions. This requires the dominance of 

positive emotions, as well as substantial 

awareness and arousal, to ensure a sustained focus 

on the tasks. The absence of concentration in a 

basketball match increases the tendency for 

mistakes and consequently impacts team 

performance. 

The results showed no significant difference 

between the groups treated with NeuroTracker 3D 

MOT and conventional training in the aspect of 

game performance. This was attributed to athlete 

exposure to complex influencing conditions. 

Also, athletes are expected to deal with unique 

match environments during the game, including 

the aspect of spectators, referees, officials, 

weather, teammates, and the quality of the 

opposing team's performance. Moreover, wins 

and losses are largely dependent on several 

situational variables described in the match 

statistics, including two-and-three point field 

goals (34), free throws (35), offensive and 

defensive rebounds, blocked shots (20), 

turnovers, steals, personal fouls (4), and assists 

(36). The NeuroTracker training was estimated to 

have influenced athletes' focus on executing 

specified tasks during every game, which further 

predicts wins and losses.  

The basketball game performance is shown in 

match statistics and is subsequently used by 

coaches to optimize training patterns and load, 

alongside decision making. Furthermore, the 

information obtained helps to easily determine the 

appropriate strategy required to improve team 

operations (20). According to Simons, et al., 

(2016), the process and results are also influenced 

by the quality and the type of opponent, and more 

offensive counterparts provide better 

performances (37). This factor also influences 

victory and is often determined during the second 

and third quarters of a match. The effect of team 

quality is recognized on all variables except in the 

aspect of free throws, offensive rebounds, and 

errors in the Spanish professional basketball 

league. However, this is not the case with 

professional athletes, as explained in the study by 

Zhang, et al., (2019)  where the best team in the 

NBA league is not influenced by the game 

location or opponent quality (20). Therefore, 

NBA athletes are believed to already have 



NeuroTracker 3D-MOT for Performance Improvement in Basketball         7 

numerous abilities above average compared to 

other teams. This phenomenon is also attributed 

to the individual psychological strength, which 

enables the demonstration of best performances, 

despite the in-game challenges faced.  

Furthermore, players and teams always show 

unique traits while playing with different 

opponents at different times (2, 38). This study 

is highly relevant in the conditions of this study 

subject, and different opponents, as well as 

game quality, were determined to influence 

athlete play performance. The results of this 

study reinforce the above statement that the 

mastery of basketball technique skills when 

playing such as field goals, mean pretest and 

posttest experiment and control, (mean pre 

40.82, post 26.00) and (mean pre 20.70, post 

37.38), shooting 2 points (mean pre 48.72-post 

27.55 and mean pre 21.88, post 28.13), 3 points 

(mean pre 3.03, post 4.55 and (mean pre 0.13, 

post 28.13), and free throws (mean pre 18.18, 

post 33.73) and (mean pre 5.00, post 6.25). 

which are a sub of performance game variables 

there is no significant difference in these 

variables as a whole in the NeuroTracker trained 

group and the conventional trained group (p> 

0.05). However, the ability of free throws during 

the initial game test shows that there is a 

difference between the NeuroTracker group and 

the conventional group (p <0.05), but in this 

condition, the subject has not received any 

treatment from the researchers. The absence of 

differences in the influence of these two forms 

of training on performance games is due to 

many influencing factors, especially those 

related to the quality of athletes and opponents. 

When playing, the mastery of the basketball 

technique will be different from not playing 

because there are no factors that influence it. 

Besides, the subjects trained with NeuroTracker 

and conventionally turned out to be a lot of 

fouls, both personal fouls (for experiment mean 

pre 1.27, post 1.09 and (control mean pre 1.63, 

post 1.38), and foul down (for experiment mean 

pre 0.91, post 2.30) and control (mean pre 1.75-

post 0.88). This situation will affect the quality 

of the athlete's performance, especially in the 

games.  

Based on psychological assessment, athletes 

are challenged by the event of adapting to new 

environments and varied competitive situations. 

Therefore, coaches ought to cautiously improve 

the psychological quality and enhance the focus 

required for proper participation in any situation. 

This is achieved by adopting NeuroTracker 

training at every drill session, because of the 

ability to increase concentration and basketball 

game performance. The participating individuals 

also influence the team activity, and interaction 

between players significantly affects quality 

improvement. However, the result of this present 

study indicates the absence of any significant 

differences between the average score of game 

performance between the experimental and 

control groups. This variable is, therefore, 

assumed to be greatly influenced by numerous 

factors, including the match environment, 

opponent quality, the location of play, as well as 

the integrity of the individuals in a team. Also, 

other psychological aspects are considered as 

important parts of the training program. 

CONCLUSION 
Based on the results of treatment given to 

subjects who are university athletes for 12 

meetings, this study concludes that there was a 

significant difference in the effect of 

NeuroTracker training and conventional training 

on increasing concentration. Furthermore, there 

was no significant difference in the effect of 

NeuroTracker training and conventional training 

on improving the game performance of basketball 

athletes. Based on the average gain score, 

NeuroTracker training is better than conventional 

training to improve concentration and game 

performance for basketball athletes. Therefore, in 

the training process, NeuroTracker is 

recommended to be used to increase athlete 

concentration. However, both forms of training 

can be used to improve game performance, and 

many factors influence performance 

improvement, including the ability and quality of 

the opponent. This study has limitations; 

including First, the NeuroTracker training 

program still adopts the CORE Session, so the 

recommendation for future researchers to use the 

CORE + Mode program or the next program in 

NeuroTracker. Second: the number of subjects is 

limited to be researched, and athletes' 

achievement is only at the university level so that 

further researchers need to use a larger subject 

with elite athletes. Furthermore, manual 

measurement, especially for measuring 

concentration, should use a measuring device 

capable of capturing the full ability of the brain, 

such as the Electroencephalogram (EEG). 
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APPLICABLE REMARKS 

• The training process requires a science and 

technology approach, as well as the support of 

the right methods to produce peak performance.  

• It is hoped that the results of this research 

adaptable for coaches, athletes, and physical 

education teachers in increasing the 

concentration of athletes so that athletes stay 

focused and able to anticipate, and possess the 

ability to make decisions quickly and 

accurately.  
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