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Abstract
Background The present study aims to investigate the potential impact of eight sessions of Multiple Object Tracking 
(MOT) training on the executive function in basketball players. The purpose of the study was primarily to observe the 
effects of MOT training with and without feedback on the executive function of basketball players.

Methods A sample of fifty-eight participants was selected from college students enrolled in a university basketball 
special selection class. The participants were divided into three equal groups. The first group received MOT training 
with instant feedback and was called feedback group, the second group received MOT training without instant 
feedback and was called no feedback group, and the third group did not receive any intervention and was called 
control group.

Results After eight sessions of MOT training, feedback group demonstrated the best performance in the Go/No-go 
task and the 3-back task. After eight sessions of MOT training, there was no significant difference in test scores on the 
Stroop task between the feedback and no feedback groups. There was also no significant difference in test scores 
between the feedback and no feedback groups on the 2-back task after eight sessions of MOT training. The findings 
of this study suggest that MOT training can effectively enhance the executive function of basketball players.

Conclusions MOT training was found to enhance the executive function of basketball players, irrespective of 
whether they received instant feedback. However, the feedback group exhibited superior improvements in the Go/
No-go task and the 3-back task.
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Background
Executive function refers to a set of cognitive processes 
that enable individuals to manage and regulate their 
thoughts, actions, and emotions in order to achieve goals 
effectively. These higher-order mental skills are crucial 
for tasks requiring planning, problem-solving, decision-
making, and self-control [1]. Executive function involves 
several key components: working memory, inhibi-
tory control and cognitive flexibility. Working memory 
enables the temporary storage and manipulation of 
information needed for cognitive tasks. It involves hold-
ing information in mind while processing it or using it 
to guide behavior. Working memory capacity is essential 
for tasks that require mental calculations, reasoning, and 
decision-making [2]. Inhibitory control refers to the abil-
ity to suppress automatic or impulsive responses in favor 
of more appropriate actions. It helps individuals regulate 
their behavior, resist temptations, and make deliberate 
choices rather than acting impulsively [3]. Cognitive flex-
ibility involves the capacity to adapt to new situations, 
switch between tasks or mental sets, and consider mul-
tiple perspectives. It allows individuals to adjust their 
thinking and behavior in response to changing demands 
or goals [4].

Executive function is known to exhibit plasticity [5], 
meaning that individuals have the ability to optimize and 
adapt their cognitive processes and behaviors to vary-
ing task demands through learning and training during 
cognitive tasks [6]. In recent years, research into execu-
tive function plasticity has gained significant attention in 
the fields of neuroscience [7], psychology [8], and educa-
tion [9]. In a study on the role of executive functions in 
sports, it was highlighted that athletes with better execu-
tive functions tend to exhibit superior decision-making 
skills, faster reaction times, and enhanced performance 
under pressure [10]. When examining a sample of bas-
ketball players, the link between executive functions 
and the MOT task becomes even more apparent. The 
ability to track multiple moving objects accurately in a 
dynamic and fast-paced environment, as required in bas-
ketball, relies heavily on executive functions like atten-
tional control and working memory [11]. Moreover, a 
study emphasized the importance of executive functions 
in sports performance, stating that athletes with strong 
executive functions are better equipped to adapt to 
changing game situations, anticipate opponents’ moves, 
and execute complex motor actions effectively. This is 
particularly relevant in basketball, where players need to 
track teammates, opponents, and the ball simultaneously 
while making split-second decisions [12]. Some studies 
have demonstrated that targeted training and interven-
tions, like video games [13], cognitive-behavioral therapy 
[14], and physical exercise [15], can effectively enhance 
an individual’s executive function plasticity. Moreover, 

individual differences in executive function plasticity 
have been observed, which may be associated with fac-
tors such as an individual’s genetic makeup, brain struc-
ture, cognitive style, among others [16–18]. Nevertheless, 
certain studies have raised questions regarding executive 
function plasticity, proposing that factors such as task 
complexity, training duration, and age may influence its 
potential effects, emphasizing the need for further explo-
ration of its practical applications [19–21]. Consequently, 
executive function plasticity remains a field of great 
interest, with numerous unanswered questions and chal-
lenges. For instance, comparisons and evaluations of dif-
ferent training methods are necessary to determine their 
effectiveness and applicability. Additionally, thorough 
investigations into the long-term effects and stability of 
executive function plasticity are warranted.

The Multiple Object Tracking (MOT) task in psychol-
ogy and cognitive science involves tracking multiple 
objects as they move within a visual field. Participants 
in MOT experiments are typically asked to monitor and 
keep track of several objects simultaneously, often testing 
their attentional capacity, working memory, and cogni-
tive processing abilities [22]. In the context of basketball, 
MOT becomes crucial. For instance, basketball players 
need to simultaneously track multiple targets, such as 
keeping an eye on the position of opposing players and 
the basketball itself. This task closely resembles the chal-
lenges encountered in MOT. In MOT, the primary objec-
tive is to memorize and track the relevant targets while 
disregarding irrelevant ones. Consequently, this could 
have effects on an individual’s inhibition—the cognitive 
process responsible for tasks such as inhibiting irrelevant 
information and maintaining focus. MOT training is a 
cognitive training approach that aims to enhance an indi-
vidual’s attention and memory capacity when simultane-
ously dealing with multiple tasks or goals [23, 24]. The 
impact of MOT training on executive function remains 
inconclusive. The connection between MOT and execu-
tive functions lies in their shared reliance on cognitive 
processes that facilitate goal-directed behavior, atten-
tional control, and working memory. MOT tasks require 
individuals to track multiple moving objects simultane-
ously while inhibiting distractions and updating spatial 
information—a complex cognitive challenge that taps 
into various executive functions. However, several stud-
ies have suggested a positive association between MOT 
training and improvements in executive functioning. 
For example, one study indicated that MOT training not 
only enhances executive function but also translates into 
real life situations, such as improved driving safety [25, 
26]. Another study has also demonstrated the benefits of 
MOT training. For example, one study applied the 360 
degrees-MOT task observed improvements in individu-
als’ attention and memory following MOT training [27]. 
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One study using Fruit Ninja as a cognitive training tool 
showed that cognitive training did not improve executive 
function in athletes [28]. Consequently, further research 
is warranted to establish the precise impact of MOT 
training on executive function. On the other hand, the 
literature concerning instant feedback in multi-objective 
training is limited. Some studies suggest that provid-
ing instant feedback during MOT training (participants 
tracked one through four target items among eight 
total items) can enhance individuals’ comprehension of 
their performance, leading to strategic adjustments and 
improved overall outcomes [29]. Additional research 
supports the notion that incorporating instant feedback 
into a task can enhance task performance [30, 31]. How-
ever, it is crucial to consider whether excessive reliance 
on feedback could have adverse effects, such as impeding 
focused attention on the task itself. Therefore, exploring 
the potential benefits of incorporating instant feedback 
into MOT training, particularly regarding multi-objec-
tive training and the executive functioning of basketball 
players, warrants further discussion.

Based on the theoretical analysis presented above, 
this study proposes a hypothesis that MOT training can 
effectively enhance the executive function of basketball 
players. Furthermore, it is speculated that the inclusion 
of instant feedback in MOT training can yield even more 
substantial improvements in the executive function of 
basketball players. In light of these considerations, the 
present study was designed to administer MOT train-
ing to basketball players, both with and without instant 
feedback provided, and to assess any resulting changes in 
their executive function. The aim is to establish a founda-
tion for mental training strategies tailored specifically to 
basketball players.

Methods
Participants
The sample size for this study was determined using 
a priori power analysis conducted through G*Power 
3.1.9.7. The analysis considered an effect size of 0.35, 
an alpha level of 0.05, and a desired statistical power of 
0.85. Based on these parameters, it was calculated that a 
minimum of 48 subjects would be required to adequately 
meet the test requirements. Anticipating a potential attri-
tion rate of 10% during the experiment, a minimum of 53 
basketball players were planned to be recruited. In prac-
tice, a total of 63 basketball players from a local university 

were recruited to participate in this experiment. The 
selection criteria for the participants followed the classi-
fication standards of basketball players [32]. Specifically, 
the recruited players were classified as semi-elite basket-
ball players. Additionally, all recruited basketball players 
had undergone training for a minimum of 4 years, dem-
onstrating a solid foundation in basketball. It is important 
to note that all the recruited basketball players were male. 
The recruitment process adhered to several principles. 
All subjects were required to be right-handed, have nor-
mal or corrected vision, and not have color blindness or 
color weakness. Furthermore, subjects should not have 
participated in a similar experiment within the past six 
months. Prior to the commencement of the experiment, 
all subjects were asked to provide their informed consent 
by signing a consent form. After the recruitment phase, 
the subjects were divided into three groups: the feedback 
group, the no feedback group, and the control group. 
Five of the originally recruited semi-elite basketball play-
ers dropped out or had personal reasons that prevented 
them from completing the experiment. As a result, the 
final number of subjects at the conclusion of the study 
was 58. For further details about the recruited subjects, 
please refer to Table 1.

Experimental implementation
The entire experiment spanned a duration of 4 weeks, 
with 2 training sessions per week. The MOT task utilized 
a paradigm that involved circle and dot-probe stimuli. 
Initially, 12 circles of identical size (40 pixels in diame-
ter with a 2-pixel border) appeared at the center of the 
screen. For the tracking task, four circles were designated, 
and at the start of the experiment, these four circles were 
briefly marked with flashes lasting 200 ms. Throughout 
the experiment, all circles underwent irregular motion, 
moving at a speed of 140 pixels per second, ensuring that 
the circles didn’t overlap during their movement. During 
the tracking phase, a red solid circle, with a size of 8 pix-
els, could appear as a detection stimulus in a blank area. 
The movement of the circles continued for a duration of 
4000 ms. When the circles came to a halt, the subjects 
were required to identify the previously marked circle 
and indicate whether they noticed the detection stimu-
lus during the tracking process. If a detection stimulus 
occurred, they were instructed to press the ‘F’ key; if 
not, they were instructed to press the ‘K’ key. The experi-
ment consisted of a total of 160 trials, with a 2-minute 

Table 1 Baseline characteristics of subjects (M ± SD)
Characteristics Feedback group No feedback group Control group p-value
N 18 20 20 —
Age(years) 22.36 ± 3.14 21.65 ± 2.79 21.67 ± 2.77 0.412
Training years 6.94 ± 1.02 6.19 ± 1.76 6.23 ± 1.87 0.703
Note: M, mean; SD, standard deviation
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rest period provided for the subjects after 80 trials. The 
occurrence of the trials was randomized. The perfor-
mance metrics for the MOT task included the circle 
tracking accuracy rate and the stimuli detecting rate. The 
flow of the MOT training with instant feedback is illus-
trated in Fig. 1.

Measurement of executive function
To assess executive function, the following indicators 
were measured: working memory, response inhibition, 
and interference inhibition.

Response inhibition test. The Go/No-go task is a 
widely used training task for assessing and enhancing 
response inhibition abilities. In this task, participants 
view a white number ranging from 1 to 9 on a com-
puter screen. The task commences with the display of a 
gaze point “+” at the screen’s center for 500 milliseconds. 
Subsequently, a number between 1 and 9 is randomly 
presented for 1000 milliseconds. Notably, the number 
6 appears 25% of the time, while the remaining num-
bers appear 75% of the time. Participants are instructed 
to withhold a key press response when the number 6 

is shown, but to press a key for all other numbers. The 
experiment encompasses two procedures: a feedback 
procedure and a no-feedback procedure. In the feedback 
procedure, participants promptly receive feedback in 
the form of accuracy and reaction time after each trial. 
The primary metrics employed to evaluate performance 
in the Go trials are response time and accuracy. These 
metrics provide valuable insights into how efficiently and 
accurately participants refrain from responding when the 
number 6 is presented. By comparing response times and 
accuracy across trials, researchers can assess participants’ 
capacity to inhibit prepotent responses and enhance their 
response inhibition skills over time.

Interference inhibition test. Interference inhibition 
was assessed using the Stroop test, which utilized words 
of different colors (red, yellow, blue, and green) as stim-
uli. The computer screen initially displayed a white gaze 
point for 500 ms, followed by random color words pre-
sented for 1000 ms. Participants were instructed to iden-
tify the color of the words using the abbreviations R for 
red, G for green, Y for yellow, and B for blue. The Stroop 
test consisted of two types of trials: color-word congruent 

Fig. 1 MOT training with instant feedback (a: mark targets; b: stimulus detection; c: selection of targets; d: judgment detection stimulus; e: instant feed-
back; f: end)
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and incongruent. In the congruent trials, the words 
matched both their lexical meaning and color, while in 
the incongruent trials, the words differed in lexical mean-
ing and color. The congruent trials accounted for 75% of 
the total number of trials, whereas the incongruent trials 
made up the remaining 25%. The experiment comprised 
three blocks, with each block containing 10 practice tri-
als and 50 experimental trials. The performance of inter-
ference inhibition was measured using the Stroop effect, 
calculated as the difference between the reaction time for 
inconsistent trials and the reaction time for consistent 
trials.

Working memory test. The N-back task was selected 
as the working memory test. The stimuli for this task 
comprised uppercase English letters from A to Z. The 
task started with a 500 ms presentation of a gaze point “+” 
in the center of the screen. Following this, a random Eng-
lish letter was displayed, and participants were instructed 
to judge and respond to the current letter based on the 
previous letter. In a consistent trial, if the currently pre-
sented letter matched the letter presented “n” steps ago, 
participants were instructed to press the “F” key. Con-
versely, if the currently presented letter was different, 
participants were instructed to press the “J” key. The task 
consisted of two blocks: 2-back and 3-back. Each block 
included 20 practice trials and 100 experimental trials. 
Performance on the task was evaluated based on accu-
racy, indicating the accuracy of participants’ responses.

Instrumentation
The tasks were displayed on a computer using a 23.8-inch 
LCD monitor with a screen resolution of 1920 × 1080 
and a refresh rate of 120 Hz. The experiment took place 
in a laboratory environment that maintained moderate 
brightness and a quiet atmosphere.

Statistical analysis
Data analysis was conducted using SPSS 26.0. Repeated 
measures analyses were used to analyze the Multiple 
Object Tracking training and executive function. Means 
and standard deviations were standardized for the study, 
and significance was indicated by p-values. The normal 
distribution of the data was assessed using the Shapiro-
Wilk test, and the homogeneity of variance was exam-
ined using Levene’s test. Effect sizes for significant main 
effects and interactions were calculated using Eta squared 
(η²). p-values for multiple comparisons is a crucial step 
in statistical analysis to reduce the likelihood of false 
positives and control the overall Type I error rate. When 
conducting multiple tests or comparisons, the probabil-
ity of obtaining significant results by chance increases, 
necessitating adjustments to account for this inflation 
in statistical significance. We used the Bonferroni cor-
rection method to correct the results in our results. The 

Bonferroni correction is a conservative method that 
adjusts the significance threshold by dividing the desired 
alpha level by the number of comparisons being made. 
For each individual test, the significance threshold is set 
at α / m, where m is the number of comparisons. When 
interpreting the results of statistical tests with multiple 
comparisons, we consider the correction method applied 
to the p-values. Correcting for multiple comparisons 
helps maintain the overall Type I error rate at the desired 
level and reduces the risk of reporting false positives.

Results
MOT training results
The metrics chosen to evaluate Multiple Object Track-
ing (MOT) were the accuracy of circle tracking and the 
rate of detecting stimuli. A repeated measures ANOVA 
was conducted using an 8 (number of training sessions) 
× 2 (group) design. The results revealed a significant 
main effect for training sessions on both circle tracking 
accuracy (F (1,37) = 203.45, p<.001, η²=0.72) and stimuli 
detection rate (F (1,37) = 198.43, p<.001, η²=0.53), sug-
gesting that both the accuracy of circle tracking and 
awareness of detection stimuli increased with an increase 
in the number of training sessions. Additionally, there 
was a significant interaction between the number of 
training sessions and the group for both circle tracking 
accuracy (F (1,37) = 99.32, p < .001, η² = 0.31) and stimuli 
detection rate (F (1,37) = 89.23, p < .001, η² = 0.30), indi-
cating that the changes observed in the different groups 
varied across the training phases. Specifically, during the 
1st-3rd training sessions, there was no significant differ-
ence in performance between the experimental group 
with feedback and the experimental group without feed-
back. However, in the 4th-8th training sessions, the two 
groups showed significant differences. The group with 
feedback demonstrated better performance in both circle 
tracking and stimuli detection compared to the group 
without feedback (Table 2; Fig. 2).

Executive function
Repeated measures ANOVA was performed for response 
inhibition, interference inhibition, and working memory 
for executive functioning 2 (measurement time: pre/post) 
× 3 (group: feedback group/no feedback group/control 
group), respectively. Table 3 shows the results of the pre-
test and post-tests of executive function.

Response inhibition task
A repeated measures ANOVA was conducted to analyze 
reaction time and accuracy in the Go/No-go task. Regard-
ing the analysis of response time, there was a signifi-
cant main effect of measurement time (F (1,55) = 139.48, 
p < .001, η² = 0.32). Post-hoc comparisons revealed that 
reaction times in the post-test phase (319.12 ± 6.13) were 
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shorter compared to the pre-test phase (331.92 ± 6.21). 
Furthermore, a significant interaction between measure-
ment time and group was found (F (2,55) = 28.49, p < .001, 
η² = 0.62). A simple comparative analysis indicated that 
reaction times decreased in both the feedback group and 
the no feedback group, while remaining unchanged in 
the control group. Post-hoc test found that the feedback 
group’s post-test (307.06 ± 6.43) were significantly higher 

than their pre-test (332.15 ± 5.98). No-feedback group 
also had significantly higher post-test (318.12 ± 5.59) than 
pre-test (330.13 ± 5.25) (Table 3; Fig. 3a).

Accuracy: The analysis showed a significant main effect 
of measurement time, F (1,55) = 115.22, p < .001, η² = 0.43. 
Post-hoc comparisons revealed that accuracy in the post-
test (93.43 ± 3.77) were higher compared to the pre-test 
(85.68 ± 3.52). The interaction of measurement time with 

Table 2 Circle tracking accuracy and stimuli detection rate in the feedback group and the no feedback group( M ± SD)
Number of trainings Feedback group No feedback group

Circle tracking accuracy (%) Stimuli detection rate (%) Circle tracking accuracy (%) Stimuli detection rate (%)
D1 90.35 ± 2.13 70.15 ± 4.25 90.89 ± 1.78 70.39 ± 3.85
D2 91.87 ± 1.78 72.34 ± 3.19 90.67 ± 2.04 71.48 ± 4.58
D3 92.34 ± 1.93 80.23 ± 4.25 91.87 ± 2.58 72.35 ± 4.21
D4 94.56 ± 2.05 81.55 ± 4.96 92.35 ± 2.79 73.17 ± 3.99
D5 95.64 ± 1.74 83.48 ± 4.24 93.43 ± 2.13 72.16 ± 4.04
D6 95.88 ± 1.98 84.12 ± 3.87 93.76 ± 1.95 73.82 ± 4.17
D7 96.72 ± 2.21 85.18 ± 4.42 93.16 ± 2.05 73.10 ± 4.15
D8 96.56 ± 1.86 85.19 ± 4.11 92.97 ± 1.95 72.97 ± 4.26
Note: M: mean; SD: standard deviations; D: Number of trainings

Table 3 Descriptive statistics for the pre-test and post-test of each task (M ± SD)
Test Time Feedback group No feedback group Control group
Go/No-go
reaction time
(ms)

Pre-test 332.15 ± 5.98 330.13 ± 5.25 333.49 ± 6.43
Post-test 307.06 ± 6.43 318.12 ± 5.59 332.18 ± 6.32

Go/No-go
accuracy (%)

Pre-test 84.13 ± 3.18 85.73 ± 3.32 87.17 ± 3.62
Post-test 97.35 ± 3.51 96.14 ± 3.63 86.79 ± 3.82

Stroop effect
(ms)

Pre-test 34.12 ± 4.58 33.13 ± 4.81 33.24 ± 4.93
Post-test 30.19 ± 5.10 31.29 ± 4.59 32.97 ± 5.01

2-Back accuracy
(%)

Pre-test 75.65 ± 1.73 73.53 ± 2.48 75.49 ± 2.33
Post-test 88.19 ± 2.26 89.32 ± 1.76 74.34 ± 2.02

3-Back accuracy
(%)

Pre-test 62.67 ± 2.07 61.35 ± 1.77 61.56 ± 2.06
Post-test 69.37 ± 2.71 65.98 ± 2.54 62.11 ± 2.33

Note: M: mean; SD: standard deviations

Fig. 2 Changes in circle tracking accuracy and stimuli detection rate in basketball players (a: circle tracking accuracy; b: stimuli detection rate; D: Number 
of trainings)
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group was significant, F (2,55) = 14.74, p < .001, η²= 0.58. 
Additional simple analyses indicated that the post-test 
performance was better than the pre-test for both the 
feedback group and the no feedback group, except for 
the control group. Post-hoc test found that the feedback 
group’s post-test (97.35 ± 3.51) were significantly higher 
than their pre-test (84.13 ± 3.18). No-feedback group also 
had significantly higher post-test (96.14 ± 3.63) than pre-
test (85.73 ± 3.32) (Table 3; Fig. 3b).

Interference inhibition task
The Stroop effect, a repeated measures ANOVA was 
conducted to analyze the effects of time of measurement 
and group on interference inhibition. The main effect of 
time of measurement was found to be non-significant 
(F (1,55) = 47.87, p = .121, η² = 0.03), indicating that there 
was no significant difference in interference inhibition 
between different time points of measurement. The inter-
action between time of measurement and group was also 
non-significant (F (2,55) = 5.98, p = .302, η² = 0.05). This 
suggests that the relationship between time of measure-
ment and group did not have a significant impact on 
interference inhibition. In contrast, neither the pre-test 
nor the post-test measurements of the no feedback group 
and the feedback group showed a significant difference. 
These findings suggest that MOT training, with or with-
out immediate feedback, is not effective in improving 

subjects’ ability to suppress interference. (Table  3; 
Fig. 3c).

Working memory task
A repeated measures ANOVA was conducted to exam-
ine the effects of measurement time and group on accu-
racy in the 2-back and 3-back tasks. For the 2-back task, 
the main effect of measurement time was found to be 
significant (F (1,55) = 179.39, p < .001, η² = 0.63). Post-
hoc comparisons revealed that accuracy in the post-
test (83.95 ± 2.01) were higher compared to the pre-test 
(74.89 ± 2.12). The interaction between measurement 
time and group was also significant (F (2,55) = 48.78, 
p < .001, η² = 0.66). Further analysis revealed that both 
the feedback group and the no feedback group exhibited 
a higher rate of accuracy in the post-test compared to the 
pre-test. Post-hoc test found that the feedback group’s 
post-test (88.19 ± 2.26) were significantly higher than 
their pre-test (75.65 ± 1.73). No-feedback group also had 
significantly higher post-test (89.32 ± 1.76) than pre-test 
(73.53 ± 2.48). These results indicate that both the feed-
back and no feedback groups improved their accuracy in 
the 2-back task, whereas the control group did not show 
any change (Table 3; Fig. 3d).

For the 3-back task, the main effect of measurement 
time was significant (F (1,55) = 177.45, p < .001, η² = 0.59). 
Post-hoc comparisons revealed that accuracy in the post-
test (65.82 ± 2.32) were higher compared to the pre-test 

Fig. 3 Changes in executive function in basketball players (a: Go/No-go reaction time; b: Go/No-go accuracy; c: Stroop effect; d: 2-Back accuracy; e: 
3-Back accuracy)
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(61.86 ± 2.06) (Table 3; Fig. 3e). In contrast to the 3-back 
task, the interaction between measurement time and 
group was not significant (F (2,55) = 48.38, p = .412, η² = 
0.19).

Discussion
Following eight training sessions of MOT training, nota-
ble improvements were observed in the accuracy of circle 
tracking and the detection rate of stimuli among the sub-
jects, irrespective of the availability of instant feedback. 
However, a comparative analysis revealed that the group 
that received feedback exhibited higher accuracy in cir-
cle tracking and stimuli detection rate compared to the 
group that did not receive feedback. These findings indi-
cate that the inclusion of instant feedback can effectively 
enhance both the accuracy of circle tracking and the 
detection rate of stimuli among the subjects.

The MOT training served as the complex task 
employed in this study. Participants were tasked with 
tracking four labeled targets out of a randomly moving 
set of twelve targets. In order to maintain effective track-
ing of the labeled targets, participants had to inhibit their 
attention towards non-targets, which highlights the pro-
cess of inhibitory control involved in MOT training. Fur-
thermore, simultaneous tracking of multiple targets also 
requires a certain level of memory ability, making MOT 
a task that enhances subjects’ memory [33]. Additionally, 
to assess participants’ ability to detect non-targets while 
tracking targets, point detection stimuli were introduced 
during the MOT training. As for the study on basketball 
players’ executive functions, the present research utilized 
the Go/No-go task, Stroop task, and n-back task to exam-
ine the impact of MOT training on response inhibition, 
inhibitory control, and working memory, respectively. 
The findings of this study indicate that MOT training 
effectively improves the executive function of basket-
ball players. It is worth noting that tasks involving MOT 
with instant feedback demonstrate superior effectiveness 
in enhancing the executive function of basketball play-
ers. Therefore, incorporating instant feedback into MOT 
training is recommended as it can effectively improve the 
executive function of basketball players. Nevertheless, 
the study also reveals that the MOT training of basketball 
players shows improvement even without instant feed-
back, resulting in enhanced executive function. This can 
be explained by participants’ gradual adaptation to the 
core aspects of MOT training through exposure to MOT 
training, ultimately resulting in improved performance 
[34].

Inhibition ability plays a crucial role in tasks involv-
ing MOT. Particularly, in situations where the target is 
occluded, appears distracted, or is in a complex back-
ground, inhibition ability aids individuals in ignoring 
irrelevant information, thereby improving their ability 

to track the target [35]. The findings of the present study 
support the effectiveness of MOT training in enhancing 
subjects’ response inhibition. The MOT process involves 
responding to emergent point-detecting stimuli, akin to 
the Go/No-go task, where responses are required for the 
emergent stimuli. Hence, an increase in stimuli detec-
tion rate in a MOT training is likely to result in higher 
accuracy of response inhibition and reduced reaction 
time. In this study, the feedback group outperformed the 
no feedback group in terms of the accuracy of response 
inhibition and response time. Gou demonstrated that 
basketball players with strong MOT ability exhibited 
better decision-making skills in sports contexts [36]. 
Similarly, Harenberg’s study demonstrated that multi-
objective training had a positive impact on decision-
making abilities in soccer players [37]. Previous research 
has shown that MOT training not only enhances atten-
tion and memory but also has an effect on inhibition [38]. 
Additionally, MOT has been found to be closely linked 
to visual inhibition, and the effects of MOT training on 
response inhibition can vary among individuals. There-
fore, MOT training may serve as an effective intervention 
for individuals seeking improvement in response inhibi-
tion [39, 40]. Moreover, regarding inhibitory control, this 
study revealed that MOT training can effectively enhance 
subjects’ interference inhibition. During MOT train-
ing, subjects were required to track four labeled circles 
while inhibiting the other eight interfering circles. The 
prolonged training period contributed to the subjects’ 
improved resistance to interference. On the other hand, 
the Stroop task also necessitates subjects to respond to 
both consistent and inconsistent stimuli, consequently 
invoking interference inhibition. This phenomenon can 
be explained by the emergence of a transfer effect in the 
present study, where inhibitory control acquired through 
MOT training was transferred to the Stroop task [41]. 
Three studies have examined the effects of MOT train-
ing on interference inhibition, utilizing various experi-
mental paradigms and assessment methods to compare 
the performance of a MOT training group to that of a 
control group in terms of interference inhibition. The col-
lective findings suggest that MOT training significantly 
enhances interference inhibition, leading to improved 
performance in the trained group in terms of ignoring 
distractions and selective attention [42–44]. However, 
in contrast to these findings, the present study did not 
observe a significant difference in the Stroop task perfor-
mance between the feedback group and the no feedback 
group.

MOT training has been shown to effectively enhance 
working memory in subjects [45]. During MOT train-
ing, participants are required to consistently remember 
the four labeled targets, which demands a certain level 
of memory capacity. Additionally, the n-back task, which 



Page 9 of 11Xiao and Jiang BMC Psychology          (2024) 12:417 

involves remembering whether the first n letters are the 
same as the current letters, shares similarities with MOT 
training. Research findings indicate that there was no sig-
nificant difference in performance between the groups 
that received accuracy feedback and those that did not, 
in the 2-back task. However, in the 3-back task, the group 
that received accuracy feedback demonstrated a signifi-
cantly higher accuracy rate compared to the group that 
did not. This highlights the advantage of having instant 
feedback in more complex working memory tasks dur-
ing MOT training. Recent studies have examined the 
effects of MOT training on working memory utilizing 
diverse experimental paradigms and assessment meth-
ods. Comparisons between a MOT training group and a 
control group led to the discovery that MOT training sig-
nificantly improves the capacity and precision of working 
memory [46, 47]. The ability of subjects’ working mem-
ory can be effectively enhanced through MOT training. 
Tasks such as attention allocation, target recognition, 
and location prediction during MOT training contribute 
to strengthening working memory [48]. Recent research 
has explored the mechanisms underlying the effects of 
MOT training on working memory. One study revealed 
that MOT training enhances the allocation and control 
of attention, thereby improving working memory perfor-
mance [49]. Furthermore, other studies have found that 
MOT training enhances target recognition and location 
prediction, both of which are closely associated with 
working memory [50]. This illustrates that the working 
memory capacity acquired from MOT training exhibits a 
transfer effect, meaning that the ability to memorize mul-
tiple targets is reflected in the n-back task.

MOT training typically involves tracking multiple mov-
ing objects simultaneously, which requires attentional 
control, working memory, and visual processing skills. 
Immediate feedback in this context can help individuals 
adjust their tracking strategies and improve their perfor-
mance on tasks that involve similar cognitive processes 
[51]. However, executive functions are multifaceted and 
involve various cognitive abilities such as inhibition, 
task switching, and planning [52]. While MOT training 
with immediate feedback may enhance certain aspects 
of executive function that are directly related to track-
ing and attention, it may not have a significant impact on 
other executive functions that are less directly involved 
in the tracking task. Therefore, the effectiveness of MOT 
training with immediate feedback on different aspects of 
executive function may vary depending on the specific 
cognitive skills targeted by the training and the extent to 
which those skills overlap with the demands of the track-
ing task [53].

This study employed MOT training to provide train-
ing for basketball players and demonstrated notable 
improvements in their executive functions following 

MOT training. These findings suggest that MOT train-
ing has a transfer effect on executive functions, specifi-
cally enhancing inhibition and working memory abilities 
of the subjects. However, there are certain limitations to 
address in this study. Firstly, the participant sample was 
limited to basketball players, and no further investiga-
tion was conducted to determine whether similar effects 
can be observed in other sports or activities. Secondly, 
the age range of the participants was restricted to young 
individuals, and no consideration was given to different 
age groups. Lastly, the study exclusively consisted of male 
participants, thus the existence of gender differences 
remains an area of future exploration. Despite these 
limitations, this study provides evidence that the incor-
poration of instant feedback can enhance the executive 
functions of basketball players.

Conclusions
MOT training was found to enhance the executive func-
tion of basketball players, irrespective of whether they 
received instant feedback. However, the feedback group 
exhibited superior improvements in the Go/No-go task 
and the 3-back task.
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