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This study was conducted to examine differences in visual attention according to
sports type and sex. In total, 132 participants [open-skill sport athletes (basketball
players), closed-skill sport athletes (swimmers), and non-athletes; n =22 men and
22 women each] aged 19-24years performed a multiple object tracking (MOT)
task, which is a well-established paradigm for the assessment of visual attention.
Visual tracking accuracy was affected by the sport type (p <0.001), being superior
among basketball players than among swimmers and non-athletes, with no
significant difference between the latter groups. It also varied by sex (p <0.001),
being superior among males than among females. Significant interaction between
the sport type and sex was observed (p <0.001), with male and female basketball
players showing similar tracking accuracy. Our results demonstrate that open-
skill sport activities strongly related to visual attention, as estimated by MOT task
performance, and that sex plays a role in this performance. They also indicate
that females might gain a greater visual attention advantage from open than from
closed-skill sports participation, as long-term open-skill sports training appeared
to minimize the sex difference in visual attention.

open skill sport, closed skill sport, multiple object tracking, visual attention, sex
difference

Introduction

Visual attention has perhaps been the most active area of study in perceptual-cognitive
research in the last several decades (Harris et al., 2020). Visual attention is widely accepted in
psychology and can be described as the cognitive system’s selection of a subset of relevant
information for further processing (Meyerhoff and Papenmeier, 2020). It plays an important
role in most activities of daily living, including assessments of traffic, work, and sports
(Huttermann and Memmert, 2017). In sports, athletes must continuously pay attention to the
environment to execute timely and correct decisions (Walsh, 2014). This skill is especially critical
in sports such as basketball, in which players are required to track the ball in dynamically
changing and unpredictable situations while simultaneously monitoring the position of other
players, including teammates and opponents on the court (Gallotta et al., 2020; Legault et al.,
2022). Thus, the investigation of visual attention in a sports environment may provide a deeper
understanding of the involved cognitive mechanisms to inform better performance of many
real-life tasks.
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Several studies have examined the relationship of sports
participation to visual attention, and have yielded somewhat
conflicting results; sports training has been found to have positive
transfer effects on visual attention (Faubert, 2013; Zhang et al., 2021),
whereas other studies do not find this (Memmert et al., 2009). Some
of these discrepant findings may be because different types of sports
activities may exert differential influences on visual attention (Gallotta
et al., 2020). Thus, increasingly more investigations have focused on
the relationship between the type of sports training and visual
attention. Sports may be categorized into two types based on their
cognitive demands: open skill sports and closed skill sports (Poulton,
1957; Ke et al., 2021). In open skill sports (e.g., basketball, tennis,
squash, or boxing), participants are required to react and adapt in an
unpredictable and dynamically changing environment. By contrast,
closed skill sports (e.g., swimming, running, or cycling) are performed
in an environment that is internally paced, predictable, and highly
consistent (Gu et al., 2019; Coyne et al., 2021; Koch and Krenn, 2021).
Regarding the different characteristic by type of sport, researchers
have found that athletes in open skill sports show better performance
in cognitive function (Wang et al., 2013), visuospatial attention (Tsai
et al, 2016), and other cognitive tasks than have closed-skill sports
athletes (Voss et al., 2010). Despite these clear sport type-related
differences in cognitive abilities, however, evidence indicating which
types of sport activity are associated with superior visual attention
performance remains insufficient.

Sex differences in visual attention have also attracted research
interest. Some studies have investigated sex differences in visual
attention among the general population. For example, Roudaia and
Faubert (2017) found that males showed superior visual attention
compare with females in a visual tracking task, whereas Merritt et al.
(2007) found no sex difference in visual selection task performance.
Only a few studies have explored sex differences in visual attention in
athletes, highlighting the demand for more study in this area. One
study indicated that male athletes show superior cognition compare
with female athletes (Lum et al.,, 2002), and Legault et al. (2022)
reported a significant sex difference in visual tracking performance
favoring male athletes. By contrast, another study reported no superior
performance between male and female volleyball players on a visual
selective attention task (Alves et al., 2013). Similarly, another study
found no statistically significant sex difference on a visual spatial
attention task among volleyball players (Notarnicola et al., 2014b).
Thus, the existence of a sex difference in athletes” visual attention
remains controversial; previous findings should be further confirmed
and more investigation in this area is needed.

The multiple object tracking (MOT) task is a well-established
paradigm used for investigating visual attention in laboratory research
(Pylyshyn and Storm, 1988). In a classic MOT task, target and
distractor objects are presented on a screen. A subset of the objects are
cued as being target objects (typically by their changing color or
flashing) for a short period of time. Thereafter, all objects move
around on the screen for several seconds, and at the end of a given trail
the observer is asked to identify the original target objects (Meyerhoff
etal., 2017). The MOT task is considered to be one of the most popular
and powerful tools for exploring the underlying mechanisms involved
in visual attention, and the best method for the assessment of
distributed, selective, and sustained attention skills (Qiu et al., 2018).
Some previous studies demonstrating an expertise effect on
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performance in Mot task. In domains as varied as radar operator
expertise (Allen et al, 2004), video-game expertise (Green and
Bavelier, 2006), and sport expertise (Martin et al, 2017; Jin et al,,
2020), all of these studies have used the MOT task to display that
expertise in visual attention provides a greater advantages. In addition,
the MOT task paradigm is similar to the requirements of an open skill
sports situation (Mangine et al., 2014). In some open skill sports that
have high cognitive demands, such as basketball, players have to react
within continuously changing conditions. They need to concurrently
focus not only on the ball and the field but also on the movement and
position of opponents and teammates (Zaric¢ et al., 2018). In contrast,
closed skill sports, such as swimming, are performed in a predictable
and stable environments (Koch and Krenn, 2021) that require less
such cognitive activities and attention demands (Cooper et al., 2018;
Gallotta et al., 2020). Therefore, it is reasonable to postulate that open
skill sports athletes may exhibit performance on the MOT task
superior to closed skill sports athletes owing to the nature of the type
of sport. However, this remains controversial. For example, one study
from Memmert et al. (2009) found that handball athletes show no
better tracking accuracy on the MOT task than either track athletes or
non-athletes. Thus, whether MOT task performance can be improved
by engaging in a given type of sport remains unclear. In addition, there
is a limited number of studies about sex differences in MOT task
performance, in general and according to sports type (open-vs.
closed-skill).

Thus, this study was conducted to examine whether there are
differences between types of sport and between men and women in a
visual attention task. The two main objectives were as follows: (1) to
investigate possible differences in performance measures on the MOT
task among athletes trained in an open skill sport, athletes trained in
a closed skill sport, and non-athletes; and (2) to assess whether there
is a sex difference in MOT task performance. Our hypotheses were
twofold. The first hypothesis was that basketball athletes would exhibit
better tracking accuracy performance on the MOT task than both
athletes trained in swimming and non-athletes. Based on the literature
we mentioned above (Alves et al., 2013; Notarnicola et al., 2014a), our
second hypothesis was that sex differences for MOT task performance
would be revealed only in non-athletes and swimmers, not in the
basketball players.

Materials and methods
Participants

Sample size calculations were computed by analysis of variance
(ANOVA) F-test and performed using G*Power 3.1.9.2 software.
Using a medium effect size of 0.25, an alpha level of 0.05, and power
of 0.80 (Cohen, 1992), the result indicated that a sample size of at
least 158 participants was required. However, the number of
participants in present study was slightly below the limit due to
COVID-19 related restrictions at the time. Therefore, the final total
sample encompassed 132 participants in our study. We recruited 44
open-skill sport athletes, 44 closed-skill sport athletes, and 44
non-athletes (22 men and 22 women each). The open skill sport
athletes were recruited from eight China University Basketball
Association (CUBA) teams. These athletes comprised 22 men
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(mean age: 21.62 +2.07 years) with a mean of 9.46 (SD =2.92) years
of basketball training experience, and a mean of 12.36 (SD =2.14)
training hours per week as well as 22 women (mean age:
21.48+1.92years), with a mean of 9.17 (SD=2.44) years of
basketball training experience and a mean of 12.42 (SD=2.37)
training hours per week. All players were first-level national
athletes. The closed skill sport athletes were com-posed of 22 men
(mean age: 21.89 +2.32years) with a mean of 10.05 (SD=2.63)
years of swim training experience, and a mean of 12.87 (SD =1.82)
training hours per week as well as 22 women (mean age:
21.36 + 1.58 years), with a mean of 9.78 (SD = 1.53) years of swim
training experience and a mean of 12.62 (SD =2.37) training hours
per week. All of these athletes were also first-level national athletes.
The non-athlete group was composed of 22 men (mean age:
21.17 +1.28years) and 22 women (mean age: 21.05+ 1.41 years)
who were college students and had never participated in open skill
sports training or any other sports. All participants reported normal
or corrected-to-normal levels of visual function. All participants
received a verbal explanation of the research and experimental
procedures. The study protocol was approved by the Ethics
Committee of Shanghai University of Sport (No. 2015003SUS). All
participants provided written informed consent prior to the start of
the experiment. Each participant who completed the study received
a small monetary compensation for their time.

Stimuli, apparatus, and procedure

The experiment was conducted on a ThinkPad (ThinkBook Plus
17) laptop running Windows 10. Visual stimuli were created using
MATLAB R2016a (MathWorks, Natick, MA) and Psychtoolbox 3.0
software. Stimuli were presented on a 17-inch monitor with a
resolution of 3,072 x 1,440 pixels and a refresh rate of 120 Hz.
Individual participants were seated ~ 55 cm in front of the monitor
of the laptop and were tested individually in a quiet room. The
entire experiment consisted of 30 trials in two blocks separated by
a 3-min rest period (total, ~ 12 min). Before the start of the formal
session, the participants completed six practice trials to ensure that
they were familiar with the procedure. At the beginning of each test
block, the instruction “press the left mouse button to start the task”
was presented on the screen. In each trial, a white fixation symbol
(+) was displayed in the center of a gray background (visual field,
37.98%x21.0°) for 2,000 ms, followed by the presentation of 10
white-field circles (0.65 diameter) for 1,000 ms. Four filled circles
were highlighted blue and flickered three times for a total of 3s to
mark them as the targets. Thereafter, the target circles returned to
white so that no cue remained to discriminate them from the
untracked items (distractors). Next, the 10 filled circles moved in
random directions at a constant speed of 10°/s, with the movement
of each circle affected only by collisions (The dots changed their
directions randomly when they reached the edge of the screen
border. There were no extra constraints in the dots™ trajectories
hence there was the possibility that they crossing each other for an
instant). After 8s, the filled circles stopped moving. The participants
were instructed to identify the targets by pressing a mouse button
(Figure 1). Their responses also triggered the start of the next trial.
The tracking accuracy recorded with all other study data in
MATLAB R2016a (The Math Works).
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Statistical analysis

The statistical analyses were performed using SPSS 23.0. A
Univariate analysis of variance (UNIANOVA) was constructed with
sex (male and female) and group (basketball players, swimmers, and
college students) serving as independent variables and MOT task
tracking accuracy serving as the dependent variable. The simple
effects test was performed to identify any significant interaction and
simple comparisons followed by Bonferroni correction was used.
Effect sizes (Cohen’s f) were calculated; d =0.10 was considered to
represent a small effect, d =0.25 was considered to represent a
medium’ effect, and d =0.40 was considered to represent a large effect
P <0.05 was considered to be significant. The tracking accuracy was
calculated by determining the percentage of correctly selected targets
across all experimental times for each participant. For example, if a
participant identified all four targets 15 out of 30 times, the tracking
accuracy was 50%.

Results

The means and standard deviations of the tracking accuracy for
the groups of open skill sport and closed skill sport or college student
of both sex are shown in Figure 2. For the dependent variable of
tracking accuracy, our UNIANOVA results indicated significant main
effects for sex, F(1,126)=42.329, p <0.001, 5> =0.251 and for group,
F(2,126) =53.643, p <0.001, 175> =0.460 (see Table 1). Importantly, a
significant interaction was also observed between sex and group,
F(2,126)=7.874, p <0.001, 15" =0.111.

Further simple effects analyses showed that for sex, male
basketball athletes (M =0.52, SD=0.09) had significantly better
tracking accuracy than male swimming athletes (M =0.44, SD =0.08;
P <0.01, d=0.94) and then male college students (M =0.43, SD=0.08;
p <0.01, d =1.06). However, the difference in tracking accuracy
between male swimming athletes and college students failed to reach
statistical significance (p =0.26). An analysis by group revealed that
male swimmers (M =0.44, SD =0.08) had significantly better tracking
accuracy than female swimmers (M =0.33, SD=0.04; p <0.01,
d =1.73); similarly, the tracking accuracy among male college students
(M =0.43, SD=0.08) was significantly higher than among female
college students (M =0.30, SD=0.05; p <0.01, d =1.94). By contrast,
there was no significant difference in tracking accuracy between male
basketball athletes (M =0.52, SD =0.09) and female basketball athletes
(M =0.50, SD=0.08; see Table 2; Figure 2).

Discussion

The purpose of this study was to determine whether visual
attention as assessed in the MOT task by tracking accuracy
performance varied by type of sport (closed skill vs. open skill) or by
sex among first-level national athletes. The results provided evidence
to support our hypothesis that open skill athletes (in this case,
basketball players) exhibit performance on the MOT task superior to
closed skill athletes (swimmers) and to non-athletes (non-athletic
college students). However, there was no significant difference in
performance on the MOT task between swimmers and non-athletes.
The results of this study were also concordant with our hypothesis
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fixation
2s

preparation

press the left mouse button to start the test

FIGURE 1

Schematic diagram of the visual stimuli presented in one trial of the multiple object tracking task. Ten filled white circles are presented on the screen. In
each trial, four of the circles turn blue and flicker for 3s before turning back to white. The blue flickering circles indicate the targets for that trial. All 10
circles then move 10°/s for an 8-s tracking period. When the circles stop moving, the participants use a mouse to click over their choices for the target

response phase

tracking phase
8s

regarding sex in that significant sex differences in tracking accuracy
were observed for both the closed skill group and the non-athlete
group. As expected, in the open skill sport group, we did not detect a
difference between male basketball and female basketball players on
tracking accuracy on the MOT task, a finding that has been
little reported.

Regarding the differences by type of sport, we found that sport
type is closely linked to visual attention, with tracking accuracies on
the MOT task among basketball athletes being markedly better than
those in both the closed skill sport group and the non-athlete group.
A plausible explanation for this finding is that open skill athletes have
to monitor numerous changing stimuli and continuously shifting
positions to excel in their sport (Ong, 2017; Gokee et al., 2021). In
basketball, players have to allocate visual attention to track the targets
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circles.
TABLE 1 Univariate analysis of variance (UNIANOVA) results for between-
subjects effects.
0.8 * *
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5 0.2 . Intercept 23.504 1 23.504 4470.385 <0.001 0.973
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. T T 1
L 00\ Group 0.564 2 0.282 53.643 <0.001 0.46
.\\QQ \\QQ \96
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o & R
R & ° Error 0662 | 126 0.005
FIGURE 2 Total 25036 132
Comparison of the tracking accuracy between groups. *p<0.05. Corrected 1.532 131
total

Dependent variable = tracking accuracy. *R2=0.568 (adjusted R2=0.550). SoS-1II, type III
sum of squares; df, degrees of freedom.

of the ball, teammates, and opponents while inhibiting irrelevant
information over time on the court. These tracking processes are
similar to those used in the MOT task. In comparison, because closed
skill sports take place in a predictable and relatively stable
environment, there are fewer cognitive activities required and fewer
demands on visual attention (Gu et al., 2019). Current evidence
suggests that an enriched environment, such as basketball training,
has positive effects on the brain (Qiu et al., 2019). Therefore, it is
reasonable to suggest that the superior performance of the basketball
players on tracking accuracy in the MOT task indicates that open skill
sports activities may improve visual attention. This conclusion aligns

frontiersin.org


https://doi.org/10.3389/fpsyg.2023.1099254
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

Jinetal.

TABLE 2 Sex and group interactions.

Mean difference

10.3389/fpsyg.2023.1099254

95% CI

Lower limit

Upper limit

Open skill sport Male vs. Female 0.012 0.022 0.576 —0.031 0.056
Closed skill sport Male vs. Female 0.127% 0.022 <0.001 0.084 0.171
College student Male vs. Female 0.107* 0.022 <0.001 0.064 0.15

CI=confidence interval; SE, standard error.

Dependent variable = tracking accuracy. *The mean difference is significant at the.05 level. *Adjustment for multiple comparisons (least significant difference test, equivalent to no

adjustments).

with recent trends in research showing that open skill sports athletes
have better cognitive performance than closed skill sports athletes and
non-athletes (Mohammadi et al., 2016; Holfelder et al., 2020).

We found no difference in the tracking accuracies between
swimming athletes and non-athletes, suggesting that closed skill
sports with low cognitive demands, such as aerobic exercise or
resistance training, yields no greater abilities in visual attention
(Diamond and Ling, 2019). The disagreement between our results and
the previous finding that the sport type is unrelated to MOT task
performance differences among handball players, track athletes, and
non-athletes (Memmert et al., 2009) may be related to the MOT task
structure. In the previous study, the MOT task had a lesser tracking
load, with 7 objects (3 targets and 4 distractors) used instead of the 10
objects used in our study, which may not have provided sufficient
sensitivity to detect a difference. It is also the reason why the tracking
accuracy is low in comparison to other studies. Another explanation
is that the object speed, in this study, the object speed is 10°/S, which
is faster than other studies (Zhang et al., 2021), the previous research
showed that tracking accuracy declines as object speed increases in
the MOT task (Ma and Flombaum, 2013). Taken together, our
findings extended those of previous studies and were consistent with
our hypothesis that open skill sports athletes would exhibit visual
attention as assessed in the MOT task superior to that of closed skill
sports athletes.

The present study also found that the differences of tracking
performance between male and female in the MOT task, with males
demonstrating tracking accuracy superior to that of females in
experimental groups. Our finding is consistent with existing research
assessing visual attention on a MOT task (Roudaia and Faubert, 2017).
Other studies using visual-spatial tasks (Notarnicola et al., 2014b),
Silverman et al. (2007) have also shown that males demonstrate
superior performance compared with females. This finding may
be attributable to asymmetry in brain structures and the percentages
of white vs. gray matter (Gur and Gur, 2017). Apart from potential
biological factors, a difference in opportunities to participate in
electronic video games and sports in daily life could result in the sex
effects observed in the MOT task (Green et al., 2010). Another reason
may be sociocultural environments; some findings have demonstrated
a relationship between sex differences and national indices of gender
equality for sustained attention (Riley et al., 2016; Roudaia and
Faubert, 2017). Our findings thus extend previous research and
further support the view that sex differences exist in visual attention.

We also found an interaction between group (open vs. closed
skill sports athletes vs. non-athletes) and sex in the present study.
A statistically significant sex difference was observed in tracking
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accuracy on the MOT task for the closed skill sport group
(swimmers), whereas male basketball players did not show
tracking accuracy performance superior to female basketball
players (open skill sport). As far as we know, only a few studies
have shown an absence of sex differences in visual attention
abilities among open skill sports athletes. One recent study
demonstrated that male basketball players did not exhibit better
tracking accuracy than women basketball players on the MOT
task (Jin and Fan, 2022). Two other studies also drew the same
conclusion although they used different designs to assess visual
attention in open skill sports athletes. One of those studies
reported that athletes of an open skill sport (volleyball) showed
no sex differences in the performance of a visual-spatial task
(Notarnicola et al., 2014b). The other study also failed to find a
statistically significant difference between female and male
volleyball athletes in visual selective attention (Alves et al., 2013).
A plausible explanation for these findings is that the athletes were
participating in sports in which the environmental conditions for
both men and women required similar perceptual skills (Mc Leod,
1987). Another possible explanation is that changes in hormone
levels among women undergoing such sports training appears to
get a higher advantage in related cognition function. Sex
hormones have been shown to have a strong impact on
performance in attention tasks (Hollander et al., 2005). Another
study (Lord and Garrison, 1998) found that female basketball
athletes who showed a greater benefit compare with female
swimming and track athletes in spatial abilities had increased
androgen levels. These findings could explain why sex differences
only existed in the closed skill sports group, not in the open skill
sports group.

The current study is the first, to our knowledge, to show that the
sport type and sex affect visual tracking (MOT task) performance.
However, some limitations must be taken into consideration. The
main shortcoming was that the participating basketball players were
not representative of the whole open-skill sport population.
We recommend that future research be performed with athletes in
a wider range of open-skill sports, in particular individual sports
such as tennis and boxing. Furthermore, it is a cross-sectional
design, not a Randomized Controlled trial. It is impossible for our
study design to assign participants randomly, it is always possible
that females need not necessarily gain advantage from open sport;
maybe only those females with better MOT were able to remain in
the sport over the years. Therefore, a longitudinal studies are needed
to observe changes in open-and closed-skill athletes’ visual
attention abilities over time in the future study. Lastly, the small
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sample size limits the generalizability of our study. We did not reach
the sample size of 158 participants we expected, for the COVID-19
pandemic have made it difficult to recruit a larger number of
participants, future study design will consider increasing the sample
size to increasing the generalizability and validity of the results.

In conclusion, the current study demonstrates that open-skill
sports athletes have visual tracking accuracy superior to that of closed-
skill sport athletes and non-athletic college students on MOT task.
This finding indicates that the cognitive requirements of the sports
environment provided by open skill sports may transfer to enhanced
visual attention abilities. The present study also revealed a sex
difference in visual attention among non-athletes and among athletes
in a closed skills sport, highlighting the need to control for sex in
research comparing attentional tracking abilities across different
participant groups. Additionally, no difference in tracking accuracy
on the MOT task was found between female and male basketball
athletes, supporting the idea that training in open skill sports may
reduce sex differences in visual attention. These findings highlighting
the necessary to control for sex in researches comparing visual
tracking abilities in different participant groups, and also give sport
psychology practitioners and coaches clues to be used in identifying
athletes who might need to further improve this capacity.
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