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LOS EFECTOS DE LA ACTIVIDAD DE
APILAMIENTO DE VASOS EN LA
FLEXIBILIDAD COGNITIVA EN JUGADORES
MASCULINOS DE DEPORTES
ELECTRONICOS. UN ESTUDIO PILOTO.

RESUMEN

Objetivos: Este estudio piloto tuvo como objetivo
examinar los efectos de la actividad de apilamiento
de vasos en la flexibilidad cognitiva en 20 jugadores
masculinos de deportes electronicos en la
Universidad Surindra Rajabhat. Métodos: Los sujetos
se dividieron en dos grupos. El grupo experimental,
GE (n = 10; edad 20,80 + 1,50 afios; altura 173,40
6,45 cm; peso 65,54 + 12,01 kg; experiencia 4,16 *
1,51 afios; flexibilidad cognitiva 6,70 + 1,34 puntos)
recibio la intervencion de actividad de apilamiento de
vasos 3 sesiones por semana durante 4 semanas. El
grupo de control, CG (n = 10; edad 19,50 + 1,58
afios; altura 173,90 + 5,70 cm; peso 68,81 + 12,69
kg; experiencia 3,97 + 1,63 afos; flexibilidad
cognitiva 7,00 + 1,15 puntuaciones) recibid
entrenamiento regular. Los sujetos fueron evaluados
para su flexibilidad cognitiva utilizando el Sistema
Witty SEM. Se registraron puntuaciones pre y post-
test para todos los sujetos. Resultados: Se encontrd
un efecto de interaccién grupo x tiempo significativo
para la flexibilidad cognitiva (F@, 189 = 4,445, p =
0,049, np2 = 0,198), lo que indica una mejora
significativa en la flexibilidad cognitiva en el grupo
experimental en comparacion con el grupo de control
a lo largo del tiempo. Conclusiones: Los resultados
de estos estudios sugieren que un programa de
entrenamiento de apilamiento de vasos de cuatro
semanas podria mejorar la flexibilidad cognitiva en
jugadores masculinos de esports, segun lo evaluado
por el sistema Witty SEM. Sin embargo, se necesitan
mas estudios con herramientas de evaluacion
validadas para confirmar estos resultados.

Palabras clave: Entrenamiento de apilamiento de
vasos, flexibilidad cognitiva, rendimiento deportivo,
jugadores de deportes electrénicos.

THE EFFECTS OF CUP STACKING
ACTIVITY ON COGNITIVE FLEXIBILITY IN
MALE E-SPORTS PLAYERS: A PILOT
STUDY.

ABSTRACT

Objectives: This pilot study aimed to examine the
effects of cup stacking activity on cognitive
flexibility in 20 male e-sports players at Surindra
Rajabhat University. Methods: The subjects were
divided into two groups. The experimental group, EG
(n =10; age 20.80 + 1.50 years; height 173.40 + 6.45
cm; weight 65.54 + 12.01 kg; experience 4.16 + 1.51
years; cognitive flexibility 6.70 + 1.34 scores)
received the cup stacking activity intervention 3
sessions a week for 4 weeks. The control group, CG
(n =10; age 19.50 £ 1.58 years; height 173.90 + 5.70
cm; weight 68.81 £+ 12.69 kg; experience 3.97 £ 1.63
years; cognitive flexibility 7.00 + 1.15 scores)
received regular training. The subjects were assessed
for their cognitive flexibility using the Witty SEM
System. Pre- and post-test scores were recorded for
all subjects. Results: A significant group x time
interaction effect was found for cognitive flexibility
(Fa, 18y = 4.445, p = 0.049, np2 = 0.198), indicating a
significant improvement in cognitive flexibility in the
experimental group compared to the control group
over time. Conclusions: The results from these
studies suggest that a 4-week cup-stacking training
program may improve cognitive flexibility in male
esports players, as assessed by the Witty SEM
system. However, further studies using validated
testing tools are needed to confirm these results.

Keywords: cup stacking training, cognitive
flexibility, sport performance, e-sport players.
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INTRODUCTION

E-sports, also known as video games, is a well-
known term among e-sports gamers. It is a very
popular activity nowadays (Kordyaka et al., 2023).
Players of this type of sport require attention,
emotional control, and cognitive flexibility to switch
concepts and perceptual responses for planning and
making decisions in a timely manner throughout the
game, depending on the difficulty level of each game
type, as well as the cognitive level of the opposing
team playing the game with a computer application
developed with modern technology via high-speed
internet (Toth et al., 2020; Imanian et al., 2024;
Pallavicini et al., 2018). If players have a good level
of cognitive flexibility, it can enhance their
perception and problem-solving abilities in e-sports
competitions (Imanian et al., 2025).

Cognitive flexibility is an indicator of the ability to
adapt processes in response to rapid, precise bodily
actions or movements in pursuit of a primary goal or
new stimulus that motivates an individual's needs.
This may contribute to the application of diverse
thinking or perspectives, such as those related to
daily activities, concentration, memory, cognitive-
motor coordination, and flexible learning arising
from knowledge and understanding of the current
situation (Bufano et al., 2024; Mou et al., 2023;
Alvarez & Emory, 2006). This enables athletes to
achieve their goals effectively. An athlete's
performance depends on a variety of cognitive and
motor components. While basic motor and perceptual
performance—such as eye-hand coordination and
reaction time—are essential for executing immediate
physical inputs, cognitive flexibility serves a distinct,
higher-order executive role. It governs the decision-
making processes that dictate when and how those
physical actions should be reconfigured when facing
unexpected opponent tactics or novel game
environments (Kordyaka et al., 2023; Toth et al.,
2020). Thus, cognitive flexibility should be
conceptualized as an executive function that guides
tactical adaptation, rather than being conflated with
low-level motor control or simple sensorimotor
speed.

Although numerous studies have previously indicated
that physical activity and motor skills training, such
as interval training or cup-stacking, contribute to
enhancing lower-level sensorimotor outcomes, such

as motor control, reaction time, and neuromuscular
response (Udermann et al., 2004; Gibbons et al.,
2007; Mortimer et al., 2011; Li et al., 2014; Naidoo
& Moodley, 2018). However, there are few studies
specifically evaluating its direct impact on cognitive
flexibility. Previous studies have largely focused on
motor skills training, highlighting improvements in
coordination and reaction time rather than cognitive
flexibility. Therefore, the objective of this pilot study
was to test the effect of a 4-week cup-stacking
activity on cognitive flexibility performance in male
esports players, compared to a group that continued
their usual training. The goal is for athletes to have
the skills to perceive and respond to changing
information from game conditions and opposing
players carefully and efficiently while playing e-
sports games.

MATERIAL AND METHODS

Study design

This experimental research employed a pre- and post-
test design and was reviewed and approved by the
Human Research Ethics Committee of Surindra
Rajabhat University (Approved number HE 672067,
September 12, 2025) before the commencement of
the research and the recruitment of participants. The
entire research was conducted in accordance with the
Declaration of Helsinki, the Belmont Report, CIOMS
guidelines, and the principles of Good Clinical
Practice. All participants signed a consent form and
were informed of the guidelines before participating.
This pilot study was not pre-registered in any public
database and was conducted as a pilot study under the
complete and proper ethical approval and oversight
of the Human Research Ethics Committee of
Surindra Rajabhat University.

Participants

The sample group consisted of 20 e-sports athletes
aged 18-25 years from Surindra Rajabhat University
who regularly train for competition. They were
selected based on the following criteria: at least 1
year of competitive experience, having passed the
Physical Activity Readiness Questionnaire (PAR-Q),
and having never previously received training in cup
stacking according to the model used in the study.
Participants were required to attend at least 80% of
the sessions, as pre-determined. Twenty participants
attended all four weeks, three sessions per week for a
total of 12 sessions, representing 100% attendance.
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No participants dropped out. Participants were
informed of all details of the study procedure and
signed a voluntary consent form before participating
in the project. The sample size for this study was 16
people, obtained from a literature review by
Udermann et al. (2004) using the G* Power version

3.1.9.2 program. After the experiment, the
experimental group had a mean hand-eye
coordination score of 12.5 with a standard deviation
of 2.1, while the control group had a mean hand-eye
coordination score of 15.6 with a standard deviation
of 2.2. The calculated power factor was 0.8 and the
effect size d = 1.44, indicating a large test power
level. The effect size (d) is divided into three levels:
small effect size (0.20), medium effect size (0.50),
and large effect size (0.80), with a power of 0.8 and
an effect size (d) of 1.44 at a statistical significance
level of 0.05 (Cohen et al., 1998). The sample size
was increased by 20% to prevent withdrawal,
resulting in a total of 20 participants. One limitation
was the power factor. The impact magnitude of the
work by Udermann et al. (2004) is attributed to eye-
hand coordination variables, not cognitive flexibility.
As this was a pilot study, the authors frankly
acknowledge this limitation, stating that the above
calculations are only a preliminary exploratory
guideline and may not indicate sufficient statistical
power to detect changes in cognitive flexibility
specifically. Grouping was done randomly, using
cognitive flexibility tests as the criterion for grouping
(key performance) from lowest to highest ability.
Each participant was matched to ensure similarity,
and numbers were used to represent participants'
names. This process was conducted under the control
of research assistants who were not involved in any
sample inclusion, training, or evaluation. The
research assistants responsible for randomizing
participants received only the participant's numerical
code and could not identify whether that numerical
code belonged to the experimental or control group,
in order to maintain blindness in grouping and reduce
evaluation bias. The test evaluators did not know any
participant information throughout the experiment.
The sample was divided into two groups of 10 people
each: an experimental group that received
intervention with a cup-stacking activity, and a
control group that received no intervention other than
the regular esports training program, as shown in
Table 1.

Table 1. Baseline variables of the participants

Variable EG (n=10) CG (n=10) p-value
Age (y) 20.80 +1.50 19.50 + 1.58 0.076
Height (cm) 173.40+6.45 | 173.90+5.70 0.856
Weight (kg) 65.54 +12.01 | 68.81+12.69 0.856
Experience (y) 416+151 3.97+1.63 0.790
Cognitive flexibility (score) 6.70+1.34 7.00+1.15 0.598

Note. EG = Experimental group; CG = Control
group. Data are presented as Mean + Standard
deviation. p-values were derived from an independent
samples t-test.

Procedure

The cup stacking activity intervention design used in
this study was conducted in the experimental group
for 4 weeks in addition to their regular e-sports
training. The control group did not receive any
intervention other than their regular e-sports training.
All group procedures were explained to them, and
they signed a written informed consent prior to
participating in the study. In the pre-test and post-
test, both groups of subjects were tested for cognitive
flexibility, namely, to memorize the given symbols
by correctly touching the blue signal lights using a
Witty SEM System that controlled the LED signal
lights during the test.

Cup Stacking Activity Intervention

There were three patterns of cup stacking activities
used in this study: Patterns 1, 3-3-3 cup stacking, in
which participants arranged cups into three rows,
each row containing three cups (Figure 1); Patterns 2,
3-6-3 cup stacking, in which participants arranged
cups into three rows, with three cups stacked in the
first and third rows, and six cups stacked in the
second row in the middle (Figure 2); and Patterns 3,
mixed cup stacking. It is a cup arrangement starting
from pattern 1 to pattern 2, and pattern 3 is a mixed
or 1-10-1 by starting from arranging the cups into 3
rows, row 1 and row 3 will have 3 cups, row 2 in the
middle has 6 cups stacked (Figure 3). Each pattern of
training takes 10 minutes, total of 30 minutes
(Naidoo & Moodley, 2018). It is carried out 3 days a
week for 4 weeks.
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Figure 3. Cup stacking 1-10-1 full patterns

Cognitive Flexibility Test

The cognitive flexibility assessment was performed
using a two-step stimulus-perceived test combined
with the Witty SEM System, specifically designed to
align with the skills and decision-making of esports
athletes (Figure 4), to evaluate cognitive abilities in a
novel environment. The test consisted of two steps
per round: 1) Participants identified a pair of blue ©
or @ symbol lights in the center of the test point
while simultaneously observing surrounding O-
shaped lights. 2) When the lights went out and
reappeared, participants touched the first identified
blue © or @ light, followed by the O-shaped light.
All participants performed the test 10 times. One
point was awarded for each correct response in

sequence. Although previous literature reviews
support the validity and application of the Witty SEM
device in measuring cognitive speed and reaction
time in a sports context (Lucia et al., 2022; VVuckovic
et al., 2022), the cognitive flexibility test in this study
is considered a novel exploration protocol
specifically developed for esports. Therefore, directly
verifying the validity of this test remains a limitation
that needs to be confirmed in future studies.

®m e @ @8a§
B @ @° 8 8 8
I R - I -
‘A @ N (] a

= ————n ®‘ a =
"R e 8 8 A 8
\\ . . /f L . . 5 /-

Cogaitive
Flexibulity

Figure 4. The LED light signal shows the symbol of
the cognitive flexibility test.

Statistical Analysis

Study data were collected and presented as mean +
standard deviation. Normality of the data was
analyzed using the Shapiro-Wilk normality test. A
mixed ANOVA with Group and Time as factors was
conducted in SPSS version 22 to analyze differences
between the two sample groups across two time
points. The statistical significance level was set at p <
0.05.

RESULTS

This study tested the assumptions. Levene's test
showed no significant difference in the variance of
cognitive flexibility scores between the experimental
and control groups before the experiment (p = 0.673),
consistent with the hypothesis of uniformity of
variances. Mauchly's test of sphericity, with a W =
1.000, fully agreed. Mixed ANOVA (2 group x 2
time) analysis revealed a statistically significant
interaction between group and time (group x time
interaction), F, 18 = 4.445, p = 0.049, np* = 0.198,
and the main effect of time Fg, 15 = 19.433, P =
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0.001, np? = 0.519, indicating that overall cognitive
flexibility scores of the sample groups changed over
time. However, no significant difference was found
in the main effect of group, F, 18y = 0.456, p = 0.508,
np? = 0.025. Nevertheless, a statistically significant
interaction between group and time (group x time
interaction) was found, F, 1s) = 4.445, p = 0.049, np?
=0.198, indicating that the pattern of change in mean
cognitive flexibility scores over time differed
between groups. A paired post-test comparison using
the Bonferroni method showed that the experimental
group had a significantly higher post-test cognitive
flexibility score (8.40 = 0.70) than the pre-test score
(6.70 = 1.34, 95% CI [0.77, 2.63]), a statistically
significant difference (p = 0.001), a change of 1.70 or
25.37%. In contrast, the control group had a post-test
score (7.60 = 0.70) that increased from the pre-test
score (7.00 £ 1.15, 95% CI [-0.23, 1.43]), a change of
only 0.60 or 8.57%, with no significant difference
found (p = 0.145) (Figure 5).

10 Group x time interaction: F = 4445, p = 0.049, np* = 0.198

*
‘B9 8.40
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Figure 5. Cognitive flexibility performance of the
experimental group (EG) and control group (CG) at pre-
test and post-test. Shows the mean * standard deviation.
Significant difference, p < 0.05, *from pre-test.

DISCUSSION

This study aimed to examine the effect of cup
stacking activity on cognitive flexibility in male
e-sports players: a pilot study over 4 weeks. The
experimental group received the intervention
with 3 cup stacking activities, as shown in Figure

1, Figure 2, and Figure 3, respectively (Naidoo
& Moodley, 2018), and the control group
continued their normal e-sports training. All
subjects were tested for their cognitive
processing ability in a novel and unexpected
environment by memorizing the symbols ¢ or e
displayed by LED lights controlled by a Witty
SEM System before and after the experiment.
The results showed a statistically significant
(group x time interaction) (Fq, 18) = 4.445, p =
0.049, np? = 0.198), indicating different patterns
of cognitive flexibility change between groups.
While the control group, which performed
normal esports training, showed only an 8.57%
increase in cognitive flexibility scores and no
significant difference, possibly due to normal
esports training enhancing cognitive processes
(Imanian et al., 2025), the experimental group,
which received cup stacking activity in
conjunction with esports training, showed a
significant  25.37% increase in cognitive
flexibility scores and a statistically significant
difference (p = 0.001). This finding suggests that
supplementing cup stacking activity with normal
esports training may have contributed to
cognitive flexibility, as cup stacking involves
spatial and visual processing, as well as hand-eye
coordination. This includes decision-making in
real-world situations (Gibbons et al.,, 2007;
Udermann et al., 2004). Changes in the
experimental group were linked to motor and
cognitive training activities performed 3 days a
week for 30 minutes each time. This may
enhance challenges and cognitive and motor
control processes when responding to new
situations (Fatemi et al., 2024; Imanian et al.,
2025; Mortimer et al., 2011; Peigne et al., 2023;
Yang et al., 2024), such as testing light signal
recognition using the Witty SEM system. In this
study, hypothetically, continuous motor skill
training may be associated with neuromuscular
adaptation tendencies and faster cognitive
information processing (Fatemi et al., 2024;
Fuelscher et al., 2012; Hansen et al., 2022).
However, this study did not test physiological
parameters. The functioning of the nervous
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system or direct memory mechanisms is still
only a theoretical assumption that needs further
proof.

In conclusion, the results of this study provide
preliminary data suggesting that systematic cup
stacking activity may be a promising approach to
developing motor skills and cognitive flexibility
in esports athletes. Further studies are needed to
evaluate the physiological and neurological
mechanisms directly involved.

Practical Applications

The results of this current study provide important
practical information for coaches, fitness coaches,
and athletes alike, demonstrating that supplementary
motor skill activities like cup-stacking represent a
feasible, low-cost training option that can be explored
by coaches and esports players. While these pilot
findings indicate a favorable trend in exploratory
cognitive flexibility performance, future fully
powered studies incorporating direct physiological
measures are necessary to determine whether such
interventions elicit true mechanistic enhancements in
executive function.

Limitations of the Research

The results of this study show that a cup-stacking
activity program can improve cognitive flexibility in
male esports players. However, the findings from this
current study have some limitations: Future studies
should increase the sample size, include both male
and female participants, and extend the study
duration to examine the long-term effects of the
performance enhancement.

CONCLUSIONS

This study suggests that a systematic 4-week cup-
stacking activity is associated with improved short-
term cognitive flexibility in male esports players.
However, this study is a small-sample-size pilot
study conducted only on male athletes and did not
directly test problem-solving skills in competitive
situations. Therefore, future studies require larger
sample sizes, inclusion of both male and female
athletes, and extended study durations to confirm
these findings.
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