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ABSTRACT
KEX’WOIdS Older people suffer from reduced mental and cognitive parameters such
n 4 . . . L) . I K
Cognjtivge fﬁncﬁon, as executive function, working memory and cognitive flexibility.
Badminton, . . .
Older adults, However, information about how racquet sports can improve mental
Physical activity skills in older adults requires greater analysis and research. To verify the
effects of badminton physical program on cognitive function in older
adults. We sought to examine the beneficial effects of badminton
physical programs on multi-cognitive domains among healthy older
adults. Specific cognitive functions were measured using the Stroop Test,
Auticle History the Digit Span Test, and the Mini-Mental State Examination. 40 older
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Avab oo B D aps  groups: the intervention group (IG, N = 20), enrolled in a badminton

program, and the control group (CG, N = 20) participants were given
typical duties and asked to stick to their daily schedule (book reading,
home tasks). The physical activity protocol was performed three times a
week, one hour per session, for a total period of two months. The

' COfrgspondilég A;thor: activities proposed were not systematized and were aimed at promoting
ussama aie
CHORTANE social interaction among participants. Our findings show no significant
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. . difference in the initial components between the intervention and control
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groups. Significant improvements in cognitive parameters were found
after the physical program in the IG (p < 0.05), except the Mini-Mental
State Examination test (p = 0.33). Physical activity is considered one of
the most therapeutic methods for improving mental capacities in older
adults.
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INTRODUCTION

The link between physical activity and cognitive performance for older adults has been
the primary objective of various research projects. Previous research states that the number of
elderly people (65 and over) is predicted to double from 703 million globally in 2019 to 1.5
billion by 2050 (Kasai, 2021).

A comprehensive awareness of the lifestyle factors and interventions that can improve
cognitive health and lower the risk of neurodegenerative disorders in this aging population is
essential considering this substantial shift in demographics. Advanced cognitive capacity, or
executive parameters/function (EP, EF), is the core of individuals' social, emotional, mental
functions (Miyake et al., 2000), and it is composed of three components: mental flexibility,
short-term/working memory, and inhibition (Diamond, 2013). The decreasing of executive
parameters leads to cognitive dysfunction in individuals, and it can also lead to increasing
behavioral and psychological disorders (Costanzo et al., 2013; Frost et al., 2019). Therefore,
improving the executive function of older adults leads to enhancing the quality of life and
realizing successful aging. Another important aspect of cognitive function is working memory
(WM), particularly among the elderly population. In the brain, WM is responsible for
acquiring and modulating numerous forms of information (Kato et al., 2018). The ability to
retain information has been demonstrated to reach its maximum at age of 30 and to drastically
decline around age of 60 (Elliott et al., 2011).

The value of physical activity is further highlighted by several recent long-term
research studies demonstrating that frequently moderate-intensity physical activity can lower
the risk of cognitive problems (Wilke, 2020; Livingston, 2020). Studies conducted throughout
multiple scientific domains indicate that physical activity programs such as badminton
enhance psychological health and well-being (Lawton et al., 2017), with a multitude of other
benefits such as lowering the levels of stress, anxiety, and depression and increasing the
beneficial effects of cognitive parameters. Furthermore, while many sports and exercises
emphasize the physical and motor aspects of performance, others, such as racquet sports,
necessitate a particularly advanced level of mental capacity. Badminton is an open-skills
sport, a suitable game for both younger and older people. It requires participants to select
appropriate actions that can positively improve brain activity and muscle contraction during
physical exercise. Furthermore, it also enhances brain plasticity and cognitive function
(Hulsdtinker et al., 2019). The combination of these improvements ultimately enhances general

well-being. The number of people engaging in dual sport racquets to perform physical
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qualities has increased considerably (Tator, 2008). A study conducted by Oja et al. (2017)
showed that playing sports racquet has been linked to a lower death rate (47%) and reduced
cognitive disorders (53%). It has been demonstrated that the time invested in playing racquet
sports has an impact on biological and psychological factors.

While it is evident that regular engagement in a variety of physical activities has a
positive impact on health, very limited studies have examined whether participation in
racquet sports (such as badminton) influences mental abilities in older adults. This research
aims to investigate whether playing different kinds of badminton exercises might change or
improve cognitive abilities. We hypothesize that badminton physical programs will exhibit
higher scores in the MMSE, Stroop, and Digit Span tests as instruments for measuring

cognitive function in older adults.

METHODS

A controlled randomized experiment was created to address the research questions
concerning the effect of a two-month badminton physical program on cognitive function in
older adults. All cognitive tests (Stroop, Digit Span, and MMSE tests) were measured pre-and
post-intervention. Participants were recruited with an invitation questionnaire addressing the
procedure and the protocol with all details. Participants were selected under the same
conditions and with the same staff members (medical and trainer staff). Participants must be

accompanied by their relative partners or their family representative members.

Participants

40 older adults participating in this study (25 men and 15 women) were separated into
two groups: intervention (n = 20) and control (n = 20). The participant’s average age was 65.80
+ 3.93 years, with no significant difference between groups. Their height was 168.68 + 10.29
cm, weight was 72.25 + 14.25 kg, and BMI was 25.05 + 4.12 kg/m2. Gender differences were
assessed using crosstabs in SPSS version 22.0. The initial analysis revealed no significant
distinctions among both groups in age, height, body mass, and BMI (all > 0.05). Table 1
displays the baseline characteristics.

The protocol was conducted from June to August 2023. The inclusion criteria were: (1)
60-70 years; (2) no previous badminton training; (3) no history of chronic disease; (4) no

physical disorder, and a score of the Mini Mental State Examination test (MMSE) between 25
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and 30. The exclusion criteria were: (1) attention disorders, (2) aggressive, (3) perception

deficits, (4) and those unable to engage in the regular physical programs.

Table 1
Demographic Characteristics of the Participants
Groups N = .N=
Measurements (IG; N=20) (CG; N=20)
Sex Men (n=12) j4 Men (n=13) |4
Women (n=8) Women (n=7)
Age (year) 66.00 £ 3.64 0.486 67.60 £4.32 0.371
Height (cm) 168.53 +9.23 0.378 170.83 £11.46 0.161
Body Mass (kg) 70.51+12.98 0.467 73.98 £15.26 0.233
BMI 24.87 £4.52 0.378 2524 +3.84 0.387

Note. BMI: body mass index, BMI = weight in kg divided by height in meters squared.

Procedures

After receiving the medical report, eligible participants who completed the initial
screening process were invited to the Sport Physiology Laboratory (ISSEP Ksar Said, Tunis).
Upon their arrival, participants received a full explanation regarding the objectives and
procedures of the tests. Following anthropometric measurements individually. Participants
spent 10 minutes in a quiet environment at a thermoneutral temperature of around 22°C. After
that, all subjects were asked to complete the cognitive function assessments. The evaluation
was based on two neurocognitive tests, which included the Digit Span test and the Stroop test.
A two-minute interval was allowed between each test. The cognitive tests listed below were
conducted both before and after the intervention.

Stroop test

We used the Stroop test (Stroop, 1935) to assess inhibition capabilities and executive
malfunction, and for the evaluation of cognitive flexibility, we used a modified version
incorporating a fourth board (Chatelois et al., 1996). The Stroop test consists of four boards,
each representing a different condition. The first board represents the name, with rectangular
items of red, yellow, blue, or green colors. Participants must name the colors they see. The
second board represents the reading task, with the words yellow, blue, red, and green written
in black. The aim is simply to read the words. For the third board, representing the
interference, the words indicating colors are written with a different ink color, i.e. GREEN -
YELLOW. The objective of this board is to disrupt the time takes to read the word and
concentrate on indicating the color of the ink. The final board, which stands for flexibility, is

identical to the third one after certain words have been framed; in this instance, the participant
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is required to read the word. The difficulty is the alternate reading of the word when it is
framed and the designation of the color of the ink.

Each board consists of ten items per line on ten lines. The test consists of counting the total
responses of correct answers in 45 seconds. Evaluation of the first two boards helps train and
evaluate the time the practitioner needs to read and name the color. In contrast, the third and
fourth boards are used to assess flexibility and inhibition.

Digit Span

Digit Span (DGS) is a validated test assessing both short-term and working memory, it
can be administered in two formats: forward digit span and backward digit span. This is a
verbal indicator instrument assesing tasks with stimuli produced auditorily, comments stated
by the participant, and immediately scored by the software. A random sequence of numbers
is shown to the participants, they are asked to repeat it according to the initial order (digit
forward) or in the opposite order (digit backward). Tasks were almost very comparable; and
both examine cognitive parameters: the forward span task evaluates short-term memory,
while the backward span measures working memory ability (Wechsler, 1955).

Mini-Mental State Examination

Cognitive aging was assessed using the Mini-Mental State Examination test. This is the
most frequently used test employed for rapid screening measures to determine the presence
of cognitive impairments in older adults. The procedure of this test takes only 5-10 minutes,
and the following aspects are examined: memory , language and praxis , perception , and
attention. The total score is 30 points, a score below 24 indicates a typical cognitive level. A
score under 24 signifies "mild dementia," 19-24 means "moderate dementia," and 10-18 reveals
"severe dementia" (<10) (Folstein et al., 1983).

Badminton Intervention Program Development and Content

We established the exercise intervention with new technical modifications in this
research on previous badminton intervention programs completed in relevant domains that
used a total of around 20 to 24 weeks, 2-3 times per week, for sixty minutes each time (Yang,
2017). The training program was developed by a multidisciplinary team composed of exercise
physiologists, psychologists, and physical education professionals with a specialization
degree in badminton coaching, with proper care for the psychological and physical situations
of older persons. The intervention content was designed to stimulate cognitive parameters,
primarily short-term memory, working memory and inhibitory control. When participants

learned and performed certain specific moves, they were capable of conducting them correctly
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using the instructions supplied. Furthermore, it was essential to strengthen their control to
improve their ability to manage and prevent inappropriate activities.

For working memory, participants were required to regularly retain information,
analyze data and maintain movements during the training. Participants were asked to switch
between working memory states to exhibit cognitive flexibility. The physical program began
with a preparation period, which consisted of warm-up exercises and jogging, followed by
particular badminton skills training, gradually modifying the type of exercise task, followed
by 10 minutes of static stretching period (Table 2). The level of exercise was evaluated. After
each exercise session, six individuals were randomly selected, their heart rates were measured
manually, and the supervisor reported their observed physical states. During the skills
training period, the participants' average heart rate was 135.74 beats per minute, which is
similar to 65-75% of the maximal heart rate for this age group, indicating moderate-intensity
exercise. All sessions were carried out under the instructions of the same coaches.

Table 2
Badminton Intervention Protocol

Time Period Repartition of Badminton Program 12 Sessions Lenght
Week 1-2: Session 1 to 3: Discovery of badminton/ equipment 60 min
Handling Equipment Session

Jongles exercises

Week 3-4: Session 3 to 6: Muscle Strengthening Lower M/ put learning into practice 60 min
Muscle Strengthening Lower M/ reverse service learning Session
Muscle Strengthening Lower and Upper M/ reverse service / gait

Week 5-6: Session 6 to 9: Service learning / gesture release 60 min
Service learning / gait + coordination exercises Session
Passing Exercises (Moving footwork practice + eye contact

Week 7-8: Session 9 to 12:  Transfer of learning during matches 60 min
Quality training: full command footwork, (Moving footwork Session

practice + eye contact)

Cool down Static stretching 10 min

Data Analysis

The information obtained was analyzed using SPSS version 23.0 for MAC (IBM
Corporation, Armonk, NY, USA). First, the Kolmogorov-Smirnov test was applied to
determine whether the data followed a normal distribution. To investigate the impact of the
badminton physical program, we used a student t-test on all cognitive variables. Statistical

significance was determined at p < 0.05.
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RESULTS

To verify if our two study groups had comparable baseline scores before establishing

the physical training program, we compared diagnostic evaluation scores between both

groups using the student t-test. All variables showed no significant difference between the

control and intervention groups. Except for one variable, on the digit-backward test, the CG

has a significantly higher working memory score than the intervention group (p < 0.05). The

MMSE test indicates that both groups have normal cognitive scores <27 without any mental

deficits. Table 3 presents the average and standard deviation of each group. The values

obtained in the student test and their significance are also listed in this table.

Table 3

Comparison of Characteristics of the Control Group vs Intervention Group in Pre-program
Measurement (l\(ILC;Z)) (1(\TC=(;2)) ; p
Stroop Test
Reading Score 42.39 £12.98 51.31 £15.90 1.27 0.22
Inhibition 31.61 £12.62 36.06 £ 8.95 0.82 042
Cognitive flexibility 32.39 £11.01 40.68 +12.21 1.47 0.16
Digit Span Test
Digit Forward 578 +1.48 7.50 +2.30 1.84 0.08
Digit Backward 2.56+0.73 413+1.96 224 0.04*
MMSE 28.87 +£0.91 27.38 +2.87 0.99 0.33

Note. M =Mean; SD = Standard Deviation; MMSE = Mini Mental State Examination; *p<0, 05

Comparison of Post-to-Pre-Program Control Group Scores

To determine if there would be a test-retest effect on the control group, the student t-

test was applied to assess the control group's results before and after the intervention. Table 4

summarizes the analysis findings, which show no significant change in cognitive parameters

(i.e., p>.05).

Table 4

Comparison of Pre vs. Post-program Scores in the Control Group
M rement Before After

casureme Intervention Intervention t P

Stroop Test
Reading Score 51.31 £15.90 54.37 £14,87 0.85 0.42
Inhibition 36.06 +8.95 35.87 £10.28 0.06 0.96
Cognitive flexibility 40.68 £12.21 4050+ 8.5 0.04 0.96
Digit Span Test
Digit Forward 7.50 £2.30 7.12+2.69 2.04 0.08
Digit Backward 413 £1.96 4.37 +2.06 1.00 0.35

Note. M = Mean; SD = Standard Deviation.
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Score Comparison of the Post-versus Pre-program Intervention Group

To test the impact of the badminton program on our different study variables, we
compare the post-program scores with those of the pre-program. Our results were analyzed
by a student t-test, showing significant improvements in executive function for the
intervention group. Participants got a significantly higher reading score in the post-program
(p = 0.001), and we also found that the inhibition score was significantly higher in the post-
program (p = 0.05). Significant results were shown on the cognitive flexibility task (p = 0.05).
Concerning the capacity of data related to the short-term memory function, we found a
significant difference (p < 0.001) in working memory after the badminton program (p = 0.01).
However, the mean score has changed for the MMSE test, but without any significant

difference. The complete analysis and measures are presented in Table 5.

Table 5
Comparison of the Score of the Intervention Group Post Versus Pre-program
Measurement Before After
Intervention Intervention t P
Stroop Test
Reading Score 42.39+12.98 49.6 +13.31 4.82 0.0013**
Inhibition 31.61 £12.62 35.94+11.33 0.95 0.01*
Cognitive flexibility 32.39+11.01 37.28 £10.28 0.91 0.02*
Digit Span Test
Digit Forward 5.78+1.48 7.00 £1.50 0.96 0.00003***
. . 0.01*
Digit Backward 2.56 £0.73 4.00+£1.41 0.36

Notes. M = Mean; SD = Standard Deviation; *p<0,05; *p<0,01; **p<0,001

Intergroup Comparison of Scores (Post-Pre Program)

To test the interest/impact of the adapted physical activity program on our various
study variables, we created new variables called subtractions. These consist of subtracting the
scores obtained in pre-program tests from those obtained in post-program tests. We obtain
different scores that allow us to highlight the impact of our physical activity program on
independent elderly individuals. The complete substractions measures are presented in Table

6.
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Table 6
Comparison of Subtraction Scores (Pre and Post-Program) Between the Intervention and the
Control Group

Before After
Measurement Intervention Intervention " P
(M1SD) (M£SD)
Stroop Test
Reading Score 722+449 3.06 £10.15 1.12 0.28
Inhibition 433+4.05 -0.18 £9.55 1.29 0.21
Cognitive flexibility 489+474 -0.19 £10.79 1.28 0.22
Digit Span Test
Digit Forward 1.22+0.44 -0.37 £0.52 6.87 <0.001***
Digit Backward 1.44+1.33 0.25+0.70 2.26 0.03*

Note. M = Mean; SD = Standard Deviation; *p<0,05; **p<0,01; ***p<0,001.

DISCUSSION

This study examined the impacts of physical exercise programs based on multiple
badminton activities on cognitive parameters in older healthy adults. 40 participants were
taken for data analysis, and both groups were well matched in terms of demographic and
initial variables. There was no statistically significant difference in age between the two groups
(p = 0.371). However, there was no dropout; however, there was no dropout, and all the
participants were stable during the entire follow-up period.

Our results showed that two months of physical exercise positively affected executive
function, working memory, and cognitive flexibility, with faster reaction time and reading
scores. However, no subcomponent of executive function among individuals in the control
group showed significant changes. Patients in the control group have better baseline results in
the Degit Backward test than the intervention group; this could be explained by the degree of
social interaction with the medical staff and family assistance. According to the overall results
of the current research and consistent with previous studies, we believe that a physical training

program is a promising way to enhance cognitive characteristics in the elderly population.

Impacts of Physical Exercise on Executive Function

A large number of studies suggest that exercise is an essential method for older people
to prevent cognitive decline and chronic diseases. The current study's findings demonstrate
the positive effects of physical activity on cognitive function, particularly on executive and
memory processes. Many research studies have revealed a significant correlation between
cognitive performance and physical exercise (Pindus et al., 2019). The research evidence shows
that physical exercise is beneficial for executive function and that improvements are related to

the type of training (Colcombe & Kramer, 2003). The World Health Organization (WHO)
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survey additionally shows the connection between physical activity and enhanced
neurocognitive function, especially memory and executive function (WHO, 2008). The
findings in the present study are similar to those in other research studies. Low-to-moderate-
intensity badminton training helps older people improve their executive function, which
includes attention, memory, and calculation skills (Yu & Zhao, 2021). Different types of
exercise, such as aerobic, anaerobic, and mental exercise activities, can help healthy older
adults improve their mental and cognitive functions (Northey et al., 2018). The study of
Takahashi (2019) demonstrates how badminton can stimulate cognitive function (the capacity
to use self-control over behavior, emotions, thoughts, and concentration in order to
demonstrate the link between physical exercise and cognitive function). An analysis of
comparative data revealed that senior racket sport athletes with at least 20 years of experience
had a 3.1% quicker reaction time than other athletes, and this improvement is directly linked

to the duration and the exercise intensity (Culpin, 2018).

Effects of Physical Exercise on Working Memory

The brain's capacity to simultaneously store and process information is based on
working memory, which is one of the most significant aspects of cognitive function. According
to pertinent research, physical activity improves cognitive characteristics and has a good
impact on working memory, a result similar to that of the present study (Guo, 2022). Different
types of exercise may have favorable physiological and neurobiological impacts on WM.
Accordingly, Wilke (2020) found that working memory performance does improve following
a regular physical exercise program. Ikudome et al. found that even simple balance and
resistance exercises can decrease the progression of aging factors and contribute to a healthy
lifestyle in older people (Ikudome et al., 2017). Different workouts may stimulate various areas
of the brain when playing badminton; the duration and intensity of the selected exercises are
directly related to this activation, leading to physiological and psychological improvements.
In a badminton match, players must rapidly analyze the shuttlecock information of their
opponent, screen out irrelevant data, and then select the right stroke action from their
conscious memory. This mechanism contributes to reorganizing brain information and

contributes to the development of new skills.

Effects of Physical Exercise on Cognitive Flexibility
Multiple perspectives exist concerning how playing badminton enhances cognitive
flexibility. Following previous research, we found in our study that ratings of cognitive

flexibility significantly improved with a decreasing in mean values, which was statistically
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significant (p = 0.02). This enhancement could be attributable to increased concentration and
the ability to select the right task and suppress extraneous actions. Several researchers say
playing badminton may increase cognitive flexibility and attention (Yu et al., 2022). However,
opposing data suggest that racquet sports do not reduce cognitive flexibility in older adults,
but rather improve inhibitory control and working memory (Churchill et al., 2002). The chosen
exercises in this study focused on distinct movements and approaches related to the activity
of badminton, with dual exercises that require a high demand of cognitive performance. The
challenges of conducting a trial with older patients should be mentioned as one of the barriers
to reaching the established goals, the need for adequate coordination among the different
professionals, and the necessary adherence to the physical exercise programs by the

participants to obtain the expected benefits.

Limitations

This study has certain strengths and limitations that should be addressed. First, a
strength of the current research was that a unique sample of elderly adults participating in
badminton physical programs with a more varied range of exercise tasks was used to evaluate
the impacts of physical exercises on cognitive function, which may more accurately reflect the
psychological and cognitive functioning of older patients. In the Degit Backward test, the
control group showed better performance than the intervention group; these differences can
reasonably be attributed to the increased amount of personal contact (nursing home routine
and social contact with clinical staff) (Katona, 2007). However, the process of two different
tests measuring cognitive parameters before the physical intervention may negatively affect
mental capacities. Second, social interaction may play a solid role in improving cognitive
parameters. The selected program was enrolled between two groups in a social environment,
which was beneficial for improving cognitive parameters. Larger sample sizes should be used
in future research to provide more representative results. It might be beneficial to extend the
intervention time and include multiple tests with the pre-intervention and post-intervention
assessments, measuring the degree of physical activity of each patient, the use of drugs, and
more baseline assessments such as marital status, work status, and many other variables that

can be interesting.

CONCLUSION

In conclusion, this research highlights the importance of physical exercise on cognitive

function, demonstrating that regular participation in a badminton physical program may
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improve and enhance cognitive function in older people. Badminton, due to its multi-
component activities, appears to offer significant cognitive advantages. While participants in
these physical exercises showed better executive function, short-term memory, working
memory, and cognitive flexibility, no significant differences were found in the MMSE test
between the two groups. More evaluation of cognitive abilities might be important in future

studies.

PRACTICAL IMPLICATIONS

The data from this study reveals several practical applications important for future
studies. Physical activity is considered to be an affective treatment in older, healthy adults and
for those who suffer from chronic disease and needs to be prescribed to correspond to the mental

and physical needs of each patient.
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