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Abstract

ADHD is a neurodevelopmental disorder that begins in childhood. An essential feature of
ADHD is a persistent pattern of inattention and/or hyperactivity-impulsivity that interferes with
functioning or development and may affect inhibitory control, attention, and working memory.
Past studies have shown that acute exercise has a positive effect on cognitive flexibility,
inhibitory control, and working memory, and also showed that exercise or physical activity can
improve symptoms of ADHD and its complications. Therefore, exercise has become a
potentially effective intervention method for ADHD children that has attracted much attention.
However, different types of exercise have varying effects on improving ADHD. Open-skill
exercise (OSE) is more effective in improving cognitive function than closed-skill exercise
(CSE), which may be related to the higher cognitive load intensity of OSE. Therefore, this study
believes that cognitive load is a variable that could improve cognitive function. Purpose: "To
investigate the acute effects of exercise intervention at different cognitive load intensities on
cognitive function and ERP in children with ADHD and typically developing (TD) children.".
Methods: 18 TD and 8 ADHD children aged 8 to 12 were recruited, and interventions in control,
low cognitive load, and high cognitive load sessions were divided into 3 days. In the control
session, 30 minutes of watching a video related to table tennis; the low cognitive load was 30
minutes of moderate-intensity exercise intervention of a one-color table tennis ball; the high
cognitive load was 30 minutes of moderate-intensity exercise intervention of a two-color table
tennis ball. The ball return accuracy of high or low cognitive load exercise intervention was used
to calculate whether there was indeed a difference in cognitive load intensity between the two.
Heart rate monitoring was used to maintain moderate exercise intensity (60%-65% reserve heart

rate) during exercise intervention. Immediately after watching a video or playing table tennis, an
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EEG cap was worn and a task-switching cognitive test was used to collect and record ERP and
behavioral data. Results: In terms of exercise performance, all subjects performed the same
moderate exercise intensity. High and low cognitive load exercise interventions did achieve a
significant difference in terms of accuracy. In terms of behavioral performance, the reaction time
of ADHD in a pure condition was significantly fastest in low cognitive load session. Accuracy
for ADHD was found in the mixed condition in the global switch effect, with the acute effect of
the high cognitive load session having a significantly better effect than the low cognitive load
session, and also significantly better than the control session. In the local switch effect, it was
found that the accuracy of TD was significantly better than that of ADHD in the high, low, and
control session. In terms of ERP, there was no significant improvement in P3 amplitude. The P3
latency was the fastest in the low cognitive load session where the local switch effect was
significant. Conclusion: Exercise intervention with a higher cognitive load might have a
positive effect on the improvement of cognitive function in children with ADHD, but no

significant difference was reached in TD children.

Keywords: cognitive load, acute exercise intervention, cognitive function, ADHD, ERP, task-

switching
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Chapter 1

Introduction

1.1 Background

ADHD is a neurodevelopmental disorder that begins in childhood. The requirement that six
(or more) symptoms would be present before age 12 years, which needed to occur and last for at
least six months, conveyed the importance of a substantial clinical presentation during childhood.
The essential feature of ADHD is persistent inattention and/or hyperactivity-impulsivity that
interferes with functioning or development (American Psychiatric Association (APA), 2013).
Recently, research on treating ADHD patients focused on other non-drug interventions, exercise,
or physical activities that could be used to prevent and improve personalities and complications
(Silva et al., 2015). The particular reason for this circumstance was that exercise might be the
key to reducing hyperactivity/impulsive behavior, improving attention, memory, motor skills,
and social skills (Wigal et al., 2013). Exercise has become a potential and effective intervention

method for ADHD children, which has attracted much attention (Neudecker et al., 2019).

Exercise helped reduce the risk of dementia, depression, and stress (Pedersen, 2019). It had a
role in maintaining cognitive function and metabolic control and had many benefits for brain
health (Pedersen, 2019). Exercise could cause acute changes (usually leading to an increase) in
the concentration of several neurochemicals in the brain (Moreau & Conway, 2013). Exercise
could also increase the concentration of brain-derived neurotrophic factor (BDNF) in serum,
thereby enhanced neuro-proliferation, memory, and learning ability, and improving medial

temporal lobe function. Indicating that exercise could induce cognitive function enhancement
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(Griffin E et al., 2011). In addition to BDNF, exercise could also improve these neurochemicals
including cortisol, noradrenaline, dopamine, and possibly serotonin (McMorris et al., 2016).
When you were exercising, your muscle would secrete myokines and the myokine cathepsin B
passes through the blood-brain barrier to enhance brain-derived neurotrophic factor production, it
also could enhance neurogenesis, memory, and learn to contribute to the regulation of
hippocampal function (Pedersen, 2019). In addition, acute aerobic exercise could increase the
secretion of thyroid hormones and improve the cognitive dysfunction of patients with
hypothyroidism (Masaki et al., 2019). The 2019 empirical study also clearly showed that acute
aerobic exercise might promote cognitive flexibility, inhibitory control, and working memory
(Bae & Masaki, 2019). Exercise could increase the arousal level of the prefrontal cortex (PFC),
cerebral blood flow, catecholamines, and BDNF concentration, and had potential effects on the

frontal cortex and behavior.

The effect of exercise intervention on the improvement of cognitive function had been
demonstrated. Past studies had shown that exercise had a positive effect on mental health,
cognitive function, and delayed the occurrence of neurodegenerative diseases (Bherer, 2015;
Deslandes et al., 2009; Donnelly et al., 2016a). It could also positively affect different aspects of
cognitive function, such as spatial learning and memory (Cassilhas et al., 2016), working
memory (Bustamante et al., 2016), attention (Hattabi et al., 2019), cognitive flexibility and
attention resource allocation ability (Tsai & Wang, 2015), etc. Past studies also found that open
skill exercises (OSE), which were led by extraneous events (e.g., volleyball, badminton, tennis)
(Singer, 2000) was better than close skill exercises (CSE), which were self-paced in the
development (e.g., swimming, jogging, circling) (Singer, 2000) in inhibiting control (Crova et

al., 2014), cognitive flexibility (Schmidt et al., 2015), increasing serum BDNF concentration
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(Hung et al., 2018), and the cognitive function of children and the elderly were more effective in
improving these aspects (Gu et al., 2019). A comparison of open versus closed movements could

be viewed as a practical application of cognitive load intensity in exercise (Gu et al., 2019).

The reason might be that OSE was a reactive exercise (Gabbett et al., 2008). When
performing OSE, athletes needed to move in a relatively unpredictable and changeable
environment, not only must remain focused on the goal but also necessary to observe the
activities and positions of multiple participants (adversaries and teammates) at the same time,
made plans and execute actions (Formenti et al., 2019). OSE also had more high cognitive load
and social interaction challenges were a kind of exercises intervention that could effectively
improve cognitive ability (Crova et al., 2014). And could subdivide such exercise into strategic
exercise (such as dancing, and football), and interception exercise (such as tackwondo, and
karate) ((Voss et al., 2010). CSE was a movement that was relatively stable and less interactive
with the environment, with a clear starting point and end point, and could be further defined as a
static exercise (such as running, and swimming) with a highly consistent movement pattern
(Coelho et al., 2007; Gabbett et al., 2008; Voss et al., 2010), thus presented a lower cognitive
load intensity (Crova et al., 2014). On the other hand, the dual-task motor intervention with
additional secondary tasks in the same situation also had a higher cognitive load intensity than a
single-task because it needed to process different stimuli and perform task requirements at the
same time (Atiomo, 2020; Haji et al., 2015). In addition to the fact that different exercise
prescriptions might provide different effects on the benefits of cognitive function, concurrent
cognitive tasks and exercise intervention might be one of the more effective ways to enhance
cognitive reserve (Herold et al., 2018). Therefore, this study believed that cognitive load was a

variable that could improve cognitive function.
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OSE could effectively improve cognitive function, possibly because OSE had a higher
cognitive load intensity (Crova et al., 2014). Given this, the next step was to discuss whether
acute exercise with higher cognitive load intensity was better for improved cognitive function.
Twelve experienced football players engaged in three different types of acute interventions
lasting 20 minutes. (1) Sat and rested; (2) Moderate-intensity treadmill exercise; (3) Futsal game.
Then, participants completed the Stroop color-word conflict task and measured the reaction time
(RT) and P3 event-related potential at the same time. The results showed that the reaction time
during the Stroop performance was significantly faster after a futsal game and treadmill exercise
compared with rest. After Futsal, the P3 range during Stroop's performance was the largest. It
could be shown that futsal could improve cognitive function best (Won et al., 2017). Another
study for the elderly examined the acute effects of a single OSE and CSE intervention on
cognitive function and found that the immediate memory of both exercise groups improved
compared with the control group. Only in the OSE group was an improvement in audiovisual
perception (O'Brien et al., 2017). The intervention of cognitive tasks and exercise at the same
time was the most effective way to enhance cognitive reserve (Herold et al., 2018). And if it
could provide novel and fun exercises intervention, it might be an important way to promote
cognitive improvement to a greater extent (Schmidt et al., 2020). Taken together, cognitive
function and executive function (EF) were impaired in individuals with ADHD. Therefore, this
study believed that OSE was an intervention that could provide more cognitive load, and had a
better effect on the adjuvant treatment of patients with ADHD. However, it should be noted that
if the exercise intensity was too high or exercise time was too long, it might cause excessive
secretion of catecholamines, lead to physical and emotional fatigue and led to cognitive

impairment (Barnes & Van Dyne, 2009; McMorris et al., 2016). Dehydration caused by long-

doi:10.6342/NTU202210188



term exercise might also impair information processing and memory functions (Tomporowski,

2003).

The intensity of cognitive load at different intensities during exercise might also be a key
factor in improving cognitive function (Schmidt et al., 2020). The executive function
performance of the elderly who had participated in OSE for the long term was better than that of
the elderly who had been engaged in CSE and sedentary life for the long term (Dai et al., 2013).
Previous findings also supported that OSE was better at improving cognitive function than CSE
(Gu et al., 2019). In addition, the dual-task of enhancing cognitive reserve by performing
cognitive tasks and motor intervention at the same time might also be an important way to
promote the improvement of cognitive function (Herold et al., 2018; Schmidt et al., 2020). Using
the dual-task of CogniPlus cognitive and motor training (including walking with attention
training, alternating standing and kneeling positions with memory training, walking back and
forth with executive function training) was effective for the elderly with mild cognitive
impairment (MCI). The improvement effect of cognitive function and attention function was
significantly higher than that of cognitive task intervention alone (Hagovska et al., 2017).
Additionally, 16 weeks after simultaneous motor interventions and cognitive function training
(reaction time, inhibitory control, attention, visuospatial planning and decision making, etc.)
using interactive cognitive-motor training (ICMT). The study found significant improvements in
attention, processing speed, and visuospatial abilities in healthy elderly participants compared to

a no-intervention control group (Schoene et al., 2015).

The event-related potential (ERP) could directly and accurately measure brain activity and

timing such as RT and accuracy. It was very suitable for detecting changes in response
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inhibition, attention, or working memory in patients with ADHD (McLoughlin et al., 2010). ERP
studies could also significantly contribute to a better understanding of the pathophysiological
background of ADHD (Wangler et al., 2011). Past studies had indicated that the P3 (P3)
amplitude of patients with ADHD was significantly lower than that of healthy people (Alexander
et al., 2008; Griffiths et al., 2019; Szuromi et al., 2011). And the improvement effect of the P3
amplitude in the group with poor cognitive function is better than that of the group with better
cognitive function (Drollette et al., 2014). Therefore, the P3 of ERP component, a possible
endophenotype for attention deficit hyperactivity disorder (ADHD), had been widely examined
in children (Szuromi et al., 2011). In addition, ADHD was accompanied by cognitive control
disorders, such as task-switching defects (Aarts et al., 2015), because task-switching was a
cognitive function that might be impaired after brain damage (Pohl et al., 2007). Past studies had
also confirmed that when task-switching was used as a cognitive test, there was a potential
correlation between task-switching and ERP (N1, P2, P3) (Kieffaber & Hetrick, 2005). Thence,

task-switching was also a common cognitive test used in patients with ADHD.

1.2 Purpose

Based on the evidence mentioned above, past studies had examined the effects of acute
exercise on EF in children with ADHD had focused on aerobic exercise. Whether the cognitive
load of OSE might be a moderator that manifests the effect of acute exercise on EF in children
with ADHD remains unknown. To the best of our knowledge, no existing study had specifically
explored the effect of different intensities of cognitive load as a variable. Therefore, the purpose

of this study was:
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"To examine the acute effects of exercise intervention at different cognitive load intensities on

cognitive function and ERP in children with ADHD and typically developing (TD) children."

The following questions were raised for this study:

(1) Improvement effect under different cognitive load intensity interventions, was the
improvement effect of high cognitive load intervention on behavioral performance (reaction

time, accuracy rate) the best?

(2) The improvement effect under different cognitive load intensity interventions, was the

improvement effect of high cognitive load intervention on ERP (P3 amplitude, latency) the best?

(3) In terms of improvement in cognitive function, did ADHD children have better outcomes

than TD children after the intervention in this study?

1.3 Hypothesis

This study used the ERP and task-switching cognitive tasks as tools to measure the effect of

improved cognitive function. Based on previous findings, the hypotheses of this study were:

(1) According to past research on task-switching, after long-term exercise intervention, the
impact of high-intensity cognitive load on behavioral performance would lead to higher accuracy
and faster reaction time. Therefore, we hypothesized that using a single exercise intervention
with different cognitive load intensities could also see the impact of high-intensity cognitive load
on behavioral performance, which might bring about the acute effects of higher accuracy and

faster reaction time.
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(2) According to previous studies on ERP, the effect of high-intensity cognitive load on ERP was
associated with higher P3 amplitude and faster latency after long-term exercise intervention.
Therefore, we hypothesized that using a single exercise intervention with different cognitive load
intensities, we could also see the acute effect of higher P3 amplitude and faster latency on the

effect of high-intensity cognitive load on ERP.

(3) The improvement effect of ADHD children after intervention would be more effective than

that of TD children.

Based on the above discussion, this study used table tennis corresponding to the definition
of OSE as an exercise intervention to explore the acute improvement effect of different

intensities of cognitive load on children with ADHD.

1.4 Significance of the study

Based on the previous findings, this study found that there were still some studies worth
continuous attention or that could be tried, and tried to fill in the gaps in current research.

Therefore, there were a few points of importance that this research could bring:

(1) Most of the previous studies conducted table tennis training for long-term intervention, and
also achieved certain benefits in improving the cognitive function of ADHD children. Therefore,
this study wanted to try to understand if the acute effect of one-time table tennis could also bring

benefits to the improvement of cognitive function in children with ADHD.

(2) In the past, most studies focused on the experimental design of exercise prescription, and

seldom used cognitive load intensity as an independent variable in the study. Previous studies on
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the intensity of cognitive load mainly used different exercise interventions for comparison.
Therefore, this study sought to understand whether using the same exercise intervention but with
different degrees of cognitive load intensity had a beneficial effect on the improvement of

cognitive function.

(3) Wanting to know whether the same cognitive load intensity would have different

improvement effects for different ethnic groups.
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Chapter 2

Literature review

2.1 ADHD and Exercise Intervention

2.1.1 Neural mechanism and symptoms of ADHD

As a neurobiological condition of childhood, ADHD was often accompanied by defects such
as lack of concentration, impulsivity, and hyperactivity (Bokor & Anderson, 2014). It might be
caused by the obstruction of children's neurodevelopment (Thapar & Cooper, 2016). The
prevalence estimates of ADHD in Taiwan were 4.2%, respectively (Liu et al., 2018). The
integrated analysis study also pointed out that the performance of ADHD patients in performing
cognitive tasks was worse than that of the general healthy population, and was related to at least
seven main functional areas (Mueller et al., 2017), such as temporal information processing
(Toplak et al., 2006), sustained attention related to the arousal system (Oken et al., 2006),
cognitive flexibility (Kim et al., 2011), RT (Kofler et al., 2013), reaction inhibition (Aron et al.,
2014), & working memory (Lara & Wallis, 2015), etc. In addition, children with ADHD were
associated with multi-domain disorders, including social, family, emotional, and academic
abilities, and existing drug treatments for ADHD cannot improve such defects (Hattabi et al.,
2019). It might be because as many as 60% of ADHD children had at least one diagnostic
criterion for anxiety, including social phobia (SAD), generalized anxiety disorder (GAD), and
separation anxiety disorder (SepAD) (Sciberras et al., 2019). Children with ADHD often suffer
from cognitive abilities, motor abilities (Ziereis & Jansen, 2015), and executive function deficits

(Benzing & Schmidt, 2019). According to past neurophysiological research on the pathology of
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ADHD, the abnormal motivation and emotional control of ADHD patients might be derived
from defects in the limbic system, Ventromedial Prefrontal Cortex (vmPFC), and orbitofrontal
cortex (OFC) (Rubia, 2018). Additionally, the reason for reducing cognitive functions such as
inhibitory control, attention, and working memory in patients with ADHD might be due to the
existence of complex damage in the brain. Such as the dorsal and ventral sides of the left and
right hemispheres, medial fronto-cingulo-striato-thalamic network, and fronto-parieto-cerebellar
network (Rubia, 2018). In terms of neurobiochemistry, studies had pointed out that the DRD4.7
and DRDS5 receptors of dopamine in the brains of ADHD patients were associated with ADHD

symptoms (Wu et al., 2012).

2.1.2 The effect of acute and moderate-intensity exercise on cognitive function

Past studies had shown that moderate-intensity exercise training was closely related to
cognitive function. The definition of moderate exercise intensity is 40-59% heart rate reserve
(HRR) or oxygen uptake reserve (VO2R) (Raichlen & Alexander, 2017; Solheim et al., 2014).
The high exercise intensity was defined as 60%-80% HRR (Alberts & Rosenfeldt, 2020; Pang et
al., 2013). And get 12 to 13 points in the Rating of Perceived Exertion (RPE) score of 6 to 20
points (Garber et al., 2011). Past studies had shown that moderate-intensity exercise training was
closely related to cognitive function. The adaptive capacity model (ACM) proposes that the
human body's most suitable intensity range for exercise falls in the medium intensity from the
perspective of neuromorphology (the cognitive enhancement effect was also the best) (Raichlen
& Alexander, 2017). In the 2016 study, elementary school students were randomly assigned to
three different moderate-intensity exercise modes: (A) sitting all morning working on simulated

school tasks; (B) one 20-minute physical activity bout after 90min; and (C) two 20-minute
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physical activity bouts. It was found that children who did two 20-minute moderate-intensity
physical exercises had better selective attention scores than children who did one physical
exercise or sat all day (Altenburg et al., 2016). A systematic review of adults over 50 years of
age using exercise intervention to improve cognitive function found that no matter what level of
cognitive function the participants were at, as long as they had exercise training, they could
benefit from their cognitive function. These exercise interventions do not need to limit the types
of exercise (such as resistance training, aerobic exercise, yoga, etc.). But what needed to be
determined was that the intensity of these exercise interventions must be at least moderate to
produce the effect of improving cognitive function (Northey et al., 2018). Another 2019 study
wanted to understand the cognitive improvement effects of moderate-intensity acute exercise on
sedentary overweight/obese older adults with normal cognitive function. The results of the study
found that moderate-intensity exercise could improve the serum BDNF and working memory or
executive function of the elderly (Wheeler et al., 2020). In addition to studies on normal
cognitive function people, previous studies had also shown that moderate-intensity exercise
intervention could also help improve the cognitive function of participants with cognitive and/or
neurological disorders. A study on the use of moderate-intensity acute aerobic exercise
intervention for children with learning disabilities (LD) found that after the intervention of
moderate-intensity acute aerobic exercise, children with LD significantly enhanced the
adjustment of mental state and the allocation of attention resources. And it affects the sustained
attention and discriminatory functions of children with LD (Huang et al., 2020). To evaluate the
effect of moderate-intensity of aerobic exercise on elderly people with mild Alzheimer's disease,
a 2015 study recruited fifty volunteers aged 50 years to 80 years with cognitive impairment. The

study let the aerobic group be treated with cycling training at 70% of maximal intensity for 40
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minutes per day, 3 days a week for 3 months. The results showed that moderate-intensity of
aerobic exercise could improve cognitive function in patients with mild Alzheimer's disease
(Yang et al., 2015). The 2017 study wanted to explore the improvement of cognitive control of
young people suffering from major depressive disorder (MDD) with moderate-intensity aerobic
exercise intervention. Eight weeks after using moderate-intensity aerobic exercise intervention, it
was found that the participants successfully improved neural indices of conflict monitoring and
reduced depressive symptoms among individuals with MDD (Olson et al., 2017). The study on
the cognitive function and health-related quality of life of the elderly with MCI used a 16-week
moderate-intensity aerobic step-up exercise program, with three sets of 60-minute training per
week. The results found that participants who participated in the moderate-intensity exercise
program had significant improvements in cognitive function and health-related quality of life. In
addition, it indirectly improves the quality of sleep and improves the symptoms of depression
(Song & Yu, 2019). In addition, the use of moderate-intensity aerobic dance training for the
elderly with mild cognitive impairment could improve their cognitive functions, especially

episodic memory and processing speed (Zhu et al., 2018).

Continue to explore the related studies on the effect of acute exercise on the improvement of
cognitive function. In terms of acute effects, performing submaximal aerobic exercise for about
60 minutes could help increase the effectiveness of information processing (Tomporowski,
2003). A single high-intensity interval training (HIIT) could bring about non-invasive and acute
improvement performance of executive function (Moreau & Chou, 2019). A review study of
children to adolescents (5 to 18 years old) found that the use of HIIT intervention could produce
mild to moderate acute improvements in executive function. It showed that participating in HIIT
could improve the cognitive function and mental health of children and adolescents. (Leahy et
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al., 2020). Using acute aerobic exercise intervention could also adjust the mental state, the
allocation of attention resources, sustained attention, and produce significant acute improvement
effects for children with LD (Huang et al., 2020). From the above studies, it could be known that
acute exercise could improve cognitive function. The specific improvement mechanism might be
as follows: Acute exercise would activate the arousal mechanism in the reticular-activating
system (RAS). Then, many neurotransmitter systems were involved in this activation process,
which had several interrelated effects on cognition and emotion. Next, exercise causes the
prefrontal cortex to lose higher-order functions due to resource constraints. Lastly, although
acute exercise might cause resource limitations in the prefrontal cortex, it didn’t impair the

function of the RAS (Dietrich & Audiffren, 2011).

2.1.3 Different exercise intervention types for improvement benefits of ADHD

In ADHD adolescents, exercise might play a major role in the development of cognition,
memory, selective attention, and exercise response time (Kadri et al., 2019a). It might be because
the impact of non-fine acute gross physical activity on cognitive function mainly focuses on
attention or executive function (Mavilidi et al., 2018). Attention and executive function deficits
were common symptoms in patients with ADHD (Bokor & Anderson, 2014; Mueller et al.,

2017).

Some benefits could be found in the use of CSE as a study to improve the cognitive function
of patients with ADHD. After 10 weeks of intermittent exercise training for ADHD children, it
was found that overactivity and visuospatial working memory were significantly improved
(Bustamante et al., 2016). ADHD adults trained with moderate-intensity cycling for 30 minutes,
although there was no significant improvement in acute task performance, it was found in MRI
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imaging that moderate-intensity cycling helped to activate brain areas related to inhibition (Such
as parietal, temporal, and occipital areas) (Mehren et al., 2019). 12 consecutive weeks of
swimming training could have a positive impact on the cognitive functions of ADHD children,

such as selective attention, inhibition, and accuracy (Hattabi et al., 2019).

Previous studies on the use of OSE for exercise intervention to improve cognitive function in
patients with ADHD were as follows. For example, equine-assisted activities and therapy
(EAA/T) which was a therapeutic activity related to horses, the purpose was to promote people's
physical and mental health, and it also was regarded as a clinically effective exercise intervention
that could improve the scores of ADHD children's hyperactivity scale and social behavior
problem scales (Jang et al., 2015). The 2017 study used the simulated developmental horse-
riding program (SDHRP) as an exercise intervention. The study wanted to understand the
exercise ability and physical fitness of ADHD children and hoped to improve the exercise and
physical fitness of ADHD children. After 12 weeks of training, it was found that the athletic
ability, cardiovascular adaptability and flexibility of ADHD children had been significantly

improved (Pan et al., 2017).

A multi-exercises consisting of running, skipping rope, basketball, etc. were used as an
intervention. After six weeks of training, it was found that after exercise intervention in children
with ADHD, their Korean ADHD Rating Scale (K-ARS) scores and persistent errors were
significantly reduced (Choi et al., 2015). Another study of multi-exercises intervention allows
children with ADHD to participate in exercise training consisting of tennis, rock climbing, beach
volleyball, swimming, and other exercises. Research results showed that the score performance

of working memory, Digit Span Forward, and Number-Letter Sequence had improved
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significantly (Ziereis & Jansen, 2015). Racket exercise (such as table tennis) was also a kind of
exercise intervention that could improve the executive function of ADHD children, and could
also simultaneously improve the motor skills, muscle strength, and agility of ADHD children
(Pan et al., 2016). Using a multi-exercises intervention consisting of ball exercises (such as
basketball, billiards, and football) to explore the benefits of improving the cognitive function of
ADHD children. The results also showed that choosing an exercise program with a certain
duration, frequency and intensity could improve ADHD children’s behavioral inhibition control,
RT, and executive function (Memarmoghaddam et al., 2016). After eight weeks of intervention,
it could improve the total switching cost of ADHD children (Benzing et al., 2018), inhibition,
and RT (Benzing & Schmidt, 2019). The 2019 study found that after 12 weeks of table tennis
intervention for children with ADHD, both Stroop color and word test (SCWT) and Wisconsin
card sorting test (WCST) scores improved significantly (Pan et al., 2019). A study on
adolescents with ADHD using Taekwondo as an exercise intervention found that after 18 weeks
of Taekwondo training, the benefits of attention inhibition control and continuous and selective

visual attention increased (Kadri et al., 2019b).

Different from traditional exercise interventions, the infrared thermal imaging dynamic game
captured by the Xbox Kinect infrared thermal imaging camera was a new type of game exercise
intervention for ADHD children (Benzing & Schmidt, 2017). A total of 6 weeks of interventional
research using virtual reality running training found that the incidence of social problems in
children with ADHD (such as reducing the difficulty of making new friends or maintaining
relationships with friends) in the follow-up reports of parents had significantly improved. And in
the cognitive function test, it was found that executive function, memory, and pace frequency
also showed significant improvement effects (Shema-Shiratzky et al., 2019). A study on
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preschool children with ADHD found that using ‘Enhancing Neurobehavioral Gains with the Aid
of Games and Exercise, (ENGAGE)’ which was accompanied by important other people
(parents) and uses games for exercises training, could significantly improve the occurrence of
several related problems such as overactivity, aggression, and attention (Healey & Halperin,

2015).

2.1.4 Event-related potential and cognitive test

The studies scope of electroencephalography (EEG) and ERP covers cognitive function,
executive function, memory, language, emotion, and movement, and it was often used to detect
neurological diseases related to cognitive function, such as ADHD, autism, childhood-onset
schizophrenia, Tourette syndrome, specific language disorder, and developmental dyslexia,
anxiety, obsessive-compulsive disorder, and depression (Banaschewski & Brandeis, 2007). In
previous studies, ERP was a good and effective method for measuring cognitive function,
whether in children (Cao et al., 2013) or adults (Kim et al., 2014) with ADHD. A systematic
review and meta-analysis article in 2020 also clarified that the use of ERP could effectively
compare the differences in the performance of people with ADHD compared with non-ADHD
(Kaiser et al., 2020). The P300 (P3) component was an ERP commonly used to detect ADHD,
and it was widely used in the test of children with ADHD. Recently, studies on the use of P3 to
detect adults with ADHD had also begun to be integrated (Szuromi et al., 2011). Because P3
could reflect the cognitive functions closely related to ADHD, such as executive and attention
functions, including updating working memory, event classification, attention resource
allocation, and attention redirection (Donchin & Coles, 1988). The reason for the above might be

that P3 was particularly sensitive to changes in the nerve potential of the brain areas related to
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attention resources, such as the frontal lobe and temporal lobe (Polich, 2007). According to the
above research results, it could be understood that the change in P3 amplitude was an important
indicator of the effect of improving cognitive function in patients with ADHD. And a study in
2020 also found that in experiments using EEG to quantify cognitive load, sitting, standing, and
running interventions could successfully trigger P3, and each task only takes 5 minutes to
successfully collect data (Swerdloff & Hargrove, 2020). Provide a reliable basis for the
measurement of acute effects. Low-intensity acute aerobic exercise could help to shorten the P3
latency in healthy men, and moderate-intensity acute aerobic exercise could also help to increase
the P3 amplitude and shorten the P3 latency (Kamijo et al., 2007). And the improvement effect
of the P3 amplitude in the group with poor cognitive function is better than that of the group with

better cognitive function (Drollette et al., 2014).

Here were some examples of common cognitive tests that use ERP. The SCWT, which could
reflect different interferences on the activation of brain regions (Liotti et al., 2000) and could be
used to evaluate the distribution of attention resources (Potter et al., 2002), and WCST, which
could be used to evaluate metrics for abstract reasoning tasks (Barcelo et al., 1997) and could be

used to assess the function and activation of the frontal lobe (Barcel¢ et al., 2000).

Task-switching was defined as changing between two separate tasks (sometimes rapidly),
and multitasking behavior was defined as the simultaneous performance of two discrete tasks
(Salvucci et al., 2009). But multitasking was not possible except when behaviors become
completely automatic (Skaugset et al., 2016). When working on a task-switching, the
performance during the task-switching might be reduced due to an increase in extraneous load

(Anderson, 1987; Muhmenthaler & Meier, 2019). Therefore, this study also used task-switching
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techniques to increase the total cognitive load of exercise intervention when necessary. A study
in 2019 found that task-switching was related to a common core brain area network, such as the
intraparietal sulcus (IPS), left dorsal premotor cortex (dPMC), and right anterior insula.
Conversely, task-switching was activated more consistently in four clusters (left inferior frontal
junction, posterior IPS, and precuneus as well as the front medial cortex (Worringer et al., 2019).
A study compared the cognitive function of healthy older adults and older adults with amnestic
MCI (aMCI) showed that using task-switching could accurately detect changes in accuracy rates
(ARs), RTs, global switching cost, and ERP P3 amplitude (Tsai et al., 2016). Another study on
children from 4 to 13 years old and young adults also showed that using task-switching and
functional Magnetic Resonance Imaging (fMRI) could measure children’s cognitive flexibility,
inhibition, accuracy, and global switching cost (Davidson et al., 2006). This meant that task-
switching could not only correspond to the complex damage in the brain of patients with ADHD
but also could measure important indicators of the improvement of cognitive function in patients
with ADHD (changes in the amplitude of P3 and N1, etc.). Because of this, this study used task-

switching as a cognitive test to detect the effect of cognitive function improvement.

2.2 Cognitive function and cognitive load intensity of exercise

2.2.1 Cognitive load overview

Cognitive Load Theory (CLT), first described by John Sweller in 1988 (Sweller, 1988),
represented an important cognitive learning theory. CLT integrated three key components of the
cognitive architecture: the memory system (sensory, working, and long-term memory), the
learning process, and the type of cognitive load imposed on working memory (WM) (Young et
al., 2014). This study used the effect of an acute intervention, so this study focused on the
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cognitive load of WM. CLT assumed that the working memory of the human cognitive system
was limited, and the storage of new information during learning could only accommodate five to
nine information elements, and only two to four elements during active processing at the same
time (Miller, 1956; van Merriénboer & Sweller, 2010; Young et al., 2014). In addition, CLT also
identified three types of cognitive load that affect WM: intrinsic load, extraneous load, and
germane load (Atiomo, 2020). Intrinsic cognitive load was related to the complexity of the tasks
performed and the professional knowledge of learners. Extraneous cognitive load refers to
extraneous factors that do not directly contribute to the task performed. Germane cognitive load
was the influence of patterns gained from past learning on new information (Atiomo, 2020; van
Merriénboer & Sweller, 2010; Young et al., 2014). Reducing extraneous cognitive load,
optimizing germane load, and managing intrinsic cognitive load could reduce the intensity of
cognitive load (Atiomo, 2020). Conversely, adding secondary tasks to the main tasks could lead
to a significant increase in cognitive load intensity (Haji et al., 2015). Therefore, how to

manipulate cognitive load would be the focus of this study.

2.2.2 Measures of cognitive load intensity

When people were learning new things, they could feel the increase in cognitive load
intensity (especially related to working memory) (Young et al., 2014). Because the extraneous
load increased, the additional burden also increased (Anderson, 1987). The high cognitive load
intensity was mainly because learners had to deal with multiple elements at the same time, and
these tasks with high element interaction and incomprehensibility would produce a high
cognitive load (van Merriénboer & Sweller, 2010). For example, the extraneous cognitive load

also increased when performing dual-tasks at the same time, which increased interference (Lavie
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et al., 2004). Recognizing spoken words in sentences under adverse listening conditions (Hunter
& Pisoni, 2018). Using non-native language to understand new knowledge (Sweller et al., 2019).
The cognitive load intensity was different when walking and sitting still (Swerdloff & Hargrove,
2020). In the 2015 study, medical students who had no experience in surgical knotting were
allowed to perform simple and complex knotting tasks. Students who were engaged in complex
knotting assignments in the main task needed to wear gloves used a thinner thread and completed
the knotting assignment in a deeper area. In addition, in the secondary task, there would be a
vibration device that stimulates the students’ thighs from time to time, and the students needed to
feel the stimulation and press the button for recording. Using a subjective rating of mental effort
(SRME) and simple reaction time (SRT) to assess cognitive load for secondary tasks. The results
of the study found that the SRME of students engaged in complex tasks increased significantly,
indicating a high cognitive load intensity. It also meant that the performance of secondary tasks
and SRME were very sensitive to changes in intrinsic load (Haji et al., 2015). Another study of
young people and old people found that under the same cognitive load intensity, the old people

had poor performance in speech motor (MacPherson, 2019).

There were four common measurement methods for cognitive load, namely (1) using the
Subjective Workload Assessment Technique (SWAT) (Reid & Nygren, 1988) and the NASA-
task load index (NASA-task load index, NASA- TLX) (Hart & Staveland, 1988) questionnaire,
which measured the cognitive load experienced during a specific task (Gopher & Braune, 1984).
(2) Objectively measured changes in performance and grades (Yerkes & Dodson, 1908). (3)
Behavioral measures of gaps in task processing (Lim et al., 2015; Magnusdottir et al., 2017). (4)

Detection of physiological changes associated with cognitive statuses, such as electrodermal
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activity (Sevcenko et al., 2021) and heart rate variability (HRV) (Thayer et al., 2009)

physiological indicators.

The increase or decrease of cognitive load intensity interacted with sympathetic nerves, and
skin electrical activity could be used as an indicator to monitor sympathetic nerve activity
(Strofer et al., 2015). When engaging in higher cognitive load activities, the response of
electrodermal activity was also increased (Ellermeier et al., 2020). HRV was the heart rate
change through the mutual regulation of parasympathetic and sympathetic nerves in the
autonomic nervous system (Bricout et al., 2010). A higher HRV indicated that the autonomic
nervous system was able to respond accordingly to environmental demands (Thayer et al., 2009),
indicating its adaptive function (Porges, 1995). Therefore, there might be an important
relationship between electrodermal activity and HRV on cognitive load and cognitive
performance (Thayer et al., 2009; Wilson, 2002). Although there were many methods of
measuring cognitive load, it was still impossible to use a single assessment method to confirm all
aspects of cognitive load, so it was better to use multiple assessment methods (Sevcenko et al.,

2021).

2.2.3 Practical application of cognitive load in exercise

Generally speaking, the cognitive load was defined in the exercise as the intrinsic load
caused by individual physiological and psychological reactions, and the extraneous load imposed
on athletes during training or competition to generate extraneous physical stimuli (Soligard et al.,
2016). Adding secondary tasks to the primary task resulted in a significant increase in cognitive
load intensity simply (Haji et al., 2015). Conversely, if the extraneous cognitive load could be
reduced or the germane cognitive load could be increased, the intensity of the cognitive load
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could be effectively reduced (Atiomo, 2020). Thus, cognitive load in exercise could be seen as
available mental resources for task solving (Fuster et al., 2021). According to the viewpoint
proposed by the adaptive capacity model (ACM), the increase in cognitive load intensity during
exercise could help strengthen cognitive and executive functions (Raichlen & Alexander, 2017).
Its mechanism might be because exercise with higher cognitive load intensity had a better effect
on increasing the concentration of brain-derived neurotrophic factor (BDNF) and neuron activity
index N-acetylaspartic acid (NAA) (Anderson-Hanley et al., 2012; Lovdén et al., 2011). And

reduced the proportion of hippocampal volume decrease with age (Lovdén et al., 2012)

2.2.4 Improvement effect of exercise intervention with different cognitive load intensities

The use of different intensities of cognitive load with exercise for intervention could also see
the difference in the effect of improving cognitive function. A study of young participants (13-14
years old) who used different cognitive load intensities and dual-tasks found that the dual-task
group was more effective than the single-task group in improving youth motor skills and
working memory. In addition, the difficult dual-task group had the best effect on improving
motor skills. (Bustillo-Casero et al., 2020). Furthermore, adding cognitive load to the training of
transfer tasks could help to improve the dexterity of the hands (Sankaranarayanan et al., 2020).
The basic motor skills of ADHD were worse than those of healthy peers (Pan et al., 2017).
Therefore, the intervention of cognitive load might help to improve the basic motor skills of
ADHD. Dual-task intervention with cognitive load was not only beneficial to healthy people. In
the study of the elderly with mild cognitive impairment (MCI), it was also shown that the group
that combined cognitive tasks and physical activity intervention had significantly higher effects

on cognitive function and attention function than the group that simply engaged in the classical
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cognitive training program (Hagovska et al., 2017). The elderly with a sedentary lifestyle were
randomly assigned to three different cognitive load intensities and exercise patterns. The first
group was the high cognitive load exercises group, which engaged in dancing exercises. The
second group was a low cognitive load exercise group, using a treadmill to walk slowly. The
third group was the control group. The exercise group performed moderate-intensity aerobic
exercise for 50 minutes/time, 3 times/week for 4 months. The final result found that the high
cognitive load exercise group had the best effect on improving the overall cognitive function of
the elderly (Chao et al., 2020). Participants aged 4-5 were randomly assigned to four different
cognitive load intensities and exercise patterns. Exercises and Cognition Group 1: Use pedal less
bicycles and complete designated tasks. Exercises and Cognition Group 2: Use running and
complete designated tasks. Cognitive group: acting (related to bicycles). Control group: drawing
(related to bicycle). In the end, it was found that the exercise and the cognitive group performed

better in self-adjustment and cognitive control than the other two groups (Ureiia et al., 2020).

In addition to improving executive function, the motion sensing game could also make
participants have a positive attitude toward related interventions (Kayama et al., 2014; Maillot et
al., 2012; Schittin et al., 2016; Schoene et al., 2015). Compared with running intervention with
low cognitive load, dance intervention with high cognitive load had a better effect on improving
executive functions such as working memory, attention, and inhibitory control. It also showed
positive effects in the prefrontal cortex, superior frontal gyrus, and anterior cingulate cortex
(Chao et al., 2020; Eggenberger et al., 2015; Eggenberger et al., 2016). In terms of
comprehensive exercise, the improvement effect of different evaluation items might be the most
diverse due to the large number of exercises involved (Falbo et al., 2016; Morita et al., 2018;
Nishiguchi et al., 2015; Yokoyama et al., 2015). On the other hand, using cognitive training
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coupled with balance training had been shown to improve motor control (Bustillo-Casero et al.,
2020). The use of tackwondo intervention had been shown to improve attention and reaction
time in ADHD ((Kadri et al., 2019a). The use of football intervention could also be found to
shorten the reaction time of SCWT and had a significant effect on improving the P3 stimulation
of SCWT (Won et al., 2017). Finally, in addition to the improvements from long-term exercise
interventions, the benefits of using acute exercise interventions resulted in significant
improvements in cognitive function, motor control, self-regulation, and overall SCWT

performance (Bustillo-Casero et al., 2020; Urefia et al., 2020; Won et al., 2017).

However, not all exercise interventions with high cognitive load havd better effects on
improving cognitive function than those with low cognitive load. A study had shown that
exercise intervention with high and low cognitive load might have the same effect on improving
cognitive function, but there were differences in specific executive functions. For example,
exercise intervention with high cognitive load had a better effect on improving cognitive
flexibility. However, exercise intervention with the low cognitive load had a better effect on
improving working memory (Tsai et al., 2017). Another study found that the intervention of
cognitive load and physical activity at the same time had a weaker effect on improving the
attention of healthy children than that of single-exercise intervention or cognitive training

(Gallotta et al., 2015).

It could be known from the above studies that increasing the extraneous load could
effectively improve the intensity of cognitive load. Most exercise interventions with higher
cognitive load were more effective in improving cognitive function and executive function than

those with low cognitive load. However, exercise interventions with different cognitive load
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intensities had different effects on improving cognitive function, executive function, and
physical ability. On the other hand, having sufficient cognitive resources (proficiency,
automation, expertise, etc.) to maintain a low intrinsic load and reduce excessive extraneous load
could reduce the overall cognitive load intensity. Since this study hopes to recruit participants
with more than one year of experience in table tennis (which means they had a sufficiently low
intrinsic load), the intensity of cognitive load manipulated in this study would focus on the

amount of extraneous load.
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Chapter 3

Methods

3.1 Participants

Participants in this study must be (1) children with ADHD with a diagnosis certificate. (2)
TD children. (3) Conforming to the following characteristics: (1) No history of cardiovascular
disease, diabetes, or previous injury. (2) No hearing or vision problems, and normal or corrected
vision. (3) Participate in table tennis training for at least one year. (4) Must be between 8 and 12

years old.

In this study, based on the study of Yamazaki et al (2018), used G-power software to
calculate the number of samples required for the experiment. The study for using the study above
as the basis of calculation was as follows: (1) Used of within-group variance design. (2) Divided
into three different exercise intensity interventions. (3) Used acute effects. (4) Measured
cognitive function. Based on the effect size of .25 (Yamazaki et al., 2018), a power of .80, and an
alpha of .05. It was concluded that the total sample size of participants requires 28 people. The
estimated attrition rate for the retest was 20%, so it was estimated that the total sample size of
participants needed to recruit 32 participants. Therefore, this study would recruit 16 ADHD

participants and 16 TD participants, a total of 32.

This study originally expected to recruit 16 ADHD children and 16 TD children as
participants. However, due to the impact of the COVID-19 epidemic, the experiment was forced

to be suspended for several months. Therefore, as of the start of the paper, only eight ADHD
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children were recruited to complete three experiments. However, TD Children recruited 18

participants to complete the three experiments, exceeding the originally expected 16 participants.

3.2 Procedure

A total of three tests would be conducted in this experiment. During the first visit, explained
the entire experimental procedure to the participants and their legal guardians. The participant’s
legal guardian would complete the health history, demographic questionnaire, ADHD-T, CBCL,
and informed consent form. Participants would be required to complete the Test of Nonverbal
Intelligence-Fourth Edition (TONI-4) to test intelligence quotient (IQ). Lastly, the height and
weight of the participants would be measured and the body mass index (BMI) would be

calculated.

After completing the above items during the first visit, the first test would be conducted. We
used a counterbalance subject design to make sure that there would be no learning effect and

affect the experimental results.

On one day, participants would watch a 20 minutes video of table tennis. Afterward, a
cognitive test of task-switching would be performed to record the baseline of cognitive function
performance. (Before the formal experiment, the participants would equip with electrode caps
and accepted the task guidance. The pure and mixed conditions would be tested until the

participants reach the standard of 80% accuracy.).

On the other day, the participant would use the HR monitor to record the participant's resting
HR after sitting quietly for three minutes. Then enter the movement intervention phase.
Participants would experience 5 minutes of warm-up activities, 20 minutes of moderate exercise
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intensity (60-65% HRR; HRR would pre-determine using the formula: (maximal heart rate —
resting HR) x % intensity + resting HR) table tennis intervention, and 5 minutes of relaxation
activities. Lastly, a cognitive test of task-switching would be conducted to record the

performance of a cognitive function.

On another day, the participant would use the HR monitor to record the participant's resting
HR after sitting quietly for three minutes. Then enter the movement intervention phase.
Participants would experience 5 minutes of warm-up activities, 20 minutes of moderate exercise
intensity (60-65% HRR; HRR would pre-determine using the formula: (maximal heart rate —
resting HR) x % intensity + resting HR) table tennis intervention, and 5 minutes of relaxation
activities. Lastly, a cognitive test of task-switching would be conducted to record the

performance of a cognitive function.

The difference was that participants would engage in table tennis with low cognitive load
intensity for 20 minutes on one day, while participants would engage in table tennis with high

cognitive load intensity for 20 minutes on the other day (see Figure 1).
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Informed consent form, etc

TONI-4, height, weight, BMI

ADHD Group

Low

Task-switching

Figure 1. Procedure

Participants would be required to (1) sleep at least 7 hours a day before the test; (2) avoid
caffeine; (3) avoid strenuous exercise; (4) ask participants to eat the same breakfast in the

morning of each test; (5) forbidden to use any kind of drugs during and between trials.

3.3 Heart rate monitoring and hitting accuracy

This study used the method of recording heart rate to maintain the moderate exercise
intensity of each participant in the range of 60%-65% of the reserve heart rate. And to ensure that
the intensity during the exercise had reached the exercise intensity that was believed to help

improve cognitive function in previous studies (Northey et al., 2018; Raichlen & Alexander,
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2017; Solheim et al., 2014). The heart rate was recorded with a heart rate belt to maintain
moderate exercise intensity during exercise. The heart rate setting range was 60-65% HRR. First,
measured your resting heart rate after sitting quietly for three minutes. Then, calculated the
maximum heart rate with the formula "208 - 0.7 x age". Lastly, HRR was calculated by the
formula "(maximum heart rate — resting heart rate) x 60-65% + resting heart rate". Recorded the
heart rate every 30 seconds during the exercise, and calculated the average heart rate (bpm)
during the exercise. To ensure that we could always be at a moderate exercise intensity during
exercise, we would monitor changes in heart rate and adjust the intensity, frequency, and
strength of the ball machine when serving. Therefore, the exercise intensity of this study was
individually designed to ensure that each participant could maintain their moderate exercise

intensity (60-65% HRR).

In this study, to calculate whether there were indeed differences in different cognitive load
intensities, a cellphone was used to shoot videos to record the hitting accuracy. Recorded
whether the ball returned to the correct position during the movement. Watched the video
afterward and used the counter to count the total number of serves, and the number of correct
return shots (or the number of missed shots), to obtain each person’s hitting accuracy at high
cognitive load and low cognitive load. This was consistent with the method we used to measure
the difference between high and low cognitive load intensity (Lim et al., 2015; Magnusdéttir et

al., 2017).

3.4 Table tennis intervention and cognitive load intensity design

The experimental design of this study was modified from the previous experimental

procedures (Pan et al., 2017; Pan et al., 2019). Participants would be required to participate in
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two exercise plans and cognitive tests. The sessions included a warm-up (5 min), table tennis

training with different cognitive load intensities (20 min), and a cool-down (5 min) (see Table 1).

Table 1. Physical activity training program protocol.

Activity Length (min) Content Goal

Warm-up 5 min Jogging, skipping Warm-up and stretching.

rope, muscle

stretching
Table tennis 20 min Low cognitive load Use different cognitive load
training with intensity or high intensities for exercise

different cognitive load intervention, and explore the
cognitive load intensity. effect of different cognitive load
intensities intensities on cognitive function

in subsequent cognitive tests.
Cool-down 5 min Slow walking, Relax the muscles and restore the

stretching exercises body from exercise to normal.

Simple tasks or tasks that were familiar and could be automated require a low degree of
cognitive load (Paas, 1992), and adding secondary tasks to the main task could cause significant
changes in the intensity of cognitive load (Haji et al., 2015). Integrating cognitive tasks into
physical activities could enhance children's cognitive learning better than performing physical
activities that were not related to cognitive tasks (Toumpaniari et al., 2015). Therefore, this study
believed that using table tennis as an exercise intervention and adding secondary tasks of

different difficulty to the main task could increase the cognitive load of different intensities. For
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the main session of the program (20 minutes), it was modified from previous research (Pan et al.,
2017; Pan et al., 2019) to divide table tennis training into low and high two different levels of
cognitive load. (1) The exercise intervention with low-intensity cognitive load was as follows:
the automatic ball-shooting machine projects an orange ball from a random direction and a fixed
height. Competitors needed to return the long ball to the left backcourt. (2) The exercise
intervention with high-intensity cognitive load was as follows: the automatic ball-pitching
machine projects two different-colored balls from random directions and fixed heights. If it was
a white ball, the competitor needed to return the long ball to the right backcourt. If it was an
orange ball. Competitors needed to return the long ball to the left backcourt. All participants used
a forehand when returning the ball, and moved their footsteps to hit the ball by the direction of
the ball machine.

3.5 Task-switching

Cognitive performance was assessed using the task-switching paradigm modified by Hung et
al. (2016), presented on a computer monitor controlled via Neuroscan Stim software (ver. 2.0;
Neuro Inc., El Paso, TX, USA). There were six blocks in total, of which the first and second
rounds were pure condition, and the third to sixth rounds were mixed condition. Each block had
64 trials, for a total of 384 trials. The task-switching test would perform three different cognitive
tests: (1) Used pure condition task-switching cognitive test. The first test was called "bigger or
smaller”: In this test, any number from one to nine except five would appear in a square box
drawn by a solid line. If the number appeared one to four, it was judged to be smaller than five.
At this time, you needed to use your left thumb to press the "number four" button which was
“left” button on the keyboard. If the number appeared six to nine, it was judged to be bigger than
five. At this time, you needed to use your right thumb to press the "number six" button which
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was “right” button on the keyboard. (2) Used pure condition task-switching cognitive tests. The
second test was called “odd or even”: In this test, any number from one to nine except five would
appear in a square frame drawn by a dotted line. If the number appeared one, three, seven, or
nine, it was judged to be an odd number. At this time, you needed to press the "number four"
button which was “left” button on the keyboard with your left thumb. If the number appeared
two, four, six, or eight, it was judged to be an even number. At this time, you needed to use your
right thumb to press the "number six" button which was “right” button on the keyboard. (3) Use
the mixed condition task-switching cognitive test. This test was a combination of the first two
tests, which also meant that the difficulty of this test would be higher. In this test, any number
from one to nine except five would appear in a square frame drawn by a solid or dotted line. If
this box was drawn by a solid line, you needed to use the game rules of task 1. Conversely, if the

box was drawn by a dotted line, you needed to use the game rules of task 2 (see Figure 2).

Pure: Pure: Mixed
Bigger or smaller Odd or even

Figure 2. The rules of task-switching
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All stimuli were presented as single numbers in black. 400 milliseconds after the target
appeared, followed by a 2500 millisecond answer time. After a preparation time of 500

milliseconds, a new cycle was started (see Figure 3).

400ms

500ms 8

2500ms *

ITI 3000ms

400ms

~

Figure 3. The procedure of task-switching
3.6 ERP recording and analysis

The event-related potential was measured using an electrode cap, a 32-channel shock cap,
and the international standard-setting of 10-20; each electrode reference point was the average
value of the post-auricular mastoid electrode in both ears; the impedance was kept below 10 kQ.
Used Neuroscan SynAmps2 amplifier to apply 60 Hz notch filter to record brain waves. Since
the parietal lobe (Pz) position record could best record the change of P3 amplitude (van Dinteren
et al., 2014), this study only analyzed the ERP data of the Pz position record (Hung et al., 2016).
The offline data reduction included merging with the behavioral data. The ERP data would be

corrected for ocular artifacts. Epochs would be defined as 100ms pre-stimulus to 900ms post-
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stimulus, and baseline corrections would be performed using the 100-ms pre-stimulus interval. A
low-pass filter with a 30 Hz cutoftf (12db/octave) would be employed to further attenuate noise.
ERP trials with amplitudes outside the range of 100 pV would be excluded from further
analysis. The correct trials were separately averaged. To examine ERP components, P3 mean
amplitudes would be calculated for 300-700ms time intervals within a 50-ms interval
surrounding the largest positive going peak (Elke & Wiebe, 2017; Hermens et al., 2005; Hung et

al., 2016). Peak latencies would be measured within the latency window.

3.7 Statistical analysis

Statistical analyses were performed using the IBM SPSS Statistics software system, with an
alpha of .05 set as significant criteria. To first test the homogeneity between groups,
independent-sample t-tests were subjected to all descriptive and fitness measures (age, height,

weight, BMI, and 1Q scores).

To examine the effects of cognitive load intensity on the exercise of different levels, 2
(Group: ADHD, TD) x 2 (Session: high cognitive load intensity, low cognitive load intensity)
repeated-measured analyses of variance (RM ANOV As) were subjected to mean accuracy.
Another separate 2 (Group: ADHD, TD) x 2 (Session: high cognitive load intensity, low

cognitive load intensity) RM ANOV As were subjected to mean HR.

For behavioral indices, 2 (Group) x 3 (Session: Control, Low cognitive load intensity, High
cognitive load intensity) x 2 (Condition: Pure, Mixed or Non-switch, switch) RM ANOV As
were subjected to mean accuracy and mean RT. Secondary 2 (Group) x 2 (Session) RM ANOVA

would be performed on SI in accuracy or RT if a significant congruency effect was found.
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For neuroelectric indices, 2 (Group) x 3 (Session) x 2 (Condition) RM ANOVAs were
performed on P3. Recordings of P3 were averaged across electrodes on the centroparietal point

(Pz).
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Chapter 4

Results

4.1 Demographic analysis

This study originally expected to recruit 16 ADHD children and 16 TD children as
participants. However, due to the impact of the COVID-19 epidemic, the experiment was forced
to be suspended for several months. Therefore, as of the start of the paper, only eight ADHD
children were recruited to complete three experiments. However, TD Children recruited 18

participants to complete the three experiments, exceeding the originally expected 16 participants.

There were no significant differences between the groups in age (p > .05), Body weight (p
>.05), Height (p > .05), BMI (p > .05), and 1Q (p > .05), suggesting and equivalence between the
two groups. The demographic characteristics of participants in both groups were summarized in

Table 2.
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Table 2. Participant demographic characteristics for study

ADHD W=8) TD (N=18)

M (SD) M (SD) i
Gender (M:F) 8:00 13:05
Age (years; M (SD)) 9.56+0.90 9.94+0.56 .065
Body weight (kg; M (SD)) 37.04+5.95 35.72+4.81 371
Height (cm; M (SD)) 141.00+8.33 143.21+£5.42 744
Body mass index (kg/m2; M (SD)) 18.56£3.15 17.50+1.74 .068
Test of Non-verbal Intelligence (score) 106.75+14.79 109.00+£13.78 .949

4.2 Exercise intervention performance

There were no significant differences between the groups in heart rate (ADHD: Low:
136.88 bpm, High: 134.13 bpm, p > .05; TD: Low: 146.72 bpm, High: 140.50 bpm, p > .05),
suggesting equivalence between the two groups. It also meant that all of them had carried out the
same exercise intensity training, and there’s no difference in the time after the exercise and
before the start of the test. The demographic characteristics of participants in both groups were

summarized in Figure 4.
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Figure 4. Means for the exercise intervention performance

There was a significant difference in the accuracy of the high cognitive load intensity table
tennis intervention and the low cognitive load intensity table tennis intervention (ADHD: Low:
49.98%, High: 40.27%, p <.01; TD: Low: 84.48%, High: 74.82%, p <.01). The accuracy rate of
low cognitive load intensity table tennis intervention was significantly higher than that of high
cognitive load intensity table tennis intervention. It showed that there was a significant difference
in cognitive load intensity between table tennis intervention with high cognitive load intensity
and low cognitive load intensity table tennis intervention. On the other hand, the accuracy rate of
the TD group was significantly better than that of the ADHD group (ADHD: 45.13%; TD:
79.65%, p < .01). The within-subject effect among the ADHD group and TD group also reached
a significant difference, which meant that the cognitive load intensity of high cognitive load

intervention was indeed higher than that of low cognitive load intervention (see Figure 5).
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Figure 5. Accuracy for the exercise intervention performance

4.3 Task performance

4.3.1 Reaction time

Table 3 presented the detailed behavioral data (reaction time) of the global switch effect and

local switch effect for the task-switching indices for each group.
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Table 3. Means, and standard deviations (SD) of reaction time for the task-switching

ADHD (N =8) TD (N=18)
M (SD) M (SD)
Global switch
Control Low High Control Low High
RT (ms)

947.69 874.22 1058.63 813.62 74791 804.13

Pure trials
+81.09 +81.71 +89.39 +54.06 +54.47 +59.59

1299.35 1294.89 1226.46 1188.86 1145.22 1117.49

Mixed trials
+132.25 +118.13 +111.83 +88.17 +78.75 +74.55

Local switch
Control Low High Control Low High

RT (ms)

1252.79 1278.08 1220.10 1173.40 1135.43 1117.86

Non-switch trials
+125.42 +121.27 +112.89 +83.61 +80.84 +75.26

1345.91 1311.71 1232.82 1204.33 1155.01 1117.13

Switch trials
+140.69 +117.42 +113.12 +93.79 +78.28 +75.41

4.3.1.1 Global switch effect

After analyzed of RT revealed the main effect of Group, we found three-way ANOVA
revealed the main effect of group, session, and condition (p > .05), which did not reach
significant differences. These main effects were reached significant by a Condition and Session
(p <.05). A main effect of Condition was also yielded (p < .05). Table 4 summarizes the results

of ANOVA on RT in the global switch effect.
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Table 4. ANOVA results on RT in the global switch effect

df F P
CON 1 131.64 <.001°
CON * SESSION 2 5.59 007"

The decomposition of the Condition and Session simple main effect showed that low
cognitive load session had shorter RT compared with high cognitive load session and control
session in the pure condition (Control: 854.87ms; Low: 786.77ms; High: 882.44ms, p <.05).
The mixed condition did not reach significance (Control: 1222.86ms; Low: 1191.28ms; High:
1151.02ms, p <.05). All participants responded faster in the pure condition compared to the

mixed condition (Pure: 874.37ms; Mixed: 1212.05ms, p <.01) (see Figure 6).

*
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Figure 6. Three sessions in the pure condition and the mixed condition
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The decomposition of the Condition and Session simple main effect also showed that pure
condition had faster RT compared with the mixed condition in all three Sessions (Pure: Control:
854.87ms, Low: 786.77ms, High: 882.44ms, p <.001; Mixed: Control: 1222.86ms, Low:

1191.28ms, High: 1151.02ms, p <.001).

Lastly, since the three sessions of the pure conditions were significant, we saw whether each
group had a significant achievement in the three sessions of the pure conditions. Used to test the
improvement effect within the two groups. The results showed that only ADHD achieved a
significant (Control: 947.69ms, Low: 874.22ms, High: 1058.63ms, p < .05) in the three sessions
of the pure condition, and the reaction time was the fastest in the session with low cognitive load.

TD did not reach significance (Control: 813.62ms, Low: 747.91ms, High: 804.13ms, p > .05).

4.3.1.2 Local switch effect

After analyzed of RT revealed the main effectof Group, we found three-way ANOVA
revealed the main effectof group, session, and condition (p > .05), which didn't reach significant
differences. These main effects didn’t reach significance by a Group and Session (p > .05), a
Group and Condition (p > .05), and a Condition and Session (p > .05). The main effect of the

Condition (p <.05) was also yielded.

4.3.2 Response accuracy

Table 5 presented the detailed behavioral data (response accuracy) of the global switch

effect and local switch effect for the task-switching indices for each group.
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Table 5. Means, and SD of response accuracy for the task-switching

ADHD (N =38) TD (N=18)
M (SD) M (SD)
Global switch
Control Low High Control Low High
accuracy (%)

Pure trials 91.63+1.05 90.63+1.10 91.13+1.20 96.11+£0.70 96.67+0.73 97.50+0.80
Mixed trials 76.50£1.92 80.00+1.88 86.75+1.83 91.61+1.28 92.94+1.25 93.50+1.22
Local switch

Control Low High Control Low High
accuracy (%)
Non-switch trials 79.25+2.12 80.50+2.52 87.38+1.71 91.39+1.41 91.67+1.68 92.67+1.14
Switch trials 73.75+£2.60 79.88+1.60 85.754+2.27 91.78+1.74 94.06+1.07 94.11+1.52

4.3.2.1 Global switch effect

After analyzed of accuracy revealed the main effect of Group, we found three-way ANOVA

revealed the main effect of group, session, and condition (p < .05), which reached significant

differences. These main effects were reached significantly by a Condition and Session (p < .05),

and a Group and Condition (p < .05). Main effect of Condition (p <.05), and Session (p <.05)

was also yielded. Table 6 summarizes the results of ANOVA on accuracy in the global switch

effect.
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Table 6. ANOVA results of the global switch effect

df F P
CON 1 120.77 <.001"
Session 2 6.44 .003"
CON * Group 1 22.95 <.001"
CON * Session 2 9.37 <.001"
CON * Session * Group 2 8.52 <.001"

The decomposition of the Group, Condition, and Session interaction showed significance,

we perform the following test to confirm the simple interaction.

(1) When performed Group, and Session interaction effects on Condition (Pure, Mixed), used

Two-way RM ANOVA (Mixed: p <.01).

(2) When performed Group, and Condition interaction effects on Session (Control, Low, High),

used Two-way RM ANOVA (Control: p <.001; Low: p <.01).

(3) When performed Condition, and Session interaction effects on Group (ADHD, TD), used

Two-way paired-sample ANOVA (ADHD: p <.001; TD: p <.001).

The decomposition of the Group and Session simple main effect showed that the high

cognitive load session had the highest accuracy compared with the low cognitive load session

and control session of both groups, in the mixed condition (ADHD's Control: 76.5%, Low:

80.00%, High: 86.75%, p < .05; TD's Control: 91.67%, Low: 92.95%, High: 93.43%, p > .05)
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Figure 7 showed that ADHD group in the mixed condition, the accuracy of the high
cognitive session was significantly better than that of the low cognitive session, and it was also
significantly better than that of the control session (Control: 76.50%, Low: 80.00%, High:
86.75%, p <.05). In the TD group, there was no significant difference in accuracy between

different sessions no matter what the condition was.
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Figure 7. Two-way RM ANOVA for Group, and Condition interaction effect on Session

The decomposition of the Group and Session simple main effect showed that TD always
had higher accuracy than ADHD in three of all sessions, in mixed condition (Control: ADHD:
76.50%, TD: 91.67%, p <.001; Low: ADHD: 80.00%, TD: 92.95%, p <.001; High: ADHD:

86.75%, TD: 93.43%, p <.001).

Figure 8 showed that the ADHD group was in the control session, and the low cognitive

session, the accuracy of the pure condition was significantly better than that of the mixed
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condition (Control: Pure: 91.63%, Mixed: 76.50%, p < .05; Low: Pure: 90.63%, Mixed: 80.00%,

p <.05).
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Figure 8. Two-way RM ANOVA for Session interaction effect on Condition of ADHD

The decomposition of the Group and Condition simple main effect showed that the
accuracy of ADHD (Pure: 91.12%; Mixed: 81.08%, p <.05) and TD (Pure: 96.63%; Mixed:
92.68%, p < .05) both showed that the pure condition was significantly better than the mixed

condition.

The decomposition of the Group and Condition simple main effect showed that TD (Pure:
96.63%; Mixed: 92.68%, p < .05) was significantly better than ADHD (Pure: 91.12%; Mixed:

81.08%, p < .05) in both pure and mixed condition.

The decomposition of the Condition and Session simple main effect showed the three
sessions in the mixed condition had reached significant (Control: 87.00%, Low: 88.96%, High:

91.38%, p <.05). And the accuracy was highest in high cognitive load sessions. The three
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sessions of the pure condition did not reach significance (Control: 94.62%, Low: 94.71%, High:

95.47%, p > .05) (see Figure 9).
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Figure 9. Three sessions in the pure condition and the mixed condition

The decomposition of the Condition and Session simple main effect showed regardless of
the type of session, the accuracy of the pure condition was significantly better than that of the
mixed condition (Control: Pure: 94.62%, Mixed: 87.00%, p <.001; Low: Pure: 94.71%, Mixed:

88.96%, p <.001; High: Pure: 95.47%, Mixed: 91.38%, p <.001).

Figure 10 showed that in the mixed condition, the accuracy of the high cognitive session,
low cognitive session, and control session were all significantly better in the TD group than in

the ADHD group.
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Figure 10. Two-way RM ANOVA for Session interaction effect on Group in mixed session

4.3.2.2 Local switch effect

After analyzed of accuracy revealed the main effect of Group, we found three-way ANOVA
revealed the main effect of group, session, and condition (p > .05), which didn't reach
significanct differences. These main effects reached significance by a Group and Session (p
<.05), and a Group and Condition (p <.05). Main effect of Session (p < .05) was also yielded.

Table 7 summarizes the results of ANOVA on accuracy in the local switch effect.

Table 7. ANOVA results of the local switch effect

df F P
Session 2 9.901 <.001"
CON * Group 1 6.939 015"
Session * Group 2 5.119 010"
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The decomposition of the Group and Condition simple main effect showed there was no
significant difference in the accuracy of ADHD (Non-switch: 82.12%, Switch: 82.04%, p > .05)
and TD (Non-switch: 92.01%, Switch: 93.36%, p > .05) between the non-switch condition and

the switch condition.

The decomposition of the Group and Condition simple main effect showed there the
accuracy of TD was significantly better than that of ADHD under both Non-switch (ADHD:

82.38%; TD: 92.01%, p <.001) and switch (ADHD: 79.79%; TD: 93.36%, p <.001) condition.

The decomposition of the Group and Session simple main effect showed that when the
ADHD (Control: 76.50%, Low: 82.44%, High: 85.31%, p > .05), and TD (Control: 91.67%,
Low: 92.95%, High: 93.43%, p > .05) were separated to see whether the Session reached a

significant difference, none of them were found to be significant.

The decomposition of the Group and Session simple main effect showed that TD was
significantly more accurate than ADHD in the control session (ADHD: 76.50%, TD: 91.67%, p
<.001), low cognitive load session (ADHD: 80.19%, TD: 92.95%, p <.001), and high cognitive

load session (ADHD: 86.56%, TD: 93.43%, p <.01).

Figure 11 showed that in the local switch effect, the within-group effects of the TD group
and ADHD group on the accuracy of the high cognitive session, low cognitive session, and
control session were not significant. Compared to the effect between groups, the accuracy of the
TD group in the high cognitive session, low cognitive session, and control session were all

significantly better than the ADHD group.

31 doi:10.6342/NTU202210188



P
95 - ' 93.43
91.67 92.95
3 90 -
K 86.56
§ 85 -
s 80.19
5 80 -
> 76.50
M _
4
o. 1N | 1
Control Low High
m ADHD = TD

Figure 11. Group and Session simple main effect of accuracy in the local switch effect

4.4 ERP data

4.4.1 P3 amplitude

Table 8 presented the ERP data (P3 amplitude) of the global switch effect and local switch

effect for the task-switching indices for each group.
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Table 8. Means, and SD of P3 amplitude for the ERP

ADHD (IV=238) TD (N=18)
M (SD) M (SD)
Global switch
Control Low High Control Low High
P3 amplitude (nV)
Pure trials 8.37+£3.89 7.03+2.64 7.19+4.50 8.36+2.46 8.38+2.89 7.45+2.32
Mixed trials 8.41+4.03 7.05+2.65 7.35+4.37 8.18+2.60 8.1142.98 7.63+2.22
Local switch
Control Low High Control Low High
P3 amplitude (nV)
Non-switch trials 8.58+3.77 7.15£2.27 7.52+4.89 8.46+2.61 8.56+2.97 7.77+2.68
Switch trials 9.30+4.11 7.59+2.91 7.5543.76 8.33£2.51 8.03+3.13 7.64+2.14

4.4.1.1 Global switch effect

After analyzed of P3 amplitude revealed the main effect of Group, we found three-way

ANOVA revealed the main effect of group, session, and condition (p > .05), which didn’t reach

significant differences. These main effects didn’t reach significance by a Condition and Session

(p > .05), a Group and Condition (p > .05), and a Group and Session (p > .05). Main effect of

Condition (p > .05), and Session (p > .05) didn’t reach significance differences.

4.4.1.2 Local switch effect

After analyzed of P3 amplitude revealed the main effect of Group, we found three-way

ANOVA revealed the main effect of group, session, and condition (p > .05), which didn’t reach

significant differences. These main effects didn’t reach significance by a Condition and Session
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(p > .05), a Group and Condition (p > .05), and a Group and Session (p > .05). Main effect of

Condition (p > .05), and Session (p > .05) didn’t reach significance differences.

4.4.2 P3 latency

Table 9 presented the ERP data (P3 latency) of the global switch effect and local switch

effect for the task-switching indices for each group.

Table 9. Means, and SD of P3 latency for the ERP

ADHD (N=18) TD (N=18)
M (SD) M (SD)
Global switch
Control Low High Control Low High
P3 latency (ms)
538.50 454.00 453.75 468.06 480.06 464.44
Pure trials
+107.74  £132.20  +126.32  +104.64 +£119.16  +118.30
503.13 440.38 498.88 473.78 470.00 448.56
Mixed trials
+119.11 +122.92  £149.18  £115.79  £125.55  +£118.90
Local switch
Control Low High Control Low High
P3 latency (ms)
530.13 416.38 483.13 479.50 497.11 494.89
Non-switch trials
+133.24  £100.71 +130.27  +£118.19  +£115.35  +106.11
493.63 417.75 565.13 486.56 474.22 428.78
Switch trials
+151.25 +122.47  +£117.81 +105.87  +114.62  £122.06
4.4.2.1 Global switch effect
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After analyzed of P3 latency revealed the main effect of Group, we found three-way
ANOVA revealed the main effect of group, session, and condition (p > .05), which didn’t reach
significant differences. These main effects didn’t reach significance by a Condition and Session
(p > .05), a Group and Condition (p > .05), and a Group and Session (p > .05). Main effect of

Condition (p > .05), and Session (p > .05) didn’t reach significance differences.

4.4.1.2 Local switch effect

After analyzed of accuracy revealed the main effect of Group, we found three-way ANOVA
revealed the main effect of group, session, and condition (p < .05), which reached significant
differences. These main effects reached significance by a Group and Session (p <.05). Main
effect of Session (p <.05) was also yielded. Table 10 summarizes the results of ANOVA on

accuracy in the local switch effect.

Table 10. ANOVA results of the local switch effect

df F P
Session 2 4.577 015"
Session * Group 2 8.193 001"
CON * Session * Group 2 4.720 013"

The decomposition of the Group, Condition, and Session interaction showed significance,

we perform the following test to confirm the simple interaction.

(1) When performed Group, and Session interaction effects on Condition (Pure, Mixed), used

Two-way RM ANOVA (Non-switch: p <.05; Switch: p <.001).
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(2) When performed Group, and Condition interaction effects on Session (Control, Low, High),

used Two-way RM ANOVA (High: p <.05).

(3) When performed Condition, and Session interaction effects on Group (ADHD, TD), used

Two-way paired-sample ANOVA.

The decomposition of the Group and Session simple main effect showed that in the non-
switch condition, the low cognitive load session had the highest accuracy compared with the
high cognitive load session and control session of ADHD (Control: 530.13ms, Low: 416.38m:s,
High: 483.13ms, p <.05), low cognitive session was the fastest (faster than control session
significantly). TD (Control: 479.50ms, Low: 497.11ms, High: 494.89ms, p > .05) didn’t reach

significance differences.

The decomposition of the Group and Session simple main effect showed that in the switch
condition, the low cognitive load session had the highest accuracy compared with the high
cognitive load session and control session of ADHD (Control: 493.63ms, Low: 417.75ms, High:
565.13ms, p <.05), the low cognitive session was the fastest (faster than high cognitive session
significantly). TD (Control: 486.56ms, Low: 474.22ms, High: 428.78ms, p > .05) didn’t reach

significance differences.

Figure 12 showed that ADHD group in the non-switch condition, latency in to the low
cognitive session was significantly faster than latency in to the control session. ADHD group in
the switch condition, the latency to the low cognitive session was significantly faster than the

latency to the high cognitive session. There were no significant differences within the TD group.

36 doi:10.6342/NTU202210188



Y 4
580 1 * 565.13
540 4 530.13
—_
&
& 500 A 483.13 493.63
g .
=
15) 460 -
»3 417.75
416.38 .
420
) O O
0 d | | | 1 | |
Control Low High  Control Low High
Non-switch Switch
ADHD

Figure 12. The local switch effect of P3 latency

The decomposition of the Group and Session simple main effect showed that latency
between ADHD (Control: 503.13ms, Low: 416.38ms, High: 483.13ms) and TD (Control:
479.50ms, Low: 479.11ms, High: 494.89ms) was not significantly different in non-switch

condition (p > .05).

The decomposition of the Group and Session simple main effect showed that latency
between ADHD and TD was not significantly different in Control (ADHD: 493.63ms, TD:
486.56, p > .05) and Low (ADHD: 417.75ms, TD: 474.22, p > .05) in switch condition.
However, ADHD and TD were significantly different in High (ADHD: 565.13ms, TD: 428.78, p

<.05) in switch condition.

The decomposition of the Group and Condition simple main effect showed that latency of

ADHD (Non-switch: 483.13ms; Switch: 565.13ms, p > .05) and TD (Non-switch: 494.89ms;
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Switch: 428.78ms, p > .05) both showed that there had no significant differences between non-

switch condition and switch condition in high session.
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Chapter 5

Discussion

5.1 Exercise intervention performance

This study used the method of recording heart rate to maintain the moderate exercise
intensity of each participant in the range of 60%-65% of the reserve heart rate. And to ensure that
the intensity during the exercise had reached the exercise intensity that was believed to help
improve cognitive function in previous studies (Northey et al., 2018; Raichlen & Alexander,
2017; Solheim et al., 2014). The two groups performed exercise intervention under two different
sessions, and neither the group difference nor the session difference produced a significant
difference. Representative participants all played table tennis at the same exercise intensity.
Therefore, the generation of other confounding variables could be minimized. On the other hand,
there were no significant differences in all aspects between the time after finishing the table
tennis training and before starting the cognitive test. This ensures that their acute effects were
similar (Bae & Masaki, 2019; Huang et al., 2020; Hung et al., 2018). Different from the situation
where neither of the above two had reached a significant level, under the table tennis training
with different cognitive load intensities, the accuracy had reached a significant difference. This
was consistent with the method we used to measure the difference between high and low
cognitive load intensity (Lim et al., 2015; Magnusdéttir et al., 2017). And according to the
results, it could be found that the accuracy rate of the exercise intervention design with the high
cognitive load was indeed lower than that of the exercise intervention design with the low

cognitive load. That was to say, this study had a prescription based on previous research and

5 doi:10.6342/NTU202210188



modified into a feasible exercise intervention design for this experiment (Pan et al., 2017; Pan et

al., 2019; Pan et al., 2017).

The TD group showed no significant difference in the three sessions. Could the possible
reason be that the TD group had a lower intrinsic or extrinsic cognitive load, resulting in a lower
intensity of the overall cognitive load? The results of this study showed that the reaction time of
the TD group was significantly faster than that of the ADHD group, the accuracy was
significantly higher than that of the ADHD group, and the hitting accuracy of table tennis was
also significantly higher than that of the ADHD group. Because reducing any one cognitive load
can effectively reduce the overall cognitive load intensity (Atiomo, 2020). Therefore, this
phenomenon might be understood as easier when performing a task-switching test (extrinsic
cognitive load) or better due to their skills (intrinsic cognitive load) when playing table tennis.
Therefore, compared with the ADHD group, the TD group engaged in tests and interventions

with lower cognitive load intensity, resulting in a lower improvement effect than the ADHD

group.

5.2 Task performance

5.2.1 Reaction time

In global switch, this study found that the reaction time of the mixed condition was
significantly longer than that of the pure condition. The degree of difficulty representing mixed
conditions was relatively high and had a high cognitive load intensity, causing adding secondary
tasks to the main tasks could lead to a significant increase in cognitive load intensity (Haji et al.,

2015), and needing more time to think and answer questions. However, no significant differences
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were produced between the three sessions, but there was a trend for reaction times to be shortest
after performing a low cognitive load. Nevertheless, this result differed from our hypothesis.
Previous studies used exercise interventions with different cognitive load intensities to improve
reaction time, most of which were long-term interventions (Chuang et al., 2015; Kadri et al.,
2019a; Tsai et al., 2017). Perhaps the acute effects of exercise interventions on reaction times
were as effective, or even more beneficial, with low cognitive load exercise interventions than
with high cognitive load exercise interventions (Won et al., 2017). Therefore, this study further
analyzed the data. Unfortunately, significant differences were only found for the different
conditions, ie the pure condition had a significantly shorter reaction time than the mixed
condition. And the reaction time under non-switch condition was also significantly faster than
that under switch condition. In the pure condition, within-subject differences in the ADHD group
could be found for significantly faster reaction time after the low cognitive load intervention than
after the high cognitive load intervention and were also the fastest of the three sessions. There

were no such significant differences in the within-subject differences in the TD group.

Although this was not consistent with the results of previous studies (Benzing & Schmidt,
2019; Schoene et al., 2015; Tsai et al., 2016), it could still be found to be consistent with the
hypothesis that children with ADHD had better improvement compared with TD children (Choi
et al., 2015; Memarmoghaddam et al., 2016). It was worth mentioning that the acute effects of
the high cognitive load phase tended to exhibit the fastest reaction times under mixed conditions.
Although the result had not yet reached significance in this study, it would still be a positive
research result. It could be seen that in more complex mixed conditions, intervention with high
cognitive load might be most effective (Eggenberger et al., 2016; Maillot et al., 2012). On the
other hand, although only the low cognitive load intervention in the pure condition worked best,
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it was still seen that the behavioral performance of ADHD using the exercise intervention was
significantly better than the control condition (Benzing et al., 2018; Benzing & Schmidt, 2019;

Kadri et al., 2019a; Memarmoghaddam et al., 2016).

5.2.2 Response accuracy

In the global switch effect, the results showed that the acute effect of the high cognitive load
session had a significantly better effect on the accuracy than the low cognitive load session and
the control session. In previous studies, it could be found that exercise intervention could
improve the accuracy and performance of children with ADHD in various tests, such as SCWT
(Hiyamizu et al., 2012; Kadri et al., 2019a), WCST (Pan et al., 2019), Number Sequencing Test
(Ziereis & Jansen, 2015), etc. The results of this study were also the same as those found in
previous studies, indicating that in the mixed conditions, the accuracy of ADHD after high
cognitive load session intervention was significantly higher than that of low cognitive load
session and control session. There was no significant difference in TD. Our hypothesis was
verified again: (1) According to past research on task-switching, after long-term exercise
intervention, the impact of high-intensity cognitive load on behavioral performance would lead
to higher accuracy. Therefore, we hypothesized that using a single exercise intervention with
Different cognitive load intensities could also see the impact of high-intensity cognitive load on
behavioral performance, which might bring about the acute effects of higher accuracy. And (3)
The improvement effect of ADHD children after intervention would be more effective than that
of TD children. Improvement in behavioral performance was greatest under conditions of high
cognitive load. Exercise intervention could improve accuracy, while the acute intervention with

high cognitive load was more conducive to improving accuracy.
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Among the local switching effects, in terms of accuracy, the acute effect of the high
cognitive load stage was significantly greater than the other two, and the acute effect of the low
cognitive load stage was also significantly greater than that of the control stage. In line with our
hypothesis, that is, under the condition of high cognitive load, the improvement effect of the
behavioral performance was the best, and it was most helpful to improve the accuracy rate. In
addition, in terms of reaction time, it could also be seen that the improvement effect after high
cognitive load intervention was significantly faster than in the other two situations, so it was also

in line with the hypothesis of this study.

Overall, the accuracy rate was in line with the assumptions for both global and local
switching effects, and in the local switching effect, it could be seen that both low and high
cognitive load significantly improve the control situation. Reaction times in the global switching
effect were seen to be the fastest in the high cognitive load group in the mixed condition and the
low cognitive load group in the pure condition. However, the local switching effect could be

seen to be the fastest in the high cognitive load group.

While the ADHD group significantly improved accuracy, the TD group did not. Past
research had found that children who were regularly physically active perform significantly
better academically (on standardized achievement tests in reading, math, and science) and in
cognitive function than children who engaged in lower levels of physical activity (Asigbee et al.,
2018; Donnelly et al., 2016b; Harveson et al., 2019). Aerobic exercise might be more effective
(Bartee et al., 2018). All the participants recruited in this study had regular exercise training for
more than one year, and they were aerobic exercise such as table tennis. Since the ADHD group

itself had a poorer cognitive function, there still was room for a more substantial upside (Aarts et
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al., 2015; Benzing & Schmidt, 2019; Griffiths et al., 2019; Rubia, 2018). However, after the
intervention of exercise with different cognitive load intensities, there was no significant
difference in the TD group might be due to the ceiling effect (Mehren et al., 2019). It might be

one of the reasons why the results of this study produced no significant improvement in the TD

group.

5.3 ERP data

5.3.1 P3 amplitude

In global switch, this study found that the P3 amplitude in the control session was the
highest. And there was a trend that high cognitive load sessions were lower than low load
cognitive, and also were lower than control sessions. This was not consistent with our
hypothesis, and even the opposite. It should be noted that if the exercise intensity was too large
or the exercise time was too long, it might cause excessive secretion of catecholamines, lead to
physical and mental fatigue, and lead to cognitive impairment (Barnes & Van Dyne, 2009;
McMorris et al., 2016). Dehydration from prolonged exercise might also impair information
processing and memory function (Tomporowski, 2003). The possible reasons why the
experimental results were not as expected, according to previous studies, might have the
following points: Studies used acute exercise interventions with different cognitive loads had
found that high cognitive load exercise interventions were helpful for the increase of P3
amplitude. However, the study was targeted at young healthy adult players rather than children
and thus might have had a different effect (Won et al., 2017). In addition, other studies were
long-term interventions, and the participants were elderly (Chuang et al., 2015; Tsai et al., 2016),
so it might be possible to try to use exercise interventions with different cognitive load intensities
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for long-term studies in the future to understand its improvement effect on children with ADHD.
On the other hand, under recruitment of the number of participants might also be one of the

reasons.

Present results of this study related to P3 focus only on the Pz point. However, there was no
significant difference in the amplitude of P3 regardless of the difference between the ADHD
group and the TD group or the difference within each group. However, recent research focused
not only on the Pz point but more on the region of interest (ROI). For example, focused on the
midline region of the brain (Elke & Wiebe, 2017; Hung et al., 2016; Janssen et al., 2018), the
parietal region (Griffiths et al., 2019), etc. Therefore, in the future, if the analysis target is a
region rather than a single point, there may be opportunities to discover more different results.
We will also use the regional analysis composed of multiple points in the follow-up research,
hoping to understand more different results, and make more explanations and contributions to

this experiment.

5.3.2 P3 latency

In terms of ERP, it was not as expected, and there was no significant difference in the effect
of P3 latency of the three stages in the global switch effect. One of the surprising points was that
the trend of P3 latency appears to be highest in the low cognitive load session. Although not
significantly higher than the other two scenarios, this trend was still inconsistent with our
hypothesis. The range of P3 amplitude acquisition this time was determined according to
previous research (Elke & Wiebe, 2017; Hermens et al., 2005; Hung et al., 2016; Wangler et al.,

2011), and its value was the average value of 25ms before and after the maximum value of 300-
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700ms. It might be caused by the relationship of the acquisition range, and follow-up studies

might consider subsequent analysis to redefine the capture range.

However, in the local switch effect, latency was significantly fastest in the low cognitive
load session for ADHD, but not for TD among the three sessions. Since reaction times were also
significantly fastest in the low cognitive load sessions with ADHD, there might be an association
between the two. At least it could be found that low cognitive load intervention could help
reduce the length of the latency, and the improvement effect of ADHD children was better than

that of TD children.

5.4 Limitations

Due to the impact of the Covid-19 epidemic, the number of participants who completed the
experiment in this study was not as expected. Although the experimental results also showed a
lot of phenomena we want to clarify if we could recruit the anticipated number of participants.
Could we get better results? This was one of the current limitations of this study. In terms of
table tennis skills, the personal experience and ability of the participants were also essential. Due
to our results, we could see that the hitting accuracy of the TD group was significantly better
than that of the ADHD group in both high cognitive load and low cognitive load. Even if there
was a significant difference between high cognitive load and low cognitive load in terms of
hitting accuracy, it meant that there was indeed a significant difference in the intensity of
cognitive load. But was it possible that the final improvement in the ADHD group was
significantly better than the TD group because of the ceiling effect? And there was almost no
significant improvement in the effect within the TD group. The large gap between the
participants in table tennis ability might also be one of the current limitations of this study.
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Lastly, the exercise intervention used in this study was table tennis which was conducted by
participants with table tennis-related skills. Therefore, whether the results of this experiment

could be analogized to other types of exercise was also an issue worth exploring.

5.5 Conclusion

In conclusion, it could be found that the acute effect of exercise intervention could help
improve reaction time. Reaction times with the low cognitive load intensity were significantly
fastest in ADHD. On the other hand, the acute effects of motion interventions help improve
accuracy. And the acute effect of co-intervention with high cognitive load was the most effective
for improving the accuracy rate, which was consistent with the hypothesis at the beginning of
this study. The accuracy improvement effect of ADHD children with high cognitive load was
better than that of TD children. The effect of low cognitive load on the reaction time of children
with ADHD was better than that of children with TD. However, neither the amplitude nor the
latency of P3 was significantly improved. Only P3 latency exhibited the fastest latency after
intervention with low cognitive load. Because this study used an intervention of the same
exercise but different cognitive load intensities, it focused more on cognitive load than previous
studies that focused on exercise prescription. Therefore, we hoped to gain a more comprehensive
understanding of the effects of different cognitive load interventions on cognitive function and
ADHD children. In future applications, the same exercise but different schedules can be

designed to match the level of participants and improve cognitive function.

Overall, exercise intervention with a higher cognitive load may be more effective in

promoting the cognitive function of children with ADHD, but no significant difference was

reached in TD children.
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