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KEYWORD: Physical activity, Chinese archery art, Core executive functions, Cognitive engaging, Preadolescent
children
Jianjun Liu : The Effects of Chinese Archery Arts Program on Core Executive Functions in Elementary School
Children in Shanghai China: A Quasi-experimental Study. Advisor: Prof. SURASAK TANEEPANICHSKUL,
M.D.

Objective: This study aimed to demonstrate the effect of a 12-week Chinese archery art program on core
executive functions in preadolescent children in Shanghai, China.

Methods: A quasi-experimental design was conducted in the present study. All 68 eligible participants were
purposively assigned to a Chinese archery intervention group (45 minutes/session, 4 sessions/week, n=34) or extracurricular
activity-based control group (45 minutes/session, 4 sessions/week, n=34); The whole study period included a 12-week
treatment and a 6-week follow-up.

The primary outcome was the performance of core executive functions (inhibition control, working memory, and
cognitive flexibility), assessed with psychological paradigms: Fish Flanker Task, N-Back Task, and Dimensional change card
sort (DCCS border version) , respectively. The secondary outcomes included self-esteem, sleep quality, and
anxiety/depression, evaluated with Rosenberg Self-Esteem Scale (RSRS), Pittsburgh Sleep Quality Index (PSQI), Achenbach
Child Behaviour Checklist (CBCL), respectively; Performance of core executive functions and global self-esteem scores, and
sleep quality were analysed with a repeated measurement ANOVA, Bonferroni post-hoc analysis, paired T-test and
independent T-test; Anxiety/depression scores were analysed by paired T-test and independent T-test. Both groups were
evaluated at the baseline, 6", 12" and 18™ week time points.

Results: Considering reaction time, there was a considerable reduction in the performance of inhibition control
(incongruent trials), working memory (1-back trials, 2-back trials), cognitive flexibility (color trials, shape trials, and border
trials) within the intervention group after a 12-week Chinese archery art program. Moreover, compared with the control
group, there was a significantly faster performance in working memory (1-back trials), cognitive flexibility (color trials,
shape trials, and border trials) in intervention groups at 6", 12", 18" week time points.

Regarding accuracy, there were significant improvements in the performance of inhibition control (congruent
trials), working memory (1-back trials, 2-back trials), and cognitive flexibility (shape trials, and border trials) within the
intervention group after a 12-week Chinese archery art program. Additionally, significantly higher performance of inhibition
control (congruent trials), working memory (2-back trials), and cognitive flexibility (shape trials, and border trials) was
revealed in the intervention group than the control group at 6%, 12, 18" week time points.

Meanwhile, there was an impressive improvement in self-esteem scores within the intervention group after a 12-
week Chinese archery art program and between groups at the 6%, the 12" and the 18" week time points; Similarly, A
considerable benefit in the global sleep quality scores and anxiety/depression were supported within intervention group with a
12-week Chinese archery art program.

Conclusion: The finding concluded that a 12-week Chinese archery art program effectively benefits three
subdomains (inhibition control, working memory, and cognitive flexibility) of core executive functions, self-esteem, sleep
quality, and anxiety/depression in average preadolescent children.

Field of Study: Public Health Student's Signature ...........cccoeeeerevrnnne
Academic Year: 2022 Advisor's Signature ............coceeeieneene
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OPERATION DEFINITIONS
Chinese martial arts: Chinese martial arts are an important part of Chinese
traditional culture, the main content includes techniques of fighting, offensive and
defensive strategies, and weapon use. Generally, include basic skills, routines, internal
skills and external techniques, there are a lot of classification of Chinese martial arts

at present such as Taiji, Qinggong, Chinese archery art program.

Internal skills: is regarded as the one of the most important components of
Chinese martial arts, internal skill usually refer the practice of the methods in
breathing, exhalation which benefit to concentrate the mind and coordinate with the

body movements to strengthen the effect of attack and defense

External techniques: Mainly refer to techniques which use to enhance the
strength of the bones and skin with exercise and practice the techniques of hands, eyes,
body, steps, shoulders, elbows, wrists, hips, knees and other parts to strengthen the

power of attack and defense.

Chinese archery: is a traditional Chinese archery game which developed from
one of the six arts of archery which has been regarded benefit to cultivate
temperament and character of individual since the Western Zhou Dynasty. The
shooter has to shoot the feather arrow towards the target with a Chinese bow
(traditional Chinese bow) follow specific procedures and actions. The Chinese archer
arts always includes posture, etiquette, mental training and cultivation and the

externally physical techniques training.

Executive function: Encompass those cognitive processed that underlie goal

directed behavior and are orchestrated by activity within the prefrontal cortex.



Core executive functions: It is foundational components of EF that
incorporates inhibitory control which includes self-control and interference control,
working memory and cognitive flexibility which also is called set shifting, mental
flexibility, or mental set shifting, and those components always are foundation which

develop into higher-order EFs such as reasoning, problem solving and planning.

Core executive function performance: in this study, the accuracy and
reaction time will be the main evaluable indicators of EF performance during the
relevant psychological tasks such as the Flank fish task for inhibitory control, N-back

task for working memory, DCCS task for cognitive flexibility.

Self-esteem: is confidence in one's own worth or abilities. Self-esteem
encompasses beliefs about oneself as well as emotional states. Self-esteem is typically
assessed using self-report inventories. One of the most widely used instruments,
the Rosenberg self-esteem scale (RSES) is a 10-item self-esteem scale score that
requires participants to indicate their level of agreement with a series of statements

about themselves.

Sleep quality: is defined as an individual's self-satisfaction with all aspects of
the sleep experience. Sleep quality has four attributes: sleep efficiency, sleep latency,

sleep duration, and wake after sleep onset.

Physical activity: Any muscular movement requiring substantial energy

expenditure.

Physical fitness: A set of attributes describing an individual’s ability to

perform physical activity, including physiological (e.g., blood sugar levels), health-



related (e.g., oxygen supply), and skill-related (e.g., coordination of motor responses)

parameters.

Exercise: A series of physical activity program characterized by the intention

to develop physical fitness

Sedentary behaviors: Anybody activity behavior characterized by an energy

expenditure <1.5 METs, while in a sitting, reclining or lying posture

Cognitive engagement: The degree to which cognitive effort or challenge is

needed to master difficult skills

Chronic exercise: A repeated and regular number of bouts of exercise or PA

program during long-term period of time.
Acute exercise: A single bout of exercise or physical activity program.

Anxiety/depression: they will be corporates anxious/depressed, social
problems and the scores assessed with Child Behavior Checklist will represent the

level of the anxious/depressed in this study.

Participants (10-11 years): According the regulation from educational
minister of China, the normal children’ age threshold is 6 (Born before Sep of the year)
or 7 (Born after Sep of the year) years older when they start to register primary school.

So, the most students of the 4™ grade are range from 10 to 11 years old.



CHAPTER 1: INTRODUCTION

1.1 Background and Rational

Executive functions (EFs) presents a family of top-down mental processes
needed when you have to concentrate and pay attention, when going on automatic or
relying on instinct or intuition would be ill-advised, insufficient, or impossible [1].
Best and Miller Broadly defined that executive functions involve those cognitive
processes that underlie goal directed behavior and are orchestrated by activity within

the prefrontal cortex[2].

The EFs incorporate core EF[inhibitory control, working memory and
cognitive flexibility] [3] and higher-order EFs such as reasoning, problem solving and
planning[4, 5]. EFs are essentially influence whole life of individual such as mental
and physical health academic performance, career success, cognitive, social and

psychological development [6-13].

Given the significance of EFs in development, health, wealth, and quality of
life, it would be clearly warranted to pay attention to increase effectiveness of
approach of training. Diversity of subpopulations who are associated with EFs deficits
such as attention deficit hyperactivity disorder(ADHD), autism, the elderly [14, 15]
have been improved EFs by a wide variety of training activities, such as computerized
training [16-19], school curricula [20-22], physical activity [23-45]. Overall, training

effects seem highly inconsistent and the transfer of EFs are always scarce[2, 46,



47).the studies’ approaches, design, diverse target groups and the diversity of
interventions may be responsible for these mixed results[48]. Furthermore, research
on the effectiveness of program designed to improve EFs is still in its early stage, thus
it is necessary to develop the research on approach of enhancing EFs. PA program

may possess high presential to improve EFs.

PA research have shown significant association with variables of cognitive
functions since the past decades[49], moreover recently, EFs in particular[48, 50, 51].
Generally, exercises are classified as acute exercise and chronic exercise. There are a
significantly increased number of aerobic exercise intervention identified the role of
exercise on EFs recently after acute exercise[37, 38, 44, 45, 52] and chronic
exercise[23-32, 34]. Although, the corresponding causal conclusion cannot be drawn
due to the different quality of studies at present. the positive impact on EFs after PA
program practice have been discovered. However, considering the PA program and
interventions, which PA program is the optimal candidates? And how long do benefit?
More studies are necessary for those questions mentioned[22, 51, 53, 54].

Those research on association between PA program and EF derived from the
elderly and specific patient group. Nonetheless, the extreme importance to young
children with good executive functioning because EFs early in life predict success,
health, wealth, and quality of life in the whole life. Hence, it is very necessary to
explore effective approach which improve the EFs of children in educational setting.
Indeed, there is a recently increasing interest in the association between PA program
and EFs in school-aged children [49, 55-69].

Even the significant benefit on EFs, evidence indicates that not all modalities

of PA programs benefit EFs [21, 51, 54]. Hence, an increased interest for the effects



of quantitative and qualitative characteristics of PA program on EFs has presented [21,
38, 48, 51, 54, 65, 70, 71].

Modality of PA programs as significant variable on transfer of EFs in children
have confirmed [72] and more relevant studies have been advocated to determine
which characteristic of PA program is the vital factor. Unless the dose of exercise,
modalities of the PA program with interconnection of cognitive, emotional, social,
and motor coordination demands also should pay attention in the relevant research
[51]. Meanwhile, Diamond emphasize the address and sustainability of EF challenge,
the good emotional, social, and physical health during PA intervention [54]. Moreover,
more transfer in EFs have been identified after PA program with cognitive
engaging(CE) than PA program without CE both acute PA [37, 38, 73, 74] and
chronic PA [35, 38].

Chinese archery art program is regarded as representative Chinese martial arts
and developed from one of the six arts which have been regarded benefit to cultivate
temperament and character of individual since the Western Zhou Dynasty. Chinese
archery arts always include posture, etiquette, mental training and cultivation and the
externally physical techniques training. it is embedded not only PA but also cultural
cultivation and cognitive control compared with archery exercise. even the literature
about archery exercise health is limited, convictive evidence revealed that archery
exercise is positively related to physical, mental and cognitive benefits [75-77].
Therefore, Chinese archery art program as modality of PA interventions probably be
better to improve the EFs in children than modern PA interventional programs [48].
As vigorously promotional Chinese traditional exercise program by Shanghai

government, it is valuable to seek benefit of Chinese archery art program on core EF



in children. Considering the foundational significance of core EFs in childhood, this
study aims to investigate the effect of Chinese archery art program on core EFs in
normal children during education setting. Moreover, it probably is a significant
exploration on exercise prescription for those subpopulations who are impaired in

core EFs if it is effective enough.

View of this perspective which PA programs with EFs challenge enhance EFs
in major ways and the advantage of Chinese archery art program, this study aimed to
explore the effect of Chinese archery art program intervention on core EFs in healthy

children in Shanghai elementary school with a quasi-experimental design.

1.2 Research gap
1.2.1 Lack of studies regarding the alternative interventional approaches to improve
EFs in children through the Chinese traditional PA program, such as traditional

archery arts, even high potential.

1.2.2 Lack of the studies to explore whether Chinese archery art practice program

effect on self-esteem, sleep quality and anxiety/depression?

1.2.3 Few studies to assess how long benefits will be lasted after the PA program

intervention to improvement of EFs in elementary school children?



1.3 Research Questions

Is there any significant effect of Chinese archery art program on core
executive function in elementary school children in Shanghai? Is there any significant
effect of Chinese archery art program on self-esteem, sleep quality and
anxiety/depression in elementary school children in Shanghai? How long the benefit

last if the intervention is effective?

1.4 Research Objectives

1.4.1 General Objective

This study aimed to explore the effect of Chinese archery art program on core

executive functions in children of elementary school in Shanghai

1.4.2 Specific Objectives

1.4.2.1 To evaluate difference in accuracy and reaction time of core executive
function performance in children of elementary school in Shanghai with chronic

Chinese archery art program within subjects in present study.

1.4.2.2 To compare the difference in scores of self-esteems, sleep quality and
anxiety/depression in children of elementary school in Shanghai with chronic Chinese

archery art program within subjects in present study.

1.4.2.3 To evaluate difference in accuracy and reaction time of core executive
function performance in children of elementary school in Shanghai with chronic
Chinese archery art program between intervention group and control group in present

study.



1.4.2.4 To compare the difference in scores of self-esteems, sleep quality, and
anxiety/depression in children of elementary school in Shanghai with chronic Chinese

archery art program between intervention group and control group in present study.

1.5 Research Hypothesis
1.5.1 There are statistically significant difference in accuracy and reaction time of
core executive function performance in children of elementary school in Shanghai

with chronic Chinese archery art program within subjects in present study.

1.5.2 There are statistically significant difference in scores of self-esteems, sleep
quality, and anxiety/depression in children of elementary school in Shanghai with

chronic Chinese archery art program within subjects in present study.

1.5.3 There are statistically significant difference in accuracy and reaction time of
core executive function performance a single bout of Chinese archery art program and
chronic Chinese archery art program between intervention group and control group in

present study.

1.5.4 There are statistically significant difference for scores of self-esteems, sleep
quality, and anxiety/depression with chronic Chinese archery art program between

intervention group and control group in present study.



1.6 Conceptual framework

Independent variables

Gender

BMI

Age

Parent’s education
Family income
Aerobic fitness
PA level

Dependent variable

interventional group
(Chinese archery art program)

control group (active
control)

Figure

1, Conceptual framework

Primary outcome:

Performances of core EFs
(Inhibition control, working
memory, cognitive
flexibility)

Secondary outcomes:

Sleep quality
Self-esteem
Anxiety/depression




CHAPTER 2: REVIEW OF LITERATURE

2.1 Definition and components of core executive functions

Executive functions presents a family of top-down mental processes needed
when you have to concentrate and pay attention, when going on automatic or relying
on instinct or intuition would be ill-advised, insufficient, or impossible[1]. Best and
Miller Broadly defined that executive functions involve those cognitive processes that
underlie goal directed behavior and are orchestrated by activity within the prefrontal
cortex [2]. Executive functions are higher-level cognitive processes which allow us to
make adaptive response to the environment: to get rid of habits, make decisions and
assess risks, have a schedule for the future, prioritize and sequence actions, and cope
with novel situations[78]. One prominent theoretical framework described the EF
construct as unity and diversity [3]. With their seminal study in young adults, three
corelated latent variables after several commonly used EF tasks were extracted with
confirmatory factor analysis (CFA). These latent variables represented inhibition,
working memory (WM) and cognitive flexibility as EF components. Those studies
with children have investigated the EF construct and supported for an integrative
framework [79-82]. The EFs incorporate core EF[inhibition, working memory
[83]and cognitive flexibility] [3] and higher-order EFs such as reasoning, problem

solving and planning [4, 5].



2.2 Importance of core executive functions

EFs are essentially influence whole life of individual such as mental and
physical health[6-13], academic performance[84-87], career success [88], cognitive,
social, and psychological development[88-91].

About addiction, Baler & Volkow explored the impact on the neural substrates
of self-control, and nature of the brain changes caused by chronic drug abuse[92]; EFs
deficits in children with ADHD show the cognitive and behavioral problems and the
academic deficits. Because the fundamental function to understand and improve the
cognitive abilities, the academic performance is very important to the children with
ADHDI[7, 93]; In a antisocial behavior research, 1Q, EF and related decision-making
process from the criminal adolescent and their age-matched peers were assessed with
risk choice task(RCT), WCST and CANTAB in a study, the findings show
impairments of working memory and planning, and results support the notion of EF
difficulties are associated with dorsolateral and ventromedial prefrontal cortex
functioning[94]; Taylor-Tavares et al conducted a study to demonstrated
neuropsychological deficits across a variety of cognitive domains in depression.
Assessed 22 major depression disorder(MDD) and 17 bipolar disorder (BD) and 25
healthy control subjects(HC) with a battery of neuropsychological tests, and matched
for age and 1Q, the finding support the impairment on test of spatial working memory
and attentional shifting in the MDD group [10]; patient with obsessive compulsive
disorder(OCD) and schizophrenia studies show a disorder in working memory,
executive control etc. [95, 96].

There are other predictors such as EFs obesity, overeating, substance abuse,

and poor treatment adherence which associated with poorer. A study aimed at the
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relation between executive cognitive function (ECF) and substance use, food intake,
PA level, and sedentary behavior in 1587 fourth grade children. Findings show that
ECF performance was negatively related to substance use, high-calorie food, and
sedentary behaviors and positively related to green food intake and PA after school
[97]. Crescioni et al tracked the association between self-control and weigh loss with
a 12 weeks weight loss program, the result support that trait self-control significantly
predict health behaviors [98].

The EFs influence the quality of life. A trials with double-blind RCT design
aimed at the correlation between improvement in EFs and health-related quality of life
in adults with ADHD, it conclude that reported improvement in EF all 5 individual
cluster were significant associated with health-related quality of life [99].

EFs are more significant than IQ in school readiness and entry-level reading.
Blair & Razza conducted a study to assess the correlation between EFs and academic
ability in 41 children (3-5 years) from low-income homes, the result demonstrate that
the various components of self-regulation accompany unique variance in the academic
outcomes. Moreover the conclusion was made that early math and reading ability was
a significantly corelated to general intelligence and inhibitory [100]. During this issue
“self-regulation and academic achievement in the transition to school”, Morrison et al
underlined that behavioral regulation and its relevant cognitive components are
significantly linked to academic achievement and their achievement is significantly
associated with behavior regulation [101].

EFs are predictors to math and reading competence. Two studies were
administered to school children (10-11 years), both 20 good (14 females) and 20 poor

(10 females) comprehends and explored the association between inhibitory factors
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and poor comprehends’ reading difficulties. Finding supported that the poor
comprehends have a worse performance in working memory task and in inhibitory
tasks. This result support that specific inhibitory problems reading comprehension
difficulties are associated with [102]. Duncan et a [86] determined attention skills as
significant predictor to later school reading and math achievement with a meta-
analysis of 6 longitudinal data sets. In order to investigated association between
working memory and both reading and mathematics abilities, and the possible
mediator of fluid intelligence, verbal abilities, short-term memory, as well as
phonological awareness, Gathercole et al conducted a study in a 46 children(6-11
years) with reading disabilities and discovered that WM skills represent an significant
constraint on the acquisition of skill and knowledge in reading and mathematics[103]
EFs are always impact the individual business success. A review study on
cognition, language, organizational culture, brain, behavior, and evolution support
that applying executive functioning that associated with cognition, emotion, and
organizational behaviour benefits to minimize the negative effects of random
implantation of individual and cultural faith systems to business. And it benefits to
reinforce cognitive accuracy and better communication and cooperation.
Organizations operating with cognitive accuracy is associated with negative market
pressures and positive overall level of performance and employee’s satisfaction [88].
Poor EFs lead to social problems such as crime, reckless behaviors, violence,
and emotional outbursts. A research on exploration of the provocation followed four
relevant studies, these results reveal that rumination following an anger-inducing

provocation reduces self-control and increase aggression [104].
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2.3 Components of core EFs and representative psychological tasks

2.3.1 Inhibition control

As one of the core EFs, inhibition control involves ability that control one’s
attention, behavior, thoughts, and/or emotions to overcome a strong internal
predisposition or external lure, and instead do what’s more appropriate or need [1].
We would be governed at impulses, old thought or action and/or stimuli in the
environment that impact us if the inhibitory control is impaired. Hence, inhibitory
control aids us to change and improve ourselves so as to distinguish the unthinking
creature of habit. Indeed, it is a true that human being always used to make decision
according to old habit and stimuli from environment which are beyond our awareness
far away. Fortunately, the inhibitory control make us to overcome the defect and
evolve us [1].

Inhibition control involve interference control and self-control. Interference
control is consisting of inhibitory control of attention and cognitive inhibition.
Attentional inhibitory control is regarded as perceptional interference control which
help us selectively focus on what is our priority and suppress attention to other stimuli.
It is called attentional control or attentional inhibition, endogenous, top-down, active,
goal-driven, voluntary, volitional, or executive attention [105]; Another aspect of
interference control is cognitive inhibition which inhibit prepotent mental indication.
This involves resisting extraneous or unwanted thoughts or memories, proactive
interference from memories and retroactive interference [106, 107]. Cognitive
inhibition tends to cohere more WM measures than other types of inhibition measures.
It is usually in favors of supporting WM.

Self-control involves one’s behavior and emotion control which usually term
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to resist lure and not act impulsively. The lure resisted might indulge in pleasures
when one should not, for instance, to eat high-calorie food if you want to lose weight.
The lure might be impulsive action or behavior regardless of social norms. Another
aspect of self-control is to adhere to destination disciplined in spite of distractions or
diverse temptations. It involves making yourself do something or keep at something
although something else is preference. Delaying gratification (often termed delay
discounting by neuroscientists and learning theorists) is the final aspect of self-control

which make someone quit an immediate pleasure for a greater reward later [108, 109].

2.3.1.1 Representative psychological tasks to assess inhibitory control

Representative psychological tasks include the Stroop task, Simon task, ant
saccade tasks, delay-of-gratification tasks, go/no-go tasks, and stop-signal tasks,
Flanker task. Those are widely used to measure the inhibitory control although hot
debate deem aspects of EFs is which components of EFs a tasks requires [110, 111].
During the Stroop task, we are required to read for meaning and to neglect facial
characteristics of words such as color of the ink. Incongruent trials on the Stroop task
appear color word presented in another ink, participants would be required to neglect
the meaning of word and instead report the color of the ink, and the time and errors
would be counted.

Simon tasks press two very simple rules: press on the left if stimulus A; press
on the right if stimulus B. one stimulus presents at only a time; even location of the
stimulus is irrelevant, people would emerged slower response when the stimulus
presents in the side opposite its associated response, revealing that a proponent

tendency to respond on the same side as a stimulus persecute us [112].
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The go/no-go and stop-signal tasks are two popular psychological tasks to
measures response inhibition. They are different from other assessing tasks of
inhibition control in that subjects simply inhibit a response to do nothing rather than
inhibit one response to make another. Go/no-go tasks require subjects usually press a
button when a stimulus presents except of a certain stimulus emerges. During the
stop-signal tasks, the go signal is appeared on all trials, a minority of stop trials would
present after the go signal and then the participants should be responsible. Subjects
should not press the button on that trial when a stop signal appears (usually a sound or
symbol).

In cognitive psychology, the Eriksen Flanker task is a set of response
inhibition tests that was first published since 1974 and most frequently use to assess
the inhibition control that are inappropriate in a particular context[113]. The flanker
task has proven its reliability in exposing the subpopulation in the lifespan[114, 115]
and the different clinic population with deficits in cognitive control[116, 117]. In a
typical flanker task, participants are required to identify a centrally presented
directional stimulus. These stimuli may be congruent stimuli (>>>>>), or incongruent
stimuli (>><>>). Participants are required to ignore the distracters and respond only
to the centrally targeted stimuli. Inhibitory ability is assessed by comparing
performance on trials [118]. With more sensitive to flanker interference at the
encoding stage of the visual processing of the target arrow, a children-friendly version
of the ANT task was developed. In the child version, the arrow arrays were changed
into fish arrays. The accuracy percentage and reaction times of correct responses on
both congruent and incongruent trials were identified as main evaluation index of

inhibitory control performance[119].
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2.3.2 Working Memory

Working memory is another core EFs which involves keeping information in
mind and mentally manipulate it. The two types of WM are distinguished by content-
verbal WM and nonverbal (visual-spatial) WM. WM s critical for making sense of
anything that related to that will come later. And it very necessary to point in learning,
speaking, thinking, updating, and reasoning [1].

WM is distinct from short-term memory. The maintaining and manipulation of
information incorporated in WM in spite of just maintaining of information process of
short-term memory. According to the proof from cluster studies on children,
adolescents, and adults[120, 121], they are linked to different neural subsystems
between WM and short-term memory. WM depends more on dorsolateral prefrontal
cortex than short-term memory. Their development progressions also show different
between WM and short-term memory. The short-term memory develops earlier and
faster.

The ability to maintain information in mind develops very early, even infants
and young children can keep some memory in mind for quite a long time, infants of 9-
12 months can update the contents of their WM, as the finding after tasks such as A-
not-B[122]. Nevertheless, it is far slower to develop and show a prolonged
developmental progression when the WM developing process is completely
mature[123-125]. WM declines during aging when declining inhibitory control make
older adults more vulnerable to distraction[126], proactive and retroactive
interference[127, 128]. And comparing to young adult, the young children also are
disproportionately challenged by inhibition. How to improve ability to inhibit

interference is critical to age-related improvements in WM in children just like how to
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prevent impairing ability to inhibit interference may portend WM decline in older
adults[1]. Decline in WM with aging and improvement in WM during development
are also highly corelated with decline in speed of processing with aging and its
improvement during early development[129, 130]. How to determine the relation
between speed of processing and EFs is still controversial, the direction of causality

might imply a third factor or another thought [131].

2.3.2.1 Representative psychological tasks to assess working memory

The Corsi Block test is a widely used measure of visual-spatial WM. Subjects
require to watches the tester touch a series of blocks and then touch the blocks in the
same order. Now it was developed into advanced version such as computerized
version of Automated Working Memory Assessment(AWMA) which have high
validity in children ages from 5-6 years and 8-9 years from[132], computerized
variant of the Corsi Block task as part of the CANTAB battery which normed for
children adults [133].

N-back tasks are also used to assess WM[134]. During the task, the
participants will be required to control a serious of stimuli and correct respond with.
Whenever a stimulus is presented which is the same as the one presented n trials as
soon as possible, usually n can be 0,1,2 or 3. Monitoring, updating, and manipulation
of remembered information are required during the on-line task, therefore it is
assumed to place demands on a number of key processes within working memory.
Over the last decade, the N-back task is a frequently applied assessment of WM in

cognitive neuroscience research contexts in children and adolescents[135]. The
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reliability of the task reach r=0.91[136]. Considering the different level, the more

complex induce higher reliability coefficients[137].

2.3.3 Cognitive flexibility

The third core EFs is cognitive flexibility that is the ability to shift between
mental states, rule sets, or tasks[2]. One aspect of cognitive flexibility is the capability
to change perspective spatially (e.g., consider same question from a different direction)
or interpersonally (e.g., how to assimilate the point of view from other people). The
cognitive processes present to be substantial need for inhibition and WM processes
for flexibility. In order to change perspective, we need inhibit previously mental set
and activate WM a different perspective. Cognitive flexibility also involves flexible
adjustment according to change of demands or priorities, admission of own wrong,

and seizing sudden, unexpected opportunities.

There is much overlap between cognitive flexibility and creativity task, and set

shifting. Cognitive flexibility is the opposite of rigidity [1].

The ability of cognitive flexibility increases during children’s development
period and declines during aging[138, 139]. Only 2-3 years children can successfully
switch to response for the rules are placed in a well-understood context and demands
on inhibition reduced[140, 141]. The ability to adjust where you shift stimulus-
response set develops earlier than the ability to adjust how you consider the stimuli or

adjust what aspect of the stimuli you participates [1].
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Inhibition control and working memory are integrated and predicted complex
task performance and cognitive flexibility was not associated with inhibition and
working memory performance in preschoolers[81]. Nevertheless, shifting may be
developed less than inhibition control at this age. Accuracy and reaction time during
switch task are different developmental trajectories, the accuracy diminished through
childhood and the reaction time increased until adulthood[82, 142]. The speed-
accuracy weight indicates subjects were preferred to make certain responding
accuracy in spite of slowing down their responses on tasks. Older adults’ decrease on

a mixed blocks was much greater than that of young adults [143, 144].

2.3.3.1 presentative tasks to assess cognitive flexibility

Cognitive flexibility is always assessed with a wide array of task-switching
and set-shifting tasks. The Wisconsin Card Sorting Task (WCST) is one of classic
tests of prefrontal cortex function. Each card in this test is sorted depend on color,
shape, or number. The subjects deduce the correct sorting criterion according to
feedback and present a flexibly shifting response on the basis of adjusted sorting

criterion.

Zelazo ect., developed the simplest test of task switching called Dimensional
Change Card Sort Test (DCCS) which contain only one switch during whole test,
bivalent stimuli and the correct response for one task is incorrect for the other. In the
standard version, it is sensitive to assess the children of 3-6 years[144-146]. the
subjects will usually show two target card and sort a series of bivalent test cards

according to one dimension. The more challenging version of the DCCS have been
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used to measure the older children even adults across the lifespan successfully, such
as the border version[7, 147]. In this version, if the black border test card display, the
participants were required to play the color game, otherwise the shape game has to
conduct. During the task, switches are presented randomly (e.g., on 25 % of trials)
and ensure that the same test card cannot display on the screen sequentially. Response
will be trigged via visual stimuli, and participants may be instructed to respond as

soon as possible.

2.4 Successful interventional programs and strategies to transfer EFs in children

Given the relevance of core EFs in educational settings, it is warranted of
improvement of EFs on the exploration to the effective approaches. There are a wide
variety of training interventions which aim at development and improvement of EFs
in the different subpopulations, such as healthy children, specific person with
impaired EFs, older adults.

Enough evidence have been confirmed to improve children’s working memory
after cogmed computer-based intervention [16, 17, 19] and reasoning improvement
with combination of computerized and interactive games [148, 149], aerobic
exercise[29, 35, 150-153] and combination of physical activity-based and mindful
practice[23, 154, 155], classroom curricula: tools of the mind[156] and Montessori
curriculum[157], add-ons to classroom curricula: Promoting Alternative Thinking
Strategies[158] the Chicago School Reading Project[159, 160].

All the studies above mentioned were conducted with randomized controlled

trials design which included interventional group with baseline and post-test and
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active control group. Those convincing evidence from objective measures indicated
interventional effects are significant improvement than control group. So, studies
proofed the benefits to children’s EFs from aerobics, mindfulness, the Tools of the

Mind early childhood curriculum and the Montessori curriculum.

2.5 General principles that apply to EFs improving intervention

We can figure out some principles regardless of the EFs program or
intervention. The conclusion would be highlighted following points.

The children with the lowest EFs benefit the most from any effective EFs
interventional programs [1, 46, 161]. Nevertheless, early EFs intervention program
should be a worthy method for eliminating the gap of playing field and social
disparities in EFs. Owing to the prediction in school readiness, later academic
performance and mental and physical health, if EFs is narrowed in early disparity, the
disparity in later academic performance and health outcomes should be narrowed as
well.

They are narrow improving effects from certain international program. A
program was conducted to improve WM performance in children, it can improve the
WM performance during WM tasks not inhibition [17], reasoning, problem
solving[16, 17, 149]. The intervention on reasoning improve reasoning performance
but WM and processing speed[148]. The effects of intervention on nonverbal WM
improved to other measure tasks of nonverbal WM but verbal WM[149]. The gain to
specific EFs may be just as narrow, but the EFs transfer will be wider if the
intervention program addresses more EFs components. Hence the reason why the

global effects of interventions were transferred on task switching[46], traditional
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martial arts[155], and school curricula[158] would be explained

EFs improvement in children should accompany with EFs demand [149]. Two
reasons may be interpreted that. First one, people will be drive themselves be better
anytime if they hope improvement. Secondary one, the insipid activity will be
unchallenged, it will be regarded as boring training and losing interest. This has been
a criticism of the control conditions in Cogmed trials. So, children’s EFs should be
challenged throughout course.

If you want the expected result, repeated practice is key during training. EFs
gains depend on the amount of time children spend on skill practices, it is very
necessary to push themselves to improve[16]. Consistent evidence reinforced this
perspective which is repeated practices must be try and master beyond your current
level of competence and comfort, if you want to be truly excellent at anything[162].
In the school curricula training studies, similar evidence were strengthened furtherly,
the relevant training pushed children’s EFs throughout the day, implanting practice in
all activities in spite of in isolated, single module[156, 157]

EFs depend on how an activity is done. A study with adolescent juvenile
delinquents took in point [163], different tae kwon do as intervention programs, all
adolescent were assigned to traditional tae kwon do group either modern martial arts
group. Traditional tae kwon do intervention highlights physical techniques, character
development and self-control. modern martial arts intervention prefers the competitive
character training. Compared with the results between two groups, subjects in
traditional tae kwon do group showed less aggression and anxiety and more social
ability and self-esteem than those in modern martial arts group.

The largest difference is consistently found on the most demanding EF tasks
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and task conditions. It is often only in pushing the limits of children’s EF skill that

group differences emerge[1].

2.6 The association between PA and children’s EFs

2.6.1 The experimental evidence which PA impact children’s EFs

It is necessary to introduce some terms frequently used in PA research. It
includes physical fitness, PA, and exercise. Physical fitness is as a set of attribution
describing an individual’s ability to perform PA, including physiological, health-
related, and skill-related parameters[164]. PA refer to any muscular movement
requiring substantial energy expenditure and has various subcategories (e.g., leisure
activities or exercise). Exercise is exclusively characterized by the intention to
develop physical fitness.[164]. PA and exercise are regarded as process variables
indicating behavior capable of impacting product variables, such as attribute of
physical fitness or health[164]. Hence, PA and exercise are usually as intervention
approaches and physical fitness is frequently applied as an outcome measure.
Presentation of PA can vary in terms of format (e.g., walking, complex aerobic
training program), intensity (oxygen uptake, heart rate, or lactate level will use to
assess the intensity), and duration (e.g., acute and chronic interventions).

Over last decade, relevant literature confirmed that chronic aerobic exercise is
effective on the executive functions [165]. Davis et al [166] detected that there is a
significantly improvement (p=.03) of the planning scores in the intervention group
with the high-dose (40 min/day) than the low-dose (20/min) and control condition in
94 overweight children (Age men=9.2 years, BMI>=85" percentile). Using a

randomized between-subjects pretest-posttest design, the planning scores was
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assessed with the cognitive assessment system (CAS) after a 15-week intervention
with 5 day/week session. More recently, accumulating evidence from empirical
outcomes declared the subdomains of core executive functions are sensitive to chronic
exercise [167-171]. Hillman ect al. [27] confirmed a higher response accuracy
percentage on inhibition (3.2%, 95% CI: .0-6.5, d=.27) and cognitive flexibility (4.8%,
95% CI: 1.1-8.4, d=.35) in the intervention participants than wait-list group with a 9-
month FITKids physical activity program in 221 preadolescents (Mean age =8.8 years).
Using a randomized between-subjects pretest-posttest design, the inhibition and
cognitive flexibility performance were evaluated with attentional inhibition and
cognitive flexibility tasks, respectively. Overall, physical activity has a beneficial
impact on core executive functions with different effect sizes (ranging from highly
positive to detrimental) [56, 169, 172, 173].

As a critical question, increasing evidence demonstrated that it is not equally
improved in executive functions following different modalities of physical activity[48,
51, 53, 70, 154, 167]. Best [174] suggested that the aerobic activity with cognitive
engagement has stronger effect on executive functions than aerobic activity alone.
Moreover, Tomporowski, McCullick, and Pesce [65] pointed that context interference,
mental control, and discovery induced from physical activity program are the three
crucial principles which effectively transfer the executive functions. Indeed, Schmidt
et al [35] revealed an importantly improvement in shifting performance in the
intervention group with a high physical exertion and high cognitive engagement (team
games) than aerobic exercise group (p=.039) and control condition group (p=.012)
with a 6-week physical education program in 181 preadolescents (Mean age

=11.35(x .60) years, 54.9% female). Using a cluster-randomized pretest-posttest
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design, the subdomains of core executive functions were assessed with computer-
based non-spatial n-back task for updating, a child-adapted Flanker task for inhibition,
and an extra block included in the Flanker task for shifting. Similarly, Crova et al [32]
displayed a significant difference in inhibition in group with cognitively demanding
physical activity than control group with a curricular physical education program after
a 6-month physical education program in 70 overweigh children (Mean age =9.6 (+ .50)
years).

Recently, Contreras-Osorio et al.,[175] demonstrated a distinct benefit on all
subcomponents of core executive functions on sports programs: working memory
(ES=-1.25; CI=-1.70, —0.79; p < 0.00); inhibitory control (ES=—1.30; CI=—1.98,
—0.63; p < 0.00); and cognitive flexibility (ES= —1.52; CI=—2.20, —0.83; p < 0.00). In
contrast, a divergent conclusion has been postulated in previous meta-analyses [171].
The inconsistent findings are largely explained by those potential considerations
which include the small quantity of studies, the physical activity regimes (e.g., type of
physical activity, intensity, duration), the timing of assessment administration, and
duration, sample characteristics (e.g., baseline performance, age, aerobic fitness,
health status), methodological variables (e.g., experimental design, control condition,
and statistical power) [171, 176-178]. Furthermore, As the literature advances, the
type of physical activity program is probably regarded as a primary contributor that
induces the transfer of executive functions[48, 57]. Although, the issue remains
intense argument [53, 70]. Diamond and Ling [179] reviewed all methods to enhance
executive functions in 179 studies. Eventually, mindfulness movement activity (such
as yoga [180, 181], t’ai chi [182-184], Chinese mind-body practices [185], and

Quadrato motor training [186]) shows the most robust result to benefit executive
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functions among all the ways (computer and noncomputer cognitive training,
neurofeedback, school programs, physical activities, mindfulness practices, and

miscellaneous approach)[187].

2.6.2 The mechanism of PA and children’s EFs

There is some general pathway which may transfer EFs in children by PA
programs: (1) the cognitive components inherent in the structure of exercise activity.
(2) the cognitive engagement required to execute complex motor movements. (3) the
physiological changes in the brain induced by PA programs. (4) the improvement of

mental or health condition induced by PA programs.

2.6.2.1 The cognitive components inherent in the structure of exercise activity

People have paid little attention to fact that many forms of PA programs are
cognitively-engaging activities which might be the main contributors to any EF
benefit[70]. Even though researchers have realized that the cognitive components
inherent in exercise activities may help explain how PA impacts cognitive[64, 65, 165,
188]. There are many forms of exercise which require complex cognition to cooperate
with teammates, employ strategies, adapt novel situation and anticipate the behaviors
of teammates or opponents during the activities. Similarly, EFs tasks place demand on
children’s executive process by requiring them to create, monitor and change a
cognitive plan to meet task demands[189]. So, some PA programs and EFs tasks
require a similar way of thinking and cognitive skill. Perhaps cognitive skills induced
during PA programs result in the EF gain just like the EF tasks.

If this is the case, participant in cognitive-engaging training even sedentary
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activity should also positively affect children’s EFs. Enough evidence have been
confirmed this proposition by existing for cogmed computer-based training for
working memory[16, 17, 19] and combination of computerized and interactive games
for reasoning[148, 149], classroom curricula: tools of the mind[156] and Montessori
curriculum[157], add-ons to classroom curricula: Promoting Alternative Thinking
Strategies[158] and the Chicago School Reading Project[159, 160] which are
significant effect on children’s EFs.

Two features are deserved to pay attention to current discussion. First one,
similarly, the sedentary EF training mentioned above, and PA program induced
demand on cognition required shifting behavior and decision-making in a novel
situation or environment. Second one, challenging training even sedentary game
which require shifting and goal-directed behavior can effectively realize EF gain.
There is strong evidence support it, the computerized training and curriculum training
acquired not only improvement of performance during training but also transfer to
novel EF tasks, such as inhibition tasks, WM tasks. In one study the EF gain lasted
three months after training terminated was explored[16].

Contextual interference involved EF may be critical point to explain how
engaging training or PA activities realized the EFs gain[190]: the components of a
task are emerged in a simple and repetitious manner in spite of rapid skill acquisition,
the retention and transfer of those skill are reinforced on account of contextual
interference. Children’s engaging training or PA activities often contains contextual
interference which are emerged in a complex and quiz-random manner. Contextual
interference put demand on executive process as a creative, supervised, and adjustable

motor action plan according to the continually changing task requirement. Hereby,
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more effortful and elaborative processing of relevant information, greater learning

improvement.

2.6.2.2 Cognitive engagement of complex motor movement

Specific neural circuitry involved the execution of complex motor movements
is associated with EF. A review conducted Diamond made a conclusion that a close
neural link between the cerebellum and dorsa-lateral PFC(DL-PFC), the cerebellum
and DL-PFC are critical for complex, coordinated motor function and complex
cognitive function[39]. Moreover, Diamond alleged the brain and the mind by
extension operates on a global-default mode, and both cognitive and motor activity
that depend on non-automatic and selective processing require the effortful overriding
of that default[191], The execution of bimanual coordination tasks was offered as A
proof supported. Hereby the executions of complex motor movements present as
inherently cognitively engaging task, once the execution of simpler repetitive exercise
were mastered by the child, the processing would be relied on a global-default mode
of operation. May less engaging cognition demand.

Furthermore, animal model support morphological changes to the brain was
induced by complex motor activity rather than simple motor activity. The executions
of complex motor movement develops significant neural growth in the hippocampus,
cerebellum, and cerebral cortices than do simple motor movement in rodents and

nonhuman primates[192].

2.6.2.3 The physiological changes induced aerobic exercise

The cardiovascular system of body, also brain, benefit aerobic exercise, such
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as increase of blood flow, the amount oxygen and the brain-derived neurotrophic
factor (BDNF) levels in the brain. Meanwhile aerobic exercise induces physiological
changes in brain where impact cognition or cognitive components of the exercise.
During to the different impact in physiological changes, the acute and chronic aerobic
exercises will be discussed separately.

1. Chronic aerobic exercise

Findings from rodents model support that changes in brain regions where are
critical to learning and memory after several session of regular exercise[193, 194]. It
is general agreement that these changes are mediated by up-regulation of growth
factors, including IGF-1, VEGF, and BDNF. Particularly, BDNF is regarded as
critical activity-dependent modulator of synaptic transmission and plasticity.
Additionally, BDNF present to mediate exercise-induced neurogenesis, such as the
process by which new neurons proliferate and develop[195].

Exercise-induced neurogenesis in the hippocampus of adult mice was
confirmed and this finding certainly reinforced learning and memory on tasks such as
the Morris water maze and radial arm maze.[196]. Even though, it is still controversial
that the newborn hippocampal neurogenesis, it is a general agreement that short-term
and long-term potentiation are reinforced with exercise and those potentiation as the
synaptic parallel of learning in the hippocampus is mediated by the up-regulation and
interplay of IGF-1 and BDNF[194].

In view of the difference of age, a study of adolescent rats indicated that
regular treadmill running enhanced cell survival which increased visuo-spatial
memory and hippocampal cell density.[197]. And a juvenile rates model explored that

exercise-induced neurogenesis and expression of growth factors(e.g., BDNF) was
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intensify-dependent, a more significant improvement rely on low- and moderate-
intensify exercise rather than high-intensify exercise of equivalent duration[198].
Thus, evidence support that exercise positively impacts the developing brain is
consistent in spite of age, and regular moderate exercise is most beneficial rather than
intense.

Regardless of age, intense of exercise, context of exercise is associated with
the neurogenesis in brain. The exercise with an engaging context present a robust and
enduring neurogenesis in the learning and memory center of the brain[199]. So,
exercise in a complex and social environment may result in more significant
morphological changes than exercise in a simpler context. The perspective above was
supported with the results from a freewheel running in conjunction with group
housing interventional study[200]. The evidences from other study indicated that
individual freewheel running rather than sedentary behavior increases angiogenesis in
the hippocampus, and enriched context are benefit angiogenesis in hippocampus and
PFC in adult rats.[201]. It may be that regular exercise in a complex and novel
situation motivates EF gains via specific morphological changes in the PFC.

Those extant evidence on human support that exercise-induced cognition is
mediated by similar mechanisms. Evidence show the regional cerebral blood
volume(CBV) was increased in a specific area of the hippocampus in both mice and
humans[202]. The CBV increased was predicted struggling memory performance in
human and indicated a direct association with neurogenesis in mice. Further evidence
show that aerobic exercise positively induces the morphological changes of brain in

human. A study with RCT design in older audlt 60-80 years old) was conducted,

results determined white and gray matter volume were enhanced after 6 months of
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aerobic training via structural MRI, and frontal brain regions where implicated in EF
was the most remarkable in brain volume enhanced. Moreover, aerobic exercise
induces functional changes to brain in human. A study in overweight children
explored the improvement of frontal activation and decrease of parietal activation via
an fMRI anti-saccade paradigm[57]. Thus, synthetic evidence supports that regular
aerobic exercise in human also has a direct impact on the neural substrate underlying

cognition.

2. Acute aerobic exercise

Aerobic exercise also induces immediate neurochemical changes which may
be response to the central nervous system for concurrent or subsequent skill
acquisition[203]. There was mild increase of expression of Myrna BDNF in exercise
plus motor skill training condition, it is signified that up-regulation of growth factors
may highlight the priming effect[204].

The study in human also indicated that exercise has a immediate priming
effect. A study explored that learning was enhanced accompanied with acute, intense
running rather than moderately intense running or behavior of relaxation[205]. This
effect may reinforce by increase of peripheral levels of BDNF and monoamine which
are regarded as predictor of retention of the learned material. Another evidence
explored the acute exercise induced more significant effect in norepinephrine
response and EF task performance than in repetitive exercise[206]. A study with
preadolescent children found that acute treadmill walking increased P3 amplitude
which very possibly emerged the improvement of attentional allocation[45]. Hence,

aerobic exercise induces not only morphological changes by regular aerobic exercise
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but also the immediate chemical changes by acute aerobic exercise and both changes
lead by different model of exercise likely improve cognitive performance. Hence,
both acute and chronic exercise may benefit improvement of EFs through different

physiological pathways.

2.6.2.4 The improvement of mental or health condition induced by PA programs

EFs rely on prefrontal cortex and interconnection with other neural regions.
Prefrontal cortex is the newest area of the brain and the most vulnerable. Prefrontal
cortex and EFs firstly and mostly suffer from stress[207, 208], sadness[209, 210],
loneliness[211-213], poor sleep[214, 215], or poor physical health[48, 59, 216]. In
addition, self-confidence and self-efficacy are characterized the benefit to
performance of EFs. Conversely, it is predicted that acquisition of better performance
in EFs will presents when any approaches improve the condition in stress, sadness,
loneliness, and poor health regardless the direct training or indirect support.

An review of systematic reviews and meta-analyses concerning PA and mental
health in children and adolescents was conducted, and to judge the extent to which
association can be considered causal[217]. Results support the PA is significant
associated with reduction of depression in children and adolescents, the meta-analytic
effect size (ES) ranged from -0.41 to -0.61. Moreover, this is slight difference of ES
between the depressed population (ES=-0.43 to -0.61) and healthy or mixed
participants (ES=-0.26 to -0.52). Hence, a summary of the evidence regarding the
criteria for judging shows that the PA is partially, causally associated with depression
in young people.

Self-esteem is defined as an evaluation of oneself and consist more specific
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sub-domains, such as physical and social self-perceptions. The evidence of review
support self-esteem is related to PA, Effect sizes for self-esteem intervention varied
from 0.12-0.78. Even the conclusion that association between PA and self-esteem in
young people are causal cannot made, evidence of studies still partially support that
PA is causally associated with self-esteem.

Furthermore, it is general agreement that PA induce numerous health benefits
in children, such as cholesterol and blood lipids, high blood pressure, metabolic
syndrome, overweight and obesity, bone mineral density. And the relation between
PA and health confirmed, aerobic-based activities underly the cardiovascular and
respiratory systems have the greatest health benefit[218].

There are anecdotal evidence and a commonsense belief that exercise can
improve quality of sleep. A study with RCT design among 67 older adults with mild
sleep impairment was conducted[219], results show that an 8-week aquatic exercise
has greater improvement to sleep efficiency and less time for sleep onset latency.
Moreover physical activity level likely predict the sleep patterns and quality in
children [220], a study with children(9-16 years) with Autism Spectrum
Disorders(ASD) aimed to determine the relationship between sleep and PA, results
support that PA is significantly related to sleep pattern, furthermore, the more
physically active children had overall higher sleep quality. A relationship between PA
and sleep was objectively and subjectively assessed in average children (Mage=17.98,
SD=1.36) with relevant questionnaire, accelerometers for PA and sleep-EEG devices
for sleep, result asserted that PA lever among normal adolescents is significantly
associated with higher sleep quality [221]. Hence, the PA from different model of

exercise likely improve sleep quality of human in spite of the age and health condition.
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It remains imprecise to explain the underlying mechanism how the PA induce
the changes of mental health at present. A perspective stand for a number of
interacting neuro-biological, psychological, and social mechanisms may play a role
which lead to changes of structure and function of brain, feeling of competence and
confidence, and opportunity for positive social interaction and growth [222].

2.6.3 Alternative aerobic exercise interventions to improve the core EFs in
children and adolescents

According to duration of aerobic exercise interventional studies at present, the
chronic PA interventions and acute PA interventions are applied to improve the core
EFs in children and adolescent.

In this study, we reviewed those representative PA intervention studies with
executive function outcomes in children or adolescent since 2000. Descriptive
information about the subjects, modality of the intervention conditions, the study
design, and the executive function outcomes and the results are presented in Table 2-1
and Table 2-2 according to the duration of intervention. The demographics for
subjects included the total sample size and age or school grade, and the country in
which the intervention was conducted.

The modalities of PA intervention were classified followed three conceptually
qualitative characteristics that were included aerobic, motor skill, cognitively

engaging[167].

2.6.3.1 Chronic exercise and executive function
There are different qualitative PA intervention of studies on EF in children or

adolescent according to diversified modality of PA such as plain aerobic PA[26, 31,
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36, 155, 185, 231-233]

Table 1, Alternative chronic PA intervention on EF in children or adolescent since

1993.
Author Sample Intervention (modality, ~Study Outcomes Results
intensity, duration) desig
n
Reed, N=470 Motor skill Quasi Fluid +0-*
Maslow, Age (10.2 +  (fundamental motor - intelligence*, +0-"
Long, & 2.3Y) skills, 45 min/day, 6 perceptual
Hughey, 2013 USA months speed*
M. C. N=156 Motor skill (sports C Attention* -0
Gallotta et al., 31d. g5t games, rhythmic, RCT concentrati
2015 grades gymnastics, fitness 120 on
Italy min/week, 5 months
Fisher et N=60 Aerobic (aerobic R Attention +
al., 2011 Age (6.2  activities, 120 CT RT& accuracy,
0.3Y) min/week, 10 weeks spatial span, 0
UK spatial WM
errors
Hinkle, N=85 Aeraobic (running, R Creative +
Tuckman, & 8" grade 5*30 min/ week, 8 CT fluency +
Sampson, USA weeks) Creative +
1993 flexibilty
Creativity
originality
Koutsan N=71 Aerobic (60-70% R Working +"
dreou, Age (9.4+  HRmaxexercise vs 55- CT memory
Wegner, 0.6Y) 65% motor skill vs
Niemann, & Germany academic, 3*45
Budde, 2016 min/week, 10 weeks)
Aadland N=28 | +29 Aerobic (PE+ PA C Score of +
etal., 2019 C breaks + PA RCT  Executive
n=971-1123 homework, Plus 165- function
5™ grade 135 min/week, 7 Cognitive +
(10Y) months) flexibility
Norwegian Motor skill +
de Greeff N=I 249 + Aerobic R Cardiovasc +
etal., 2016 C 250 (integrating PA CT ular fitness
Age program*20-30 Muscular +
(8.1+.7) min/week, 44 weeks fitness
Netherland Executive 0

function
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Table 2, Alternative chronic PA intervention on EF in children or adolescent since

1993 (continued)

Author Sample Intervention Study Outcomes Resul
(modality, design ts
intensity,
duration)

Kvalg et N=15+ Aerobic CRCT Executive +

al., 2017 C4 (Physically function
n=I active academic Aerobic 0
227+ C 231 lessons, 2*45 fitness
Age (9- min/week +
10Y) physically active
Norway homework, 5*10
min/week +
physically
activity during
recess ,5*10
min/week 10
months)
Moreau N=318 Aerobic (high- RCT Cognitive +
etal., 2017 Age intensity control
(9.9£1.74Y) training*10 min Working +
New /week, 6 weeks) memory
Zealand
Ludyga N=36 Aerobic RCT P 300 +
etal., 2018 Age (aerobic and amplitude
(12-15Y) coordinative Inhibition +
exercise session, control
5*20 min/week,
8 weeks)
Manjuna N=20 Cognitively RCT Planning time +"
th & Telles, Age engaging (yoga, Execution
2001 (10-13Y) 7*75 min /week, time +
India 1 month
Chang et N=26 Cognitively Quasi- Inhibition 0
al., 2013 Age (6- engaging (60- accuracy
75Y) 70% HRmax Inhibition RT 0
Taiwan, exercise, 2*35
China min/week, 8
weeks
Hillman N=221 Cognitively RCT Inhibition +
etal., 2014 Age (7- engaging (FitKid accuracy
9Y) program, 5*120 Inhibition RT +
USA min /week, 9 Cognitive 0
months flexibility

accuracy and
RT



Crova et
al., 2014

N=70

Age (9-
10Y)

Italy

Cognitively
engaging (PE
class tennis
training, 120min
/week, 21weeks

Quiasi-

Inhibition

Working
memory
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Table 3, Alternative chronic PA intervention on EF in children or adolescent since

1993 (continued)

Author Sample Intervention (modality,  Study Outcomes Results
intensity, duration) design
Lakes & N=193 Cognitively engaging RCT Cogniti +
Hoyt, 2004 5t grade  (Martial arts program, 2 or ve self-
USA 3 of the 4*45 min PE/ week, regulation +
4 months affectiv
e self- +
regulation
physica +"
| self-
regulation
teacher
-related
strengths&
difficulties
Pesce et N=460 Cognitively engaging CRCT Inhibiti +
al.,2016 Age (5-  (PE with complex motor on 0
10Y) and cognitively challenging Workin
Italy task, 60 min/week, 6 g memory 0
months Executi
Ve attention
Schmidt N=181 Cognitively engaging CRCT Inhibiti 0
etal., 2015 Age (basketball with frequent on 0
(11.35+0.6 Y) changes of rules 1.VS Updati +"
Switzerl  running I,VS traditional PE, ng
and 2*45 min /week, 6 weeks Shiftin
g (noly 1y)
van der N=105 Cognitively engaging Quasi- Inhibiti +
Niet et al., Age (8-  (running games, circuit on +
2016 12Y) training, football, relay Verbal
Netherla  games with letters, sit-ups, working
nds rope skipping, 2*30 memory 0
min/week, 22 weeks) Cogpniti
ve flexibility 0
plannin
g
Tarp et N=16 Aerobic (PA CRCT Inhibiti 0
al., 2016 n= 855 improvement program on accuracy
Age which including PA Inhibiti 0
(12.9+£.6Y) academic subjects + PA on RT 0
Denmar  during recess+ PA Mathe
k homework+ active matics skills

transportation 5*60
min/week, 20 weeks)
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Kamijo N=43 Cognitively engaging RCT Cardior +
etal., 2011 Age (7-9  (endurance training, espiratory
Y) resistance training, motor fitness +
skill, 5*120 min/week, 9 Workin
months) g memory
Notes: Y=years; m=months; I=intervention, C=comparison; HR= heart rate;

BPM=beats per minute; RT=reaction time; 0= no difference; +=difference in favor of

the intervention group; -= difference in favor of the comparison group



2.6.3.2 Acute exercise and executive function
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Acute PA studied on effect of executive function targeted children and adolescent are

included those [37, 44, 45, 52, 234-243]

Table 4, Alternative acute PA intervention on EF in children or adolescent since

1993
Author Sample Intervention Study Outcomes  Results
(modality, intensity, design
duration)
Budde et N=115 Cognitively engaging RCT Attent +
al., 2008 Age (13- (coordinative exercise ion +
16Y) HR=122 BPM) + Circuit conce
Germany training HR=122 BPM 10 ntration
min)
Stroth et N=35 Aerobic  (stationary Quasi- inhibi +
al., 2009 Age (13- biking, 60% HRmax 20 min) tion
16Y)
Germany
Charles N=69 Aerobic (treadmill ~ Cross-over Inhibi +
H Hillman et Age walking, 60% HRmax 20 tion
al., 2009 (9.6£.7Y) min ) accuracy 0
USA Inhibi
tion RT
Ellember N=72 Aerobic  (stationary P 300 +
g & St-Louis- Age (7-10 biking while watching TV, amplitude 0
Deschénes, Y) 60% HRmax 40 min) Task +
2010 Canada accuracy
Task
RT
Pirrie & N=40 Aerobic (PE lesson, Cross-over Shifti 0
Lodewyk, Age(9.8+.4 moderate to  vigorous ng +
2012 Y) intensity, 60 min) Planni 0
Canada ng
attenti

on
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Table 5, Alternative chronic PA intervention on EF in children or adolescent since

1993 (continued)

Author Sample Intervention Study Outcomes Results
(modality, design
intensity, duration)

Howie, N=104 Aerobic RCT Inhibition +
Schatz, & Pate; Age (running and Shifting 0
Jager, Schmidt, (7.9+.4Y) jumping, 20 min) Working 0
Conzelmann, & Switzerla memory
Roebers, 2014  nd

A.-G. N=83 Aerobic RCT Inhibition +
Chen, Yan, Yin, Age (running, 60-70% Working +
Pan, & Chang, (10.2+£.7Y) HRmax, 30 min) memory 0
2014 China shifting

Hogan et N;=13 Aerobic Cros inhibition +
al., 2015 N2=15 (ergometer s-over

cycling, 70%
Age HRmax, 20 min)
(14.2+.5Y)
Germany

Piepmeie N=18 Aerobic Cros Shifting 0

retal., 2015 Age (ergometer s-over Processing +
(11.2£2.4Y) cycling, 70% Inhibitory +

USA HRmax, 30 min) control
planning 0

Soga, N=55 Aerobic Cros Inhibition +
Shishido, & Age (treadmill running,  s-over Working
Nagatomi, (15.7£.5Y) 60-70% HRmax, 10 memory
2015 min)

Note: Y=years; m=months; I=intervention; C=comparison; HR= heart rate;
BPM=beats per minute; RT=reaction time; 0= no difference; +=difference in favor of

the intervention group; -= difference in favor of the comparison group



40

2.7 The effect of archery exercise on health

Chinese archery art originated from hunting activities with bow and arrow in
the Stone Age and developed from archery rituals, which has been regarded as one of
the six essential skills required of pupils since the West Zhou Dynasty (1046 BC-771
BC)[244]. With the evolution of history, Chinese archery art has been described as a
spiritual (expression of one’ n inner self) and mental (emotion release) approach in
the ritual setting[245]. Furthermore, the central themes of the indoctrination of
archery rituals were educating the officials, timeliness in attending to the rulers,
adherence to the doctrines, and not failing in duties in ancient times[245-247]. The

education process aims to complete skills and cultivate virtuous conduct[248].

Participants must be taken up bow and arrow with a peaceful mind and posture
erect and a fully concentrated shooting process[249]. Archery art is not principally
concerned with scoring hits because participants are not matched in their strength.
Hence, the performance during the archery ritual was regarded as a quality control test

of the education system [247].

The shooter during Chinese archery art program has to shoot the feather arrow
towards the target with a Chinese bow (traditional Chinese bow) follow specific
procedures and actions. The Chinese archer arts always includes posture, etiquette,

mental training and cultivation and the externally physical techniques training.

As one of the representatively traditional (sports) martial arts in China,
Chinese archery art emphasizes mind-body unity and pursues simultaneous
development of technique and Tao of the individual[244, 247]. According to the

historical and expert experience. There is some benefit on health with regular Chinese
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archery art program. Firstly, it enhances physical health, such as muscle strength of
the back and arm[250], control of respiration, heart[251], arousal system[252], motor
execution, and imagery[253]. Secondly, due to simultaneous emphasis on skill
training, self-reflection, self-control, concentration, discipline, and individual
character development (e.g., humility, virtue, respect, morality, Tao philosophy),
Chinese archery art program help to cultivate a calm and relaxed state, reduce stress,

inspire personality development and individual self-confidence[246].

At present, relevant literature is very limited the effect of Chinese archery art
program on practitioner’s health outcomes in experimental studies, especially the
children and adolescent subpopulation. However, it is supported to benefit on
improvement of physical, mental, and social health outcomes in practitioners

according to those existing literature about archery arts.

Muscle strength, especially upper body strength, is directly associated with
archery performance [254]. H. Surendra Sharma ect al. [255] reported a significant
improvement in the arm strength and back strength in intervention group than control
group with a 6-week archery training in 30 subjects (age: 17-24 years). Using a
randomized pretest-posttest design. In addition to upper body strength, upper body

steadiness is usually associated with archery performance [256].

In spite of the performance level, respiratory system benefits from the archery
exercise. Practitioners have higher lung volumes than non-practitioners, the results
probably explained the proficient demand on respiratory system during archery

practice. Indeed, archery is related to higher level of control of heart rate and
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breathing [255, 257]. Unless the respiratory benefit, the archery practitioners increase

their ability to control the heart rate and arousal system [251].

It is fundamental to maintain balance of body when the practitioners are
participating archery exercise. hence the individual who participate archery exercise
required to improve the regulation of postural control and weight distribution for
better performance [258]. A study result shown that the participants with an archery
training program presented greater postural control than control group [258]. Archery
exercise as a kind of techniques is involved motor function and coordination of neural
process. The excellent archery practitioners indicates motor execution and motor

imagery enhanced [259].

Similarly, archery exercise is associated with certain mental and cognitive
benefits. Proficient archery practitioners reveal better emotional regulation,
concentration, self-efficacy [260]. Moreover, archery exercise may a significantly
positive effect on coping with stress [75]. Because the self-reflection is emphasized
during the archery exercise, the practitioners indicate improvement of self-regulation

[76].
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CHAPTER 3: RESEARCH METHODOLOGY

The primary outcome of present study evaluated the effect on core executive
functions with chronic Chinese archery art program in children of elementary school
in Shanghai. This study developed our theory of knowledge on this PA program
intervention strategy which might serve as the alternative exercise prescription to
improve the core executive functions of children, especially those children who are
impaired on EFs in real world. In present study, Core executive function would be
assessed by those psychological paradigms: inhibition ( Fish Flanker Task ), working
memory ( N-Back Task ) and cognitive flexibility ( Border Version of DCCS ) and
physical activity and Sedentary behaviours level were measured with ActiGraph
GT3X+ accelerometer; The aerobic fitness was evaluated 20-m Shuttle Run Test;,
The Rosenberg Self-Esteem Scale was used to evaluate global self-esteem
scores of individuals, Pittsburgh sleep quality index(PSQI) evaluated the global
sleep quality scores of participants in recent study, Anxiety/depression
(anxiety/depression scores) were assessed with Achenbach Child Behaviour Checklist

(CBCL).

3.1 Research design

A quasi-experimental design was conducted in this study. According to the age
as the significant covariable of outcomes, eligible participants recruited from total 328
participants of 4" grade elementary school. And then, all eligible participants were

assigned to receive intervention trial or controlled trial.
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3.2 Study Setting

In present study, Songjiang Experimental School Affiliated to SUIBE, a public
primary school is in Songjiang District, Shanghai City, China. It is main primary
school, and the grades are included from 1% to 6" grade. 328 registered in this school

from 4" grade. All intervention trials involved in school.

Yellow S
R

e

Figure 2, The map of study setting

3.3 Study Period

This study consisted of three steps. The first one was baseline data collection
which was carried out within 2 weeks during September 2021 after ethical approval
obtained. Collecting database conclude general information about socio-demographics
data of respondent and core EF performance, level of PA, level of SB, level of aerobic
fitness, anxiety/depression, global self-esteem and sleep quality scores of individuals;
The second step continued by implementing a 12-week Chinese archery art program
to intervention group and an extracurricular activity-based control group. One group
completed the intervention with 12 weeks, from October 2021 to January 2022.

During the treatment period at the baseline, 6™, and 12" week time-piont, the data of
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relevant primary and secondary outcomes collected from intervention group and
control group according to study schedule. The third step, we conducted a 6-week
follow-up end of treatment period to explore how do the benefit from Chinese archery

art program last. Detail presented in Table 6.

Table 6, The study period and point of measurement

pre-test baseline repeated test 18" week test
15t -2 week of 2" week of Oct | 4" week of 2" week of | 6 4™ week of
Sep 2021 2021 Nov 2021 Jan 2022 weeks | Feb 2022

3.4 Study population

Because the match stench is necessary to pull the archery string during
Chinese archery art program and according to the character of core EFs which
develop early life during the whole life. We chose those students in 4" grade as our
population. This population is a good balance between the age and necessity during
real intervention. All samples recruited from total 328 students of 6 classes of 4%
grade in the Songjiang Experimental School Affiliated to Shanghai University of
International Business and Economic (SUIBE) which locate in Songjiang District,
Shanghai City, China. All subjects screened according to inclusion and exclusion

criteria in this study.
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3.5 Sample Size and Sampling Technique
3.5.1 Sample size calculation

G*Power 3.1 was used to calculate sample size with effect size f=0.3 [167,
185]; a=0.05; B=0.2 (Power=0.8) 1:1 in each group, 62 total participants met the
requirement of this study. 31 Participants per group are required. With 15% inflation
for loss in each group, there needed 36 participants in each group. Eventually, we
recruited 68 eligible participants and relocated in intervention group (n=34) and

control group (n=34), respectively.

#%& G*Power 3.0.10 - b4
File Edit View Tests Calculator Help

Central and noncentral distributions Protocol of power analyses

critical F =4.00119

Test family Statistical test

F tests v ANOVA: Repeated measures, between factors v

Type of power analysis

A priori: Compute required sample size - given o, power, and effect size e
Input Parameters Output Parameters

Determine => Effect size f ‘ 03 Noncentrality parameter A » 8.370000 J

« err prob | 0.05 | Critical F | 4.001191 |

Power (1-B err prob) ‘[ 0 8j Numerator df L 1.000000 J

Number of groups \' 2 . Denominator df ’ 60.000000 }

Repetitions \ 3 Total sample size [ 62 ‘

Corr among rep measures \L 0.5 Actual power 0.812336 }

X-Y plot for a range of values

Figure 3, Sample size calculation using G-power3.0.10
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3.5.2 Sampling Technique

Songjiang Experimental School Affiliated to SUIBE was purposively sampled
as the target elementary school. Considering the balance core EFs characteristics of
age and the physical requirements of Chinese archery art program, the 4" grade
students was as sampling target. All samples recruited from total 328 students in 6
classes in Songjiang Experimental School Affiliated to SUIBE which locate in
Songjiang District, Shanghai City, China. All 6 classes of 4" grade purposively
allocated to intervention unit or control unit. All participants recruited through notice.
The study plan and parent's consent form were taken to parents or guardian by the
students and filled them out. The children whose parents have signed the consent are
regarded as potential participants. Because coach is professional to screen the
inclusive participants to Chinese Artery arts training and who was response for all
interventional activities, so the students in the intervention group were inspected by
the intervention coach to decide whether to participate and give the reasons. For the
students in the control group, those head teachers known well and was responsible for
the daily situation of students in school, therefore those head teacher finally decided
whether to participate and give the reasons. The screening form followed this flow

chart of figure 4.



Affiliated to SUIBE

Songjiang
Experimental School

6 classes of 41"
grade were assigned as
sampling units

Assigned sampling units as

intervention or control units

l

Intervention group
(n=34)

A 4

study period (12 weeks
Chinese archery art
intervention plus 6 weeks
follow-un neriod)

Analysis (outcomes)

l

Control group (n=34)

A

[ Follow-up ]

study period (12 weeks
active control plus 6 weeks
follow-up period)

y

[ Analysis }

Analysis (outcomes)

Figure 4, The flow chart of process of recruitment

48
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3.5.3 Inclusion and Exclusion Criteria

Potential participants were initially recruited from a appointed public

elementary school in Songjiang District, Shanghai, China.

All participants were then included only if they matched all of the inclusion

criteria as follows :

1) Children are enrolled from 4™ grades (10-11 years old).
2) Normal physical fitness and health condition

3) Parents can fill the CBCL questionnaire

There are also exclusion criteria that will be applied to screen those who qualify

on the inclusive criteria. The exclusion criteria as follow :

1) Intellectual disability, brain injury and other serious disease (medical
certificate).

2) Obesity (physical test from school).

3) Attendance rate less 80% (attendance record from coach or research
assistants)

4) Decline to participate.

Those research assistants were responsible for screening process to recruit potential

research participants with the suggestions and support of head teachers.
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3.6 Measurement Tools/ Instruments

Demographic data were collected from the physical fitness assessment
database in school for the current semester. The aerobic fitness data was measured
during P.E class within the week by P.E teachers and researcher assistants before
intervention. The executive function performance was assessed in the quiet computer
classroom more than 30 minutes after lunch. All subjects were led to the designated
computer classrooms and were instructed to complete three computer-based
neuropsychological paradigms: Fish flanker task, N-Back task, and DCCS (Border

version) in sequence.

3.6.1.1 Eriksen Flanker task for inhibition control

In cognitive psychology, the Eriksen Flanker task is a set of response
inhibition tests that was first published since 1974 and most frequently use to assess
the inhibition control that are inappropriate in a particular context. In a typical flanker
task, participants are required to identify a centrally presented directional stimulus.
These stimuli may be congruent stimuli (>>>>>), or incongruent stimuli (>><>>).
Participants are required to ignore the distracters and respond only to the centrally

targeted stimuli. Inhibitory ability is assessed by comparing performance on trials.

In this study, Fish Flanker Task was used to assess the inhibition control of
participants. The stimuli and procedure are similar to those previously[261]. During
the trial, participants had a seat in front a computer monitor and two response buttons
(“A” and “L”). Participants were required to complete a series of trials in that they

were shown a stimulus comprising a horizontal row of five fish. One each trial, they
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were required to give response as soon as possible when facing direction of the center
fish will be made sure. If the center fish is facing left, the left button “A” pressed with

left finger, or the right button “L” with right finger if the center fish is facing right.

Two trial types are presented: congruent and incongruent. On congruent trials,
all five fish in the stimulus array pointed in the same direction (e.g., <<<<<
or >>>>>), On incongruent trials, the four distracting fish pointed in the opposite
direction of the central target fish (e.g., <<><< or >><>>). The target fish is presented

on the display just like the picture illustrated in the lower Figure 5.

Figure 5, The congruent and incongruent during Fish Flanker Task
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In terms of size, each individual fish stimulus will display 3 cm tall and is
separate by 1 cm for visual angle of 1.72-. the target fish was always located in the
same location on every trial. The stimuli is presented until a response is made or more
than 1500 ms elapsed for each trial. A new trial is presented after an interval (“+”

with blue background) of 500 ms.

If a response is made less than 200 ms after appearance of the target (an
anticipatory error), the message “Early response” displayed. If subject cannot make
response within 1500 ms (an inattentive error), a message “Too slow” presented. If a
response is made by pressing the incorrect button (an accuracy error), “Wrong

response” presented.

Regarding the assessment of a single bout of Chinese archery art program,
before each formal trial, each block of practice trials (12 congruent trials and 12
incongruent trials) was conducted to ensure sufficient accuracy for all participants.
Formal trials consisted of 48 congruent trials and 48 incongruent trials, respectively,
followed by 1-minute intervals between 2 block trials. All trial types were randomly

presented with equal probability.

Considering the assessment of chronic Chinese archery art program, 20
practice trials were conducted to ensure that participants achieved a sufficient level of
accuracy during chronic intervention assessment. After one practice trial block, one
more practice trial block will be offered after pressing the “F” button if subjects feel
unskilled enough. After practice, participants will be required to complete 2

experimental trial blocks with total 152 trials (76 congruent and 76 incongruent trials),
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those trial types will be randomly presented with equal probability. there is a one-

minute interval between 2 blocks.

Analysis: The accuracy percentage and reaction times of correct responses on
both congruent and incongruent trials were identified as main evaluation index of

inhibitory control performance.

3.6.1.2 N-Back Task Paradigm for Working Memory

The variants of n-back procedure have been widely investigated the
performance of human’s working memory [134]. During the task, the participants
would be required to control a serious of stimuli and correct respond with. Whenever
a stimulus is presented which is the same as the one presented n trials as soon as
possible, usually n can be 0,1,2 or 3. Monitoring, updating, and manipulation of
remembered information are required during the on-line task, therefore it is assumed
to place demands on a number of key processes within working memory. The many
different types of stimuli have been put into practice with various input modalities
because of demanding on different processing systems. Different loads also have been

used from 0 to 3-back depending on the target population.

The N-Back task paradigm in this study is programmed in E-Prime Software
(Psychology Software Tools, Pittsburgh, PA). The 1 and 2-Back task paradigms

would be used because of the younger target population.

Procedure : subjects would be required to monitor the 1- and 2-back task

while seat 1meter from a computer screen. Six different shapes of various color (i.e.
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green circle, red lune, blue cross, purple star, brown square and orange triangle)
would be presented focally in a appointed manner. Two different conditions (n back,
n=1,2) would be performed, with each condition would be present in a fixed order for

all subjects.

During the task, subjects would be demonstrated to make a response as soon
and accurate as possible with a appointed button L when a correctly matching target
appear same as 1 or 2 trials back. The subjects are required to press A button when
any of the other remaining five shapes present. A button press would mean same
matching target as 1 or 2 trials back, and a L button press means that shape presented
is not same as 1 or 2 trials back. The targets would be presented on the display just

like the picture illustrated in the lower Figure (6) and Figure (7).

Considering the assessment of a single bout Chinese archery art program,
formal trials consisted of 2 condition block trials (24 1-back trials and 24 2-back
trials), followed by a 1-minute interval between 2 block trials. Before each formal
trial, each block of training trials (10 1-back trials and ten 2-back trials) was
conducted to ensure sufficient accuracy for all participants during the formal

experiment.

Compared with the assessment of a single bout Chinese archery art program,
30 practice trials conducted to confirm all subjects achieve a sufficient level of
accuracy during chronic intervention assessment. Each trial was presented for 2900
ms, then a interval of 3000 ms with a fixed inter-stimulus would be presented on a
black background. Figure of shapes would be height of 3 cm. Each condition was

presented in one block containing 72 trials with 24 targets (25% probability) for the 1-
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and 2-back conditions.

Analysis: The hit rate, reaction time, correct rejections, false alarm rate would
be identified as main metrics of working memory performance. The hit rate is the
probability of correctly identifying a target, correct rejections (CR) is the probability
of correctly identifying a non-target, false alarm rate (FA) is the probability of

incorrectly identifying a non-target as a target.

Matching
Matching
1 2(A) 3(L) 4 (A) 5(A) 6(A) 7(L)
Figure 6, The illustration of 1-back of task
Matching Matching
1 2(A) 3(A) 4 (L) 5(A)6 (A) 7 (L)
Maching

8(A) 9 (A) 10 (A) 11(L)

Figure 7, The illustration of 2-back of task
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3.6.1.3 The Dimensional Change Card Sort (DCCS) Task for Cognitive Flexibility

The DCCS called also Shape and Color Task which is widely used to
investigate the cognitive flexibility across the lifespan. It is advantageable to measure
children with simplicity. In the standard version of this task, the participants would
show usually two target card (e.g., a blue rabbit and a red boat) and would be required
to sort a series of bivalent test cards (e.g., red rabbits and blue boats) according to one
dimension (e.g., color).

This task includes pre-switch phase (e.g., color) (figure 3-8) and post-switch
phase (e.g., shape) (figure 3-9). it is suitable to measure the executive function of
healthy preschool children. The more challenging version of the DCCS have been
used to measure the older children even adults across the lifespan successfully, such
as the border version (figure 3-10). In this version, if the black border test card display,
the participants have to play the color game, otherwise the shape game has to conduct.
During the task, switches are presented randomly (e.g., on 25 % of trials) and ensure
that the same test card cannot display on the screen sequentially. Response would be
trigged via visual stimuli, and participants may be instructed to respond as soon as
possible.

In this study, the border version of DCCS would be used to measure the
cognitive flexibility of participants according to their age.

Materials: the task would include the Pre-switch Phase (colour game), Post-
switch Phase (shape game) and Border Phase (mixed game with the direction of
border). subjects would be required to pass the post-switch phase to the mixed phase
in turn. In this task, subjects would be completed 2 blocks of homogeneous trials

(either colour or shape) and heterogeneous trials (mixed colour and shape with the cue
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by direction of bordered test cards). The stimuli were 5 cm tall and 9 cm wide cards
presented focally for 3000 milliseconds on a black background (or until a response
was given) with a fixed intertrial interval of 2500 milliseconds.

Procedure: The whole task would include the standard version of the DCCS
and the border version. The color game and shape game would be as the pre-switch
and post-switch task dimension respectively, this border version would be chosen as
mixed phase.

Considering the assessment of a single bout of Chinese archery art program,
all subjects should try to give fast and accurate responses when visual stimuli are
presented on the screen. For smooth operation during the trials, each phase of practice
trials (eight shape trials, eight color trials, and 12 border trials) was given. In turn,
participants completed three blocks of heterogeneous trials (16 color trials, 16 shape
trials, and 32 border trials). Each block test followed a 1-minute interval. During the
trials, stimuli switches were presented randomly, ensuring that the same target card

could not be displayed on the screen sequentially.

Regarding the assessment of chronic Chinese archery art program period, the
detail if the task should be demonstrated on all participants that and ensure all smooth
operation during the trials. Each phase of 50 (15 colour trials, 15 shape trials and 20
border trials) practice trials would be given. Moreover, proceed immediately to the
task. Participants would complete 3 blocks of 60 (60 colour trials, 60 shape trials and
72 border trials) heterogeneous trials in turn, 60 seconds interval would be given after

1 block test[27].
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Analysis: The accuracy percentage and reaction times of correct responses on
shape trails, colour trails and border trials would be identified as metrics of flexible

cognitive performance.

e —— —>
“Play the color game:

If it’s red, it goes here; Target cards
but if it’s blue, it goes

there. Here’s a red one.

Where does it go?”

Test cards

(i.e., 3 red rabbits and

3 blue boats presented
in a quasi-random order)

Figure 8, The illustration of sample target cards and test cards used during pre-

switch phase (citation)
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————

“Okay, now we’re not going \

to play the color game anymore.
Now we’re going to play

a new game—the shape game.
If it's a rabbit, it goes here;

but if it's a boat, it goes there.
Here’s a rabbit. Where does it go?”

Target cards

Test cards

(i.e., 3 red rabbits and

3 blue boats presented
in a quasi-random order)

o S—

Figure 9, The illustration of sample target cards and test cards used during post-

switch phase (citation)
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“If there’s a black border, you /

have to play the color game.

But if there’s no black border,

you have to play the shape game.

Here’s one with a black border. T_est cards . .

Where does it go?” (i.e., 3 red rabbits without borders,

3 blue boats without borders,
S —_—

3 red rabbits with borders, and

3 blue boats with borders,
presented in a quasi-random order)

Figure 10, The illustration of sample target cards and test cards used during border-

switch phase (citation)

3.6.2 ActiGraph GT3X+ Accelerometer for Physical Activity and Sedentary
behaviour

ActiGraph GT3X+ Accelerometer is widely used to measure the children’s
physical activity and sedentary behaviour and the reliability and validity was reported.

[262, 263]. Physical activity level and sedentary behaviour measurement using the
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three-axis ActiGraph GT3X (Actigraph LLC, Pensacola, FL), the tool measures the
coronal axis (x-axis, anteroposterior), sagittal axis (y-axis, left-right direction) and
vertical Acceleration in three directions of the axis (z axis, up and down direction).
According to the selected intensity, the electrical signal is then converted into a
Counts value by the electrical signal for output. The point classifies the Counts value
to obtain the daily Sedentary behaviour (SB), light physical activity (LPA), moderate-
vigogous intensity (Moderate physical activity, MPA), Vigorous physical activity

(VPA) and other accumulation time of different intensity activities.

Total physical activity (TPA) equals to the sum of LPA, MVPA and VPA. In
this study, the subjects would be objectively measured the level of daily sedentary
behavior and physical activity with consecutive a 7-day GT3X+ accelerometer
sensors. the period of 7 days must be included 5 working days and 2 weekend days.
Acceleration sensor would be fixed to the belt on the top and placed on the upper part

of the right ridge (see Figure 11).

Figure 11, The illustration of GT3X+ accelerometer sensor wearing
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The research assistants illustrated the procedure of the testing content to
parents of the subjects in detail before formal measurement. And guide the parents
how to wear and remove the sensors in case of emergency during of the course of
testing, the instruments must be removed before for bathing and swimming. parents of
subjects would be the supervisor and confirm the instruments operate correctly. All
instruments would be taken back on the 8" day after the 7-day testing. The data would
be acquired with Actilife (Version 6.11.5). the survey was conducted with the consent

of the parents if the data does not meet the inclusion criteria or is not incomplete.

Due to the age of subjects, the parameter settings in this study mainly include the

following:
1) the decision of epoch time of sensor.
2) define a non-wear time period, daily
3) definition of a valid day
4) Minimum number of wear days to be met the analysis of inclusion criteria
5) the choice of different intensity division points.

The specific settings are shown in Table 7.
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Table 7, Parameter setting of ActiGraph GT3X*for physical activity

Number Content parameters Parameter setting

1 Test instrument ActiGraph GT3X*

2 Epoch time 5 second

3 Define a non-wear time period 600 seconds

4 Definition of a valid day >=600 min

5 Minimum number of wear days to be At least 3 days (includes 1 weekend and
included in analyses 2 study days)

6 VPA Counts>=4012/min
MVPA 4011/min=>Counts>=2296/min
LPA 2295/min =>Counts>=101/min
Sedentary behaviors Counts=<100/min

Statistical inclusion criteria about sedentary behavior and physical activity levels:

1) Working day sedentary behavior and physical activity level: Monday to
Friday, subjects with at least two days of valid data would be included in the

statistical analysis of different levels of physical activity

2) Weekday sedentary behavior and physical activity levels: subjects with valid
data at least one day on Saturday or Sunday would be included in the statistical

analysis

3) A week sedentary behavior and physical activity level: at least 2 working days

+ 1 weekend day valid data would be included in the statistical analysis
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4) the sedentary behavior and the level of physical activity presented in the form

of specific values (%) of the mean daily accumulation time of SB, LPA, MVPA, VPA.

3.6.3 20-Meter Shuttle Run Test for Aerobic Fitness
Multistage 20-Meter Shuttle Run test would be used to assesses the Children’s
aerobic fitness [264]. The reliability and validity of test this has been proved [265,

266]

Subjects have to run back and forth on a 20-m course following the CD pace
and touching the determinant lines is required very round. At the same time, a sound
signal is emitted from a CD. Running speed would be increased by 0.5 km/h each
minute according to frequency of the CD sound signals and starting speed would be
settled at 8.5 km/h. The test would be stopped when the participants cannot reach the
end lines concurrent with the audio signals on 2 consecutive occasions, or when the
participants give up because of fatigue. The last announced stage number or the
equivalent maximal aerobic fitness would be used as the VOomax index. The last
announced stage number or the equivalent maximal aerobic fitness would be used as

the VOazmax index.

For children, VOamax (Y,ml/kg min) was predicted from the maximal aerobic
shuttle running speed (X1, km/h) and age (X2, year as the lower rounded integer),

formula is: Y=31.025+3.238 X1-3.248 X, +0.1536 X1 X>

3.6.4 Achenbach Child Behaviour Checklist (CBCL) for Anxiety/depression
CBCL (Achenbach, 2001) has been worked with a wide usage of research and

clinic long history. The latest version of the CBCL has two separate forms, one is
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suitable to assess those children aged from 1.5 to 5 years old and another one is prefer

children aged from 6 to 18 years old[267].

And there are different wide use of version CBCL in the world. The CBCL
was introduced and adapted for Chinese children by Shanghai mental health center in
1992. The good reliability and validity were reported. For the cutoff of total problem,
a score of 35 was used as a cutoff [268]. In this study would choose the
anxiety/depression syndromes to assess the emotional problems. The cutoff of
anxiety/depression syndrome in Chinese children is 8 for male and 7.3 for female

respectively.

The parent’s version would be used in this study considering the children’s
age and parents would complete the scale. Parents would rate their child true
condition on each item has been of them in the recent 6 months. Responses are rated
on Not True, Sometimes/Somewhat True; Very Often True. We selected

anxiety/depression scales to evaluate the anxiety/depression of participants.

3.6.5 The Pittsburgh Sleep Quality Index (PSQI) for Sleep Quality

The Pittsburgh Sleep Quality Index (PSQI) is one of the most widely used
standardized measures to assess subjective sleep quality[269]. The PSQI is reliable
and validated to assess the sleep quality of normal children and adolescents [269-271].
This tool was used to assess sleep quality in the Chinese normal children. Overall, the
Chinese version of the PSQI had a considerable test-retest reliability over a 14- to 21-
day interval with a coefficient of .85 for all subjects [272].1t would cover subjective

sleep quality, sleep latency, sleep duration, sleep efficiency, sleep disturbance, use of
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hypnotic medications and daytime dysfunction assessment in the recent week to

month.

Scoring instructions: 19 self-rated questions are contained in this PSQI scale.
seven “component” scores combine all 19 items, each of which has a range of 0-3
points. In all cases, a score of “0” means no difficulty, while a score of “3” means
severe difficulty. The seven component scores are then added to one “global” score
with range of 0-21 point. “0” means no difficulty and “21” means severe difficulty in

all areas. A global PSQI score above 5 indicates poor sleep [270].

3.6.6 The Rosenberg self-esteem scale (RSES) for self-esteem

RSES is a self-report instrument for assessing individual self-esteem and it is
regarded as a reliable and valid quantitative tool for self-esteem assessment [273].
RSES is widely used to assess the children subpopulation for self-esteem [274]. The
Chinese version indicated a good reliability and validity in diverse children in
Children after confirmatory factor analyses[274]. Compared with previous studies
which includes separate self-confidence and self-depreciation factors, RSES
components only single common factor. It is a 10-items scale. The pattern of
functioning of the items was examined with respect to their content, and observations
are offered with implications for validating and developing future personality

instruments.

A 10-item scale includes both positive and negative feelings about the self. A
10 items scale measures global self-worth by self-report assessment. All 10 items

would be answered with a 4-point Likert-type scale format (strongly agree, agree,
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disagree, strongly disagree). For items NO.1, 2, 4, 6, 7 the scores are calculated as
follow that rule (strongly agree=3, agree=2, disagree=1, strongly disagree=0); For
items NO.3, 5, 8, 9, 10 the scores are calculated as follow that rule (strongly agree=0,
agree=1, disagree=2, strongly disagree=3). The global scores range from 0-30; the
scores range from 15 to 25 is normal. Less 15 is low self-esteem. More than 25 is high

self-esteem.

3.7 Data Collection
All physical testing of participants was carried out study setting area. Those

relevant questionnaire and tools were offered to measure:

1) The demographics and population characteristics

2) Core Executive function performance

3) Physical activity

4) Aerobic fitness

5) Self-esteem

6) Sleep quality

7) Anxiety/depression

Data collection period in this study was processed 20 weeks which lasts from
September 2021 to February 2022. The whole process was consisted of 3 steps as

follows. researcher teacher and assistants were responsible for the whole data
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collection period. Research assistants incorporates 7 students of SUIBE who are

received standard training to conduct or support the relevant test.

3.7.1 Preparation and database collection

All permission obtained from related government officer and caregivers of
participants. All necessary tools and equipment were confirmed before formal
database collection. The tools were same if those are repeated measurement. Database
collection was conducted by researcher and assistants from the study setting area. The
cooperation and support are vital to guarantee smooth progress because of the minor
population in this study. We worked with the school to obtain the support and
cooperation from parents during preparation period in written form which elaborate

on the details and significance of this research to parents.

The socio-demographics scale collected with CBCL questionnaire by
caregivers at baseline test; At the same period, the instructions of ActiGraph GT3X+
accelerometer was demonstrated to all caregivers. And all confirmations were
required. All participants were requested to wear ActiGraph GT3X+ accelerometer
for a consecutive 7-day duration, the PA level and SB level during this week were
measured with this process; The aerobic fitness test was completed during P.E class
within week by P.E teachers and researcher assistants at pre-test; The core EF

performance were unified measured in the quiet computer classroom.

Data collection time-point include baseline, 6! week, 12" week, and 18" week.
All participants were measured at each test. And this test spent about 50-60 minutes

for chronic intervention each time; The PSQI scale was used to measure the sleep
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quality of participants by themselves before every core EF measurement during
treatment period. This test spent about 5 minutes each time; The RSES scale was used
to measure the self-esteem of participants by themselves before every core EF
measurement during treatment period. This test spent about 3 minutes each time;

CBCL was used to measure the anxiety/depression of participants by parents (either

mother or father during the whole study period on baseline, 12" week, and 18" week).

This test spent 10-20 minutes each time.

3.7.2 Implementation

3.7.2.1 Chinese archery art program vs extracurricular activities

1) Intervention group

All 34 participants in intervention group recruited from 4" Grade at Songjiang
Experimental School Affiliated to SUIBE. And then assigned to Chinese archery art
program after class. During the 2021-2022 academic year, Chinese archery art
program substituted extracurricular activities curriculum as an extra sport project (4
classes per week except of Thursday, 45 minutes per class). This project contains
different content over time. Interventional training program was instructed by same
professional coaches who are experienced in instructing adult and children with
diverse abilities and background. The material of training includes theory knowledge
(origin, history, cultural feature etc,.), primary techniques (standing posture, set arrow,
push bow, pull off the string, lift bow, draw a full bow, collimation, shot, closing form
etc,.), and mind regulation training (deep-breathing techniques, introspection,

relaxation). The pictures show the primary techniques (Figure 12). The training court
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isolated is settled to intervention group and nobody except interventional subjects
permit entrance during training, to prevent contamination between group and control

group.

Onsssson O «zeanes

Basic Etiquette<’
albl L )\ ¥zoEnEs

Primary Techniques<’
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Figure 12, The illustration of the primary techniques of Chinese archery art program

The techniques of Chinese archery art program were instructed to children of
another class including theory knowledge (origin, history, cultural feature etc,.),
primary techniques (standing posture, set arrow, push bow, pull off the string, lift bow,
draw a full bow, collimation, shot, closing form et al.), mind regulation training
(mediation, deep-breathing techniques, introspection), and basic etiquette (pre-
etiquette, post-etiquette, etiquette to target). All content was instructed and completed
within 2 weeks, and students in the intervention group are required to master basic
proficiency. The coach evaluated whether the student has mastered the technical
movements that have been taught through his own experience and teaching
requirements standards. If students cannot master it in time, the coach given special
intensive training until reaching the standard. Then forms presented with a series of
traditional etiquettes and techniques applied in an artistic arrangement of program.
And the forms also be emphasized during instruction. In addition, more cognitively
engaging was underlined during classes, such as deep-breathing relaxation techniques,
self-regulation with internal dialogue skill, concentration, perseverance, keeping calm
and patient, emphasis on the process of competition, introspection. Finally, all of
these of techniques were instructed in an condition characterized by respect, discipline,
and self-regulation. The content and time distribution will follow the syllabus (table-

8).
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Table 8, Syllabus of the Chinese archery art program during interventional group

Content Activities Intervention goals Duration
theory The instructor will be delivered | Understand the | 40-45 min  first
knowledge | content in the class history and cultural | session
feature of Chinese
archery art program

basic The instructor will be delivered | Improve the cultural | 20 min training with
etiquette content in the class; basic etiquette | conception and self- | the first session,

content includes pre-etiquette, | regulation then it is required

post-etiquette, etiquette to target during practice.
primary primary techniques include all | Improve the | 30-40 min/ session
techniques | required content such as standing | physical fitness and

posture, set arrow, push bow, pull | self-regulation,

off the string, lift bow, draw a full | flexibility and

bow, collimation, shot, closing | mental health level

form etc. will be instructed by

coach
mind Those content includes mediation, | Improve the self- | 3-5 min/session
regulation deep-breathing techniques, | regulation,
training introspection and will be instructed | flexibility and

by coach
Resistance | Running, jump, resistance exercise 5 min / session
and aerobic | which will be instructed by coach
exercise

At start of Chinese archery art program class, students would line up and have

an etiquette ceremony. Later, few minutes meditation is necessary section of class.

students were instructed to focus on correct breathing. And then, some techniques

were imparted to students in a class. Generally, students should be followed the

principle that the students should learn to ask himself/herself with internal dialogue

and correct their position, behaviour or thoughts during the practice of all techniques.

So, students should regulate mind behaviours by themselves in accordance with the

expectation of the real situation. The preference of process than scores during

competition was always emphasized by instructor during the class. at the conclusion
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of each class, students lined up and bowed to each other’s and instructor as the class

were dismissed.

The Chinese archery art program is a sport with potential danger, so the safety
is first during practice. To prevent the injury to children, all children except of
interventional participants was prohibited entry into the training court unless the
permission from the coach. And the rule of safety should be obeyed all training time.

Warm-up activities were conducted by coach before every formal training.

All 34 participants in control goup in this study recruited from 4" Grade at
Songjiang Experimental School Affiliated to SUIBE. And then received to assign to
control group. And this group received extracurricular activities (4 classes per week,
45 minutes per class) after allocation. Extracurricular activities were the scheduled
curriculum at Songjiang Experimental School Affiliated to SUIBE. This curriculum
was incorporated sedentary behaviours at classroom sometimes, or activities outside
(stretching, running, physical games et al.) and sports (football, basketball et al.). The
curriculum provided the children with a diverse experience of exercise or active study

method.

3.7.3 Evaluation of relevant variables between control group and intervention group
and time-point

Fish flanker task, N-Back test, and DCCS (Border version) were investigated
the inhibitory control, working memory, and cognitive flexibility of core executive
function respectively. The quietly designated computer room offered to conduct those

tests. Those tasks were conducted during the baseline, 6" week, 12" week and 18"



74

week in this study. Researcher teachers and assistants ensured the smooth
measurement. The participants would spend 50-60 minutes to complete a series of
three executive function performance tests. All outcomes of variables were saved in

database automatically.

The Rosenberg self-esteem scale (RSES) was used to evaluate self-esteem,
those scales will be conducted before every core EF measurement by participants
during the baseline test, 6™ week, 12" week, 18" week. Researcher teachers and
assistants ensured the smooth test. This test was conducted before relevant executive

function measurement and spent about 5 minutes.

PSQI evaluated the sleep quality of participants in recent from 1 week to 1
month. Those scales were conducted before every core EF measurement by
participants during the baseline, 6" week, 12" week and 18" week. Researcher
teachers and assistants will ensure the smooth test. This test will be conducted before

relevant executive function measurement and spent about 5-10 minutes.

Anxiety/depression were assessed with CBCL completed by parents. The
CBCL questionnaire was completed by either father or mother during the whole 3
times period. Assistants distributed CBCL questionnaires enveloped to parents
through children after every core executive function measurement and collected that
within 7 days. Those assessments were conducted during the baseline test, 121" week,

and 18" week.

ActiGraph GT3X+ accelerometer was used to measure the PA level and SB of
participants during the baseline test. ActiGraph GT3X+ accelerometer instruction

clearly explained to all participants and their patents by research assistants, after
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completing the questionnaires. All participants wear an ActiGraph GT3X+
accelerometer to measure their physical activity during daily time for a consecutive 7-
day duration. After 7 days, the ActiGraph GT3X+ accelerometer was collected from
the participants by the researchers. A week sedentary behavior and physical activity
level: at least 2 working days + 1 weekend day valid data were included in the
statistical analysis. If the data did not meet the requirements, we re-testted after
obtaining the consent of the parents and students. Head teachers and assistants
ensured the smooth test. The distribution was conducted in the classroom after
illustration. Head teachers was responded to remind parents of subjects to supervise
and confirmed the instruments correctly operate every morning during test period

through Wechat messages.

20-m shuttle run test was used to evaluate the aerobic fitness of participants
during the baseline test. All participants would have to run between 2 lines 20 m apart
following audio signal pace from designated CD. The starting speed is 8.5 km/h. the
speed was increased by 0.5 km/h per minute. The test was stopped when the
participants cannot reach the end lines concurrent with the audio signals on 2
consecutive occasions, or when the participants give up because of fatigue. The last
announced stage number or the equivalent maximal aerobic fitness was used as the
VO 2 max index. For children, VO 2 max (Y, ml/kg min) was predicted from the maximal
aerobic shuttle running speed (X1, km/h) and age (X2, year as the lower rounded
integer), formula is: Y=31.025+3.238 X1-3.248 Xz + 0.1536 X1 Xz. This test was
conducted in the same week of core executive function measure by P.E teachers and
research assistants. P.E teachers would be responsible for this test with the support of

research assistants. Each participant would spend about 5-10 minutes during this test.
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The detail procedure of data collection shows according to the flow diagram blow

Figure 13.
Recruited the participants through notices, Informed
consent to parents and children and obtains approval
2
Intervention Groups (n=34) Control Group (n=34)
Baseline 3 3
chronic intervention baseline (socio-demographics variables, core
EFs, PA, SB, emotional variables, self-esteem, and sleep quality)
Relevant instruments and questionnaires
6™ week test i § 3
Intervention 12 weeks active control 12 weeks
12" week test l l
py Primary outcome (baseline, 6™ week, 12" week, 18" week in this
I 2 study)
< Secondary outcome (baseline, 6™ week, 12" week, 18" week in
| ’g‘ this study)
follow-up test )

\ 4

Figure 13, The procedure of data collection in this study
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3.8 Data Analysis
Statistical significance was represented at a p value of 5%. All frequencies
were expressed as total numbers (percentage). Averaged values were expressed as

mean + standard deviation (range).

Descriptive statistics was used to describe the socio-demographic
characteristics between groups. Shapiro-Wilk test was used to assess normality
distribution of core EFs, PA, aerobic fitness, sleep quality, and anxiety/depression at

baseline data.

The independent-samples t-test was performed to examine the significant
difference of mean of core EFs, self-esteem scores, sleep quality scores, and

anxiety/depression scores at 18" week, respectively.

The paired-samples t-test was performed to determine the statically significant
difference of mean of core EFs, self-esteem sleep quality scores, and

anxiety/depression scores at 12", 18" week, respectively.

A repeated measures ANOVA test was used to examine the statistically
significant difference mean of core EFs, self-esteem scores, and sleep quality scores

within and between group at baseline, 6", 12" timepoint test.

The Friedman test was used to examine the statistically significant difference
in median of sleep quality among the repeated test time points within and between

group at baseline, 6, 12" timepoint test.
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Data collection and analysis with SPSS 22.0 version under licensed of
Chulalongkorn university was used to analyze the descriptive and inferential statistics

in the result of this study as describing in the following table below.

3.8.1 Descriptive statistics

The percentage (%), mean (x), standard deviation (SD), minimum, maximum,
median was used to describe the socio-demographics data, PA, aerobic fitness, Core
EF performance and the scores of self-esteem scores, anxiety/depression scores, and

sleep quality scores. Detail presented in the following table 9.



Table 9, Descriptive Statistic Analysis
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Variables Measurement Statistical analysis
Scales

Socio-demographics: Gender Nominal Frequency and percentage
Age,, Height, Weight, and BMI Ratio mean, SD
Family income, Education Ordinal Frequency, percentage

Descriptive statistics:
Core EF performance Interval mean, SD

Descriptive statistics:
PA Interval mean, SD

Descriptive statistics:
Aerobic fitness Interval mean, SD

Descriptive statistics:
Anxiety/depression score Interval mean, SD

Descriptive statistics:
Score of self-esteem Interval mean, SD
Score of sleep quality Interval Descriptive statistics:

mean, SD

3.8.2 Inferential statistics

The inferential statistics was analyzed and assessed the effect of Chinese

archery art program on the Core EF performance, anxiety/depression, self-esteem,

sleep quality, PA, aerobic fitness in children of elementary school, in Shanghai. Detail

presented in the following table 10.
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Variables Measurem | Statistical Objective
ent scale analysis
Socio-demographics: Tested homogeneity between two groups
Gender, education Nominal Chi-square
family income and ordinal | test
Age, Height, weight,
BMI, PA, and aerobic
fitness Ratio Independent
-samples t-
test
core EFs, PA, aerobic | Interval Shapiro- Assessed the normality of distribution
fitness, Wilk test between groups at baseline
anxiety/depression,
self-esteem, and sleep
quality at baseline
Core EF performance | Interval Independent | Examined  the  statically  significant
at 18" week -samples t- | difference in mean 18" week between
test groups
Core EF performance | Interval Paired Examined the  statically  significant
at 12, 18" week samples T- | difference in mean at 12" and 18™ week
test each group, respectively
Depression/anxiety Interval Independent | Examined the statically significant mean
scores at baseline, 12%", -samples t- | difference at baseline, 12" week, and 18%"
and 18" week test week between groups, respectively
Depression/anxiety Interval Paired Examined the  statically  significant
scores at baseline, 12™", samples T- | difference of median of baseline and 12%
and 18" week test week, 12" and 18" week each group,
respectively
Self-esteem scores 18" | Interval Independent | Examined  the  statically  significant
week -samples t- | difference of mean at different test timepoint
test between groups
Self-esteem scores at | Interval Paired Examined the  statically  significant
12" week and 18" samples T- | difference of mean at 12" and 18" week
week test each group, respectively
Sleep quality scores at | Interval Independent | Examined  the  statically  significant
baseline, 6" week, 12 -samples t- | difference of mean at different test timepoint
week and 18" week test between groups
Sleep quality scores at | Interval Paired Examined the  statically  significant
121" week, and 181 samples T- | difference of mean at 12 and 18" week
week test each group, respectively
Core EF performance | Interval A repeated | Examined the statistically significant
at baseline, 6", and 12" measures difference in mean within-between subjects.
week ANOVA test
Self-esteem scores at | Interval A repeated | Examined the statistically significant
baseline, 6", and 12t measures difference in mean within-between subjects.
week ANOVA test
Sleep quality scores at | Interval A repeated | Examined the statistically significant
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baseline, 6%, 12" week measures difference in mean within-between subjects.
ANOVA test

3.9 Ethical Consideration

The Declaration of Helsinki conducted this study with the approval of the
ethics review committee for research at Chulalongkorn University (Protocol NO. 073.
1/64). The purpose, benefits, data collection process, and ethical issues in this study
confidentially informed to the ethical committee. The adequate obligatory information
to all of participants and their caregivers also delivered by researcher directly. Written
informed consent for data usage obtained from all caregivers of participants, informed
consent for intervention also obtained from all caregivers of participants in the
intervention. Permission of the study has obtained from the local school and

educational authority.
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CHAPTER 4: RESULTS

4.1 Baseline information on socio-demographic, aerobic fitness, and physical activity

All samples recruited from total 328 students of 6 classes of 4™ grade in the
Songjiang Experimental School Affiliated to Shanghai University of International
Business and Economic (SUIBE) which locate in Songjiang District, Shanghai City,
China. Eventually, 68 eligible subjects recruited according to inclusion and exclusion
criteria in this study. 34 participants were allocated in Chinese archery art program
group, the other 34 respondents in the control group. The data regarding
sociodemographic variables, physical activity level in daily, aerobic fitness were

shown in the table 11.

In this study, after the Shapiro-Wilk test, the data of age, weight, height, BMI,
PA, and V02 max In each group obeyed a normal distribution (pint>.05, pcon>.05).
Levene’s Test for Equality of Variances (pint>.05, pcon>.05). The independent sample
T-test was used to analyze the difference in age, weight, height, BMI, PA, and V02 max
of subjects between the intervention group and the control group at baseline. Data

detail displayed in the table 11.

Specifically, the results showed that the age in the intervention group
(115.58+3.51) months was older than those of the control group (115.62+3.28)
months, with a difference of .029 months (95% CI: -1.67-1.62). The independent
sample t-test results suggest that there was no statistical difference (t=-.036, p=.97) in

the age between groups. Data detail displayed in the table 11.
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The results showed that the weight in the intervention group (41.26£11.53) kg
were higher than those of the control group (42.53+9.93) kg, with a difference of -
1.27 kg (95% CI: -6.48-3.94). The independent sample t-test results indicated that
there was no statistical difference (t=-.48, p=.628) in the weight between groups. Data

detail displayed in the table 11.

The results showed that the height in the intervention group (143.18+6.00)
was higher than those of the control group (145.16+5.39) cm, with a difference of -
1.98 cm, (95% CI: -4.74-.78). The independent sample t-test results suggest that there
was no statistical difference (t=-1.694, p=.095) in the height between groups. Data

detail displayed in the table 11.

The results showed that the BMI scores in the intervention group (19.93+4.53)
were higher than those of the control group (19.36+3.20), with a difference of .57 (95%
Cl: -1.33-2.47). The independent sample t-test results suggest that there was no
statistical difference (t=.60, p=.55) in the BMI scores between groups. Data detail

displayed in the table 11.

The results showed that the sedentary behavior percentage in the intervention
group (47.84+3.28) ml/min/kg was higher than those of the control group (47.09+2.93)
ml/min/kg, with a difference of -.66 ml/min/kg, (95% CI: -1.90-.58). The independent
sample t-test results indicated that there was no statistical difference (t=-1.06, p=.294)

in V02 max OF subjects between groups. Data detail displayed in the table 11.

The results showed that the SB percentage in the intervention group
(69.95+5.41) was higher than those of the control group (69.83+6.09), with a

difference of .12 (95% CI: -3.47-3.70), but no statistical difference (t=.067, p=.947) in
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the sedentary behavior percentage between groups; The LPA percentage in the
intervention group (24.45+4.60) was lower than those of the control group
(24.91£4.93), with a difference of -.46 (95% CI: -3.43-2.51). The independent sample
t-test results suggest that there was no statistical difference (t=-.314, p=.755) in the
LPA percentage between groups; The MVPA percentage in the intervention group
(3.60+.95) was higher than those of the control group (3.41+1.16), with a difference
of .18 (95% CI: -.48-.84). The independent sample t-test results suggest that there was
no statistical difference (t=.564, p=.576) in the MVPA percentage between groups;
The VPA percentage in the intervention group (2.01+.43) was higher than those of the
control group (1.85+.72), with a difference of .16 (95% CI. -.21-.52). The
independent sample t-test results indicating that there was no statistical difference
(t=.873, p=.388) in the VPA percentage between groups. Data detail displayed in the

table 11.

In this study, Chi-Square Tests for gender was used to analyze the difference
in gender, paternal education, maternal education, and monthly family incomes of
subjects between the intervention group and the control group at baseline. Data detail

displayed in the table 11.

Basically, the results showed that the gender in the intervention group with
females 16 (47.1 %), and males 18 (52.9 %) was no statistical difference (x?=.06,
p=.808) from those of the control group with females 17 (50.0 %), and males 17

(50.0 %). Data detail displayed in the table 11.

The paternal education in the intervention group, with 2 (5.9%) junior high

schools, 7 (20.6 %) high schools, 11 (32.4%) college, 14 (41.2 %) undergraduate were
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no statistical difference (y>=1.15, p=.76) from those of the control group with 3
(8.8 %) junior high schools, 4 (11.8 %) high schools, 11 (32.4 %) college, 16 (47.1 %)

undergraduate. Data detail displayed in the table 11.

The maternal education in the intervention group, with 2 (5.9 %) junior high
schools, 6 (17.6 %) high schools, 15 (44.1 %) college, 10 (29.4 %) undergraduate, and
1(2.9%) postgraduate were no statistical difference (x?=1.42, p=.92) from those of the
control group with 1 (2.9 %) elementary school, 2 (5.9 %) junior high schools, 5
(14.7%) high schools, 13 (38.2 %) college, 12 (35.3 %) undergraduate, and 1 (2.9 %)

postgraduate. Data detail displayed in the table 11.

The family monthly income in the intervention group, with 2 subjects (5.9 %)
less than 4000 RMB, 3 subjects (8.8 %) ranged from 4001 to 8000 RMB, 9 subjects
(26.5 %) ranged from 8001 to 15000 RMB, and 20 subjects (58.8 %) more than 15000
RMB was no statistical difference (y*=2.10, p=.553) from those of the control group
with 0 subjects (0%) less than 4000 RMB, 3 subjects (8.8 %) ranged from 4001 to
8000 RMB, 9 subjects (26.5 %) ranged from 8001 to 15000 RMB, and 22 subjects

(64.7 %) more than 15000 RMB. Data detail displayed in the table 11.
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Table 11, Participants’ demographics variables, aerobic fitness, and physical activity

Control group(n=34) Intervention group
variables (n=34)
M (SD)/n M (SD)/n p
N(male/female) 34(17 F/17 M) 34(16 F/18 M) 81°b
Age (month) 115.62(3.28) 115.59(3.51) 972
Height(cm) 145.16(5.39) 143.18(6.00) 162
Weight(kg) 42.53(9.92) 41.26(11.53) 632
BMI (kg/m?) 19.36(3.20) 19.93(4.53) 552
VOumax (MI/Min/kg) 45.71(2.38) 45.06(2.74) 292
PA(SB%) 69.83(6.09) 69.95(5.41) 952
PA(LPA%) 24.91(4.93) 24.45(4.60) 762
PA(MVPA%) 3.41(1.16) 3.60(.95) 582
PA(VPA%) 1.85(.72) 2.01(.43) 392
Family Less than 8000 RMB (3) Less than 8000 RMB 55b
income/month More than 8000 RMB (31) (5)
More than 8000 RMB
(29)

Maternal education Lower education (8) Lower education (8) 920

Higher education (26) Higher education (26)
Paternal education Lower education (7) Lower education (9) 760

Higher education (27) Higher education (25)

Note. N present number of participants; BMI= Body mass index; Aerobic fitness is
presented by assessment of VOamax. PA=physical activity; SB=sedentary behaviors;
LPA= light physical activity; MVPA= moderate-vigorous physical activity;
VVPA=vigorous physical activity. Lower education includes elementary and secondary
education; higher education includes college, undergraduate, and postgraduate; a=

Independent T-test, b= Chi square.
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4.2 Core executive functions measures

4.2.1 Core executive functions performance measurement during treatment period
The accuracy percentage and reaction time of correct response on trials were
identified as metrics of core executive functions performance. 68 participants were
included intervention group (n=34) and control group (n=34), respectively. The data
of core executive functions in each group obeyed a normal distribution with the
Shapiro-Wilk test (P>0.05). A repeated measures ANOVA was used to determine the
difference in the reaction time and accuracy percentage of relevant trials of in the

study over time within and between groups.

4.2.1.1 The response reaction time of inhibition control in the congruent trials and
incongruent trials

After Mauchly's Test of Sphericity, results in the congruent trials show that the
interaction of group and time is not consistent with Mauchly's spherical assumption
(p=.040). The interaction of group and time did not have a significant effect, F

(1.692,55.825) =1.07, p=.349, partial n?=.031. Data detail presented in the table 12.

Table 12, The effect of group, time, and group*time on reaction time of inhibition
control performance over treatment period within and between subjects (h=68)

Inhibition Source of Variance F p-value Partial eta square(n?)
control
Time*group F (1.692,55.825) =1.07 .349 .031
Congruent trial  Group F, 33=2.09 157 .060
Time F(1_641,54,141) =5.678 .005* 147
Time*group F (1.607,53.036):1-05 .345 .031
Incongruent Group F(1,33=2.052 161 .059
trial
Time F(1A706,55,300) =2.46 .102 .069

Note: primergroup >.05 present the main effect of group and time conducted, Primesgroup <.05

present the simple effect of group and time conducted in each group, * present p<.05, **
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present p<.001

Considering the group, the main effect on the reaction time of congruent trials
was not statistically significant, F, 33=2.09, p=.157, n?>=.060. The reaction time of
congruent trials of the intervention group was -29.04 milliseconds, (95% CI: -59.60-
1.51) faster than that of the control group. the difference was not statistically

significant. The detail presented in the figure 14.

B Control group
540 - Olntervention group

530 -
520 A

510 A

500 A

inhibition control (ms)

490 -

480

congruent trials

Figure 14, The pairwise comparisons in reaction time of congruent trials
performance over treatment period within groups (n=68)

Note, with main effect of time, # present p<.05, ## present p<.001. with main effect

of group, * present p<.05, ** present p<.001
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Compared with the time, the effect of time on the reaction time of congruent
trials was statistically significant, F(1641554.141) =5.678, p=.005, partial n?=.147. With a
pairwise comparison, the mean difference in the reaction time of congruent trials was
not statistically significant (p=.326) between the baseline and the 6™ week period,
with a mean difference of 26.50 milliseconds, (95% CI: -14.05-67.04). The mean
difference between at 6" week and 12" week period was not statistically significant
(p=.133), and the mean difference was 21.96 milliseconds, (95% CI: -4.54-48.46).
Simultaneously, the mean difference in the reaction time between the baseline of the
test and the end of the test was statistically significant (p=.014), with a mean
difference of 48.46" milliseconds, (95% CI: 8.31-88.61). The detail presented in the

figure 15.
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560 - # 06" week
l 012" week
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<

520 -
510 A

500 -
490 -

inhibition control (ms)

=
®
[—]

470 -
460 -

450 -

congruent trials

Figure 15, The pairwise comparisons in reaction time of congruent trials
performance over treatment period within times (n=68)
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Note, with main effect of time, # present p<.05, ## present p<.001. with main effect

of group, * present p<.05, ** present p<.001

Similarly, the results in incongruent trials show that the interaction of group
and time is not consistent with Mauchly's spherical assumption (p= .011). The
interaction of group and time did not have a significant effect on the reaction time of

incongruent trials, F (1607,53.036=1.05, p=.345, partial n?=.031.

The main effect of the group on the reaction time of incongruent trials was not
statistically significant, Fu33=2.052, p=.161, ?=.059. The reaction time of
incongruent trials of the intervention group was -24.04 milliseconds, (95% CI: -59.90-
11.82) faster than that of the control group. the difference was not statistically

significant. The detail presented in the figure 16.
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incongruent trials

Figure 16, The pairwise comparisons in reaction time of incongruent trials
performance over treatment period within groups (n=68)
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Note, with main effect of time, # present p<.05, ## present p<.001. with main effect

of group, * present p<.05, ** present p<.001

Considering time, the effect on the reaction time was not significant,
Fa7o656300 =2.46, p= .102, partial n?= .069. With a pairwise comparison, the
difference in the reaction time of incongruent trials was not statistically significant
(p= .446) between the baseline and the 6™ week period with a difference of 15.40
milliseconds, (95% CI: -10.86-41.66). the difference of reaction time between the 6™
week period of the research and the 12" week period of the research was also not
statistically significant (p=1.00), and the difference was 8.03 milliseconds, (95% CI: -
14.17-30.23). Simultaneously, the difference in the reaction time of incongruent trials
between the baseline of the test and the end of the test was not significant (p= .217),
with a difference of 23.43 milliseconds, (95% CI: -8.42-55.28). The detail presented

in the figure 17.
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Figure 17, The pairwise comparisons in reaction time of incongruent trials

performance over treatment period within times (n=68)
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Note, with main effect of time, # present p<.05, ## present p<.001. with main effect

of group, * present p<.05, ** present p<.001

The data detail presented on the table 13.



Table 13 performance results for reaction time of inhibition control over treatment

period within and between subjects(n=68)
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Control group(n=34)

Intervention group (n=34)

variables M#SD M#SD Fooy  Meandifference95%Cl)  pvalue o
Inhibition control
Incongruent trials 205 -24.04(95%C1:-59.90-11.82) 161 .05
baseline 506.80£114.91 492.42194.28
6" week 489.62167.95 4788018196
12 week 496.48158.46 4558816158
Fiime 246
p-value 102
7 069
15.40 (95% CI:-10.86-41.66)
Bonferroni post-hoc 8.03(95%Cl:-14.17-30.23)
analysis
Mean difference (95% Cl:) 23.43(95% CI: -8.42-55.28)
Congruent trials 209 -29.04(95%Cl:-59.60-1.51) 157 .06
haseline 553.85£111.99 535.031112.96
6™ week 521.07£100.76 488.81198.52
12" week 500.93178.61 471.03182.41
Fime 5.68
p-value .005
? 147

Bonferroni post-hoc
analysis
Mean difference (95% Cl:)

26.50(95% Cl: -14.05-67.04)
21.96(95% Cl: -4.54-48.46)

48.46'(95% C1: 8.31-88.61)

Note. With main effect, A: baseline VS 6" week, B: 6" week VS 121" week, C:

baseline VS 12'" week, respectively; * present p<.05, ** present p<.001
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The Figure 18 and 19 displayed the data detail of the reaction time in

inhibition control over treatment period within and between subjects

—e— Intervention group
— O— Control group

=530 0 [N\ TTm--—ao

/
/

®)
I

E 500 -

LeeoQ-=--4

450 T T T
baseline 6th week 12tk week

congruent trials

Figure 18, The performance in reaction time of congruent trials over treatment
period within and between subjects(n=68)
Note, with main effect of time, # present p<.05, ## present p<.001; with main effect
of group, * present p<.05, ** present p<.001; A: baseline VS 6" week, B: 6" week VS

12" week, C: baseline VS 12" week, respectively, data presented as the mean and

SEM.
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Figure 19, The performance in reaction time of incongruent trials over treatment
period within and between subjects(n=68)
Note, with main effect of time, # present p<.05, ## present p<.001; with main effect
of group, * present p<.05, ** present p<.001; A: baseline VS 6" week, B: 6" week VS

12" week, C: baseline VS 12" week, respectively, data presented as the mean and

SEM.
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4.2.1.2 The response reaction time of working memory in 1-back trials and 2-back
trials

With Mauchly's Test of Sphericity, results in 1-back trials and 2-back trials
show that the interaction of group and time is consistent with Mauchly's spherical
assumption (p>.05). The interaction of group and time did not have a significant
effect on the reaction time of both 1-back trials, F .66= .152, p= .859, partial n?=.005
and 2-back trials, F (2,66)= .535, p= .588, partial 1?=.016. Therefore, the main effects
tests of the two within-subject factors (group and time) were required. And pairwise
comparisons are required. Data detail presented in the table 14.

Table 14 The effect of group, time, and group*time on reaction time of working
memory performance over treatment period within and between subjects (n=68)

Working memory  Source of F p-value Partial eta square(n?)
Variance
Time*group F (2.66= .152 .859 .005
1-back trial Group F(1.33=5.30 .028 .138
Time E (1.515,49.985) =13.67 .000 .293
Time*group F (2,66)= .535 .588 .016
2-back trial Group F,33=2.126 154 .061
Time F (2,66=15.54 .000 .320

Note: prime*group >.05 present the main effect of group and time conducted, pTime*group
<.05 present the simple effect of group and time conducted in each group, * present

p<.05, ** present p<.001
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The main effect of the group on the reaction time of 1-back trials was
statistically significant, F33=5.30, p=.028, n?=.138. The reaction time of 1-back
trials of the intervention group was faster than that of the control group. the difference
of -89.87" milliseconds, (95% CI: -169.30- -10.44) was statistically significant. The

detail presented in the figure 20.

B Control group
1040 - % Olntervention group
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working memory (ms)
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1-back trials

Figure 20, The pairwise comparisons in reaction time of 1-back trials performance
over treatment period within groups (n=68)
Note, with main effect of time, # present p<.05, ## present p<.001. with main effect

of group, * present p<.05, ** present p<.001
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Regarding the time in the 1-back trials, the effect on the reaction time was
statistically significant, F (1.51549.985) =13.67, p=.000, partial n?=.293. With a pairwise
comparison, the difference in the reaction time of 1-back trials was statistically
significant (p=.014) between the baseline and the 6™ week period with a difference of
162.03" milliseconds, (95% CI: 26.87-297.20). the difference of reaction time between
the 6" week and the 12" week timepoint of the research was not statistically
significant (p=.066), and the difference was 73.52 milliseconds, (95% CI: -3.61-
150.65). Simultaneously, the difference in the reaction time of 1-back trials between
the baseline of the test and the end of the test was statistically significant (p=.000),
with a difference of 235.55" milliseconds, (95% Cl: 107.71-363.39). The detail
presented in the figure 21.
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re
21, The pairwise comparisons in reaction time of 1-back trials performance over
treatment period within times (n=68)
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Note, with main effect of time, # present p<.05, ## present p<.001. with main effect

of group, * present p<.05, ** present p<.001

The main effect of the group on the reaction time of 2-back trials was not
statistically significant, F, 33=2.126, p=.154, n?=.061. The reaction time of 2-back
trials of the intervention group was faster than that of the control group. the difference
of -71.69 milliseconds, (95% CI: -149.04-5.66) was not statistically significant. The

detail presented in the figure 22

B Control group
1000 - Olntervention group

950 -
900 A
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working memory (ms)
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2-back trials

Figure 22, The pairwise comparisons in reaction time of 2-back trials performance
over treatment period within groups (n=68)
Note, with main effect of time, # present p<.05, ## present p<.001. with main effect

of group, * present p<.05, ** present p<.001
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The effect of time on the reaction time of 2-back trials was statistically
significant, F ,66=15.54, p=.000, partial n?=.320. With a pairwise comparison, the
difference in the reaction time of 2-back trials was statistically significant (p=.003)
between the baseline and the 6™ week period with a difference of 127.30
milliseconds, (95% CI: 37.43-217.17). The difference was 101.47 milliseconds, (95%
Cl: -1.19-204.13) at the 6™ week period of the research and the 121" week period of
the research, result indicated that there was not significant (p=.054). Simultaneously,
the difference in the reaction time between the baseline of the test and the end of the
test was statistically significant (p=.000), with a difference of 228.77"" milliseconds,

(95% CI: 111.93-345.61). The detail presented in the figure 23.
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Figure 23, The pairwise comparisons in reaction time of 2-back trials performance
over treatment period within times (n=68)
Note, with main effect of time, # present p<.05, ## present p<.001. with main effect

of group, * present p<.05, ** present p<.001

Data detail of working memory performance presented on table 15.
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Table 15 the performance results for reaction time of working memory over
treatment period within and between groups(n=68)

Control group(n=34) Intervention group (n=34)
Variables M1 M£SD Foop  Meandiference 05%CE) — palue 1
Working memory
Lback trials 530 -087(05%CL-16930-1044) 08 13
baseline 112747129236 101031131261
6" week 930.764276.59 §73.961291.69
125 week 87667421643 19001423718
Fine 1367
pvalue 00
s 29
A 162.03'95% 1. 2687-297.0)
Bonferroni post-hoc analysis B 73.52(95%Cl:-361-15085)
Mean difference (95% C1) C 23555 (95% Cl:107.71363.39)
Diack tial 213 TLO9 (95 CL-109.04586) 154 06
baseline 1029,671300.29 999.411305.48
6% week 936.724245.26 838.771291.51
2% week 83591422679 13563424083
Fine 15.54
pvalue 000
? 30
A 127301 05%CL3T310.07)
Bonferroni post-hoc analysis B 10147(95%Cl:-1.19-204.3)
Mean diference (95% CI) C 877"(95%Cl 111.93:345.61)

Note. With main effect, A: baseline VS 6" week, B: 6" week VS 121" week, C:
baseline VS 12" week; * present p<.05, ** present p<.001
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The Figure 24 and 25 displayed the data detail of the reaction time in working

memory over treatment period within and between groups

—e— Intervention group
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Figure 24, The performance in reaction time of 1-back trials over treatment period
within and between subjects(n=68)
Note, with main effect of time, # present p<.05, ## present p<.001; with main effect
of group, * present p<.05, ** present p<.001; A: baseline VS 6" week, B: 6" week VS

12" week, C: baseline VS 12" week, data presented as the mean and SEM
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Figure 25, The performance in reaction time of 2-back trials over treatment period
within and between subjects(n=68)
Note, with main effect of time, # present p<.05, ## present p<.001; with main effect
of group, * present p<.05, ** present p<.001; A: baseline VS 6" week, B: 6" week VS

12" week, C: baseline VS 12" week, data presented as the mean and SEM

4.2.1.3 The response reaction time of cognitive flexibility in color trials, shape trials
and border trials

With Mauchly's Test of Sphericity, the results from the color trials, shape
trials, and border trials show that the interaction of group and time is consistent with
Mauchly's spherical assumption (p> .05). The interaction of group and time did not
have a significant effect on the reaction time among color trials, Fe6=2.10, p=.131,

partial n?=.060, shape trials, F (1.s0852.741) =.417, p=.616, partial n?=.012, and border



105

trials, F .66) =2.70, p=.075, partial 1?=.076. Therefore, the main effects tests of the
two within-subject factors (group and time) were required. And pairwise comparisons

are required. Data detail presented in the table 16.

Table 16 The effect of group, time, and group*time on performance of reaction time
of cognitive flexibility performance over treatment period within and between groups
(n=68)

cognitive flexibility  Source of F p-value Partial eta square(n?)
Variance
Time*group F.66=2.10 131 .060
Color trial Group F, 33=5.23 .027 139
Time F (2.66=3.90 .025 .106
Time*group F (159852741 =.417 .616 .012
Shape trial Group F,33=4.36 .045 17
Time F 266=9.28 .000 .220
Time*group F (2,66)=2.70 .075 .076
Border trial Group F(133=6.25 .018 159
Time F 266=25.17 .000 433

Note: primexgroup >.05 present the main effect of group and time conducted, prime*group
<.05 present the simple effect of group and time conducted in each group, * present

p<.05, ** present p<.001

The main effect of the group on the reaction time of color trials was
statistically significant, Fq, 33=5.23, p=.027, n?=.139. The mean difference was
189.38" milliseconds, (95% CI: -168.19- -10.56) it was faster intervention group than

e control group. The detail presented in the figure 26.
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Figure 26, The pairwise comparisons in reaction time of color trials over treatment
period within groups (n=68)
Note, with main effect of time, # present p<.05, ## present p<.001. with main effect

of group, * present p<.05, ** present p<.001

The effect of time on the reaction time of color trials was statistically
significant, F (266=3.90, p=.025, partial n?=.106. With a pairwise comparison, the
difference in the reaction time of color trials was not statistically significant (p=.542)
between the baseline and the 6™ week period with a difference of 57.56 milliseconds,
(95% CI: -48.60-163.73). The difference of 51.04 milliseconds, (95% CI. -46.28-
148.36) also not was statistically significant (p=.585) between the 6" week period of
the research and the 12" week period of the research. Simultaneously, the difference

in the reaction time of color trials between the baseline of the test and the end of the
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test was statistically significant (p=.014), with a difference of 108.60" milliseconds,

(95% CI: 18.29-198.92). The detail presented in the figure 27.
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Figure 27, The pairwise comparisons in reaction time of color trials performance
over treatment period within times (n=68)
Note, with main effect of time, # present p<.05, ## present p<.001. with main effect

of group, * present p<.05, ** present p<.001
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The main effect of the group on the reaction time was statistically significant,
Fa, 33=4.36, p=.045, n?=.117. The reaction time of shape trials of the intervention
group was faster than that of the control group. the difference of -60.84" milliseconds,
(95% CI: -120.12--1.56) was statistically significant. The detail presented in the

figure 28.
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Figure 28, The pairwise comparisons in reaction time of shape trials performance
over treatment period within groups (n=68)
Note, with main effect of time, # present p<.05, ## present p<.001. with main effect

of group, * present p<.05, ** present p<.001
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The effect of time on the reaction time was statistically significant, F
2.66=9.28, p=.000, partial n?=.220. With a pairwise comparison, the difference in the
reaction time was not statistically significant (p=.284) between the baseline and the 6%
week period, with a difference of 51.57 milliseconds, (95% CI: -24.04-127.17). The
difference was 80.79 milliseconds, (95% CI: -2.97-164.55) was not statistically
significant (p=.062) between the 6" week period and the 12" week period.
Simultaneously, the difference in the reaction time between the baseline of the test
and the end of the test was statistically significant (p=.000), with a difference of

132.36™" milliseconds, (95% CI: 57.72-206.99). The detail presented in the figure 29.
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Figure 29, The pairwise comparisons in reaction time of shape trials performance
over treatment period within times (n=68)

Note, with main effect of time, # present p<.05, ## present p<.001. with main effect

of group, * present p<.05, ** present p<.001



110

The main effect of the group on the reaction time was statistically significant,
F.33=6.25, p=.018, n?=.159. The reaction time of the intervention group was faster
than that of the control group. And the difference of -127.41" milliseconds, (95% CI: -

231.06- -23.75) was statistically significant. The detail presented in the figure 30.
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Figure 30, The pairwise comparisons in reaction time of border trials performance
over treatment period within groups (n=68)
Note, with main effect of time, # present p<.05, ## present p<.001. with main effect

of group, * present p<.05, ** present p<.001

The effect of time on the reaction time was statistically significant, F
2.66=25.17, p=.000, partial n?=.433. With a pairwise comparison, the outcome was

statistically significant (p=.012) between the baseline and the 6" week period with a
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difference of 216.63" milliseconds, (95% Cl: 84.71-348.55). Meanwhile, the
difference was 161.52" milliseconds, (95% Cl: 24.48-298.56) was statistically
significant (p=.016) between the 6™ week period and the 12" week period. Similarly,
a statistical significance (p=.000) reached between baseline and 12" week, with a
difference of 378.15™ milliseconds, (95% Cl: 242.42-513.88). The detail presented in

the figure 31.
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Figure 31, The pairwise comparisons in reaction time of border trials performance
over treatment period within subjects (n=68)
Note, with main effect of time, # present p<.05, ## present p<.001. with main effect

of group, * present p<.05, ** present p<.001

Data detail of cognitive flexibility performance presented on table 17, and table 18
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Table 17 The performance results for reaction time of cognitive flexibility over
treatment period within and between groups(n=68)

Control group(n=34) Intervention group (n=34)
Variables MSD MSD Fp  Meandifference 5% CH)  pvalie o
Cognitive flexibilty
color trials 523 18938 (95%Cl-168.19-1036) .07 139
baseline 886.58£304.07 §89.161247.63
6" week 885.06:23.50 11556123760
12" week 859.681212.62 698.661180.65
Fine 390
p-value 005
1 1
A 57.56(95% Cl:-48.60-163.73)
Bonferroni post-hoc analysis B 51.04(95% Cl:-46.28-148.30)
Mean difference 05% I C 108,60 (95%C: 18.29-198.9)
Shape trials 436 6084 (95%CL-1201-156) 045 117
baseline 899.92£191.2 886.58304.07
6" week 878.801292.12 804.561203.11
1% week 808.361262.24 11342418811
Fine 155
p-value 000
& 30

Bonferroni post-hoc analysis
Mean difference (95% C1,

A 51.57(95% Cl:-24.04-127.17)
B 80.79(95%Cl:-2.97-164.55)
C 132.36"(95%C1:57.72-206.99)

Note. With main effect, A: baseline VS 6™ week, B: 6™ week VS 12" week, C:

baseline VS 12'" week, respectively; * present p<.05, ** present p<.001
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Table 18 The performance results for reaction time of cognitive flexibility over
treatment period within and between groups(n=68) (continued)

Control group(n=34) Intervention group (n=34)
Varabls D MSD Fup  Mendfference 0% Cl)  pudie 1
Border rial 65 12741 (95%CL-B106-375) 018 159
baseline 136061133703 130513034
6" week 116538129747 1084.53t269.95
12" week 1095.10£359.59 §3L774269.18
Fine .17
pvalue 000
a 13
A 1663 (95%Cl84.71:348.55)
Bonferroni post-hoc analysis B 16152'(05% Cl: 2448-298.50)
Mean difference (95%C1) C 37857 (9% Cl: 42.42:51389)

Note. With main effect, A: baseline VS 6" week, B: 6" week VS 121" week, C:

baseline VS 12'" week, respectively; * present p<.05, ** present p<.001

The Figure 32, 33, and 34 displayed the data detail of the reaction time in

cognitive flexibility over treatment period within and between groups
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Figure 32, The performance in reaction time of color trials over treatment period
within and between groups(n=68)
Note, with main effect of time, # present p<.05, ## present p<.001; with main effect
of group, * present p<.05, ** present p<.001; A: baseline VS 6" week, B: 6" week VS
12" week, C: baseline VS 12" week, respectively, data presented as the mean and

SEM
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Figure 33, The performance in reaction time of shape trials over treatment period
within and between groups(n=68)
Note, with main effect of time, # present p<.05, ## present p<.001; with main effect
of group, * present p<.05, ** present p<.001; A: baseline VS 6" week, B: 6" week VS
12" week, C: baseline VS 12" week, respectively, data presented as the mean and

SEM



116

—e— Intervention group
— 0= Control group

700 T T T
baseline 6th week 12t week

border trials

Figure 34, The performance in reaction time of border trials over treatment period
within and between groups(n=68)
Note, with main effect of time, # present p<.05, ## present p<.001; with main effect
of group, * present p<.05, ** present p<.001; A: baseline VS 6" week, B: 6" week VS
12" week, C: baseline VS 12" week, respectively, data presented as the mean and

SEM

4.2.1.4 The accuracy of inhibition control in the congruent trials and incongruent
trials

With Mauchly's Test of Sphericity, results in the congruent trials show that the
interaction of group and time is consistent with Mauchly's spherical
assumption(p>.05). The interaction of group and time had a statistically significant
effect on the accuracy of congruent trials, F ges= 6.38, p=.003, partial 1?=.162.
Therefore, the independent simple effect test was performed on the two within-subject

factors group and time.



117

About the incongruent trials, results show that the interaction of group and
time is not consistent with Mauchly's spherical assumption(p<.05). The interaction of
group and time did not have significant effect on the accuracy of incongruent trials, F
(150.49.46= 2.25, p=.129, partial n?=.064. Therefore, the main effects tests of the two
within-subject factors (group and time) and pairwise comparisons were required. Data

detail presented in the table 19.

Table 19, The effect of group, time, and group*time on performance of accuracy
percentage of inhibition control over treatment period within and between groups
(n=68)

Inhibition Source of F p-value Partial eta
control Variance square(n?)
Time*group F (2,66)= 6.38 .003 162
Congruent trial Group baseline F,33=.003 .960 .000
Group ethweek  F(1,33=5.27 .028 138
Group 12thweek  F1,33= 15.60 .000 321
Time intervention F(1.385, 45.692)= 1.25 .283 .037
Time control F(2,66): 6.49 .003 .164
Time*group F (1.50,49.46)= 2.25 129 .064
Incongruent trial ~ Group F(1,33=4.88 .034 129
Time F(1554,51.287) =.823 418 .024

Note: prime=group >.05 present the main effect of group and time conducted, prime*group
<.05 present the simple effect of group and time conducted in each group, * present

p<.05, ** present p<.001

Regarding the group, there was no significant difference in the accuracy of
congruent trials between the intervention group (88.52+15.90)% and the control group
(88.36+13.84)%, F(1,33= .003, p=.960., n?=.000 at the baseline of the study, with the

difference of -.156%, (95% CI: -6.09-6.40). In the 6™ week period of the study, the



118

difference in accuracy between the intervention group (89.17+11.10)% and the

control group (80.70+16.97)% was a statistically significance, F 3= 5.27, p=.028,

n%=.138, with the difference of 8.47"%, (95% CI: .96-15.98). During the 12" week

period of

the study, there was a statistically significant difference between the

intervention group (92.54+7.20)% and the control group (79.29£19.00)%, with a

difference of 13.24™ (95% CI: 6.42-20.06), F(,33= 15.60, p=.000, n?=.321. The detail

presented
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in the figure 35.
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Figure 35, The pairwise comparisons in accuracy of congruent trials performance

over treatment period within groups (n=68)

Note, with simple effect of time, # present p<.05, ## present p<.001. with simple

effect of group, * present p<.05, ** present p<.001

Considering time in the intervention group, the dependent variable was not

consistent

with  Mauchly's spherical assumption (p=.000). Greenhouse-Geisser



119

adjustment in result presented. Furthermore, the simple effect of time on the accuracy
was not statistically significant, F.sss, 45.602= 1.25, p=.283, n?=.037. Specifically, the
difference in the accuracy of congruent trials between the baseline of the study
(88.52+15.90)% and the 6" week period of the study (89.17+11.10)% was not
statistically significant (p=1.00) with the difference of -.66%, (95% CI: -9.26-7.95).
The difference in the accuracy of congruent trials between the 6™ week period of the
study (89.17+11.10) and the 12" week period of study (92.54+7.20)% was not
statistically significant (p=.191), and the difference was -3.36%, (95 %CI: -7.79-1.06).
Meanwhile, the difference in the accuracy of congruent trials between the baseline of
the study (88.52+15.90)% and the 12" week period of study (92.54+7.20)% was also
not statistically significant (p=.458), and the difference was -4.02%, (95% CI: -10.94-

2.91). The detail presented in the figure 36.

Regarding time in the control group, the dependent variable was consistent
with Mauchly's spherical assumption (p=.301). Moreover, the simple effect of time on
the accuracy of congruent trials was statistically significant, Fee= 6.49, p=.003,
n%=.164. Particularly, there was a significant difference (p=.029) in the accuracy
between the baseline of the study (88.36+13.84)% and the 6™ week period of the
study (80.70+16.97)%, with the difference 7.66°, (95% Cl: .612-14.71). The
difference between the 6™ week period of the study (79.29+19.00)% and the 12" week
period of the study (80.15+18.49)% was not significant (p=1.00), with the difference
1.41%, (95% CI: -4.48-7.29). The difference in the accuracy of congruent trials
between the baseline of the study ((88.36+13.84)% and the 12" week period of the

study (79.29+19.00)% was statistically significant (p=.013), with the difference

9.07"%, (95% CI: 1.60-16.53). The detail presented in the figure 36.
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Figure 36, The pairwise comparisons in accuracy of congruent trials performance
over treatment period within time (n=68)
Note, with simple effect of time, # present p<.05, ## present p<.001. with simple

effect of group, * present p<.05, ** present p<.001

The main effect of the group on the accuracy of incongruent trials was
statistically significant, F( 33=4.88, p=.034, 1?=.129. The accuracy of incongruent
trials of the intervention group was higher than that of the control group. the
difference of 6.00%, (95% CI: .48-11.53) was statistically significant. The detail

presented in the figure 37.
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Figure 37, The pairwise comparisons in accuracy of incongruent trials performance
over treatment period within groups (n=68)
Note, with main effect of time, # present p<.05, ## present p<.001. with main effect

of group, * present p<.05, ** present p<.001

Regarding the time, the effect on the accuracy of incongruent trials was not
statistically significant, F(1ssa51.287) =.823, p=.418, partial 1?=.024. With a pairwise
comparison, there was no statistical difference with the comparation of baseline vs the
6™ week period (p=1.00), the 6 week VS the 12" week (p=.996), and baseline VS the

12" week (p=.460), with the difference of -.80%, (95% CI: -7.09-5.49), -1.73%, (95%
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Cl: -6.06-2.60), and -2.53%, (95% CI: -6.88-1.83), respectively. The detail presented

in the figure 38.
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Figure 38, The pairwise comparisons in accuracy of incongruent trials performance
over treatment period within times (n=68)
Note, with main effect of time, # present p<.05, ## present p<.001. with main effect

of group, * present p<.05, ** present p<.001

The data detail of inhibition control performance presented on table 20.
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Table 20 The performance in accuracy of inhibition control over treatment period
within and between groups(n=68)

Control group(n=34) Intervention group (n=34)
Variales M$SD M1 P Meandifference 0% (1)~ palie o
Inhibition control
Congruent trils ()
baseline 88.36:13.84 88.521590 003 -15(95%C-6.09-640) 960 000
6" week 80.70:16.97 §0.17411.10 S 8AT(95%CE %598 08 138
12 week 79.29¢19.00 92.5441.0 1560 13247 (05%CL6422008) 000 3

Bonferroni post-hoc analysis
Mean difference (9% CI:
Incongruent trials (%]
baseline
6" week
127 week
Fine

pvalue
nZ

Bonferroni post-hoc analysis
Mean difference (95%C:

766 195% C: 612:4.71)
b L1 (985Cl 448729
907" 95501 16:16.53)

844811602
843611728
825541533

28695192679
b-3.36 95 %01 779-L.06
4 02(65%C-1094251)

BR1H156
88.61£18.87
B3
i
1
0
A -B00(85%C-7.09549)
B -L73 (9% CL606:260
C 2530950685189

to=l

600" (9550t 481159

129

Note. With main effect, A: baseline VS 6™ week, B: 6" week VS 12" week, C:
baseline VS 12" week, respectively; With simple effect, a: baseline VS 6" week, b: 6"
week VS 121 week, c: baseline VS 12" week, respectively; * present p<.05, **

present p<.001
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The Figure 39 and 40 displayed the data detail of the accuracy in inhibition

control over treatment period within and between groups
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Figure 39, The performance in accuracy of congruent trials over treatment period
within and between groups(n=68)
Note, with simple effect of time, # present p<.05, ## present p<.001. with simple
effect of group, * present p<.05, ** present p<.001; pairwise comparisons within
times in control group: A: baseline VS 6" week, B: 6" week VS 12" week, C: baseline

VS 12" week, respectively; data presented with mean and SEM.
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Figure 40, The performance in accuracy of incongruent trials over treatment period
within and between groups(n=68)
Note, with main effect of time, # present p<.05, ## present p<.001. with main effect

of group, * present p<.05, ** present p<.001, data presented with mean and SEM.

4.2.1.5 The accuracy of working memory in 1-back trials and 2-back trials

With Mauchly's Test of Sphericity, results in the 1-back trials show that the
interaction of group and time is consistent with Mauchly's spherical
assumption(p>.05). The interaction of group and time did not have a significant effect
on the accuracy of 1-back trials, Fe6 =272, p=.763, partial n?=.008. Therefore, the
main effects tests of the two within-subject factors (group and time) were required.

And pairwise comparisons also are required.

During the 2-back trials, results show that the interaction of group and time is
not consistent with Mauchly's spherical assumption(p>.05). The interaction of group

and time had a statistically significant effect on the accuracy of 2-back trials, F (2,66)=
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17.31, p=.000, partial n?=.344. Therefore, the independent simple effect test was
performed on the two within-subject factors group and time. Data detail presented in

the table 21.

Table 21, The effect of group, time, and group*time on accuracy of working memory
performance over treatment period within and between groups (n=68)

Working memory Source of F p-value  Partial eta square(n?)
Variance
Time*group F(266)=.272 .763 .008

1-back trial Group F1, 33=.568 456 .017
Time F2,66) =19.53 .000 372
Time*group F 2,66= 17.31 .000 344
Group paseline F33)= .229 .635 .007
Group sth week F,33= 4.05 .052 109

2-back trial Group 12th week F33= 24.39 .000 425
Time intervention F(2,66): 3.33 .042 .092
Time control F(1.675,55.265= 12.42 .000 273

Note: primexgroup >.05 present the main effect of group and time conducted, prime*group
<.05 present the simple effect of group and time conducted in each group, * present

p<.05, ** present p<.001

Considering the group, there was not statistically significant on the accuracy
of 1-back trials, F(1, 33=.568, p=.456, partial n?=.017. The accuracy of 1-back trials of
the intervention group was higher than that of the control group. the difference of
1.89%, (95% CI: --3.21-6.98) was not statistically significant. The detail presented in

the figure 41.
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Figure 41, The pairwise comparisons in accuracy of 1-back trials performance over
treatment period within groups (n=68)
Note, with main effect of time, # present p<.05, ## present p<.001. with main effect

of group, * present p<.05, ** present p<.001

Considering the time, the effect on the accuracy of 1-back trials was
statistically significant, Fpesy =19.53, p=.000, partial n?=.372. With a pairwise
comparison, the difference in the accuracy of 1-back trials was statistically significant
(p=.000) between the baseline and the 6™ week period with the difference of 12.65™%,
(95% CI: 6.38-18.92). The difference in the accuracy between the 6" week period of
the research and the 12" week period of the research was not statistically significant
(p=.288), and the difference was -2.20%, (95% CI: -5.42-1.04). Simultaneously, the

difference 10.457%, (95% Cl: 4.16-16.74) in the accuracy between the baseline of the
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test and the end of the test was statistically significant (p=.001). The detail presented

in the figure 42.
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Figure 42, The pairwise comparisons in accuracy of 1-back trials performance over
treatment period within times (n=68)
Note, with main effect of time, # present p<.05, ## present p<.001. with main effect

of group, * present p<.05, ** present p<.001

Regarding 2-back, there was no significant difference between the intervention
group (71.71+10.28)% and the control group (73.00+12.75)%, F(1,33)= .229, p=.635,
partial n?=.007 at the baseline of the study, with the difference of -.1.29% (95% CI: -
6.79-4.20). In the 6™ week period of the study, the difference in accuracy of 2-back
trials between the intervention group (68.93+15.81)% and the control group
(61.90+16.28)% was not statistically significant, F.33= 4.05, p=.052, n?=.109, with

the difference of 7.02%, (95% CI: -.076-14.11). During the 12" week period of the
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study, there was a statistically significant difference in the accuracy of 2-back trials
between the intervention group (75.62+17.74) % and the control group
(58.04+16.30)%, with a difference of 17.59™ (95% CI: 10.34-24.83), F1.33= 24.39,

p=.000, n?=.425. The detail presented in the figure 43.
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Figure 43, The pairwise comparisons in accuracy of 2-back trials performance over
treatment period within groups (n=68)
Note, with simple effect of time, # present p<.05, ## present p<.001. with simple

effect of group, * present p<.05, ** present p<.001

Considering the within-subject factor time in the intervention group, the
dependent variable was consistent with Mauchly's spherical assumption (p=.955).
Furthermore, the simple effect of time on the accuracy of 2-back trials was
statistically significant, F266= 3.33, p=.042, n?=.092. Specifically, the difference in
the accuracy of 2-back trials between the baseline of the study (71.71+10.28)% and

the 6™ week period of the study (68.93+15.81)% was not statistically significant
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(p=.901) with the difference of 2.78%, (95% CI: -3.88-9.44). The difference in the
accuracy of 2-back trials between the 6™ week period of the study (68.93+15.81)%
and the 12" week period of study (75.62+17.74)% was statistically significant
(p=.038), and the difference was -6.70"%, (95 %Cl: -13.09--.30). Meanwhile, the
difference in the accuracy of 2-back trials between the baseline of the study
(71.71£10.28)% and the 12" week period of study (75.62+17.74)% was also not
statistically significant (p=.441), and the difference was -3.92%, (95% CI: -10.57-

2.74). The detail presented in the figure 44.

Regarding the within-subject factor time in the control group, the dependent
variable was not consistent with Mauchly's spherical assumption (p=.032).
Greenhouse-Geisser adjustment in result presented. Moreover, the simple effect of
time on the accuracy of 2-back trials was statistically significant, F.67555.265= 12.42,
p=.000, n?=.273 Particularly, there was a significant difference in the accuracy of 2-
back trials between the baseline of the study (73.00+12.75)% and the 6™ week period
of the study (61.90+16.28)% (p=.004), with the difference 11.09"%, (95% CI: 3.09-
19.17). The difference between the 6™ week period of the study (61.90+16.28)% and
the 12 week period of the study (58.04+16.30)% was not significant (p=.350), with
the difference 3.87%, ( 95% CI: -2.19-9.93). The difference in the accuracy of 2-
back trials between the baseline of the study (73.00+12.75)% and the 12" week
period of the study (58.04+16.30)% was statistically significant (p=.001), with the

difference 14.96™ %(95% CI: 5.83-24.10). The detail presented in the figure 44.
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Figure 44, The pairwise comparisons in accuracy of 2-back trials performance over
treatment period within times (n=68)
Note, with simple effect of time, # present p<.05, ## present p<.001. with simple

effect of group, * present p<.05, ** present p<.001

The data detail of working memory performance presented on the table 22.
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Table 22 The performance in accuracy of working memory over treatment period
within and between groups(n=68)

Control Intervention
variables group(n=34) group
(n=34)
M = SD M £ SD Fgroup Mean difference p-value n?
(95% ClI:)
Working
memory
1-back .568 1.89 (95% ClI: 456 .017
trials (%) --3.21-6.98)
baseline 80.79+14.90 83.40+13.74
6t week 69.61+20.49 69.30+16.19
12t week 69.96+17.44 73.33+18.83
Ftime 19.53
p-value .000
n? .372
12.65™"
(95% Cl:
6.38-18.92)
Bonferroni -2.20 (95%
post-hoc Cl:
analysis -5.42-1.04)
Mean 10.45™"
difference (95% Cl:
(95% ClI:) 4.16-16.74)
2-back
trials (%)
baseline 73.00+12.75 71.71+10.28 .229 -.1.29 (95% ClI: .635 .007
-6.79-4.20)
6t week 61.90+16.28 68.93+15.81 33.00 7.02 (95% Cl: .052 .109
-.076-14.11)
12th week 58.04+16.30 75.62+17.74 53.08 17.59"" (95% Cl: .000 425
10.34-24.83)
a11.09" a2.78 (95%
(95% CI: Cl:
3.09-19.17) -3.88-9.44)
Bonferroni b 3.87 (95% b -6.70"
post-hoc Cl: (95 % ClI:
analysis -2.19-9.93) -13.09--.30)
Mean c14.96"" c-3.92 (95%
difference (95% Cl: Cl:
(95% ClI:) 5.83-24.10) -10.57-2.74)

Note. With main effect, A: baseline VS 6" week, B: 61 week VS 121" week, C:

baseline VS 12" week, respectively; With simple effect, a: baseline VS 6™ week, b: 6™

week VS 12" week, c: baseline VS 12" week, respectively; * present p<.05, **

present p<.001
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The Figure 45 and 46 displayed the data detail of the accuracy in inhibition

control over treatment period within and between groups

—e— Intervention group
88
— O— Control group

64 1 1 1
baseline 6th week 12t week

1-back trials

Figure 45, The performance in accuracy of 1-back trials performance over treatment
period within and between groups(n=68)

Note, with main effect of time, # present p<.05, ## present p<.001. with main effect

of group, * present p<.05, ** present p<.001; A: baseline VS 6" week, B: 6" week VS

12" week, C: baseline VS 12" week, respectively, data presented with mean and SEM.
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Figure 46, The performance in accuracy of 2-back trials performance over treatment
period within and between groups(n=68)
Note, with simple effect of time, # present p<.05, ## present p<.001. with simple

effect of group, * present p<.05, ** present p<.001; the pairwise comparisons within

time in control group: A: baseline VS 6th week, C: baseline VS 12th week,

respectively; the pairwise comparisons within time in intervention group: B: 6th week

VS 12th week; data presented with mean and SEM
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4.2.1.6 The accuracy of cognitive flexibility in color trials, shape trials and border
trials

With Mauchly's Test of Sphericity, results in the color trials, shape trials, and
border trials show that the interaction of group and time is not consistent with
Mauchly's spherical assumption(p>.05). The interaction of group and time did not
have a significant effect on the accuracy of color trial, F (2,66)=1.94, p=.152, partial
n?=.055. Therefore, the main effects tests of the two within-subject factors (group and

time) were required.

However, there were statistically significant interaction effect of group* time
on the accuracy both shape trials Fz,66= 34.41, p=.000, partial n?=.51 and the border
trials Fe6= 9.98, p=.001, partial n?=.232. Therefore, the independent simple effect
test was performed on the two within-subject factors group and time. Data detail

presented in the table 23.



Table 23 The effect of group, time, and group*time on accuracy of cognitive
flexibility performance over treatment period within and between groups (n=68)
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Cognitive Source of F p-value Partial eta square(n?)

flexibility Variance

Color trial Time*group F (2,66=1.94 152 .055
Group F1,33=3.72 .062 101
Time Fee) =1.58 213 046

Shape trial Time*group Fe6= 34.41 .000 51
Group paseline F(1,33=.000 .986 .000
Group sth week F.33=33.00 .000 613
Group 12th week F(1,33= 53.08 .000 .617
Time intervention F(1.50, 49.50=.003 .997 .000
Time control Fo.66= 45.24 .000 578

Border trial Time*group F.66= 9.98 .001 232
Group paseline F(1,33=.178 .676 .005
Group eth week Fa.33=10.40 .003 240
Group 12th week F1,33= 53.08 .000 595
Time intervention F(1.683,55.549=14.269 .000 .302

Time control F(1.473, 48.612)= .907 409 .027

Note: primexgroup >.05 present the main effect of group and time conducted, prime*group

<.05 present the simple effect of group and time conducted in each group, * present

p<.05, ** present p<.001

The main effect of the group on the accuracy of color trials was not

statistically significant, F, 33=3.72, p=.062, partial n?=.101. The accuracy of color

trials in the intervention group was 4.15%, (95% CI. -.225-8.51) higher than that of

the control group. the difference was not statistically significant. The detail presented

in the Figure 47.
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Figure 47, The pairwise comparisons in accuracy of color trials performance over
treatment period within groups (n=68)
Note, with main effect of time, # present p<.05, ## present p<.001. with main effect

of group, * present p<.05, ** present p<.001

The effect of time on the accuracy of color trials was not statistically
significant, Fee =1.58, p=.213, partial 1?=.046. With a pairwise comparison, the
difference in the accuracy of color trials was not statistically significant (p=.670)
between the baseline and the 6™ week period with a difference of 2.51%, (95% ClI: -
2.59-7.60). in the accuracy of color trials between 6™ week period and the 12" week
period were not statistically significant (p=.747), and the difference was .75% (95%
ClI: -3.00-4.50). Simultaneously, the difference in the accuracy of color trials between
the baseline of the test and the end of the test was statistically significant (p=.433),
with the difference of 3.25%, (95% CI: -2.23-8.74). The detail presented in the figure

48.
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Figure 48, The pairwise comparison in accuracy of color trials performance over
treatment period within times (n=68)
Note, with main effect of time, # present p<.05, ## present p<.001. with main effect

of group, * present p<.05, ** present p<.001

Considering the group in the accuracy of shape trials, there was no significant
difference between the intervention group (93.07£8.67)% and the control group
(93.11+8.59)%, F(133=.000, p=.986, 1?=.000 at the baseline of the study, with the
difference -.038%, (95% CI: -4.28, 4.21). In the 6™ week of the study, the difference
in the accuracy of shape trials between the intervention group (93.17+7.81)% and the
control group (68.59+22.36)% was statistically significant F,33= 33.00, p=.000,
n%=.613. the difference was 24.59™%, (95% CI: 17.66-31.51). During the 12" week

of the study, there was also a statistically significant difference in the accuracy of
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color trials (post trials) between the intervention group (93.00+11.64)% and the
control group (65.89+18.39)%, with a difference of 27.12%, (95% CI: 19.54-34.69),

F.33= 53.08, p=.000, n?=.617. The detail presented in the figure 49.
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Figure 49, The pairwise comparison in accuracy of shape trials performance over
treatment period within groups (n=68)
Note, with simple effect of time, # present p<.05, ## present p<.001. with simple

effect of group, * present p<.05, ** present p<.001

Considering the within-subject factor time in the intervention group, the
dependent variable was not consistent with Mauchly's spherical assumption (p=.001).
Greenhouse-Geisser adjustment in result presented. Furthermore, the simple effect of
time on the accuracy of shape trials was not statistically significant, F1.50, 49.50=.003,
p=.997, 12=.000. Specifically, the difference in the accuracy of shape trials between

the baseline of the study (93.07+8.67)% and the 6" week period of the study
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(93.17£7.81)% was not statistically significant (p=1.00) with the difference -.098%
(95% Cl: -5.47-5.27). The difference in the accuracy of shape trials between the 6%
week period of the study (93.17+7.81)% and the 12" week period of study
(93.00£11.64)% was not statistically significant (p=1.00), and the difference
was .166%, (95 %ClI: -3.62-3.96). Meanwhile, the difference in the accuracy of shape
trials between the baseline of the study (93.07+8.67)% and the 12" week period of
study (93.00+11.64)% was also not statistically significant (p=1.00), and the

difference was .069% (95% CI: -6.51-6.65). The detail presented in the figure 50.

Considering the within-subject factor time in the control group, the dependent
variable met Mauchly's spherical assumption (p=.190). Moreover, the simple effect of
time on the accuracy of shape trials was statistically significant, F 6= 45.24, p=.000,
n?=.578. Particularly, there was a significant decline (p=.000) in the accuracy of shape
trials between the baseline of the study (93.11+8.59)% and the 6" week period of the
study (68.59+22.36)%, with a difference 24.53(95% ClI: 15.53-33.52); the difference
between the 6™ week period of the study (68.59+22.36)% and the 12" week period of
the study (65.89218.39)% was no significant (p=.978), with the difference 2.70% ( 95%
Cl: -4.12-9.51). The difference in the accuracy of shape trials between the baseline of
the study (93.11+8.59) and the 12 week period of the study (65.89+18.39)% was
statistically significant (p=.000) decline, with the difference of 27.22™ (95% CI:

19.32-35.13). The detail presented in the figure 50.
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Figure 50, The pairwise comparison in accuracy of shape trials performance over
treatment period within times (n=68)
Note, with simple effect of time, # present p<.05, ## present p<.001. with simple

effect of group, * present p<.05, ** present p<.001

Regarding the group in the accuracy of border trials, there was no significant
difference between the intervention group (60.17+4.78)% and the control group
(59.32+10.11)%, F(133=.178, p=.676, 1?=.005 at the baseline of the study, with the
difference -.850% (95% Cl: -3.25-4.95). In the 6" week period of the study, the
difference was statistically significant F133=10.40, p=.003, 7?=.240, with a
difference of 5.03" (95% CI: 1.86-8.20) between the intervention group (63.31+7.05)%
and the control group (58.28+4.51)%. During the 12 week period of the study, there
was also a statistically significant difference in the accuracy of border trials between

the intervention group (67.25+7.20)% and the control group (57.23+£3.62)%, with a
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difference of 10.02™ (95% CI: 7.10-12.95), F(,33= 53.08, p=.000, n?=.595. The detail

presented in the figure 51.
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Figure 51, The pairwise comparison in accuracy of border trials performance over
treatment period within groups (n=68)
Note, with simple effect of time, # present p<.05, ## present p<.001. with simple

effect of group, * present p<.05, ** present p<.001

Considering the within-subject factor time in the intervention group, the
dependent variable was not consistent with Mauchly's spherical assumption (p=.036).
Greenhouse-Geisser adjustment in result presented. Furthermore, the simple effect of
time on the accuracy of border trials was not statistically significant,
F(1.683,55549=14.269, p=.000, n?=.302. Specifically, the difference in the accuracy of
border trials between the baseline of the study (60.17+4.78)% and the 6" week period

of the study (63.31+£7.05)% was not statistically significant (p=.103) with the
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difference of -.3.14%, (95% CI: -6.73-.45). The difference in the accuracy of border
trials between the 6™ week period of the study (63.31+7.05) and the 12" week period
of study (67.25+7.20)% was statistically significant (p=.001), and the difference was -
3.95™ (95 %Cl: -6.49--1.41). Meanwhile, the difference in the accuracy of border
trials between the baseline of the study (60.17+4.78)% and the 12" week period of
study (67.25+£7.20)% was also statistically significant (p=.000), and the difference

was -7.09** (95% CI: -10.89—3.29).

Regarding the within-subject factor time in the control group, the dependent
variable met Mauchly's spherical assumption (p=.001). Moreover, the simple effect of
time on the accuracy of border trials was not statistically significant, F.473,
sse12= 907, p= .409, n?= .027. Particularly, there was no significant difference
(p=1.000) in the accuracy of border trials between the baseline of the study
(59.32+10.11)% and the 6™ week period of the study (58.28+4.51)%, with a
difference of 1.04 (95% CI:-3.50 -5.58); the difference between the 121" week period
of the study (58.28+4.51)% and the three-month period of the study (57.23+3.62)%
was no significant (p=.888), with the difference 1.05%, (95% CI: -1.44-3.53). The
difference in the accuracy of border trials between the baseline of the study
(59.32+10.11)% and the 12" week period of the study (57.23+3.62)% was not
significant (p=.707), with a difference of 2.09%, (95% CI: -2.27-6.44). The detail

presented in the Figure 52.
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Figure 52, The pairwise comparison in accuracy of border trials performance over
treatment period within times (n=68)
Note, with simple effect of time, # present p<.05, ## present p<.001. with simple

effect of group, * present p<.05, ** present p<.001

The data detail of cognitive flexibility performance presented on the table 24 and

table 25.
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Table 24 The performance results for accuracy of cognitive flexibility over treatment

period within and between groups(n=68)

Control group(n=34)

Intervention group (n=34)

Variables M1SD M1SD Fup  Meandiference (95%CL)  pvalue o
Cognitive flexibility
color trials (%) 3N 415(95%CL-205851) 082 .10
baseline 92831077 926611311
6" week 85.98116.54 94.5018.64
12 week 874541553 91531186
Fie 158
pvalue 23
0 06
A 2.51(95%Cl:-2.59-7.60)
Bonferroni post-hoc analysis B .74795%Cl:-3.004.50)
Mean difference (95%C,) C 325(95%C:-223:8.74)
Shape trials (%) 117
baseline 93.1118.59 93.0718.67 000 -038(95%CL-4.28,4.21) 986 000
6" week 68.59122.36 93.1717.81 300 24597 (95%Cl: 17.663151) 000 613
12" week 65.89418.39 93.00£11.64 5308 27127 (95%Cl:19.54-3469) 000 617
Fine oy 003
pvalue 000 997
i 578 000

Bonferroni post-hoc analysis
Mean difference (95%Cl:)

3 20.53"(05% C1: 15534352)
b2.70(95% C:4.12:951)
C270" (95%C1:1932:35.)

3-098 (95% ;547527
b 166 (95%Ct: 3623.%)
¢ 069 (95% C1: 6.51:6.65)

Note. With main effect, A: baseline VS 6™ week, B: 6™ week VS 12" week, C:

baseline VS 12" week, respectively; With simple effect, a: baseline VS 6™ week, b: 6™

week VS 12" week, c: baseline VS 12" week, respectively; * present p<.05, **

present p<.001
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Table 25 the performance results for accuracy of cognitive flexibility over treatment
period within and between groups(n=68) (continued)

Control group(n=34) Intervention group (n=34)

Variabls MESD MESD Fop  Meandiference (5%C1)  prvalue 1
Border trials (‘)

baseline 593241011 60.1744.78 178 -850(95%CL-3.254.95) 676 005
6" week 58281451 63.3147.05 1040 503°(95%C:186820) 003 240
12 wegk 5713136 67.25t7.00 5308 10027 (95%CL7104295) 000 5%
Fine 07 14269

pvalue 409 000

i w 0

a 104(95% C1-3.50-5.58)
Bonferroniposthoc analysis b 1.05(95% C: -1.44-3.53)
Mean difference (95% Cl) ~ ¢2.09(95%Cl:-2.27-6.44)

-314 (95 01 6.73-45)
b-395" (95 0k 6.49-141)
708" (95% C:-1089-329)

Note. With main effect, A: baseline VS 6™ week, B: 6™ week VS 12" week, C:

baseline VS 12" week, respectively; With simple effect, a: baseline VS 6" week, b: 6"

week VS 12" week, c: baseline VS 12" week, respectively; * present p<.05, **

present p<.001
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The Figure 53, 54, and 55 displayed the data detail of the accuracy in

cognitive flexibility over treatment period within and between groups
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Figure 53, The performance in accuracy of color trials over treatment period within
and between groups(n=68)
Note, with main effect of time, # present p<.05, ## present p<.001. with main effect

of group, * present p<.05, ** present p<.001; data presented with mean and SEM.
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Figure 54, The performance in accuracy of shape trials over treatment period within

and between groups(n=68)

Note, with simple effect of time, # present p<.05, ## present p<.001; with simple

effect of group, * present p<.05, ** present p<.001; the pairwise comparisons within

time in control group: A: baseline VS 6" week, B: 6! week VS 121" week, C: baseline

VS 12" week, respectively; data presented with mean and SEM.
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Figure 55, The performance in accuracy of border trials over treatment period within
and between groups(n=68)

Note, with simple effect of time, # present p<.05, ## present p<.001. with simple

effect of group, * present p<.05, ** present p<.001; the pairwise comparisons within

time in intervention group: A: baseline VS 6" week, B: 6" week VS 12" week, C:

baseline VS 12 week, respectively; data presented with mean and SEM.
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4.2.2 core executive functions performance measurement at 18" week in the study.
The data of core executive functions performance during follow-up period

included 68 participants (nint=34, ncon=34, respectively) in this study. There were no

outliers in the data by the boxplot; The data in each group obeyed a normal

distribution with the Shapiro-Wilk test (p>0.05).

4.2.2.1 The response reaction time of inhibition control in the congruent trials and
incongruent trials

Regarding congruent trials, A paired-sample t-test displayed that there was a
significant difference of (26.40+59.68)" milliseconds, (95% CI: 5.58-47.23) (t=2.58,
p=.015) in the intervention group, with the mean of 12" week (471.03+82.41)
milliseconds and 18" week (444.63+62.20) milliseconds, respectively. Similarly, the
difference (1.21+£90.58) milliseconds, (95% CI: 30.40-32.81) in control group did not
reach significant (t=.078, p=.939), with the mean of 12" week (500.93+78.60)
milliseconds and 18" week (499.73+75.22) milliseconds, respectively. The detail

presented in the figure 56.

With an independent sample t-test, there was a statistical difference (t=3.29,
p=.002) between the intervention group (444.63+62.20) milliseconds and those of
control group (499.73+75.22) milliseconds, with a difference of 55.10" milliseconds,

(95% CI: 21.68-88.52) at 18" week timepoint. The detail presented in the figure 56.
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Figure 56, The pairwise comparison in reaction time of inhibition control within
times and between groups during follow-up period.
Note, * present p<.05, ** present p<.001 within time, # present p<.05, ## present

p<.001 between groups

Regarding incongruent trials, a paired-sample t-test displayed that there was
no significant difference of (11.31+39.80) milliseconds, (95% CI: -2.58-25.19)
(t=1.66, p=.107) in the intervention group, with the mean of 12! week (496.48+58.46)
milliseconds and 18™ week (486.78+66.79) milliseconds, respectively. Otherwise, the
difference (9.70£86.03) milliseconds, (95% CI: -20.32-39.72) in control group did not
reach significant (t=.657, p=.516), with the mean of 12" week (500.93+78.60)

milliseconds and 18" week (499.73+75.22) milliseconds, respectively.
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The results showed that the independent sample t-test demonstrated that the
reaction time of 1-back trials in the intervention group (444.57+£56.78) milliseconds
were faster than those of control group (486.78+66.79) milliseconds, with a difference
of 42.21°milliseconds, (95% CI: 12.19-72.22). Moreover, there was a statistical

difference (t=2.81, p=.007) between groups. The detail presented in the figure 57.
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Figure 57, The pairwise comparison of inhibition control reaction time between

groups on 18" week.
Note, * present p<.05, ** present p<.001

The data detail of inhibition control during follow-up period presented on table 26.
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Table 26 The performance in reaction time of inhibition control in the follow-up
period within and between subjects(n=68)

Control

Intervention

variables group(n=34) group (n=34)
M £ SD M+ SD t p-value Mean
difference
(95% Cl:)
Inhibition
control
Congruent trials
121 week 500.93+78.6 471.03+82.41
18" week 499.73+75.22 444.63+62.20 3.29 .002 55.10"
(95% ClI:
21.68-
88.52)
t .078 2.58
p-value .939 .015
Mean difference 1.21+90.58 (95% 26.40"+59.68
(95% CI:) Cl: 30.40-32.81) (95% Cl: 5.58-
47.23)
Incongruent
trials
12t week 496.48+58.46 455.88+61.58
181 week 486.78+66.79 444.57+56.78 2.81 .007 42.21"(95%
Cl: 12.19-
72.22)
t .657 1.66
p-value 516 107
Mean difference 9.70+86.03 (95% 11.31+£39.80(9
(95% CI:) Cl:-20.32-39.72) 5% CI:-2.58-
25.19)

Note: * present p<.05, ** present p<.001
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4.2.2.2 The response reaction time of working memory in the 1-back trials and 2-back
trials

With a paired-sample t-test, there was no significant difference of
(55.41£234.69) milliseconds, (95% CI: -26.48-137.30) (t=1.38, p=.178) in the
intervention group, with the mean of 12" week (790.01+237.18) milliseconds and 18"
week (734.60+£234.34) milliseconds, respectively. Similarly, there was no significance
(t=1.62, p=.115) with the mean of 12" week (876.67+216.43) milliseconds than 18"
week (824.37+201.94) milliseconds with the difference (52.30+£188.59) milliseconds,

(95% CI: -13.50-118.11)

With an independent sample t-test, there was no statistical difference (t=1.69,
p=.095) between intervention group (734.60£234.34) milliseconds and control group
(824.37+201.94) milliseconds in 1-back trials, with a difference of 89.76 milliseconds,

(95% CI: -16.16- 195.68). The data detail presented in the table 27.

About the results of reaction time in 2-back trials, A paired-sample t-test
displayed that there was no significant difference of (-.800+£264.82) milliseconds, (95%
Cl: -.22-11.10) (t=-.018, p=.986) in the intervention group, with the mean of 12"
week (735.63+240.83) milliseconds and 18™ week (736.43+238.82) milliseconds,
respectively. Otherwise, the difference (32.63+210.63) milliseconds, (95% CI: -40.86-
106.13) in control group did not reach significant (t=.903, p=.373) (t=.903, p=.373),
with the mean of 12" week (835.91+226.79) milliseconds and 18" week

(803.27£208.39) milliseconds, respectively.

With an independent sample t-test, there was no statistical difference (t=1.23,

p=.223) between intervention group (736.43+£238.82) milliseconds and control group
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(803.27+208.39) milliseconds in 2-back trials, with a difference of 66.84 milliseconds,

(95% CI: -41.69- 175.37). The data detail presented in the table 27.

Table 27 The performance results for working memory reaction time in the follow-up
period within and between subjects (n=68)

Control

Intervention group

variables group(n=34) (n=34)
M+ SD M+ SD t p-value Mean
difference
(95% CI2)
Working
memory
1-back trials
12t week 876.67+£216.43 790.01+£237.18
18" week 824.37+201.94 734.60+234.34 1.69 .095 89.76
(95% CI: -
16.16-
195.68)
t 1.62 1.38
p-value 115 178
Mean 52.30+188.59 (95% 55.41+234.69
difference Cl: -13.50-118.11) (95% ClI: -26.48-
(95% CI:) 137.30)
2-back trials
12t week 835.91+£226.79 735.63+£240.83
18" week 803.27+£208.39 736.43+£238.82 1.23 223 66.84(95%
Cl: -41.69-
175.37)
t .903 -.018
p-value 373 .986
Mean 32.63+210.63 (95% -.800+264.82
difference Cl: -40.86-106.13) (95% ClI: -.22-
(95% CI:) 11.10)

Note: * present p<.05, ** present p<.001
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4.2.2.3 The response reaction time of cognitive flexibility in the color trials, shape
trial and border trials.

About the results of reaction time in the color trials, shape trials, and border
trials, Boxplots found no outliers. After the Shapiro-Wilk test, the data in each group
obeyed a normal distribution (p>.05). A paired-sample t-test displayed that there was
a significant difference of -98.74+298.78 milliseconds (95% CI. -202.99- 5.50) (t=-
1.93, p=.063) in the intervention group, with the mean of 12" week (698.66+180.65)
milliseconds and 18" week (797.41+259.35) milliseconds, respectively. Otherwise,
the difference 26.93+298.85 milliseconds, (95% ClI: -77.34-131.20) in control group
did not reach significant (t=.525, p=.603), with the mean of 12" week (859.88+212.62)

milliseconds and 18" week (832.95+247.36) milliseconds, respectively.

With an independent sample t-test, the reaction time of color trials in the
intervention group (797.41+259.35) milliseconds were faster than those of control
group (832.95+247.36) milliseconds (t=-.578, p=. 565) between groups, with a

difference of -35.545 milliseconds (95% CI: -158.26- 87.17).

Regarding shape trials, A paired-sample t-test displayed that there was a
significant difference of -83.99+318.02 milliseconds, (95% CI: -194.95-26.97) (t=-
1.54, p=.133) in the intervention group, 12" week (713.42+188.11) milliseconds than
18" week (797.41+259.35) milliseconds. Otherwise, the difference -66.28+291.12
milliseconds, (95% CI: -167.85-35.30) in control group did not reach significant (t=-
1.33, p=.193), with the mean of 12" week (808.37+262.24) milliseconds and 18"

week (874.64+216.98) milliseconds, respectively.
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With an independent sample t-test, there was no statistical difference (t=-1.33,
p=.187) between groups. Even if, it was faster intervention group (797.41+£259.35)
milliseconds those of control group (874.64+216.98) milliseconds, with a difference

of -77.23 milliseconds, (95% CI: -193.02- 38.55).

About the results of reaction time in the border trials, A paired-sample t-test
displayed that there was a significant difference of (-122.12°+333.51) milliseconds
(95% CI: -238.49-5.75) (t=2.14, p=.04) in the intervention group, with the mean of
12" week (831.77+269.18) milliseconds and 18" week (953.89+187.64) milliseconds,
respectively. Otherwise, the difference (67.28+283.07) milliseconds, (95% CI: -31.49-
166.05) in control group did not reach significant (t=.139, p=.175), with the mean of
12" week (1095.10+359.59) milliseconds and 18" week (1027.83+355.66)

milliseconds, respectively. The detail displayed in the figure 58

With an independent sample t-test, there was no statistical difference (t=1.07,
p=.288) in reaction time in the intervention group (953.89+187.64) milliseconds than
those of control group (1027.83+£355.66) milliseconds, with a difference of 79.94

milliseconds (95% ClI: -63.75-211.63).



1600 -

O12th week

H 18th week

1400 -

-
o
—
=}
1

1000 -

800 A

600 -

cognitive flexibility (ms)

400 -

200 A

Control group Intervention group

border trials

158

Figure 58, The pairwise comparison in reaction time of border trials within times

and between groups during follow-up period.
Note, * present p<.05, ** present p<.001

The data detail of cognitive flexibility presented in the table 28
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Table 28 the performance of cognitive flexibility reaction time in the follow-up period
within and between subjects

Controlgroupn=34) Intervention group (n=34)
Variables M) M tpde Meandiference 5% Cl)
cognitive flexibity
Color trials
12" week 85988121262 698 66¢180.65
18 week 819584736 197 41825935 ST8 565 35,505 (05% CI.-158.26- 871.17)
t b3} 19
p¥alue A03 083
lean ifference (5% C) 2093129885 (05% C1-77.34-131.20)  -98.744298.78 95%C1.-202.99-5.50)
shape trials
12" week 80837126024 T344188.11
18 week 874.644216.98 19741425935 1387 T3 (95%CL-193.00- 3855)
t 13 15
p¥alle 1% 13
lean ifference (5% (1)~ -66.281291.12(95% C1 -16785:3530) 8399431802 (95% C1:-194.95-26.97)
Border trials
12 week 1095.10£359.59 BLTH69.18
18 week 1007.834355.66 9538014187 64 L7288 TO%(95% Ch-e375-20163)
t 13 AL
p¥alle 7 !
leanifference (05%CE) 6728428307 05%CI-314946605) 122024333, (98% C1-38.485.7)

Note: * present p<.05, ** present p<.001
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4.2.2.4 The accuracy of inhibition control in the congruent trials and incongruent
trials

With a paired-sample t-test, the mean of the accuracy percentage in congruent
trials of intervention group were (92.54+7.20) at 12" week and (92.56+9.00) at 18"
week in this study, with a difference (.03+8.77), (95% CI: -3.09-3.03). The difference
was not statistically significant (t=-.02, p=.986). Additionally, the mean of the
accuracy percentage in congruent trials of control group were (79.29+19.00) at 12%"
week and (81.84+16.01) at 18" week in this study, with a difference (2.55+17.73), (95%

Cl: -8.74-3.64). The difference was not statistically significant (t=-.84, p=.408).

With independent sample t-test, the results showed that the accuracy
percentage in the intervention group (92.56+9.00) were higher than those of control
group (81.84+16.01), with a difference of 10.72™, (95% Cl: 4.43-17.01), with a

statistical difference (t=3.40, p=.001).
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Figure 59, The comparison of accuracy in congruent trials between groups on 18"
week.
Note, * present p<.05, ** present p<.001

Regarding incongruent trials, the mean of the accuracy percentage in
intervention group were (93.90+6.63) at 121" week and (93.10+7.87) at 18™ week in
this study, with a difference (.80+9.12), (95% CI: -2.38-3.98). And the difference was

not statistically significant (t=-.51, p=.614).

The mean of the accuracy percentage in control group were (82.55+15.33) at
12" week and (85.75+15.53) at 18" week in this study, With a difference of (-
3.19+17.03), (95% CI: -9.14-2.75). And the difference was not statistically significant

(t=-1.09, p=.282).
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Using independent sample t-test, the results showed that the accuracy
percentage in the intervention group (93.10+7.87) were higher than those of control
group (85.75+15.53), with a difference of 7.36", (95% CI: 1.40-13.32). Meanwhile,

there was a statistical difference (t=2.46, p=.016) between groups at 18" week in this

study.
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Figure 60, The comparison of accuracy in incongruent trials between groups on 18™

week.
Note, * present p<.05, ** present p<.001



The data detail presented in the table 29.
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Table 29 The performance result of inhibition control accuracy in the follow-up
period within and between groups(n=68)

Control Intervention group
variables group(n=34) (n=34)
M +SD M £ SD t p- Mean
value  difference
(95% Cl:)
Inhibition
control
congruent
trials (%)
121 week 79.29+19.00 92.54+7.20
18" week 81.84+16.01 92.56+9.00 340 .001 10.72"™,
(95% ClI:
4.43-17.01)
t -.84 -.02
p-value 408 .986
Mean (2.55+17.73), (95% (.03+8.77), (95%
difference Cl: -8.74-3.64) Cl: -3.09-3.03)
(95% CI:)
incongruent
trials (%)
12" week 82.55+15.33 93.90+6.63
18" week 85.75+15.53 93.10+7.87 246 .016" 7.367, (95%
ClI: 1.40-
13.32)
t -1.09 -51
p-value .282 .614
Mean (-3.19+17.03), (.8049.12), (95%
difference (95% ClI: -9.14- Cl: -2.38-3.98)
(95% CI:) 2.75)

Note: * present p<.05, ** present p<.001
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4.2.2.5 The accuracy of working memory in the 1-back trials and 2-back trials

A paired-sample t-test displayed that there was no significant difference of
(1.39416.25), (95% CI: -4.28-7.06) (t=.498, p=.621) in the intervention group, with
the mean of 12" week (73.33+18.84) and 18™ week (71.94+14.35), respectively.
Otherwise, the difference (6.79+13.84)", (95% CI: 1.96-11.62) in control group was
significant (t=2.859, p=.007), with the mean of 12" week (69.97+17.44) and 18"
week (63.18+20.02), respectively.

The independent sample t-test demonstrated that the accuracy percentage in
the intervention group (71.94+14.35) were faster than those of control group
(63.18+20.02), with a difference of -8.76" (95% CI: -17.19-.33). Moreover, there was
a statistical difference (t=-2.07, p=.042) between groups. The detail presented in the

figure 61.
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Figure 61, The pairwise comparison of accuracy in 1-back trials within time and
between groups during follow-up period
Note, * present p<.05, ** present p<.001 with group, # present p<.05, ## present

p<.001 between groups

Regarding the 2-back trials, a paired-sample t-test displayed that there was no
significant difference of (5.44+16.22), (95% CI: -.22-11.10) (t=1.95, p=.06) in the
intervention group, with the mean of 12" week (75.62+17.74) and 18™ week
(70.19+14.63), respectively. Otherwise, the difference (-3.77+11.30), (95% CI: -7.71-
.174) in control group was significant (t=-1.94, p=.06), with the mean of 12" week

(58.04+16.30) and 18" week (61.80+15.25), respectively.

The results showed that the independent sample t-test demonstrated that the
accuracy percentage of 2-back trials in the intervention group (70.19+14.63) were

faster than those of control group (61.80+15.25), with a difference of -8.38" (95%Cl: -
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15.62- -1.15). Moreover, there was a statistical difference (t=-2.31, p=.024) between

groups. The detail presented in the figure 62.
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Figure 62, The comparison of accuracy in 2-back trials between groups on 18" week.
Note, * present p<.05, ** present p<.001

The data detail presented in the table 30
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Table 30 The performance results for working memory accuracy in the follow-up

period within and between groups

Control Intervention group
variables group(n=34) (n=34)
M £ SD M £ SD t p-value Mean
difference
(95% ClI:)
Working
memory
1-back trials
(%)
12" week 69.97+17.44 73.33+18.84
18" week 63.18+20.02 71.94+14.35 - .042 -8.76"
2.07 (95% Cl: -
17.19-.33)
t 2.86 498
p-value .007 .621
Mean 6.79£13.84 1.39+16.25 (95%
difference (95% CI: 1.96- Cl: -4.28-7.06)
(95% CI:) 11.62)
2-back trials
(%)
12" week 58.04+16.30 75.62+17.74
18" week 61.80+15.25 70.19+14.63 - .024 -8.38"
2.31 (95% ClI: -
15.62- -
1.15)
t -1.94 1.95
p-value .06 .06
Mean -3.77+11.30 5.44+16.22 (95% - .53 -
difference (95% ClI: -7.71- Cl: -.22-11.10) 1.97
(95% CI:) 174)

Note: * present p<.05, ** present p<.001
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4.2.2.6 The accuracy of cognitive flexibility in color trials, shape trials and border
trials

A paired-sample t-test displayed that there was no significant difference of -
57 £11.57 (95% CI: -4.61-3.47) (t=-.071, p=.943) in the intervention group on 12%
week (91.53+11.86) than 18™ week (92.10+13.01). Similarly, the difference -.23
+11.15 (95% CI: -4.12-3.66) in control group did not reach significant (t=-.12, p=.905)

on 12" week (65.89+18.39) and 18" week (66.11+18.10).

With a independent sample t-test, the outcome demonstrated that the accuracy
percentage of color trials in the intervention group (92.10+13.01) were faster than
those of control group (66.11+18.10), with a difference of 25.98"°(95% CI: 18.35-
33.61. Moreover, there was a statistical difference (t=5.46, p=.000) between groups.

The data detail presented in the figure 63.
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Figure 63, The pairwise comparison of accuracy in color trials between groups on
18" week
Note, * present p<.05, ** present p<.001

A paired-sample t-test displayed that there was no significant difference of
1.52+13.02 (95% CI: -3.02-6.06) (t=.681, p=.501) in the intervention group, with the
mean of 12" week (93.00£11.64) and 18" week (91.49+14.56), respectively.
Otherwise, the difference 10.78" +18.44 (95% CI: 4.35-17.22) in control group did not
reach significant (t=3.41, p=.002), with the mean of 12" week (87.45+15.53) and 18"

week (76.67+£20.69), respectively.
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The results showed that the independent sample t-test demonstrated that the
accuracy percentage of shape trials in the intervention group (91.49+14.56) were
faster than those of control group (76.67+20.69), with a difference of 14.82**(95% CI:
6.15-23.48). Moreover, there was a statistical difference (t=3.41, p=.001) between

groups. The data detail presented in the table 64.
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Figure 64, The pairwise comparison of accuracy in shape trials within subjects
during follow-up period within time and between groups
Note, * present p<.05, ** present p<.001 within group, # present p<.05, ## present

p<.001 between groups

A paired-sample t-test displayed that there was no significant difference of
(2.60£8.52) (95% CI: -.37-5.57) (t=1.78, p=.084) in the intervention group, with the
mean of 121" week (67.25+7.20) and 18" week (64.65+5.28), respectively. Otherwise,

the difference (.11946.58), (95% CI:-2.18-2.41) in control group did not reach
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significant (t=.105, p=.917), with the mean of 12" week (57.23+3.62) and 18" week

(57.11+6.08), respectively.

The results showed that the independent sample t-test demonstrated that the
accuracy percentage of border trials in the intervention group (64.65+5.28) were
faster than those of control group (57.11+6.08), with a difference of 7.54™(95% CI:
4.78-10.30). Moreover, there was a statistical difference (t=5.46, p=.000) between

groups. The data detail presented in the figure 65.
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Figure 65, The comparison of accuracy in border trials between groups on 18" week
Note, * present p<.05, ** present p<.001

The data detail presented in the table 31
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Table 31 performance results for cognitive flexibility accuracy in the follow-up

period within and between groups

Control group(n=34) Intervention group (n=34)

Variables M50 M1D t puvalue  Meandiference (5%l
cognitive flexibilty

Color trials ()

12 week 65891839 91531186

18" week 66.11118.10 92.10¢13.01 680 000 25.98"(95%CL 18.35-3361)

t -1 -0

pvalue 905 93

-23411.15(95% Cl:-4.12-3.66)
shape trials (%)

12 week 874541553
18" week 76.67:2089

t 3
p-value 00

10.78" £18.44 (95% C1:43517.22)
Bordertrials (%)

12" week 51034363
18" week 57.1146.08

t 105
pialue a7

Wlean difference (95% I, 11946.58(95% C1:-2.18-2.41)

-STH1157 (95% C1:-4.61:3.47)

93.00:11.64
91.49414.56 340001
|
S0
1.52413.02 (95% C1:-3.02-6.06)

148" (95% C16.15-23.48)

61254720
6654528 S5 000
118
084
(26048.50) 4955 - 37557)

754(95% C1:4.78-030)

Note: * present p<.05, ** present p<.001
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4.3 Self-esteem measurement
The data of self-esteem included 68 participants (nin=34, Ncon=34, respectively)
in this study. There were no outliers in the data by the boxplot; The data in each group

obeyed a normal distribution with the Shapiro-Wilk test (p>0.05).

4.3.1 Self-esteem scores during treatment period
A repeated ANOVA was used to determine the effect on the self-esteem

scores of the subjects in this study over time within-between group.

There were significant interaction effect of time*group (F(e6=4.734, p=.012, 1?=.125)
on self-esteem scores during the treatment period. Therefore, the independent simple
effect test was performed on the two within-subject factors group and time. data detail

presented table 32.

Table 32 The effect of group, time, and group*time on scores of self-esteem over
treatment period within and between groups (n=68)

Outcomes Source of F p-value Partial eta square(n?)
Variance
Time*group F,66=4.734 .012 125
Group paseline F1,33=.979 .330 .029
Self-esteem Group sth week F33=8.14 .007 .198
Group 12th week F(1,33)= 5.148 .030 135
Time intervention F(1.46, 48.09=26.76 .000 448
Time control F.e6= 3.31 .043 .091

Note: p Timexgroup >.05 present the main effect of group and time conducted, p Time*group
<.05 present the simple effect of group and time conducted in each group, * present

p<.05, ** present p<.001
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Regarding the group, there was no significant difference in the self-esteem
scores between the intervention group (22.21+4.97) and the control group
(21.82+4.77), F1,33=.979, p=.330, n>=.029 at the baseline, with the difference 1.176,
(95% CI: -1.24-3.60). In the 6" week period of the study, the difference in self-esteem
scores between the intervention group (25.03£4.17) and the control group
(22.15+5.46) was statistically significant Fq,33= 8.14, p=.007, n>=.198. the difference
was 3.50", (95% ClI: 1.00-6.00). During the 12" week period of the study, there was a
statistically significant difference in the self-esteem scores between the intervention
group (25.26+3.83) and the control group (23.03+5.23), with a difference of 2.735",
(95% Cl: .28-5.19), F(133= 5.148, p=.030, n?>=.135. The data detail presented in figure

66.
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Figure 66, The pairwise comparisons in scores of self-esteem over treatment period
within groups (n=68)
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Note, with simple effect of time, # present p<.05, ## present p<.001. with simple

effect of group, * present p<.05, ** present p<.001

Considering the within-subject factor time in the intervention group, the
dependent variable was not consistent with Mauchly's spherical assumption (p=.001).
Greenhouse-Geisser adjustment in result presented. Furthermore, the simple effect of
time on the self-esteem scores was statistically significant, F(1.4e, 48.09=26.76, p=.000,
n?=.448. Specifically, the difference in the self-esteem scores between the baseline of
the study (22.21+4.97) and the 6" week period of the study (25.03+4.17) was
statistically significant (p=.000) with the difference -2.82", (95% ClI: -4.22-1.43). The
difference in the self-esteem scores between the 6" week period of the study
(25.03+4.17) and the 12" week period of study (25.26+3.83) was not statistically
significant (p=1.00), and the difference was -.235 (95% CI: -.98-.51). Meanwhile, the
difference in the self-esteem scores between the baseline of the study (22.21+4.97)
and the 12" week period of study (25.26+3.83) was statistically significant (p=.000),

and the difference was -3.06™, (95% CI: -4.34--1.78).

Regarding the within-subject factor time in the control group, the dependent
variable met Mauchly's spherical assumption (p=.324). Moreover, the simple effect of
time on the self-esteem scores was statistically significant, Fpee= 3.31, p=.043,
n?=.091. Particularly, there was no significant difference in the self-esteem scores
between the baseline of the study (21.03+4.70) and the 6" week period of the study
(21.53+5.32) (p=1.00), with the difference -.50, (95% CI: -1.79-.79); the difference
between the 61 week period of the study (21.53+5.32) and the 12" week period of the

study (22.53£5.00) was no significant (p=.369), with the difference -1.00, ( 95% CI: -
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2.59-.59). The difference in the self-esteem scores between the baseline of the study

(21.03+4.70) and the 12" week period of the study (22.53+5.00) was not statistically

B baseline
33 06t week

012t week
31 -

29 - HH

27 ## \

I

19 A

17 A

Control group Intervention group

significant (p=.070), with the difference -1.50, (95% CI:. -3.09-.09). The detail

displayed on figure 67 and figure 68.

Figure 67, The pairwise comparisons in scores of self-esteem over treatment period
within times (n=68)
Note, with simple effect of time, # present p<.05, ## present p<.001. with simple

effect of group, * present p<.05, ** present p<.001
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Figure 68, The results for scores of self-esteem over treatment period within and
between groups(n=68)
Note, with simple effect of time, # present p<.05, ## present p<.001. with simple
effect of group, * present p<.05, ** present p<.001; the pairwise comparisons within
times in the intervention group: A: baseline VS 6" week, B: 6" week VS 12" week, C:
baseline VS 12" week, respectively; data presented with mean and SEM.
4.3.2 Self-esteem scores at 18" week in the study

A paired-sample t-test was used to determine whether the self-esteem scores

differed after a follow-up period in each group.

The mean of the self-esteem scores of intervention group (25.26+3.83) at 12
week and at 18™ week (25.12+4.01), with a mean difference of (.15+2.98), (95% CI: -

.89-1.19) and (t=.29, p=.775). Similarly, the difference was (.38+4.09), (95% CI: -
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1.04-1.81) in control group at 12" week (22.53+5.00) than 18" week (22.15+4.76),

(t=.55, p=.589).

With the independent sample t-test, the results showed that the self-esteem
scores in the intervention group (25.12+4.01) were higher than those of control group
(22.15+4.76), with a difference of 2.97" (95% CI: .84-5.10), a statistical difference
(t=2.78, p=.007) detected between groups at 18" week in this study. The detail

presented in the figure 69.

18t week
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h
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Figure 69, The pairwise comparison of self-esteem scores between groups on 18"
week
Note, present p<.05, ** present p<.001, between subjects

The data detail presented in the table 33 and table 34
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Table 33 the results for scores of self-esteem over the treatment period within and
between groups(n=68)

Control group(n=34) Intervention group n=34)
Variables M M) Fg  Meandifeence 05%C1) e 1!
baseline 2034470 029 99 118(05%C-L4380 330 009
6" week 2153532 50317 B14 350°(05%CLL00600 007 198
12" week 2534500 1526383 515 274 (95%CE8519 00 135
Fie 33 1676
pvalue 03 000
¥ 09 A8

A-50,(95% 17919 ALY (0% Cl-420:043)
Bonferroniposthoc analysis 8100, (95% CI:-259-59) B-235 (95 %Ct:- 98-51)
Mean diference (95% CL) C-150,[95% CL-300-09) 306" (05% (L 4.34-1.78

Note. With simple effect, A: baseline VS 6" week, B: 6" week VS 12" week, C:

baseline VS 12 week; * present p<.05, ** present p<.001

Table 34 pairwise comparisons of scores self-esteem in the follow-up period within
and between groups

Control group(n=34) Intervention group (n=34)
Variables M5 M#SD t o pualie  Meandiference 5% Cl
12" week 2253450 25264383
18" week 20154476 2512441 1800 297 (95%CL 845.10)
t 55 2
p-value 58 5
Meandffernce 05%C1)  TEeA0U(05%Cl-61-203 154298(05% - 80-L.19

Note: * present p<.05, ** present p<.001
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4.4 Sleep quality assessment
The database of sleep quality included 34 participants from intervention group
and 34 participants from control group, respectively. After the Shapiro-Wilk test, the

data each group did not obey the normality distribution (p<.05).

4.4.1 The sleep quality scores during treatment period
A repeated ANOVA was used to determine the effect on the sleep quality

scores of the subjects in this study over time within-between group.

There was no significant interaction effect of time*group (F,e6=1.79, p=.18,
n?=.05) on sleep quality scores during the treatment period. Therefore, the
independent main effect test was performed on the two within-subject factors group

and time. Data detail presented table 35

Table 35 The effect of group, time, and group*time on scores of sleep quality over
treatment period within and between groups (n=68)

outcomes Source of F p-value Partial eta square(n?)
Variance
Time*group F.66=1.79 75 .051

Sleep quality Group F.33=15.57 146 .063
Time F.66= 3.31 .000 321

The effect of time on the sleep quality scores was statistically significant, F (2,
66=15.67, p=.000, partial n?=.32. With a pairwise comparison, the difference in scores
was statistically significant (p=.001) between the baseline and the 6™ week period,
with a difference of 1.40**, (95% CI: .57- 2.23). The mean difference was .62, (95%
Cl: -.33- 1.56) was not statistically significant (p=.33) between the 6" week period

and the 12" week period. Simultaneously, the difference in the reaction time between
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the baseline of the test and the end of the test was statistically significant (p=.000),
with a mean difference of 2.02**, (95% CI: 1.00- 3.03). The detail presented in the

figure 70.
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Figure 70 The pairwise comparisons in scores of sleep quality over treatment period
within times (n=68)
Note, # present p<.05, ## present p<.001, within subjects. * Present p<.05, ** present

p<.001 between subjects.

The main effect of the group on the sleep quality scores was not statistically
significant, F(, 33=15.57, p=.146, n°=.063. The mean difference was 1.56, (95% ClI: -

57-3.69). The detail presented in the figure 71
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B Control group

OIntervention group

sleep quality

baseline 6™ week 12% week

Figure 71 The pairwise comparisons in scores of sleep quality over treatment period
between groups (n=68)
Note, # present p<.05, ## present p<.001, within subjects. * Present p<.05, ** present

p<.001 between subjects.

The data detail of scores of sleep quality over treatment is displayed in figure 72.



183
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Figure 72 The comparison of scores of sleep quality over treatment period within and
between groups(n=68)

Note, with main effect of time, # present p<.05, ## present p<.001. with simple effect
of group, * present p<.05, ** present p<.001; the pairwise comparisons within times
in the intervention group: A: baseline VS 6" week, B: 6" week VS 12" week, C:

baseline VS 12" week, respectively; data presented with mean and SEM.

4.4.2 The sleep quality scores at 18" week in this study
After the Shapiro-Wilk test, the data in each group was not obeyed a normal

distribution (p<.001).

A paired-sample t-test was used to determine whether the sleep quality scores
differed after a follow-up period in each group. The mean of the sleep quality scores
of intervention group (3.15 + 4.71) at 12" week and at 18" week (3.21 + 4.50), with a

mean difference of -.06 (95% CI. -.80- .69) and (t= .16, p=.87). Similarly, the
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difference was .94 (95% CI: -.14 - .2.02) in control group at 12" week (2.27 + 3.36)

than 18" week (1.32 + 1.75), (t= 1.77, p=.09).

With the independent sample t-test, the results showed that the sleep quality
scores in the intervention group (3.21 + 4.50) were higher than those of control group
(1.32 + 1.75), with a difference of 1.88" (95% CI: .23-3.54), a statistical difference
(t=2.27, p=.03) detected between groups at 18" week in this study. The detail

presented in the figure 73

[ ]
1

[—]

sleep quality

Controf group Intervenfion group

Figure 73 he pairwise comparison of sleep quality scores between groups on 18"
week

Note, present p<.05, ** present p<.001, between subjects

The data detail presented in the table 36 and 37.
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Table 36 pairwise comparisons of sleep quality scores over the treatment period
within and between groups(n=68)

Control group(n=34) Intervention group
. (n=34)
variables
M1SD M+SD Fime  Bonferroni post-hoc analysis pvalue  n?
Mean difference (95% Cl:)
baseline 3444343 6.00£5.22 15.5 000 321
7
6" week 2714332 39445282 A: 140" (95% CI: 57-2.23) 001
12" week 2.26+3.36 3.15+4.71 B: .62 (95% Cl: -.33- 1.56) 326
Feroup 223 C:-2.02" (95% CI: 1.00- 3.03) .000
p-value .146
n? 063

Note. With main effect, A: baseline VS 6™ week, B: 6™ week VS 12" week, C:

baseline VS 12" week; * present p<.05, ** present p<.001

Table 37 comparisons of sleep quality scores during follow-up period within and
between groups(n=68)

Control group(n=34) Intervention group (n=34)
variables M+SD M+SD t pvalue  mean difference (95% CI:)
12" week 2271336 3.15£471 89 38 .88 (95% Cl: -1.10-2.86)
18" week 132£1.75 321450 227 03 1.88 (95% Cl: .23-3.54)
t 177 -16
p-value .09 87
mean difference (95% .94 (95% Cl: -.14 - .2.02) -.06 (95% CI: -.80- .69)

Cl:)

Note. * present p<.05, ** present p<.001
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4.5 Anxiety/depression

The data of anxiety/depression scores included 67 participants (nint=33,

Ncon=34, respectively), 1 participant in intervention withdrew this test.

4.5.1 Anxiety/depression scores assessment during treatment period

A paired-sample t-test was used to determine whether the anxiety/depression
scores differed during treatment in each group. The mean of the anxiety/depression
scores of intervention group (1.21 + 2.07) at baseline and at 12" week (.55 + 1.25),
with a mean difference of .67" (95% CI: .14 — 1.19 and (t= 2.6, p=.01). Similarly, the
difference was .50 (95% CI: -1.27 — 1.13) in control group at baseline (1.38 £ 2.34)

than 12" week (.88 + 1.53), (t= .60, p=.55). The data detail presented in the figure 74.

mbaseline

2 O12% week

1.8 A #
1.6 A

1.4 A

0.8 -

anxiety / depression
[
1

0.6

04 -

0.2 -

Control group Intervention group

Figure 74 The pairwise comparison of sleep quality scores within subjects from
baseline to 12" week.
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Note, present p<.05, ** present p<.001, between subjects

With the independent sample t-test, the results showed that there was not
significant difference between intervention group and control group, with a difference
of -.17 (95% ClI: -1.24 - .91, (t=-.32, p=.28) at baseline and a difference of -.37 (95%
Cl: -1.02 - .35), (t=-.98, p=.34) at 12" week, respectively. The data detail presented in

the table 38.

4.5.2 Anxiety/depression scores assessment at 18" week in this study

A paired-sample t-test was used to determine whether the anxiety/depression
scores differed after a follow-up period in each group. The mean of the
anxiety/depression scores of intervention group (.55 + 1.25) at 12" week and at 18"
week (.70 = 1.26), with a difference of mean -.15 (95% CI: -.39 - .09) and (t= -1.31,
p=.20). Similarly, the difference was -.15 (95% CI: -.53 - .24) in control group at 12'"

week (.88 + 1.53) than 18" week (1.03 + 1.83), (t= -.78, p=.44).

With the independent sample t-test, the results showed that there was no
significant difference -.34 (95% CI. -1.10 - .44), (t=-.87, p=.051) of the
anxiety/depression scores between the intervention group (.70 + 1.26) and control

group (1.03 + 1.83) at 18" week in this study.

The data detail presented in the figure 38.
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Table 38 comparisons of mean anxiety/depression scores over time within and
between groups(n=67)

Control group(n=34) Intervention group (n=33)
variables M+SD M+SD t pvale meandifference (95% C1)
baseline 1384233 1204207 2008 -17(95%Ck-124- 91)
12" wegk 881153 554125 -8 3 -33(95%C-110- .44)
18" week 103£183 101126 86 05 -34(95%C-101- 35)
t 162°-78° 260%-131°
pvalue 11 44 014%, 208

mean difference (95% 50°(95% Cl:-13-1.13) 7% (95% C: 1.45- 1.19)

Cl:
| 15°(95% C1:-53-.24) - 15°(95% C1:-39- .09)

Note. M=Mean, SD= Std. Deviation; a; baseline VS 12" week, b: 12" week VS 18™

week; * present p<.05, ** present p<.001
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CHAPTER 5: DISCUSSION, CONCLUSION AND RECOMMENDATION

5.1 Discussion

Currently, this study intended to explore the effect of multiple components of
core executive functions performance, self-esteem, sleep quality, and
anxiety/depression after a 12-weeks Chinese archery art program in preadolescent
children. Furthermore, a follow-up study with 6 weeks after end of intervention was
also conducted to provide the evidence how long do the relevant effect last?
Subsequently, the impressive evidence in this study support that the Chinese archery
art program is benefit preadolescent children's core executive function, self-esteem,
sleep quality, and anxiety/depression and the effect still revealed after a 6-week

follow-up.

5.1.1 Chinese archery art program and core executive functions

The outcomes in present study showed an impressive improvement in
subcomponents of core executive functions with 12-week Chinese archery art
program. Specifically, the considerably reduction in response reaction time was
confirmed in incongruent trials and 2-back trials within group, 1-back, color trials,
shape trials, and border trials within and between groups. In addition, taking response
accuracy into account, although the stable accuracy in intervention group and declined
accuracy in the control group were observed during , the significant difference
between groups were consistently detected with a 12-week treatment in preadolescent

children.
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Our results from this study are consistent with those literature previous. L
Flook and SL Smalley et al. examined a considerable interaction effect on EF scores
between groups with a school-based program of mindful awareness practices (MAPS)

in 64 3"-grade children (age= 8.23 .66 Y). Using a randomized control study design,

the EF scores was assessed with Behavior Rating Inventory of Executive Function
(BRIEF) which completed by teachers and parents after 8-week MAPSs intervention
with twice/week session, respectively [161]. Meanwhile, P Janz, S Dawe , M Wyllie
[275] demonstrated an improvement in EF and attention with the mindfulness

program, CalmSpace in 55 young children (Mage = 76.4 £ 8.62 months) after a 2-terms

intervention. Using a randomized control study design, the EF was assessed with
Flanker Task for inhibition control and attention, DCCS for cognitive flexibility,
respectively. More recently, accumulating evidence from empirical outcomes declared
the subdomains of core executive functions are sensitive to mind exercise [179] (such
as yoga [180, 181], t’ai chi [182-184], Chinese mind-body practices [185], and

Quadrato motor training [186])

Meanwhile, the stable even declined accuracy in intervention group were
observed in the 1-back trials, 2-back trials, and shape trials during the treatment
period. This probably explanation is that the subjects were bored during those trials,
especially the working memory demanding trials. the similar result as Kamijo et al
[29]who demonstrate the pre- and post- treatment response accuracy on working
memory with the Sternberg test with a 1-year 5 days/week Aerobic Activity program.
Eventually, the negative outcomes in the 3-and 5-Letter condition perhaps resulted

from the bored subjects [48]. In present study, the greater decrease in accuracy during
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the trials in the control group supports our explanation. meanwhile, significant
differences between groups perhaps indirectly demonstrated the effect of Chinese

archery program on improvement of working memory in young children.

As a mindfulness activity, Chinese archery art program emphasizes mind-body
unity and pursues simultaneous development of technique and Tao of the individual.
Given mental, cognitive engagement, and morality addressed, there appear to be at
least three advantages to enhancing executive functions in the present study with
Chinese archery art intervention. Firstly, it aims to reduce stress and foster mind-body
unity to benefit positive mood and relaxed brain states. Executive functions rely on
the prefrontal cortex and other neural regions, which behave the most vulnerable with
excess dopamine when suffering from negative emotion (e.g., stress, sadness,
loneliness)[207, 276]. Conversely, reduction of stress [277, 278] and positive mood
[279] benefit more enhancement of executive functions. Bigelow et al.[280] even
illustrated that a 10-minute session of mindfulness meditation display a premium
improvement(d=.55-.86) of all executive function tasks (Stroop Task, TMT-B, and
Leiter-3) than a 10-minute exercise with a within-subjects pretest-posttest design in
children (n=16, Mean age =11.38 (£1.5)) with ADHD. During the practice of Chinese
archery art, participants must fully concentrate on motor coordination and breathing
rhythm in a calm and relaxed mood. The state facilitates the arousal of the mind-body
unity state as soon as possible. It produces a simultaneous concentrated, relaxed state
of the brain, which enable to promote executive function performance[70]. Secondly,
over the competition in sports can destruct self-esteem and character development.
Chinese archery art practice highlight comparison of one’s own past and peer

interaction instead of scoring hits[247]. This process produces less aggression and
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anxiety, and more self-esteem and facilitates the cultivation of introspection, self-
control, and character development of individuals than competitive sport[247].
Thirdly, the key to physical activity-induced benefits of executive functions is that the
diverse and continuous challenges of executive functions are addressed in the real
world[281]. Indeed, the exercise-induced transfer of executive functions might be
determined by the complex, controlled, and adaptive cognition and movement of the
degree addressed in exercise [174]. During the Chinese archery art performance,
participants would be confronted with diverse real-world situation. The condition
pushes participants to continuously challenge various executive skills[249] that are
conducive to the improvement of executive function. For instance, participants must
bear complex motor sequences and discipline in mind, inhibit attending to distractions,
and concentrate on every motor action during the process. Meanwhile, cognitive
flexibility is also challenged. Participants would constantly adjust their targeting
actions and timing of shooting arrows based on their experience and prediction of

unexpected changes in a natural setting.

As mentioned above, an emerging body of evidence has verified the positive
association with the core executive functions and brain function induced by physical
activity program in preadolescents, recently. However, all evidence obtained almost
derived from the comparison between pretest and posttest intervention. Few relevant
follow-up studies were conducted to investigate how long the benefit will last end of
the intervention[70, 179]. Currently, a 6-week follow-up research was performed in
this study. The outcomes demostrated a overall particular difference between groups
in core executive function performance, regarding response raction time and accuracy.

Meanwhile, the decline trend from 18" week to 12" week also was detected in
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intervention group. This finding in this study is consistant with those investigation
previous regarding the EFs performance with a follow-up period after the intervention

was ended [184, 282].

Taylor Piliae et al. [184] oberserved a greater improvement in working
memory (F =7.75, p < .001) in Taiji group (n=37) than western exercise (n=39) and

attention-control group (n=56) with a 6-month treatment in healthy adults (Age : 69 +

5.8 Y), moreover, an differential cognitive-function improvements were maintaned
with a 6-month follow-up period. Using a randomized between-subjects pretest-
posttest design, a 60s animal-naming test, forward and backward digit-span tests were
used to assess the semantic fluency and attention, contration, and mental tracking,
respectively. possible underlying mechanisms is still at a early stage which may
involve the changes in brain physiological structure and biochemical indicators, as

well as changes in mental health.

5.1.2 Chinese archery art program and self-esteem

The positive effect of physical activity on self-esteem outcomes was
consistently reported in children and youth[283]. For instance, Hasanpour M et
al.[284] revealed a significant improvement (p=.001) and in one month follow-up
scores (p=.03) in the self-esteem scores in intervention group with a 3-week aerobic
exercise (60 min/session, 3 sessions/week) than control group in 66 orphan female
adolescent (Age: 13-19 years). The self-esteem was assessed with The Rosenberg
Self-Esteem Scale (RSES). As the increasing of literature, the types of physical
activity programs and settings are regarded as the considerable moderators to benefit

the self-esteem with physical activity intervention. Specifically, Spruit et al.[285]
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shown that there are larger effects in the aerobic exercise than sport. School
/gymnasium setting achieve more benefit on self-esteem in preadolescents opposite to
clinic, family, or detention facility-based settings[286]. Eventually, the research on
the association between physical activity intervention and self-esteem in
preadolescents is still in its infancy, the optimal type and intensity of physical activity,
particularly. However, supervised, aerobic-based program is still declared as a
perspective future [287]. More recently, mindful activity program was highlighted to
examine the effect on the self-esteem in the adolescents[288-290]. Specifically, Yook
YS, Kang SJ, Park IK [291] demonstrated an impressive enhancement in the self-
esteem (F=3.47, p=.49), resilience (F=9.72, p=.003), and happiness (F=31.61, p=.001)
in the intervention group with 8-week new sport and mindful yoga than control group
in the 46 preadolescents (Mage=10.98+.39 years; Male=25, Female=21). The
outcomes were evaluated with RSES for self-esteem, The Ego-Resiliency Scale for

resilience, and The Psychological Well-being Scale for happiness, respectively.

Archery practice consists of the following physiological and psychological
process, such as techniques (standing posture, setting arrow, pushing and pulling off
the string, lifting the bow, drawing a full bow, collimation, shot, closing form, etc,),
mind regulation (concentration, deep-breathing techniques, self-reflection). Given the
process addressed physiological and mind challenge, archery inherit potential
advantages in improving mental health. Indeed, Zolkafi et al. [292] currently
represented a significant enhancement (p=.006) in self-esteem scores on the 12 week
timepoint than on the baseline timepoint within group with a 12-week archery
intervention (42 shots/session, 3 session/week) in 34 male sedentary youth (Age=18-

30 years). Using a randomized study design, the main outcome was evaluated RSES.
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Although, with a follow-up after 12 weeks of end of the intervention, the scores at
24" week was decrease than at 12" week. Similarly, the outcomes in present study
also showed a significant difference in self-esteem scores within and between group

with 12-week Chinese archery art program.

The reasonable explanations are that, on the one hand, Chinese archery art
program emphasizes mind-body unity and pursues simultaneous development of
technique and Tao of the individual, which benefit the reduction of stress and anxiety
[75, 76, 244] and enhancement self-emotional regulation. The depression and anxiety
condition erodes self-esteem[293]. On the other hand, over the competition in sports
can destruct self-esteem and character development. Chinese archery art practice
highlight comparison of one’s own past and peer interaction instead of scoring
hits[247]. This process produces less aggression and anxiety, more self-confidence,
fun and facilitates the cultivation of introspection, and character development of

individuals than competitive sport[247].

Furthermore, the significant difference in self-esteem scores still revealed
between group after 6 weeks of end of the intervention program. The outcomes are
consistent with the literature previous. JJ Noordstar et al. [294]reported a stability of
global self-esteem on the timepoint of cohort Il than cohort | with a 2-year follow-up
period in children from kindergarten to grade 2 (n=292, 148 boys). Using a
prospective longitudinal cohort-sequential design, the self-esteem was measured with
self-perception profile for children. The self-perception probably mediated the results

according to the exercise and self-esteem model.
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5.1.3 Chinese archery art program and sleep quality

Currently, the outcomes in this study supported a positive benefit on the sleep
quality within the intervention group with a 12-week Chinese archery art program.
Specifically, we detected the significant reduction in global scores of sleep quality
when compared baseline with the 6™ week test and the 12" week test, respectively.

the outcomes in this study are supported with previous studies.

Last decades, numerous studies have examined the association between
physical activity and sleep in children and adolescents [295]. Generally, evidence
support that physical activity is positively related to sleep. Wang [296] revealed more
effectively benefit in sleep quality when moderate intensity physical activity
compared with vigorous intensity activity in both young and old population through a
systematic review. Mendelson et al. [297] revealed the beneficial effect on sleep
duration and variables of sleep quality in the adolescents in intervention group with a
12-week exercise training than in control group. Specially, the outcomes in this study
reported a reduction in NERM stage N1 and improvement of REM sleep, sleep
continuity, and sleep efficiency measured with polysomnography. Greever et al.[298]
explored the negative correlations (r=-.45, p=.04) physical activity and the number of
awakenings per night in 55 girls (age=7-12 years). Physical activity was measured
with accelerometer, sleep quality was assessed with the Children’s sleep habits
questionnaire and accelerometer. Conversely, Williams [299] found a negative
association between the intensity of daily physical activity and sleep duration in
children. The possible explanations include the methodology of the study and exercise

occupied the time of sleep available.
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Now a trend in relevant research is the modality and intensity of the exercise
performed [296, 300]. Commonly, moderate-intensity aerobic exercise as an
intervention is considerate as the most popular alternative [300, 301]. Regarding the
advantages of a blend of aerobic and resistance movement at a moderate intensity
while simultaneously emphasize relaxation and the release of tension, mind-body
exercise (such as Taiji, Qigong, Yoga) were utilized as intervention to improve the
sleep quality. For instance, Siddarth [302] found a better sleep quality in 42
participants (Mean age=64.6+£13.6 years) in mind-body exercise group (Yoga n=8,
Taiji n=12) than aerobic exercise (n=22). Moreover, Wang [303] identified a
beneficial effect on a range of sleep measures in the intervention group with mind-
body exercise through a systematic review with 17 RCTs from English and Chinese
database. Although, it is scarcely relevant research on preadolescent population at
present. Complexity of perception and construction on the mind-body activity

program are possible explanation.

The reasonable explanations are that Chinese archery art program emphasizes
mind-body unity and pursues simultaneous development of technique and Tao of the
individual, which benefit the reduction of stress, increase of concentration, and
enhancement self-emotional regulation[75, 76, 244]. Moreover, Chinese archery art
practice as sport involve mind skill and physical skill and highlight comparison of
one’s own past and peer interaction instead of scoring hits[247]. This process
produces less aggression and anxiety than competitive sport[247]. Chinese archery art
as feasible mind-body sports facilitate the cultivation of self-esteem and character
development of individuals. The self-esteem inversely predict the depression and

anxiety[293]. The potentially psychosocial, behavioral mechanisms were involved
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that the enhancement of self-esteem and the decline of depression/anxiety [304].
Indeed, the outcomes in the current study demonstrated the positive effect on self-

esteem and depression/anxiety scores.

Eventually, we originally explored a significant decrease on the global sleep quality
scores in preadolescents between intervention group and control group with a 6-week
follow-up period. The result is supported with the previous study. Eva R. Hedlund et
al. [305] examined a significant decline in sleep time (p < .001) and sleep efficiency
(p < .005) with a 1-year follow-up period after a 12-week endurance training program
in children (nin= 27, Nncon=22). Using a within-between subjects’ pretest-posttest design,
the Actigraph GT3X accelerometer was used to measure sleep—wake scoring for
seven consecutive days and nights during a regular school week. The probability

explanation is a worsening sleep pattern in the intervention group over time.

5.1.4 Chinese archery art program and depression/anxiety

Nowadays, it is a concerned public health issue about mental health in
children around the world. More than 10% prevalence rate for chronic depression in
Europe for the adolescents. 19.7% of people the UK adolescents displayed symptoms
of anxiety or depression. The inclining tender is keeping from the previous year[306].
Mental health always involves the depression, anxiety which charactered low mood,
dysphoria, cognitive impairments and psychomotor impairments, even the health
comorbidities such as cardiovascular disease, adiposity, premature mortality and

heavy financial cost[307].
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The treatment and prevention of mental illness remains a public health priority
[308]. Compared with several adverse side-effects from the pharmacotherapy and
psychotherapy, physical activity intervention is regarded as alternative method to
improve the mental health in children and preadolescents. Indeed, physical activity is
consistently examined the significant association with psychological benefits
including depression and anxiety [309]. Carter et al. [310] documented a positive
benefit (SMD=-.54, 95% CI: -0.796, -0.28) between physical activity and anxiety in
intervention group with physical activity program compared with control group in
3590 children and young people (more than 25 years) from eligible 22 randomized
controlled trials through systematic review and meta-analysis. Meanwhile, Elaine et al.
[311]reported a positive relationship between frequency of activity and wellbeing and
negative relationship with both anxiety and depression symptoms with a school-based
survey in 11110 adolescents from Europe. Moreover, more frequent physical activity
and participation in sport were independently contribute to more wellbeing and less
symptoms of anxiety and depression in male and female with a muti-level mixed
effects model. Meanwhile, Xin Hong et al [312] reported an overall 15.7% (95% CI:
14.3%, 17.1%) prevalence rate of depression in mainland China. Importantly, this
research detected the negative relationship between physical activity and depression
in 72 classes of randomly selected from 24 urban junior high schools in Nanjing with
a population-based cross-sectional study. Furthermore, the significant difference in
gender ad grade were also confirmed on the inverse association between physical

activity time and depression.

As the literature updating, there is still a inconclusion on the exact modality,

frequency, duration, and intensity effect of physical activity on depression and anxiety.
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Wegner et al [313]presented a meta-analyses which documented a small to medium
(d=-.48--.50) consistently positive effect in children and adolescents with clinical and
nonclinical depression in 2110 participants (Age: 5-20 years) from 30 inclusive
studies. Moreover, aerobic exercise was the most implemented intervention type
(normally 11.5 weeks duration, 41 minutes/session, 3 sessions/week). Additionally,
Bailey et al. [314] found a large effect size (SMD = —0.82, 95% CI: —1.02, —0.61, p <
0.05, 12 = 38%) in intervention group with a physical activity program than control
group in 771 participants (Age: 12-25 years) with clinical or non-clinical symptoms of
depression from 16 eligible randomized controlled trials through meta-analysis.
Regarding the specific physical activity intervention characteristics, the best
candidates of PA program is a more than 8-week, supervised, aerobic-based activity

with moderate-to-vigorous intensity, engaged in multiple times per week.

Recently, considering the advantage of mind-body activity in regulating stress,
anxiety, and depression through self-care. it is highlighted that increasing mind-body
activity programs were used as complementary and alternative therapies to release the
anxiety and depression symptoms. Wang et al. [315]shown a considerable benefit on
reduction of anxiety (SMD=-.75, 95% CI: -1.11, -.40) and stress (SMD=-.88, 95% ClI:
-1.22, -.55) in intervention group with 1-3 months QiGong exercise than control
group in healthy subjects with 7 randomized controlled trials. Concurrently, Wang et
al. [316] evaluated the beneficial effects on depression, anxiety, general stress
management, and exercise self-efficacy in various populations through meta-analysis,
significant improvement (ES=-5.97, 95% CI: -7.06, -4.87) of depression outcome
measure on 3 RCTs, especially. Despite the impressive effect of mind-body activity

programs on the reduction of depression or anxiety, it is still rare in the relevant field
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in children and adolescents. Complexity of perception and construction on the mind-
body activity program are possible explanation. Until currently, Aysan [317]
determined the significant improvement (p<.01) of coping with stress in adolescents
with a single bout of archery practice with a comparison between pre-test (Mean
female=7.5214.02, Mean mae= 10.27+3.50) and post-test (Mean femae= 10.31%4.52,

Mean mae= 13.11+3.48).

Eventually, we originally explored a significant decrease (t=-2.60, p=.014) on
the depression/anxiety scores within intervention group, compared pre-test with post-
test with 12-week Chinese archery training in 33 preadolescents (Mean
age=115.71+3.54 months). Using a quasi-experimental study design, the
depression/anxiety scores were assessed using Achenbach Child Behavior Checklist
(CBCL). The reasonable explanations are that Chinese archery art program
emphasizes mind-body unity and pursues simultaneous development of technique and
Tao of the individual, which benefit the reduction of stress, increase of concentration,
and enhancement self-emotional regulation[75, 76, 244]. Moreover, Chinese archery
art practice highlight comparison of one’s own past and peer interaction instead of
scoring hits[247]. This process produces less aggression and anxiety than competitive
sport[247]. Chinese archery art as feasible mind-body activity facilitates the
cultivation of self-esteem and character development of individuals. The self-esteem
inversely predict the depression and anxiety[293]. The potentially psychosocial,
behavioral mechanisms were involved that the enhancement of self-esteem and self-

regulation probably mediated the decline of depression/anxiety scores [304].
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5.2 Conclusion

Chinese archery art program as one of mind-body exercise are beneficial
effect on the performance of core executive functions, self-esteem, sleep quality,
anxiety/depression in healthy preadolescents. Specifically, some points can be

concluded in this present study as follows:

5.2.1 there were significant improvements in core EFs which include inhibition
control, working memory, and cognitive flexibility after a 12-week Chinese archery

art program in preadolescent children. Specifically,

(1) About the inhibition control performance, there was a considerably reduction
in reaction time in congruent trials within group on the 12" week timepoint after a 12-
week Chinese archery art program in preadolescent children; Regarding the accuracy,
there were significant difference in congruent trials on the 6 and the 12" week
timepoint, and a significant difference in incongruent trials on the 12" week timepoint

between groups. The intervention group was higher than control group.

(2) About the working memory performance, there were statistical reduction in
reaction time in 1-back and 2-back trials within group on the 6™ and the 12" week
timepoint with a 12-week Chinese archery art program in preadolescent children.
Moreover, the significant difference between groups were detected on the 121" week
timepoint, intervention group is faster than control group; Regarding the accuracy,
there were significant decrease in 1-back within group on the 6™ and the 12" week
timepoint, and a significant difference in 2-back trials on the 12" week timepoint

between groups. The intervention group was higher than control group.
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(3) About the cognitive flexibility performance, there were statistical reduction
in reaction time in color trial, and shape trial within group on the 12" week timepoint,
and the border trial on the 6™ and 12" week timepoint, with a 12-week Chinese
archery art program in preadolescent children. Moreover, the significant difference in
color trial, shape trial and border trial between groups were detected on the 12" week
timepoint, intervention group is faster than control group; Regarding the accuracy,
there were significant decrease in shape trials in control group on the 6" and the 12
week timepoint. Otherwise, the impressive improvement in border trial in intervention
group were revealed on the 6™ and the 12" week timepoint. Furthermore, the
significant difference in shape trials and border trials were displayed on the 6" and

12" week timepoint between groups. The intervention group was better than control

group.

5.2.2 the significant benefit in core executive functions on the 18" week
timepoint between groups still was displayed with a 6-week follow-up period.
Althougth, the decline trend was detected in itervention grouop at 18" week.

Specifically,

(1) About the inhibition control performance, there was a considerably reduction
in reaction time in congruent trials and incongruent trials between groups on the 18%
week timepoint after a 6-week follow-up period in preadolescent children. The

intervention group was higher than control group.

(2) About the working memory performance, there were significant difference of

response accuracy in 1-back trials and 2-back trials between groups on the 18" week
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timepoint in preadolescent children. The intervention group was higher than control

group.

(3) About the cognitive flexibility performance, there were statistical difference
in response accuracy in color trials, shape trials, and border trials between groups on

the 18" week timepoint with a 6-week follow-up period in preadolescent children.

5.2.3 there was a impressive increase of self-esteem scores within intervention
group at the 6™ and 12" week timepoint with a 12-week Chinese archery art program

in preadolescent children, respectively.

5.2.4 there was a significant improvement of self-esteem scores between group at
the 6™ and 12" week timepoint with a 12-week Chinese archery art program in
preadolescent children, respectively. Furthermore, the trend in self-esteem scores still

revealed between group with a 6-week follow-up.

5.2.5 there were considerable benefit on the global sleep quality scores in both
group when baseline test compared with 6 week test and 12" week test with a 12-
week Chinese archery art program in preadolescent children. there was no statistical

difference on the 18" week timepoint after a 6-week follow-up.

5.2.6 there were significant decline of the global anxiety/depression scores in
intervention group on 12" week timepoint with a 12-week Chinese archery art
program in preadolescent children. meanwhile, there was not a significant increase of
the global anxiety/depression scores on the 18" week timepoint with a 6-week follow-

up period.
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5.3 Strengths, limitations, and recommendations
5.3.1 Strengths
The exercise protocol in the present study utilized the real world with

ecological validity, which is based on extracurricular activities in school, rather than
most of the investigations being conducted in the laboratory with treadmills or cycle
ergometers [318]. The real-world condition probably benefits participants’ executive
functions more than the experimental or decontextualized physical activity
programs[319]. Additionally. group extracurricular activity in school provides
children with more opportunities for social interaction and a better motivational
climate; emotional investment is probably the considerable mediator to whether that
activity determines enhancement of executive functions[70]. Simultaneously, with
growing concerns about the younger generation’s health, school-based interventional
programs have several critical advantages (e.g., economy, convenience, breadth,
diversity, and accessibility). Importantly, this study not only objectively proves that
Chinese archery art program has a significant effect on improving executive function
in adolescent children but also further supports Diamond and Ling's prediction[179]
of how the physical activities will be the most effective enhance executive function.
The encouraging finding provides an alternative application for improving core
executive functions in normal preadolescent children in large-scale educational

settings.

5.3.2 Limitation

There are several limitations to this study. First, the randomized trial was not

conducted in the present study but was a quasi-experimental design. It is possible to
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produce more bias in to result of this study. Therefore, it is necessary to consider
future research involving a randomized controlled study design to reduce bias. Second,
an objective measure of physical activity during intervention is missed. Regarding the
role of intensity as moderator[177], it is acceptable to monitor the heart rate range in
real-time during the intervention and collect data as a subjective index for all
participants in the future. Third, although the real-world interventional setting is
regarded as a strength in this study, it also inevitably increased other confounders.
5.3.3 Recommendations

This study detected an impressive result in the benefit of inhibitory control,
working memory and cognitive flexibility performance and self-esteem, sleep quality,
anxiety/depression, however further investigations about the mechanism will be
merited. the long-term effects of this physical activity program and the sustainability
of its advantage remain unknown. Further investigations are valuable. Meanwhile,
those children with ADHD are characterized by deficits in core executive functions. It
is worth conducting relevant research of the benefit with Chinese archery art program
to these clinical populations in the future. Importantly, this is a great opportunity to
make relevant policies to promote the Chinese archery in preadolescent children in

large-scale educational settings
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Appendix A Consent form (Chinese version and English version)
CONSENT FORM

Dear Parent or Guardian:

| am a faculty Jianjiu Liu in the P.E department at Shanghai University of
International Business and Economics. | am conducting a research project on The
effects of Chinese archery art program on core executive functions in children, This
study aimed to explore the effect on core executive function after Chinese archery art
intervention in primary school children in Shanghai . | request permission for your

child to participate.

The study consists of describe what you will ask the child do to. If you will look
at school or other records, mention this here. The project will be explained in terms
that your child can understand, and your child will participate only if he or she is
willing to do so. Only | and members of the research staff, if any will have access to
information from your child. At the conclusion of the study, children’s responses will
be reported as group results only. If study results will be made available to parents,
include a statement similar to the following: At the conclusion of the study a summary
of group results will be made available to all interested parents.” Then explain what

the parent needs to do to obtain a copy of the results.

Participation in this study is voluntary. Your decision whether or not to allow
your child to participate will not affect the services normally provided to your child
by the entity where research is being conducted in school. Your child’s participation
in this study will not lead to the loss of any benefits to which he or she is otherwise
entitled. Even if you give your permission for your child to participate, your child is

free to refuse to participate. If your child agrees to participate, he or she is free to end
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participation at any time. You and your child are not waiving any legal claims, rights,

or remedies because of your child’s participation in this research study.

Any information that is obtained in connection with this study and that can be
identified with you will remain confidential and will be disclosed only with your
permission or as required by law. Confidentiality will be maintained by means of

anonumity

If information will be released to any other party for any reason, state the person
or agency to whom the information will be furnished, the nature of the information,

the purpose of the disclosure, and the conditions under which it will be released

If activities are to be audio- or videotaped or digitally recorded, describe who
will have access, if the tapes/files will be used for educational purposes, and when

they will be erased or destroyed.

If there is an expectation of a student completing an assignment, mention it will
not affect any grade received for completing the assignment by not participating in

the study.

Should you have any questions or desire further information, please call me or

email me at 18101899661 and liujianjun362427@gmail.com.
Sincerely,

Jianjun Liu

Please indicate whether or not you wish to allow your child to participate in this

project by checking one of the statements below, signing your name and let your kid(s)
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deliver this letter your signature to her(his) head tearcher. Sign both copies and keep

one for your records.

| grant permission for my child to participate in Jianjun Liu’s study on
the effect of Chinese archery art program on core executive functions in primary

school children in Shanghai.

| do not grant permission for my child to participate in Jianjun Liu’s
study on the effect of Chinese archery art program on core executive functions in

primary school children in Shanghai.

Signature of Parent/Guardian Printed Parent/Guardian Name

Printed Name of Child Date
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Appendix B Child behavior checklist (Chinese version
and English version)

JLEITHE=3R (CBCL) Achenbach
(FRKHA)
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For office use only

@ viease print. CHILD BEHAVIOR CHECKLIST FOR AGES 6-18

D
CHILD'S First Middle Last PARENTS’ USUAL TYPE OF WORK, even if not working now.
FULL (Please be specific — for example, auto mechanic, high school teacher,
NAME homemaker, laborer, lathe operator, shoe salesman, army sergeant.)
FATHER'S
CHILD'S GENDER CHILD'S AGE | CHILD'S ETHNIC GRoUP| TYPE OF WORK
OR RACE MOTHER'S
Boy Girl TYPE OF WORK
| ] THIS FORM FILLED OUT BY: (print your full name)
TODAY'S DATE CHILD’S BIRTHDATE
Mo. Day Year Mo. Day Year
Your gender: Male Female
Please fill out this form to reflect your view . . 0
GRADE IN .
SCHOOL of the child's behavior evenif other people | Yurrelation to Q child:
might not agree. Feel free to print addi- L
) ; . d Biological Parent Step Parent Grandparent
NOT ATTENDING _tlonal comments_ beside each item and 0
SCHOOL inthe space provided on page 2. Be sure | [] Adoptive Parent Foster Parent Other (specify)
to answer all items. 0

Compared to others of the
same age, how well does
hel/she do each one?

Compared to others of the same
age, about how much time does
he/she spend in each?

I. Please list the sports your child most likes
to take part in. For example: swimming,
baseball, skating, skate boarding, bike

riding, fishing, etc.

0 LessThan More Than Don’t Below Above Don’t
None Average  Average  Average  Know Average  Average  Average  Know
a. 0 O 0 0 O O 0 0
b. O 0 O 0 0 O O 0
C.

0 0 0 0 0 0 0 0

Compared to others of the same
age, how well does he/she do

Compared to others of the same
age, about how much time does

II. Please list your child’s favorite hobbies,
activities, and games, other than sports.

For example: stamps, dolls, books, piano, helshe spend in each? each one?
crafts, cars, computers, singing, etc. (Do not
include listening to radio or TV.)
Less Than More Than Don’t Below Above Don’t
None D Average  Average Average  Know Average  Average Average Know
a 0 a O d 0O 0 0 0
b. 0 a0 0 0 d a 0 0
c. 0 0 0 0 0 0 0 0

Compared to others of the same
age, how active is he/she in each?

Please list any organizations, clubs, teams,
or groups your child belongs to.

Less More Don’t

None [J Active  Average  Active  Know

a. 0 O O d
b. a a a 0
C. 0 0 0 0

Please list any jobs or chores your child has. Compared to others of the same

For example: paper route, babysitting, making
bed, working in store, etc. (Include both paid
and unpaid jobs and chores.)

None D

age, how well does he/she carry

them out?
Below Above Don’t
Average  Average  Average  Know
0 O O 0
0 0 O 0
0 0 0 0

Be sure you answered all items.

Then see other side.

Copyright 2001 T. Achenbach
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Please print. Be sure to answer all items.

1. About how many close friends does your child have? (Do not include brothers &sisters)
[J None 01 O2or3 (] 4 ormore

2. About how many times a week does your child do things with any friends outside of regular school hours?
(Do not include brothers & sisters) (JLess than 1 O1or2 (J3 or more

Compared to others of his/her age, how well does your child:

Worse  Average Better

a. Get along with his/her brothers & sisters? (] O O (] Has no brothers or sisters
b. Get along with other kids? d a d
c. Behave with his/her parents? d d 0
d. Play and work alone? O d 0
1. Performance inacademic subjects. Does not attend school because
. . Below Above
Check a box for each subject that child takes Failing  Average Average Average

a Reading, English, or Language Arts
Other academic
subjects—for ex-
ample: computer ¢. Arithmetic or Math
courses, foreign

b. History or Social Studies

agoooooao
agoodaooa
agoooooaa
ogoaoooooaad

language, busi- d. Science
ness. Do not in- e

clude gym, shop,

driver’s ed., or f

other nonacademic

subjects. g

2. Does your child receive special education or remedial services or attend a special class or special school?

OONo  [J Yes—kind of services, class, or school:

3. Has your child repeated any grades? CONo  [JYes—grades and reasons:

4. Has your child had any academic or other problemsin school? [J No [JYes—please describe:

When did these problems start?

Have these problems ended? ~ [JNo  [J Yes-when?

Does your child have any illness or disability (either physical or mental)? [JNo [ Yes—please describe:

What concerns you most about your child?

Please describe the best things about your child.



Below is a list of items that describe children and youths. For each item that describes your child now or within the past 6
months, please circle the 2 if the item is very true or often true of your child. Circle the 1 if the item is somewhat or sometimes
true of your child. If the item is not true of your child, circle the 0. Please answer all items as well as you can, even if some do not
seem to apply to your child.

0= Not True (as far asyou know)

1=Somewhat or Sometimes True

2 =Very True or Often True

0 12 1 Actstoo young for his/herage 0 12 32 Feels helshe has to be perfect
0 12 2 Drinks alcohol without parents’ approval 0 12 33 Feelsorcomplains that no one loves him/
(describe): her
0 12 34 Feelsothers are out to get him/her
0 12 3. Arguesalot 0 12 35 Feelsworthless orinferior
0 12 4 Faistofinish things he/she starts 0 12 3. Getshurtalot, accidentprone
0 12 5 Thereisvery little he/she enjoys 0 12 37 Getsinmanyfights
0 12 6. Bowel movements outside toilet
0 12 38 Getsteaseda lot
0 12 7. Bragging, boasting 0 12 39 Hangs around with others who get in
0 12 8 Can'tconcentrate, can't pay attention for trouble
long 0 12 40.Hears sound or voices that aren't there
0 12 9. Cantgethisher mind off certain thoughts; (describe):
ohsessions (describe):
0 12 41 Impulsive or acts withoutthinking
0 12 10.Cantsistil restess, orhyperacliye 0 12 42 Would rather be alone than with others
0 12 11 Clings to adults or too dependent 0 12 43 Llying orcheating
0 12 12 Complains ofloneliness o .
0 12 44 Bitesfingernails
0 12 13. Confused or seems to be in a fog 0 12 45 Nervous, highstrung, or tense
0 12 14 Criesalot 0 12 46.Nervous movements or twitching
0 12 15 Cruel toanimals (describe):
0 12 16.Cruelty, bullying, or meanness to others
0 12 17. Daydreams or gets lostin hislher thoughts | 0 12  47. Nightmares
0 12 18 Deliberately harms self or attempts suicide i )
0 12 48 Notliked by otherkids
0 12 19.Demands a lot of attention 0 12 49 Constipated, doesn't move bowels
0 12 20.Destroys histher own things i
0 12 50.Toofearful or anxious
0 12 21 Destroys things belonging to histher family [ 0 12  51. Feels dizzy orlightheaded
or others )
0 12 22 Disobedient at home 0 12 52 Feels togguﬂty
0 12 53 Overeating
0 12 23.Disobedient atschool ] )
0 12 24 Doesnteatwel 0 12 54. Overtired without good reason
0 12 55 Overweight
0 12 25.Doesntgetalong with other kids ) )
0 12 26.Doesn'tseem tofeel guilty after 56. Physical problems without known
misbehaving medical cause:
0 1 2 a Achesor pains (not stomach or headaches)
0 12 27 Easilyjealous 0 1 2 b Headaches
0 12 28.Breaksrules at home, school, orelsewhere | 0 1 2  c. Nausea, feels sick
0 12 29.Fears certain animals, situations, or places, 012 d gIID;:gLZr)T]?dVeYIst:r?g:)S' (not i correctecby
other than school (describe): __ '
0 12 30.Fears going to school g 1 g :.Sthsmhaecshzrdc])g;er skin problems
0 12 31 Fearshe/she might think or dosomething | 0 1 2 g.Vomiting, throwing up
bad 0 1 2 h. Other(describe):




0= Not True (as far asyou know)

1=Somewhat or Sometimes True

2 =Very True or Often True

01 2
01 2

5
5

oo ~

59.
60.

61.
62.

63.
64.

65.
66.

67.
68.

69.
70.

71
72.

73.

74.

. Physically attacks people
. Picks nose, skin, or other parts of body

(describe):

Plays with own sex parts in public
Plays with own sex parts toomuch

Poor school work
Poorly coordinated or clumsy

Prefers being with olderkids
Prefers being with younger kids

Refuses totalk
Repeats certain acts over andover;
compulsions (describe):

Runs away fromhome
Screams alot

Secretive, keeps things to self
Sees things that aren't there (describe):

Self-conscious or easily embarrassed
Setsfires

Sexual problems (describe):

Showing off orclowning

75. Too shy or timid

76.

Sleeps less than mostkids

77. Sleeps more than most kids during day

78.

and/or night (describe):

Inattentive or easily distracted

79. Speech problem (describe):

80. Staresblankly

81. Steals athome
82. Steals outside thehome

83. Stores up too many things he/she doesn't

need (describe):

0

o o o o

o

o

1

2

0 1 2 84 Strange behavior (describe):

85. Strange ideas (describe):

86. Stubborn, sullen, orirritable
87. Sudden changes in mood orfeelings

88. Sulks alot
89. Suspicious

90. Swearing or obscene language
91. Talks about killing self

92. Talks or walks in sleep (describe):

93. Talks too much

94. Teases alot
95. Temper tantrums or hot temper

96. Thinks about sex toomuch
97. Threatenspeople

98. Thumb-sucking
99. Smokes, chews, or sniffstobacco

100. Trouble sleeping (describe):

101. Truancy, skips school

102. Underactive, slow moving, or lacksenergy
103. Unhappy, sad, or depressed

104. Unusually loud
105. Uses drugs for nonmedical purposes (don’t
include alcohol or tobacco) (describe):

106. Vandalism
107. Wets self during the day

108. Wets the bed
109. Whining

110. Wishes to be of opposite sex
111. Withdrawn, doesn't get involved with others

112. Worries

113. Please write in any problems your child has that

were not listed above:

PAGE 4

Please be sure you answered all items.



Appendix C Rosenberg self-esteem scale (Chinese version and
English version)
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ROSENBERG SELF-ESTEEM SCALE

Description of Measure

A 10-item scale that measures global self-worth by measuring both
positive and negative feelings about the self. The scale is believed to be uni-
dimensional. All items are answered using a 4-point Likert scale format
ranging from strongly agree to strongly disagree.

Instructions

Below is a list of statements dealing with your general feelings about
yourself. Please indicate how strongly you agree or disagree with each
statement.

1. On the whole, | am satisfied with myself.
Strongly Agree  Agree Disagree Strongly
Disagree
2. At times | think 1 am no good at all.
Strongly Agree  Agree Disagree Strongly
Disagree
3. | feel that | have a number of good qualities.
Strongly Agree  Agree Disagree Strongly
Disagree
4, I am able to do things as well as most other people.
Strongly Agree  Agree Disagree Strongly
Disagree
5. | feel | do not have much to be proud of.
Strongly Agree  Agree Disagree Strongly
Disagree

6. I certainly feel useless at times.



Strongly Agree  Agree Disagree Strongly
Disagree
7. | feel that I'm a person of worth, at least on an equal plane with others.
Strongly Agree  Agree Disagree Strongly Disagree
8. 1 wish I could have more respect for myself.

Strongly Agree  Agree Disagree Strongly
Disagree
9. All inall, I am inclined to feel that I am a failure.

Strongly Agree  Agree Disagree Strongly
Disagree
10. | take a positive attitude toward myself.

Strongly Agree  Agree Disagree Strongly
Disagree
Scoring:

Items 2, 5, 6, 8, 9 are reverse scored. Give “Strongly Disagree” 1 point,
“Disagree” 2 points, “Agree” 3 points, and “Strongly Agree” 4 points. Sum scores
for all ten items. Keep scores on a continuous scale. Higher scores indicate higher
self-esteem.



Appendix D Pittsburgh sleep quality index (Chinese version and

Engnish version)
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(Pittsburgh sleep quality index, PSQI)
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Pittsburgh Sleep Quality Index (PSQI)

Name
Date:

Instructions: The following questions relate to your usual sleep habits during the
past month only. Your answers should indicate the most accurate reply for the
majority of days and nights in the past month. Please answer all questions.

1. During the past month, what time have you usually gone to bed at night?

2. During the past month, how long (in minutes) has it usually taken you to fall
asleep eachnight?

3. During the past month, what time have you usually gotten up in the morning?

4. During the past month, how many hours of actual sleep did you get at night?

(This may be different than the number of hours you spent in bed.)

5. During the past month, Not Less than Onc T
how often have you had trouble during the once a week eortwicea | hreeor
sleeping because you... past month week more

times a
week

a. Cannot get to sleep
within 30 minutes

b. Wake up in the middle of
the night or early morning

c. Have to get up to use the
bathroom

d. Cannot breathe
comfortably

e. Cough or snore loudly

Feel too cold

f.
g. Feel too hot
h. Have bad dreams

i. Have pain

j. Other reason(s), please
describe:

6. During the past month,
how often have you taken medicine
to help you sleep (prescribed or

“over the counter”)?

7. During the past month,
how often have you had trouble
staying awake while driving, eating




meals, or engaging in social
activity?

Noproblemat | Only a very slight | Somewhatof | A very
all problem a problem big
problem
8. During the past month,
how much of a problem has it been
for you to keep up enough
enthusiasm to get things done?
\erygood Fairlygood Fairlybad \Verybad
9. During the past month,
how would you rate your sleep
quality overall?
No bed Partner/roommate | Partner in Partner
partner or inother room same room in same
room mate but not bed
same bed
10. Do you have a bed
partner or room
mate?
Not during Less than oncea | Once or Three
the past week twice a or
month week more
times a
week

If you have a room mate or
bed partner, ask him/her how often
in the past month you have

had:

a. Loud snoring

b. Long pauses between
breaths while asleep

c. Legs twitching or
jerking while you sleep

d. Episodes of
disorientation or confusion
during sleep

e. Other restlessness while
you sleep, please describe:




Appendix E The illustration of core EF measurement
(English version)

Fish flanker task illustration
1. process

The whole test consists of two parts: practice and formal test,

Practice 20 trials to make the subjects skillful the test process, and then enter the
formal test. The formal test consists of 2 blocks (76 trials/2blocks), with 1 minute rest
between groups, as shown in Figure 1,

1min
20practice 76Formal 76Formal
test
4 different graphics 4 different graphics appear
appear 5 times each randomly 38 times each randomly

Figure 1 Schematic diagram of the overall test process

2. pre-practice instruction

We will start playing a game soon, your task is to feed the hungry fish.

You will see 5 small fishes playing in the water. They are all hungry. You can
feed them with the buttons in your hand. But it should be noted that the little fish in
the middle is the hungry. Therefore, you only need to feed the small fish in the
middle. When the middle fish swims to the left, you can press the <A> key with your
left hand to feed it; when the middle fish swims to the right, you can press the <L>
key with your right hand to feed it.



The next exercise will start right away. In the exercise, you should feed the fish
as accurately and quickly as possible, but be careful not to be too fast, otherwise it
will be easy to make mistakes. Next, please put the index finger of your left hand and
right hand on the <A> key and <L> key of the keyboard respectively. When you are
ready, we press the <spacebar> key to start practicing.

2. Formal test instruction

If you need to practice again, press the <F> key. If you don’t need to
practice again, press the <J> key. Starting the formal test, the subject and the
subjects said: "Very good, one practice is over, we will start the game officially. Just
like you practiced just now, you will see 5 small fish appear in the center of the screen
every time. You only need to pay attention to the small fish XX (here, please let the
children answer in the form of question and answer to see if they really understand the
law) and feed it. When the small fish in the middle swims to the left , Press the <A>
key with your left hand to feed it; when the small fish in the middle swims to the right,
press the <L> key with your right hand to feed it. Note that you should feed the small
fish as accurately and quickly as possible, and try to avoid Error. Next, please place
your left and right index fingers on the <A> key and <L> key of the keyboard
respectively. When you are ready, we press the <J> key to start the game".



N-back illustration

1. process

This test uses two conditions, 1-back and 2-back. Each condition includes two links:
practice (30 times) and formal test (72 times). The stimulus is composed of six different

shapeed images with a black background (as shown below).

A E+ (O

2. 1-back and 2-back instruction

2.1 1-back, pre-practice instruction

We are about to play a game of finding friends, the task of the game is to find the
same graphics. You need to confirm whether the graph you see now is the same as the
one you saw before. If it is the same, please press the <L> key with your right hand as
soon as possible, indicating that you have found your good friend; if the current graph
is the same as the previous one It’s not the same, please press the <A> key with your
left hand as soon as possible, indicating that your good friend hasn’t appeared yet.”

Let’s practice first. If you’re ready, press <spacebar> to start

match match

IEEIDII

1(A) 2 (A) 3() 4 5(A) 6(A) 7(L)



match

lﬂll

8(A) 9 10(A) 11 (L)

2.1.1 1-back, pre-test instruction

If you need to practice again, press the <F> key. If you don’t need to practice
more, the subject should told the participant: "We performed very well in the previous
practice. Now we are going to officially start. As with the rules of the practice just
now, you need to confirm whether the graphics you see now are the same as your
previous The graphics you see are the same. If they are the same, please press the <L>
key with your right hand as soon as possible to indicate that you have found your
good friend; if the current graphic is different from the previous one, please press the
<A> key with your left hand as soon as possible to indicate you 'S good friend has not
yet appeared.” If you are ready, please press <J> to officially start".

2.2 2-back, pre-practice instruction

Next, we still play the game of finding friends, but the difficulty has increased.
You need to confirm whether the graph you see now is the same as the previous two
graphs you saw. If it is the same, please press the <L> key with your right hand as
soon as possible, indicating that you have found your good friend; if the current graph
is the same as your first two The graphics are not the same, please press the <A> key
with your left hand as soon as possible, indicating that your good friend has not

appeared." Let’s practice first, if you are ready, please press <J> to start practicing



Match Match

1(A) 2(A) 3(A) 4 (L) 5(A) 6(A) 7(L)

8 (A) 9(A) 10(A) 11(L)

2.2.1 2-back, pre-test instruction

If you need to practice again, press the <F> key. If you don’t need to practice
more, the subject should told the participant: "The performance was very good in the
previous practice. Now we are going to officially start. The same as the rules of the
practice just now, you need to confirm whether the graphics you see now are the same
as your first two. If the graphics you see are the same, please press the <L> key with
your right hand as soon as possible, indicating that you have found your good friend;
if the current graphic is different from your previous two graphics, please press the
<A> key with your left hand as soon as possible. It means that your good friend has
not yet appeared.” If you are ready, press <J> to officially start



Dimensional change card sort (DCCYS) illustration

1 Process

The test consists of three parts: Pre-switch, Post-switch, and Border (two blocks, 72
trials/block, two-minute breaks between blocks), without intermittent, see Figure 1

below for details.

Pre-switch Phase

(Color game)

1. pre-practice
instruction 2. 15 practice
trials

3. pre-test

Post-switch Phase

(Shape game)

1. pre-practice
instruction 2. 15 practice
trials

3. pre-test

Border Phase

(Mixed)

1. pre-practice
instruction

2. 20 practice
trials

Figure 1 details of process

rget

2

Fixation

Stimulus

Figure 2 diagram of the parameters of each trial

2. Pre., Post, Mixed procesdure of three parts

2.1. Pre-switch Phase (Shape game)

Including (1) pre-practice instruction; (2) 15 practice; (3) pre-test instruction (4) 60

trials.




(1) pre-practice instruction (Figure 3)

There are two cards here, one is the blue rabbit and the other is the red boat. Now
let’s play a card game called a shape game. In this game, put all the blue cards
together (indicating here, don’t say left and right), press <F> to complete; put all the
red cards together (instruct over there, don’t say left and right), press < J> key to
complete. Put your hands on the two buttons and get ready, press <Spacebar> to

start practicing.

Note: As shown in the picture on the right, the plan is to print out the pictures and

Response Pad

paste them on F and J for the subjects to click @

O ¢
Wy Duw
Vi

—_—

&‘.‘-___‘___ =
p press
roacc

Figure 3 Sample picture of instruction interface

(2) 15 practice

Two stimulating pictures (b %) of red rabbit and blue boat appear randomly,

ensuring that the same card appears twice in a row at most.
After the exercise, enter the pre-test instruction interface.

(3) pre-test instruction
(Figure 3 is displayed in the interface)
Remember, if it is blue, press the <F> key to place it here; if it is red, press the <J>



key to place it there. Now it’s your turn, please get ready, press the <Spacebar> key to
enter the official game session. “

(4) 60 trials
Let the subjects complete it independently without feedback. The stimulus pictures

include two kinds of red rabbit and blue boat (b ﬁ) , to ensure that the same

card appears twice in a row.Whether the record is correct (such as 0 and 1) and the
accuracy percentage.
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