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Input: EEG Dataset D: {EEGEyeNet, CHB-MIT, Age
and Gender, eSports Sensors},

Model Parameters 6, Learning Rate », Epochs E,

Batch Size B, Loss Function L,

Evaluation Metrics: Accuracy, Precision, Recall,

F1-score, AUC.

Output: Trained APEO Model, Performance Metrics.

Initialize: Model weights 6p, Optimizer Adam(y),

L < Categorical Cross-Entropy.

foreach Dataset Dj e

{EEGEyeNet, CHB-MIT, Age and Gender, eSports Sensors}

do
Preprocess Data:

foreach FEG Signal X; in Dataset D; do
X(filtered . BandPass(X;, 1-50Hz);
Xglean
Normalize(RemoveArtifacts(X{ilteredyy:
if D; is multimodal then
Z; < Concat (Xglean ygensors)
end
end
Split Data:
D; ={70% Train, 15% Validation, 15% Test};
Best AUC «@;
for e=1 to £ do
foreach Mini-Batch Bj e Train do
foreach Sample x; € Bj do
Fopatial < CNN(XJ) i
Fremporal < LSTM(Fspatial) ;
97 < Softmax(Attention(Ftemporal)) ;

end
Lj < =Yk yj.k109(95.k);
0—0—nSL;

end

Validation: Compute Metrics: Precision,
Recall, Fl1-score, AUC;

if AUC,,1 > Best AUC then

M* <0, Best AUC « AUCya1;

end

end

end

Evaluate on Test Set:

foreach Sample xt € Test Set do

Predict: y¢ « M*(x¢t);

Compute Confusion Matrix: Precision P= TPTTPFFv
Recall R= TPTTPFN;

F1-Score F1= %‘%g, AUC < ROC Curve Area;

end
Output: Final Metrics: Accuracy, Precision,
Recall, F1-Score, AUC, and Trained Model M*.





OPS/images/fpubh-13-1551374/inline_1.gif





OPS/images/fpubh-13-1551374/inline_10.gif
N6





OPS/images/fpubh-13-1551374/inline_11.gif
&)





OPS/images/fpubh-13-1551374/inline_26.gif
&™)





OPS/images/fpubh-13-1551374/inline_22.gif





OPS/images/fpubh-13-1551374/inline_23.gif





OPS/images/fpubh-13-1551374/inline_24.gif
&)





OPS/images/fpubh-13-1551374/inline_25.gif
E(t+1)





OPS/images/fpubh-13-1551374/inline_19.gif





OPS/images/fpubh-13-1551374/inline_2.gif
P





OPS/images/fpubh-13-1551374/inline_20.gif
EFei(s)





OPS/images/fpubh-13-1551374/inline_21.gif
a;()





OPS/images/fpubh-13-1551374/inline_18.gif
S
U (E)





OPS/images/fpubh-13-1552243/crossmark.jpg
©

2

i

|





OPS/images/fpubh-13-1438775/fpubh-13-1438775-t005.jpg
A~~B 0.66 0.62 53.2 <0.001
A~~C 0.61 0.57 99.2 <0.001
A~~D 0.57 0.53 163.2 <0.001
A~~E 0.56 0.52 194.0 <0.001
A~~F 0.67 0.63 64.5 <0.001
B~~C 0.74 0.70 19.2 <0.001
B~~D 0.66 0.62 64.7 <0.001
B~~E 0.68 0.65 57.5 <0.001
B~~F 0.72 0.68 335 <0.001
C~~D 0.66 0.63 78.4 <0.001
C~~E 0.79 0.76 5.1 0.023
C~~F 0.78 0.74 10.0 0.002
D~~E 0.66 0.63 118.1 <0.001
D~~F 0.71 0.68 51.8 <0.001
E~~F 0.74 0.72 30.7 <0.001

A, exercise; B, diet; C, personal responsibility; D, sleep; E, interpersonal relationships; E
stress management.
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Factor

Exercise

Diet 0.78 0.80
Personal responsibility 0.88 079
Sleep 0388 0.88
Interpersonal relationships 0.87 0.84
Stress management 0.87 0.87
Global 0.96 0.95

EFA, exploratory factor analysis; CFA, confirmatory factor analysis.
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ltem actor

Al 0.66 061
A2 078 074
A3 0.80 074
Ad 078 0.68
A5 0.64 056
A6 0.67 0.66
Bl 0.42 058
B2 0.54 052
B3 074 0.62
B4 0.62 061
BS 0.49 058
B6 0.47 0.69
c1 071 059
c2 073 059
c3 0.45 061
Cc4 0.42 056
cs 051 061
c6 058 0.63
DI 0.72 072
D2 0.57 0.65
D3 0.78 0.80
D4 0.66 073
D5 0.68 0.70
El 0.74 072
E2 0.62 055
E3 0.68 0.62
Ed 0.78 072
E5 0.58 0.65
E6 0.40 048
F1 0.62 0.62
F2 0.67 0.67
F3 0.62 0.65
F4 0.67 0.64
F5 0.61 0.77

h?, communality.
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A. exercise
Al You warm up before engaging in any strenuous exercise.
A2. You do cool down after any strenuous exercise.

A3. Despite your heavy study load, you have been able to maintain your physical
activity.

A4. You can perform high-intensity, approximately 30-min exercises (excluding
warm-up) at least three times a week.

AS5. You wait at least half an hour after your meal before exercising.

A6. You will wear protective gear during your workout to prevent injuries from
overexertion.

B. diet

Bl. You eat breakfast every day and have three regular meals daily.
B2. You can focus entirely on eating when you have your meals.
B3. You prefer chewing slowly when you eat.

B4. You make conscious choices to opt for less salty foods.

B5. You pay more attention to achieving a balanced mix of different foods when
you eat.

B6. You are interested in learning more about healthy eating.
C. personal responsibility

C1. You have strong willpower and exhibit no signs of mentally addictive
behaviors.

C2. You are aware of road safety, electrocution hazards, and drowning safety to
prevent incidents.

C3. You continuously acquire health and safety knowledge and skills over time.

C4. You protect your eyes by employing various methods, including eye
exercises, using eye drops, and avoiding excessive eye strain.

C5. You maintain good health and hygiene practices, such as washing your hands
before meals and brushing your teeth in the morning and evening.

C6. You have learned about the characteristics of adolescent puberty from
various sources, including the Internet and public information.

D. sleep

DL. You don’t have a sleep disorder and can fall asleep quickly.

D2. You wake up feeling energized and refreshed.

D3. You believe that you've had good quality sleep in the last month.
D4. You geta full 8 h of sleep each day.

D5. You have consistently been able to fall asleep by 22:30 every day in the last
month.

E. interpersonal relationships
EL. You possess excellent interpersonal skills.

E2. You remain close to the people you care about and show genuine concern for
their wellbeing.

E3. You take the initiative to meet students from different classes, expanding
your social interactions.

E4. You have good integration skills and can quickly adapt to and become part of
any group.

E5. You possess strong cooperation skills and can effectively collaborate with
classmates or partners to achieve shared goals.

E6. You regularly reach out to your loved ones to express care and concern.
F. stress management

FL. You can identify the source of stress whenever you experience it.

F2. You bravely accept the things in your life that you cannot change.

F3. You handle difficulties and setbacks with resilience and composure.

F4. You actively seek out ways to alleviate stress.

F5. You can regulate your emotions effectively and remain unaffected by negative
feelings.

The strikethrough indicates that this item was excluded based on the subsequent confirmatory
factor analysis and, therefore, was not included in the final version of the Adolescent Health
Behavior Checklist.
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Variable N Mean SD Min Max Skewness Kurtosis

Age (years) 2815 1521 155 13.00 18.00 0.27 04
Height (cm) 2815 15163 1219 8200 190.00 -022 043
Weight (kg) 2815 46.13 1357 18.00 12250 110 222
BMI (kg/m?) 2815 1985 450 600 45.94 129 257
PBE (%) 2815 19.40 830 295 5470 0.86 123
FM (kg) 2815 966 662 062 50.00 201 650
FEM (kg) 2815 3648 883 1609 87.00 119 250
PA level 2815 233 075 100 4.04 0.39 022
$B score 2815 277 089 0.00 500 0.08 012
Watching TV score 2815 303 141 0.00 500 -025 ~0.69
Laptop use score 2815 265 157 0.00 500 0.03 ~1.09
Playing video-games 2815 218 159 0.00 500 022 ~1.08
score

Smartphone use score 2815 329 142 0.00 500 -036 .86

BMI, body mass index; M, fat mass; FEM, fat-free mass; PAQ-A, Physical Activity Questionnaire for Adolescents; PBE, percentage body fat; SB, sedentary behavior; SD, standard deviation,
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Effect Effect BootSE BootLLCI BootULCI Proportion of effect

Mediation effect 0.261 0053 0.158 0367 59.6%
Direct effect 0177 0076 0.026 0327 40.4%
Total effect 0438 0.065 0311 0.565

BootSE, Bootstrap Standard Error; BootLLCI, Bootstrap Lower Limit Confidence Interval; BootULCI, Bootstrap Upper Limit Confidence Interval.
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Regression equation Coefficient Goodness-of-fit measures

Grouping variable SE F

Total  Social support 0.064 0059 0,053 1098 0218 68.984%%
Self-efficacy 0397 0044 0438 9.061%%

Male  Social support ~0.003 0093 ~0.003 ~0.034 0216 27,258+
Self-efficacy 0472 0076 0475 61857

Female | Social support 0177 0076 0.148 2332% 0219 42419%%
Self-efficacy 0307 0053 037 58104

*%p < 0.1, significant correlation. R’ (R-squared): Proportion of variance in the dependent variable explained by the model; F (F-statistic): Tests overall significance of the regression model; B
(Unstandardized Coeffcient): Change in the dependent variable for a one-unit change in the predictor; SE (Standard Error): Precision of the coefficient estimate; ) (Standardized Coeficient/
Beta): Standardized coefficient, showing the effect in standard deviation units.
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Variable Physical activity participation Female

B SE B SE
Self-Efficacy 0.424 0.468 0.036%* 0471 0473 0.064%* 0.380 0.458 0.043%*
R 0.218 0.220 0.207

F 136.706** 54.802%* 78.226%*

**p < 0.01, significant correlation. R’ (R-squared): Proportion of variance in the dependent variable explained by the model; F (F-statistic): Tests overall significance of the regression model; B
(Unstandardized Coefficient): Change in the dependent variable for a one-unit change i the predictor; S (Standard Error): Precision of the coefficient estimate; p (Standardized Coefficient/
Beta): Standardized coefficient, showing the effect in standard deviation units.
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Variable Self-efficacy Female

SE ISE
Social Support 0751 0562 0.050%+ 0667 0550 0.074%% 0.850 0591 0,068+
R 0314 0299 0347
F 224.247%% 82.390%% 158,357

**p < 0.01, significant correlation. R* (R-squared): Proportion of variance in the dependent variable explained by the model; F (F-statistic): Tests overall significance of the regression model; B
(Unstandardized Coefficient): Change in the dependent variable for a one-unit change i the predictor; S (Standard Error): Precision of the coefficient estimate; p (Standardized Coefficient/
Beta): Standardized coefficient, showing the effect in standard deviation units.
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Variable Participation in sports activities Female

B SE B SE
Social Support 0.362 0.299 0.052%* 0312 0.258 0.085%* 0.438 0.367 0.065%*
R 0.088 0.062 0.132

F 47.898%* 13502 45977%

**p < 0.01, significant correlation. R* (R-squared): proportion of variance i the dependent variable explained by the model; F (F-statistic): Tests overall significance of the regression model; B
(Unstandardized Coefficient): Change in the dependent variable for a one-unit change i the predictor; S (Standard Error): Precision of the coefficient estimate; p (Standardized Coefficient/
Beta): Standardized coefficient, showing the effect in standard deviation units.
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Variable PSA SS Ph-F Ps-F SEF
PSA 1

Fr$ 0309+ 1

ss 0.208** 0,593+ 1

Fa-s 0265+ 0.643%% 0.648+* 1

Ph-F 0409+ 0.470%* 0.330%% 0.528%* 1

Ps-F 0.469** 0.507%% 0.409%% 0541 0.834%% 1

PEF 0.425%¢ 0.493%% 0.354%% 0570 0.826%* 0.817%% 1

SEF 0.434%% 0.460%* 0.332%% 0530 0.800%* 0.809%% 0.865%* 1

**p < 001, significant correlation. PSA, Participation in sports actvitis; Fr-S, Friend support; S5, School support; Fa-S, Family support; Ph- Physical factor; Ps-F, Psychological factor; PEF,
Physical environmental factor; SEF, Social environmental factors.
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Mean/percentage

Age 19.11:4 1034
Sex
Male (192) 39.3%
Female (297) 60.7%
Physical activity participation 276£0.713
Physical activity participation in the past week 27740778
Exercise frequency, intensity, and duration 27440797
Social support 35540.589
Friend support 33540741
School support 37320634
Family support 350£0.677
Self-efficacy 333£0.788
Physical factor 3260853
Psychological factor 346£0.835
Physical environmental factor 330£0.831
Social environmental factors 32740854

Physical Activity Participation: includes “Participation in Physical Activity in the Past Week”
and “Exercise frequency, intensity; and duration’; Social Support:includes “Friend Support;”
chool Support” and “Family Support”; Self-effcacy: includes “Physical Factors,”

“Psychological Factors! “Physical Environmental Factors;" and “Social Environmental
Factors”.
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Physical Social

activity support
participation

KMO value 0.860 0917
Bartlett’s 7 1640.842 3433112
b af 45 78
Spherici

Phericlty | e 0,000 0.000

Chi-Square Value; df, degrees of freedom; Sig. significance.

Sports
self-
efficacy

0965
8402013
153

0.000
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Physical activity partics

Physical activity participation in the past week

Exercise frequency, intensity, and duration
Social support

Friend support

School support

Family support
Self-efficacy

Physical factor

Psychological factor

Physical environmental factor

Social environmental factors

*4p < 0.1, *p < 0.05, significant correlation.

Male
294078
28940832
2920859
349+ 0,647
33140848
3.6+ 0.688
346+ 0.705
3410784
33940858
35440832
339+ 0.801

33140873

Female
268+ 0,653
275073
26240731
35840548
33840664
37840591
35340658
32740787
31840841
3450835
32440847

32540842

327+
263*
402
-168
~101
-213*
~1L01
182
273%
178
192

084
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2. Some activity i reported but does not meet the medium and
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people
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Natural sciences 576 44

Physical education 226 173
Freshman year 654 50

Sophomore year 458 35
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Senior year 55 42
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Variant

Physical activity 0.041%% (~0.006) 0.057%%* (~0.006)
Total effect 7.523%%* (~0.025) 7.299%%* (=0.022)
N 10661 10,295
R2 0.004 0.009

*, #* and *** indicate significance at the 10, Sand 1% statistical levels, respectively; robust
standard errors are in parentheses.
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Variant Model 1 Model 2 Model 3

Two-stage sleep Phase | Phase Il Phase | Phase Il
Physical exercise 0.052°%% (=0.004) 0.208%** (~0.022) 0.209%** (-0.021)
Fathers’ weekly exercise 0.293%* (~0.010) 0.284%%% (~0.010)
Gender —0.337% %% (<0.03) ~0.049%%* (~0.019)
Age ~0.026%%* (~0.012) 0.160%** (~0.008)
Health Level T1 ~0327%%* (~0.041) ~0.049*
(~0.025)
Health Level T ~0.560*** (~0.046) —0241%%* (~0.031)
Health Level IV ~0.733** (~0.052) ~0.468*** (~0.037)
Health Level V —0.681%** (~0.129) —1.092%* (~0.121)
Grade —0.123%%% (~0.045) ~0.463*** (~0.029)
Aggregate effect 7.40244% (~0.017) 2291%% (~0.036) 6.893*+* (~0.072) 54454 (~23.441) —314.074%* (<1539)
R2 0.007 004 0061 0121
N 20956 20,286

* ** and *** indicate significance at the 10, Sand 1% statistical levels, respectively; robust standard errors are in parentheses.
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Variant Physical activity

Direct Indirect
effect effect
0208%%% | 0.0323%%% | 0.176%H*
Sleep
(-9.570) (~6580) (~7.400)
“The first stage F1 statistic 881212
‘The second stage F2 statistic 4293.839
N 20,956

* ** and *** indicate significance at the 10, Sand 1% statistical levels, respectively; robust
standard errors are in parentheses.
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Variant hysical activity Gender Birth year Grade tal effect

Sleep quality ~0.0203++* ~0.0195% ~0.0493%+* 00153 1010281+
(~0.003) (-0.012) (=0.005) (-0.018) (~9.365)

N 21,147

R2 0.069

* ** and *** indicate significance at the 10, Sand 1% statistical levels, respectively; robust standard errors are in parentheses.
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Inspect Weak instrumental variables test Exogeneity test Hausmann test

Physical exercise 0.208%%% (9.57) 0208%%* (~9.57) 0.052%%* (~0.004) 0.208%%* (~0.022)
Aggregate effect 68935 (=96.35) 6.893%+* (~96.35) 7.402%%* (~0.017) 6.893%%* (~0.072)
N 20956

¥ ** and *** indicate significance at the 10, Sand 1% statistical level, respectively; robust standard errors are in parentheses.
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Variant

Dependent Variable
Sleep

Independent Variable

Physical exercise

Instrumental Variable
Physical habits of fathers

Mediary Variable

physical Behavi

Control Variable
Gender
Birth year

Self-examination of health status

Grade

Def

How many hours of slecp do you usually get each night?(24-h day)

How many of the last 7 days did you work out for more than 30 min?(Include all 1-8

types of exercise that increase your heart rate and make you short of breath)

How many times a week does your dad exercise? 15
How many times a week do you and your parents exercise together? 1-5
Male = 1, Female =2 1-2
Controlling for age of respondents based on year of birth 1991-2013
“The following questions relate to your overall health. Overall, how do you think 15

your healt
Middle school = 1, high school = 2 12

(from lowest to highest: excellent; very good; good; fair; poor)

ions and assignments Range of values

Mean

7.571

3297

249

1491

2005

2287

1382

SD

134

2182

1492

1379

05
1884

1028
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