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	Table A1. Descriptive Statistics for Key Variables (Study 1 and Study 2)

	Variable
	N = 482 (Study 1)
	N = 185 (Study 2)

	Dependent Variable

	Leadership Index
	M = 30.30, SD = 4.96
	M = 28.26, SD = 4.19

	Independent Variable

	Academic Performance (Math / GPA)
	M = 41.04, SD = 27.30
	M = 61.34, SD = 9.99

	Mediator Variables (ECA involvement)

	Team Sports
	M = 2.56, SD = 1.72
	M = 3.93, SD = 3.18

	Individual Sports
	M = 2.43, SD = 1.79
	M = 3.51, SD = 3.27

	Music and Performing Arts Clubs 
	M = 1.79, SD = 1.67
	M = 2.23, SD = 2.88

	Photography Clubs
	M = 1.58, SD = 1.52
	M = 1.71, SD = 2.18

	Foreign Language Clubs
	M = 3.63, SD = 1.74
	M = 3.04, SD = 3.22

	Intellectual Games
	M = 2.21, SD = 1.79
	M = 2.42, SD = 2.92

	Visual Arts Clubs 
	M = 1.32, SD = 1.28
	M = 1.32, SD = 1.87

	Total ECA Involvement (years)
	M = 12.98, SD = 10.23
	M = 15.09, SD = 15.03

	Covariates

	Age
	M = 19.93, SD = 1.34
	M = 18.22, SD = 5.87

	Female (%)
	29.30%
	31.90%

	Male (%)
	70.70%
	68.10%

	Living Under Supervision (%)
	79.90%
	91.90%

	Living Independently (%)
	20.10%
	8.10%

	ECA Involvement (Yes)
	51.20%
	61.60%




	Table A2. Pearson Correlations Among Key Variables (Study 1 and Study 2)

	
	Study 1
	Study 2

	
	(N = 482)
	(N = 185)

	Variables
	r
	p
	r
	p

	Mathematics Entrance Score (quantitative ability)
	0.06
	0.22
	—
	—

	IELTS Score (English language proficiency)
	.11*
	0.02
	—
	—

	Academic Performance (GPA)
	—
	—
	.15*
	0.05

	Funding Status (0 = Contract, 1 = Scholarship)
	0.07
	0.15
	—
	—

	Team Sports (years)
	.28**
	< .001
	0.09
	0.21

	Individual Sports (years)
	.28**
	< .001
	0.01
	0.94

	Music and Performing Arts Clubs  (years)
	.16**
	< .001
	.17*
	0.02

	Photography Clubs (years)
	.21**
	< .001
	0.01
	0.85

	Foreign Language Clubs (years)
	.19**
	< .001
	−.00
	0.96

	Intellectual Games (years)
	.28**
	< .001
	0.08
	0.27

	Visual Arts Clubs  (years)
	0.06
	0.19
	0.05
	0.46

	Total ECA Involvement (years)
	.23**
	< .001
	−.00
	0.97

	ECA Participation (0 = No, 1 = Yes)
	−.05
	0.24
	0.05
	0.48

	Age (years)
	0
	0.98
	0.05
	0.5

	Gender (0 = Female, 1 = Male)
	.24**
	< .001
	0.04
	0.56

	Living Arrangement (0 = Supervised, 1 = Independent)
	0.06
	0.22
	.19**
	0.01




	Table A3. Multiple linear regression models predicting leadership

	Study 1
	Predictor
	B
	SE B
	β
	t
	p

	
	(Constant)
	22.571
	3.967
	—
	5.689
	<.001

	
	Math Score
	0.008
	0.008
	0.047
	1.069
	0.286

	
	IELTS Score
	0.785
	0.355
	0.097
	2.211
	0.028

	
	Total ECA Involvement Years 
	0.095
	0.021
	0.196
	4.457
	<.001

	
	Age
	-0.014
	0.162
	-0.004
	-0.086
	0.931

	
	Gender
	2.281
	0.483
	0.21
	4.727
	<.001

	
	Living Arrangement
	0.137
	0.545
	0.011
	0.252
	0.801

	
	Model Statistics: R² = .109, Adj. R² = .098 | F(6, 474) = 9.68, p < .001, SE = 4.70

	Study 2
	Predictor
	B
	SE B
	β
	t
	p

	
	(Constant)
	23.767
	2.278
	—
	10.431
	<.001

	
	Academic Performance
	0.052
	0.031
	0.123
	1.645
	0.102

	
	Total ECA Involvement Years
	0
	0.021
	0
	-0.001
	0.999

	
	Age
	0.053
	0.054
	0.073
	0.976
	0.33

	
	Gender
	0.162
	0.677
	0.018
	0.24
	0.811

	
	Living Arrangement 
	2.853
	1.151
	0.187
	2.479
	0.014

	
	Model Statistics: R² = .059, Adj. R² = .033 | F(5, 176) = 2.23, p = .054, SE = 4.14

	Note: Multicollinearity diagnostics indicated no concerns (all VIFs ≈ 1.0).






	Table A4. Hierarchical regression models predicting leadership (I–E–O framework; study 1 and study 2)

	Study
	Model
	Predictors Entered
	ΔR²
	Adj. R²
	F Change
	df1
	df2
	p

	Study 1
	Step 1 (Inputs)
	Age, Gender, IELTS, Math, Cohort, Living Arr.
	0.072
	0.06
	6.111
	6
	474
	<.001

	
	Step 2 (Inputs + ECA Types)
	+ Photography clubs, Music and Performing Arts Clubs, Visual Arts Clubs, Games, Sports, Language, Total ECA Involvement (years)
	0.091
	0.138
	6.325
	8
	466
	<.001

	Study 2
	Step 1 (Inputs)
	Age, Gender, Academic performance, Living Arr.
	0.059
	0.038
	2.797
	4
	177
	0.028

	
	Step 2 (Inputs + ECA Types)
	+ Photography clubs, Music and Performing Arts Clubs, Visual Arts Clubs, Games, Sports, Language, Total ECA Involvement (years)
	0.078
	0.076
	1.906
	8
	169
	0.062

	Notes. Dependent variable: Leadership Index (scaled 0–50). Variables were entered in blocks using the I-E-O framework: I (Inputs) = Age, Gender, Academic performance/IELTS, Math, Living Arrangement, E (Environment) = ECA participation (total and by type).




	Table A5. Mediation analyses of inputs, ECA engagement, and leadership (I–E–O framework; study 1 and study 2)

	Variable / Path
	Study 1
	Study 2
	Study 1
	Study 2
	Significance

	
	Coeff. (SE)
	Coeff. (SE)
	95% CI
	95% CI
	

	Overall Model
	
	
	
	
	

	a (Input → ECA)
	.015 (.017)
	−.117 (.113)
	[−.018, .048]
	[−.341, .107]
	n.s.

	b (ECA → Leadership)
	.099 (.021)**
	.000 (.021)
	[.057, .141]
	[−.041, .041]
	p < .01

	c (Total Input → Leadership)
	.009 (.008)
	.052 (.031)
	[−.007, .025]
	[−.010, .113]
	†p < .10

	c′ (Direct w/ Mediator)
	.008 (.008)
	.052 (.032)
	[−.008, .023]
	[−.010, .116]
	n.s.

	Indirect (a×b)
	.0015 (.0017)
	.0000 (.0033)
	[−.002, .005]
	[−.007, .007]
	n.s.

	R² (Model)
	0.0999
	0.0595
	—
	—
	—

	F(df₁, df₂)
	10.55 (5,475)**
	2.23 (5,176)†
	—
	—
	p < .01 / †p < .10

	Specific ECA Mediators
	
	
	
	
	

	Team Sports
	.0000 (.0008)
	.0013 (.0035)
	[−.0017, .0017]
	[−.0052, .0098]
	n.s.

	Individual Sports
	.0013 (.0012)
	−.0001 (.0027)
	[−.0007, .0040]
	[−.0057, .0059]
	n.s.

	Music and Performing Arts Clubs
	.0001 (.0005)
	−.0103 (.0094)
	[−.0009, .0014]
	[−.0315, .0057]
	† (Study 2)

	Photography Clubs
	.0009 (.0010)
	.0017 (.0039)
	[−.0006, .0033]
	[−.0047, .0112]
	n.s.

	Foreign Language Clubs
	.0004 (.0010)
	.0041 (.0060)
	[−.0014, .0026]
	[−.0062, .0179]
	n.s.

	Intellectual Games
	.0022 (.0015)
	.0022 (.0051)
	[−.0002, .0057]
	[−.0083, .0132]
	n.s.

	Visual Arts Clubs
	.0001 (.0010)
	.0001 (.0024)
	[−.0021, .0022]
	[−.0047, .0058]
	n.s.

	Combined Indirect (Σ M)
	.0049 (.0028)
	−.0011 (.0131)
	[−.0005, .0107]
	[−.0282, .0240]
	† (Study 1)

	Model R² (Y = Leadership)
	0.153
	0.114
	—
	—
	—

	Model F(df₁, df₂)
	7.67 (11, 469)**
	1.99 (11, 170)*
	—
	—
	p < .01 / p < .05

	Note. N₍Study 1₎ = 481; N₍Study 2₎ = 182. Covariates: age, gender, living arrangement. CI = confidence interval. † p < .10, * p < .05, ** p < .01. Confidence intervals are bias-corrected bootstrap estimates based on 5,000 samples.




	Table A6. Moderation analyses of ECA involvement and leadership (gender and living arrangement)

	Predictor
	B
	SE
	t
	p
	95% CI LL
	95% CI UL

	Model 1: Moderator – Gender

	Intercept
	23.46
	2.34
	10.03
	.001
	18.85
	28.08

	Total ECA Involvement (years)
	-0.002
	0.058
	-0.036
	0.972
	-0.116
	0.112

	Gender
	0.273
	1.01
	0.271
	0.787
	-1.717
	2.262

	Total ECA Involvement (years) × Gender (Interaction)
	0.014
	0.067
	0.211
	0.833
	-0.118
	0.146

	Academic Performance
	0.063
	0.032
	1.99
	0.048
	0.001
	0.125

	Age
	0.036
	0.055
	0.654
	0.514
	-0.072
	0.143

	Model R²
	0.027
	
	
	
	
	

	Interaction ΔR²
	0.0002
	
	
	0.833
	
	

	Model 2: Moderator – Living Arrangement

	Intercept
	24.13
	2.11
	11.45
	.001
	19.97
	28.28

	Total ECA Involvement (years)
	0.021
	0.029
	0.729
	0.467
	-0.037
	0.079

	Living arrangement
	5.99
	1.93
	3.1
	0.002
	2.18
	9.8

	Total ECA Involvement × Living arrangement (Interaction)
	-0.206
	0.104
	-1.98
	0.05
	-0.412
	-0.001

	Academic Performance
	0.047
	0.031
	1.53
	0.129
	-0.014
	0.108

	Age
	0.041
	0.054
	0.76
	0.448
	-0.065
	0.147

	Model R²
	0.08
	
	
	
	
	

	Interaction ΔR²
	0.021
	
	
	0.05
	
	

	Note. Moderation tested using Hayes' PROCESS macro (Model 1). Confidence intervals based on 95% level. ΔR² refers to the variance explained by the interaction term.




	Table A7. City–region differences in academic and leadership outcomes

	Outcome / Variable
	Study
	Direction
(Region vs. City)
	Statistic
	p
	Effect

	Leadership Index
	2
	Region > City
	t(183) = –2.40
	0.018
	d = –0.38

	Academic Performance (GPA)
	2
	Region > City
	t(180) = –2.10
	0.038
	d = –0.34

	English Proficiency (IELTS)
	1
	Region > City
	t(480) = –2.05
	0.041
	d = –0.20

	Scholarship Status
	1
	Region > City
	χ² = 16.79
	.001
	—

	Prior School ECA Participation
	1
	Region > City
	χ² = 5.50
	0.019
	—

	Gender Composition
	1
	Region > City (Male)
	χ² = 16.75
	.001
	—

	Gender Composition
	2
	Region > City (Male)
	χ² = 6.50
	0.011
	—

	Living Independently
	1
	Region > City
	χ² = 114.52
	.001
	—

	Living Independently
	2
	Region > City
	χ² = 6.23
	0.013
	—

	Living Arrangement → Leadership (GLM)
	2
	Independent > Supervised
	F(1,182) = 4.45
	0.036
	—

	City/Region (Multivariate)
	2
	Region advantage
	Wilks’ λ = .945
	0.017
	—



