Supplementary Materials

Supplementary File 1: Tables and Data

Table S1. Measurement Items for Study Variables
	Variable
	Dimension
	Item Code
	Item Content

	Authentic Leadership
	Self-awareness
	AL_SA1
	My leader seeks feedback to improve interactions with others

	
	
	AL_SA2
	My leader accurately describes how others view his/her capabilities

	
	
	AL_SA3
	My leader shows he/she understands how specific actions impact others

	
	
	AL_SA4
	My leader knows when it is time to reevaluate his/her position on important issues

	
	Relational Transparency
	AL_RT1
	My leader says exactly what he/she means

	
	
	AL_RT2
	My leader admits mistakes when they are made

	
	
	AL_RT3
	My leader encourages everyone to speak their mind

	
	
	AL_RT4
	My leader tells the hard truth

	
	
	AL_RT5
	My leader displays emotions exactly in line with feelings

	
	Balanced Processing
	AL_BP1
	My leader solicits views that challenge his/her deeply held positions

	
	
	AL_BP2
	My leader analyzes relevant data before coming to a decision

	
	
	AL_BP3
	My leader listens carefully to different points of view before coming to conclusions

	
	Moral Perspective
	AL_MP1
	My leader demonstrates beliefs that are consistent with actions

	
	
	AL_MP2
	My leader makes decisions based on his/her core values

	
	
	AL_MP3
	My leader asks others to take positions that support their core values

	
	
	AL_MP4
	My leader makes difficult decisions based on high standards of ethical conduct

	Psychological Safety
	Interpersonal Risk
	PS1
	If you make a mistake on this team, it is often held against you (R)

	
	
	PS2
	Members of this team are able to bring up problems and tough issues

	
	
	PS3
	People on this team sometimes reject others for being different (R)

	
	Error Tolerance
	PS4
	It is safe to take a risk on this team

	
	
	PS5
	It is difficult to ask other members of this team for help (R)

	
	Open Communication
	PS6
	No one on this team would deliberately act in a way that undermines my efforts

	
	
	PS7
	Working with members of this team, my unique skills and talents are valued and utilized

	Leader-Member Exchange
	Mutual Trust
	LMX1
	I know where I stand with my leader and I usually know how satisfied my leader is with what I do

	
	
	LMX2
	My leader understands my job problems and needs

	
	Respect
	LMX3
	My leader recognizes my potential

	
	
	LMX4
	Regardless of how much formal authority my leader has, my leader would use his/her power to help me solve problems

	
	
	LMX5
	Regardless of how much formal authority my leader has, my leader would "bail me out" at his/her expense

	
	Obligation
	LMX6
	I have enough confidence in my leader that I would defend and justify his/her decision if he/she were not present

	
	
	LMX7
	My working relationship with my leader is extremely effective

	Cultural Collectivism
	Horizontal Collectivism
	CC_HC1
	If a coworker gets a prize, I would feel proud

	
	
	CC_HC2
	The well-being of my coworkers is important to me

	
	
	CC_HC3
	To me, pleasure is spending time with others

	
	
	CC_HC4
	I feel good when I cooperate with others

	
	
	CC_HC5
	Parents and children must stay together as much as possible

	
	
	CC_HC6
	It is my duty to take care of my family, even when I have to sacrifice what I want

	
	
	CC_HC7
	Family members should stick together, no matter what sacrifices are required

	
	
	CC_HC8
	It is important to me that I respect the decisions made by my groups

	
	Vertical Collectivism
	CC_VC1
	Parents and children must stay together as much as possible

	
	
	CC_VC2
	It is my duty to take care of my family, even when I have to sacrifice what I want

	
	
	CC_VC3
	Family members should stick together, no matter what sacrifices are required

	
	
	CC_VC4
	It is important to me that I respect the decisions made by my groups

	
	
	CC_VC5
	I would sacrifice an activity that I enjoy very much if my family did not approve of it

	
	
	CC_VC6
	I would do what would please my family, even if I detested that activity

	
	
	CC_VC7
	Before taking a major trip, I consult with most members of my family and many friends

	
	
	CC_VC8
	I usually sacrifice my self-interest for the benefit of my group


Note. (R) = Reverse-coded item. All items rated on 5-point Likert scale (1 = Strongly Disagree to 5 = Strongly Agree).

Table S2. Confirmatory Factor Analysis Results
	Variable
	Item
	Standardized Factor Loading
	SE
	t-value

	Authentic Leadership
	AL_SA1
	0.78
	0.03
	26.00***

	
	AL_SA2
	0.81
	0.03
	27.00***

	
	AL_SA3
	0.76
	0.03
	25.33***

	
	AL_SA4
	0.72
	0.04
	18.00***

	
	AL_RT1
	0.79
	0.03
	26.33***

	
	AL_RT2
	0.83
	0.03
	27.67***

	
	AL_RT3
	0.77
	0.03
	25.67***

	
	AL_RT4
	0.74
	0.04
	18.50***

	
	AL_RT5
	0.71
	0.04
	17.75***

	
	AL_BP1
	0.75
	0.03
	25.00***

	
	AL_BP2
	0.82
	0.03
	27.33***

	
	AL_BP3
	0.80
	0.03
	26.67***

	
	AL_MP1
	0.84
	0.03
	28.00***

	
	AL_MP2
	0.86
	0.02
	43.00***

	
	AL_MP3
	0.79
	0.03
	26.33***

	
	AL_MP4
	0.81
	0.03
	27.00***

	Psychological Safety
	PS1
	0.73
	0.04
	18.25***

	
	PS2
	0.79
	0.03
	26.33***

	
	PS3
	0.71
	0.04
	17.75***

	
	PS4
	0.82
	0.03
	27.33***

	
	PS5
	0.76
	0.03
	25.33***

	
	PS6
	0.78
	0.03
	26.00***

	
	PS7
	0.80
	0.03
	26.67***

	Leader-Member Exchange
	LMX1
	0.81
	0.03
	27.00***

	
	LMX2
	0.84
	0.03
	28.00***

	
	LMX3
	0.86
	0.02
	43.00***

	
	LMX4
	0.83
	0.03
	27.67***

	
	LMX5
	0.79
	0.03
	26.33***

	
	LMX6
	0.82
	0.03
	27.33***

	
	LMX7
	0.85
	0.02
	42.50***

	Cultural Collectivism
	CC_HC1
	0.72
	0.04
	18.00***

	
	CC_HC2
	0.75
	0.03
	25.00***

	
	CC_HC3
	0.69
	0.04
	17.25***

	
	CC_HC4
	0.74
	0.04
	18.50***

	
	CC_HC5
	0.71
	0.04
	17.75***

	
	CC_HC6
	0.76
	0.03
	25.33***

	
	CC_HC7
	0.73
	0.04
	18.25***

	
	CC_HC8
	0.70
	0.04
	17.50***

	
	CC_VC1
	0.77
	0.03
	25.67***

	
	CC_VC2
	0.79
	0.03
	26.33***

	
	CC_VC3
	0.74
	0.04
	18.50***

	
	CC_VC4
	0.72
	0.04
	18.00***

	
	CC_VC5
	0.68
	0.04
	17.00***

	
	CC_VC6
	0.71
	0.04
	17.75***

	
	CC_VC7
	0.73
	0.04
	18.25***

	
	CC_VC8
	0.75
	0.03
	25.00***


Note. N = 552. SE = Standard Error. ***p < .001.

Table S3. Convergent and Discriminant Validity Assessment
	Variable
	CR
	AVE
	1
	2
	3
	4

	1. Authentic Leadership
	0.94
	0.61
	(0.78)
	
	
	

	2. Psychological Safety
	0.91
	0.59
	0.34
	(0.77)
	
	

	3. Leader-Member Exchange
	0.93
	0.68
	0.41
	0.28
	(0.82)
	

	4. Cultural Collectivism
	0.90
	0.53
	0.03
	0.02
	0.04
	(0.73)


Note. N = 552. CR = Composite Reliability; AVE = Average Variance Extracted. Values on the diagonal (in parentheses and bold) represent the square root of AVE for each construct. Off-diagonal values represent squared correlations between constructs. Discriminant validity is established when the square root of AVE exceeds all squared correlations in the same row and column.

Table S4. Model Fit Comparison for Discriminant Validity
	Model
	χ²
	df
	Δχ²
	CFI
	TLI
	RMSEA
	SRMR

	Hypothesized 4-factor model
	1842.67
	983
	—
	0.94
	0.93
	0.04
	0.05

	3-factor model (AL + LMX combined)
	2456.83
	986
	614.16***
	0.87
	0.86
	0.08
	0.09

	3-factor model (PS + LMX combined)
	2312.45
	986
	469.78***
	0.88
	0.87
	0.07
	0.08

	2-factor model (AL + LMX + PS combined)
	3124.56
	988
	1281.89***
	0.79
	0.78
	0.11
	0.12

	1-factor model (all combined)
	4567.89
	989
	2725.22***
	0.62
	0.60
	0.15
	0.16


Note. N = 552. AL = Authentic Leadership; LMX = Leader-Member Exchange; PS = Psychological Safety; CC = Cultural Collectivism. χ² = Chi-square; df = degrees of freedom; Δχ² = Chi-square difference compared to hypothesized model; CFI = Comparative Fit Index; TLI = Tucker-Lewis Index; RMSEA = Root Mean Square Error of Approximation; SRMR = Standardized Root Mean Square Residual. ***p < .001.

Table S5. Common Method Bias Assessment (Harman's Single-Factor Test)
	Factor
	Eigenvalue
	% of Variance
	Cumulative %

	Factor 1
	8.42
	18.30
	18.30

	Factor 2
	5.67
	12.32
	30.62

	Factor 3
	4.89
	10.63
	41.25

	Factor 4
	3.21
	6.98
	48.23

	Factor 5
	2.45
	5.33
	53.56

	Factor 6
	1.98
	4.30
	57.86

	Factor 7
	1.67
	3.63
	61.49

	Factor 8
	1.34
	2.91
	64.40


Note. N = 552. The first factor accounts for 18.30% of the total variance, which is below the 50% threshold, suggesting that common method bias is not a significant concern in this study.

Table S6. Multicollinearity Diagnostics
	Variable
	Tolerance
	VIF

	Authentic Leadership
	0.58
	1.72

	Leader-Member Exchange
	0.55
	1.82

	Cultural Collectivism
	0.94
	1.06

	Age
	0.61
	1.64

	Gender
	0.98
	1.02

	Organizational Tenure
	0.59
	1.69

	AL × CC
	0.87
	1.15

	LMX × CC
	0.89
	1.12


Note. N = 552. VIF = Variance Inflation Factor. All VIF values are below the threshold of 10, and all tolerance values exceed 0.10, indicating no serious multicollinearity issues.

Table S7. Conditional Indirect Effects at Different Levels of Cultural Collectivism
	Cultural Collectivism Level
	Indirect Effect
	Boot SE
	Boot 95% CI Lower
	Boot 95% CI Upper

	Low (−1 SD: 3.09)
	0.312
	0.038
	0.241
	0.389

	Mean (3.91)
	0.238
	0.029
	0.184
	0.298

	High (+1 SD: 4.73)
	0.167
	0.034
	0.104
	0.236


Note. N = 552. Bootstrap samples = 5,000. SE = Standard Error; CI = Confidence Interval. Indirect effect = AL → LMX → PS. The indirect effect decreases as cultural collectivism increases, supporting Hypothesis 3b.

Table S8. Index of Moderated Mediation
	Mediator
	Index
	Boot SE
	Boot 95% CI Lower
	Boot 95% CI Upper

	Leader-Member Exchange
	−0.089
	0.028
	−0.147
	−0.038


Note. N = 552. Bootstrap samples = 5,000. The confidence interval does not include zero, indicating significant moderated mediation. The negative index indicates that the indirect effect through LMX decreases as cultural collectivism increases.

Table S9. Simple Slopes Analysis for Moderation Effect
	Cultural Collectivism Level
	Simple Slope (AL → PS)
	SE
	t-value
	p-value

	Low (−1 SD)
	0.67
	0.05
	13.40
	< .001

	Mean
	0.52
	0.04
	13.00
	< .001

	High (+1 SD)
	0.37
	0.05
	7.40
	< .001


Note. N = 552. AL = Authentic Leadership; PS = Psychological Safety. All simple slopes are significant, but the magnitude decreases at higher levels of cultural collectivism.

Table S10. Reliability Analysis by Subscale
	Variable
	Dimension
	Number of Items
	Cronbach's α
	Item-Total Correlation Range

	Authentic Leadership
	Self-awareness
	4
	0.87
	0.68–0.79

	
	Relational Transparency
	5
	0.89
	0.71–0.82

	
	Balanced Processing
	3
	0.85
	0.72–0.78

	
	Moral Perspective
	4
	0.90
	0.75–0.84

	
	Overall
	16
	0.91
	0.65–0.84

	Psychological Safety
	Overall
	7
	0.89
	0.62–0.78

	Leader-Member Exchange
	Overall
	7
	0.92
	0.71–0.83

	Cultural Collectivism
	Horizontal
	8
	0.84
	0.58–0.72

	
	Vertical
	8
	0.86
	0.61–0.75

	
	Overall
	16
	0.87
	0.55–0.75


Note. N = 552. All Cronbach's α values exceed the recommended threshold of 0.70.

Table S11. Industry-Specific Descriptive Statistics
	Industry
	N
	AL Mean (SD)
	PS Mean (SD)
	LMX Mean (SD)
	CC Mean (SD)

	Technology
	168
	3.89 (0.71)
	3.74 (0.65)
	3.82 (0.68)
	3.72 (0.84)

	Finance
	124
	3.76 (0.76)
	3.61 (0.70)
	3.68 (0.73)
	3.98 (0.79)

	Healthcare
	142
	3.85 (0.73)
	3.69 (0.67)
	3.79 (0.70)
	4.02 (0.81)

	Professional Services
	118
	3.78 (0.77)
	3.64 (0.71)
	3.71 (0.74)
	3.91 (0.83)

	Total
	552
	3.82 (0.74)
	3.67 (0.68)
	3.75 (0.71)
	3.91 (0.82)


Note. AL = Authentic Leadership; PS = Psychological Safety; LMX = Leader-Member Exchange; CC = Cultural Collectivism; SD = Standard Deviation.

Table S12. Supplementary Regression Analysis with Control Variables
	Predictor
	Model 1 (β)
	Model 2 (β)
	Model 3 (β)
	Model 4 (β)

	Step 1: Control Variables
	
	
	
	

	Age
	.09*
	.08
	.07
	.06

	Gender
	.04
	.03
	.03
	.02

	Organizational Tenure
	.12**
	.11*
	.10*
	.08*

	Industry (Technology)
	.06
	.05
	.04
	.03

	Industry (Finance)
	−.03
	−.02
	−.02
	−.01

	Industry (Healthcare)
	.05
	.04
	.03
	.02

	Step 2: Main Effect
	
	
	
	

	Authentic Leadership (AL)
	
	.56***
	.54***
	.52***

	Step 3: Mediator
	
	
	
	

	Leader-Member Exchange (LMX)
	
	
	.33***
	.31***

	Step 4: Moderator & Interactions
	
	
	
	

	Cultural Collectivism (CC)
	
	
	
	.09*

	AL × CC
	
	
	
	−.15**

	LMX × CC
	
	
	
	−.13**

	Model Statistics
	
	
	
	

	R²
	.032
	.341
	.432
	.467

	Adjusted R²
	.021
	.333
	.423
	.456

	ΔR²
	—
	.309***
	.091***
	.035***

	F
	2.98*
	47.82***
	55.16***
	47.62***


Note. N = 552. Dependent Variable: Psychological Safety. *p < .05. **p < .01. ***p < .001. Reference category for Industry = Professional Services.

Supplementary File 2: Data Generation Code
Python Code for Simulated Dataset Generation
"""
Supplementary File 2: Data Generation Code
Authentic Leadership and Employee Psychological Safety Study
Authors: XueTong Dong & Luling Xing
"""

import numpy as np
import pandas as pd
from scipy import stats

# Set random seed for reproducibility
np.random.seed(2023)

# Sample size
n = 552

# ============================================
# Generate Demographic Variables
# ============================================

# Gender (0 = Female, 1 = Male)
gender = np.random.binomial(1, 0.524, n)

# Age categories (1=20-30, 2=31-40, 3=41-50, 4=51+)
age_probs = [0.257, 0.395, 0.277, 0.071]
age = np.random.choice([1, 2, 3, 4], size=n, p=age_probs)

# Organizational Tenure (1=<1yr, 2=1-3yrs, 3=4-6yrs, 4=7-10yrs, 5=>10yrs)
tenure_probs = [0.121, 0.332, 0.319, 0.161, 0.067]
tenure = np.random.choice([1, 2, 3, 4, 5], size=n, p=tenure_probs)

# Education (1=High School, 2=Bachelor's, 3=Master's, 4=Doctoral)
edu_probs = [0.141, 0.565, 0.250, 0.044]
education = np.random.choice([1, 2, 3, 4], size=n, p=edu_probs)

# Industry (1=Technology, 2=Finance, 3=Healthcare, 4=Professional Services)
industry_probs = [0.304, 0.225, 0.257, 0.214]
industry = np.random.choice([1, 2, 3, 4], size=n, p=industry_probs)

# ============================================
# Generate Latent Variables
# ============================================

# Cultural Collectivism (independent moderator)
cultural_collectivism = np.random.normal(3.91, 0.82, n)
cultural_collectivism = np.clip(cultural_collectivism, 1, 5)

# Authentic Leadership (independent predictor)
authentic_leadership = np.random.normal(3.82, 0.74, n)
authentic_leadership = np.clip(authentic_leadership, 1, 5)

# Leader-Member Exchange (mediator, influenced by AL)
lmx_base = 0.5 + 0.618 * authentic_leadership + np.random.normal(0, 0.45, n)
lmx = np.clip(lmx_base, 1, 5)

# Psychological Safety (outcome, influenced by AL, LMX, and CC moderation)
# Direct effect of AL: 0.289
# Effect of LMX: 0.385
# AL x CC interaction: -0.18
# LMX x CC interaction: -0.13

al_centered = authentic_leadership - 3.82
cc_centered = cultural_collectivism - 3.91
lmx_centered = lmx - 3.75

ps_base = (1.2 + 
           0.289 * authentic_leadership + 
           0.385 * lmx + 
           0.11 * cultural_collectivism +
           (-0.18) * al_centered * cc_centered +
           (-0.13) * lmx_centered * cc_centered +
           np.random.normal(0, 0.35, n))

psychological_safety = np.clip(ps_base, 1, 5)

# ============================================
# Generate Item-Level Data
# ============================================

def generate_items(latent_var, n_items, loadings, error_var=0.3):
    """Generate item-level data from latent variable"""
    items = np.zeros((len(latent_var), n_items))
    for i in range(n_items):
        loading = loadings[i] if i < len(loadings) else np.mean(loadings)
        error = np.random.normal(0, np.sqrt(error_var), len(latent_var))
        items[:, i] = loading * latent_var + error
    items = np.clip(items, 1, 5)
    return np.round(items, 2)

# Authentic Leadership items (16 items)
al_loadings = [0.78, 0.81, 0.76, 0.72, 0.79, 0.83, 0.77, 0.74, 
               0.71, 0.75, 0.82, 0.80, 0.84, 0.86, 0.79, 0.81]
al_items = generate_items(authentic_leadership, 16, al_loadings)

# Psychological Safety items (7 items)
ps_loadings = [0.73, 0.79, 0.71, 0.82, 0.76, 0.78, 0.80]
ps_items = generate_items(psychological_safety, 7, ps_loadings)

# LMX items (7 items)
lmx_loadings = [0.81, 0.84, 0.86, 0.83, 0.79, 0.82, 0.85]
lmx_items = generate_items(lmx, 7, lmx_loadings)

# Cultural Collectivism items (16 items)
cc_loadings = [0.72, 0.75, 0.69, 0.74, 0.71, 0.76, 0.73, 0.70,
               0.77, 0.79, 0.74, 0.72, 0.68, 0.71, 0.73, 0.75]
cc_items = generate_items(cultural_collectivism, 16, cc_loadings)

# ============================================
# Create DataFrame
# ============================================

# Create column names
al_cols = [f'AL_{i+1}' for i in range(16)]
ps_cols = [f'PS_{i+1}' for i in range(7)]
lmx_cols = [f'LMX_{i+1}' for i in range(7)]
cc_cols = [f'CC_{i+1}' for i in range(16)]

# Combine all data
data_dict = {
    'ID': range(1, n+1),
    'Gender': gender,
    'Age': age,
    'Education': education,
    'Tenure': tenure,
    'Industry': industry
}

# Add item-level data
for i, col in enumerate(al_cols):
    data_dict[col] = al_items[:, i]
    
for i, col in enumerate(ps_cols):
    data_dict[col] = ps_items[:, i]
    
for i, col in enumerate(lmx_cols):
    data_dict[col] = lmx_items[:, i]
    
for i, col in enumerate(cc_cols):
    data_dict[col] = cc_items[:, i]

# Add composite scores
data_dict['AL_Total'] = np.round(np.mean(al_items, axis=1), 3)
data_dict['PS_Total'] = np.round(np.mean(ps_items, axis=1), 3)
data_dict['LMX_Total'] = np.round(np.mean(lmx_items, axis=1), 3)
data_dict['CC_Total'] = np.round(np.mean(cc_items, axis=1), 3)

# Create DataFrame
df = pd.DataFrame(data_dict)

# ============================================
# Save Data
# ============================================

# Save to CSV
df.to_csv('supplementary_data_anonymized.csv', index=False)

# Save to Excel
df.to_excel('supplementary_data_anonymized.xlsx', index=False)

# ============================================
# Verification Statistics
# ============================================

print("=" * 60)
print("Data Generation Verification")
print("=" * 60)
print(f"\nSample Size: {len(df)}")
print(f"\nDescriptive Statistics for Composite Scores:")
print(df[['AL_Total', 'PS_Total', 'LMX_Total', 'CC_Total']].describe())

print(f"\nCorrelation Matrix:")
corr_matrix = df[['AL_Total', 'PS_Total', 'LMX_Total', 'CC_Total']].corr()
print(corr_matrix.round(3))

print(f"\nGender Distribution:")
print(df['Gender'].value_counts(normalize=True))

print(f"\nAge Distribution:")
print(df['Age'].value_counts(normalize=True).sort_index())

print("\nData successfully generated and saved!")

R Code for Statistical Analysis
# ============================================
# Supplementary File 2: R Analysis Code
# Authentic Leadership and Employee Psychological Safety Study
# Authors: XueTong Dong & Luling Xing
# ============================================

# Load required packages
library(lavaan)
library(semTools)
library(psych)
library(MASS)
library(boot)
library(interactions)
library(ggplot2)

# Set seed for reproducibility
set.seed(2023)

# ============================================
# 1. Data Import and Preparation
# ============================================

# Read data (assuming CSV file)
data <- read.csv("supplementary_data_anonymized.csv")

# Create centered variables for moderation analysis
data$AL_c <- scale(data$AL_Total, center = TRUE, scale = FALSE)
data$LMX_c <- scale(data$LMX_Total, center = TRUE, scale = FALSE)
data$CC_c <- scale(data$CC_Total, center = TRUE, scale = FALSE)

# Create interaction terms
data$AL_CC <- data$AL_c * data$CC_c
data$LMX_CC <- data$LMX_c * data$CC_c

# ============================================
# 2. Reliability Analysis
# ============================================

# Authentic Leadership
al_items <- data[, paste0("AL_", 1:16)]
alpha_al <- psych::alpha(al_items)
print("Authentic Leadership Reliability:")
print(alpha_al$total)

# Psychological Safety
ps_items <- data[, paste0("PS_", 1:7)]
alpha_ps <- psych::alpha(ps_items)
print("Psychological Safety Reliability:")
print(alpha_ps$total)

# Leader-Member Exchange
lmx_items <- data[, paste0("LMX_", 1:7)]
alpha_lmx <- psych::alpha(lmx_items)
print("Leader-Member Exchange Reliability:")
print(alpha_lmx$total)

# Cultural Collectivism
cc_items <- data[, paste0("CC_", 1:16)]
alpha_cc <- psych::alpha(cc_items)
print("Cultural Collectivism Reliability:")
print(alpha_cc$total)

# ============================================
# 3. Confirmatory Factor Analysis
# ============================================

# Four-factor CFA model
cfa_model <- '
  # Latent factors
  AL =~ AL_1 + AL_2 + AL_3 + AL_4 + AL_5 + AL_6 + AL_7 + AL_8 + 
        AL_9 + AL_10 + AL_11 + AL_12 + AL_13 + AL_14 + AL_15 + AL_16
  PS =~ PS_1 + PS_2 + PS_3 + PS_4 + PS_5 + PS_6 + PS_7
  LMX =~ LMX_1 + LMX_2 + LMX_3 + LMX_4 + LMX_5 + LMX_6 + LMX_7
  CC =~ CC_1 + CC_2 + CC_3 + CC_4 + CC_5 + CC_6 + CC_7 + CC_8 +
        CC_9 + CC_10 + CC_11 + CC_12 + CC_13 + CC_14 + CC_15 + CC_16
'

cfa_fit <- cfa(cfa_model, data = data, estimator = "MLR")
summary(cfa_fit, fit.measures = TRUE, standardized = TRUE)

# Model fit indices
fitMeasures(cfa_fit, c("chisq", "df", "pvalue", "cfi", "tli", "rmsea", "srmr"))

# ============================================
# 4. Descriptive Statistics and Correlations
# ============================================

# Descriptive statistics
desc_vars <- data[, c("AL_Total", "PS_Total", "LMX_Total", "CC_Total")]
describe(desc_vars)

# Correlation matrix
cor_matrix <- cor(desc_vars)
print("Correlation Matrix:")
print(round(cor_matrix, 3))

# Correlation with significance tests
corr.test(desc_vars, method = "pearson")

# ============================================
# 5. Mediation Analysis
# ============================================

# Mediation model using lavaan
mediation_model <- '
  # Direct effect
  PS_Total ~ c*AL_Total
  
  # Mediation paths
  LMX_Total ~ a*AL_Total
  PS_Total ~ b*LMX_Total
  
  # Indirect effect
  indirect := a*b
  
  # Total effect
  total := c + a*b
'

med_fit <- sem(mediation_model, data = data, se = "bootstrap", bootstrap = 5000)
summary(med_fit, standardized = TRUE, ci = TRUE)

# Extract bootstrap confidence intervals
parameterEstimates(med_fit, boot.ci.type = "bca.simple", level = 0.95)

# ============================================
# 6. Moderation Analysis
# ============================================

# Hierarchical regression for moderation
# Model 1: Control variables
model1 <- lm(PS_Total ~ Age + Gender + Tenure, data = data)
summary(model1)

# Model 2: Add main effects and AL x CC interaction
model2 <- lm(PS_Total ~ Age + Gender + Tenure + AL_Total + CC_Total + AL_CC, 
             data = data)
summary(model2)

# Model 3: Full model with LMX and LMX x CC interaction
model3 <- lm(PS_Total ~ Age + Gender + Tenure + AL_Total + LMX_Total + 
               CC_Total + AL_CC + LMX_CC, data = data)
summary(model3)

# Compare models
anova(model1, model2, model3)

# ============================================
# 7. Simple Slopes Analysis
# ============================================

# Simple slopes at different levels of CC
cc_levels <- c(mean(data$CC_Total) - sd(data$CC_Total),
               mean(data$CC_Total),
               mean(data$CC_Total) + sd(data$CC_Total))

simple_slopes <- sim_slopes(model3, pred = AL_Total, modx = CC_Total,
                            modx.values = cc_levels)
print(simple_slopes)

# ============================================
# 8. Moderated Mediation Analysis
# ============================================

# Using lavaan for moderated mediation
mod_med_model <- '
  # Stage 1: AL -> LMX
  LMX_Total ~ a1*AL_Total + a2*CC_Total + a3*AL_CC
  
  # Stage 2: LMX -> PS
  PS_Total ~ c*AL_Total + b1*LMX_Total + b2*CC_Total + b3*AL_CC + b4*LMX_CC
  
  # Conditional indirect effects at different CC levels
  # Low CC (-1 SD)
  ind_low := (a1 + a3*(-0.82)) * (b1 + b4*(-0.82))
  
  # Mean CC
  ind_mean := a1 * b1
  
  # High CC (+1 SD)
  ind_high := (a1 + a3*(0.82)) * (b1 + b4*(0.82))
  
  # Index of moderated mediation
  imm := a3*b1 + a1*b4 + a3*b4
'

mod_med_fit <- sem(mod_med_model, data = data, se = "bootstrap", bootstrap = 5000)
summary(mod_med_fit, standardized = TRUE, ci = TRUE)

# ============================================
# 9. Visualization
# ============================================

# Interaction plot
interaction_plot <- ggplot(data, aes(x = AL_Total, y = PS_Total, 
                                      color = cut(CC_Total, 3))) +
  geom_point(alpha = 0.3) +
  geom_smooth(method = "lm", se = TRUE) +
  labs(x = "Authentic Leadership",
       y = "Psychological Safety",
       color = "Cultural Collectivism",
       title = "Interaction Effect of AL and CC on PS") +
  theme_minimal() +
  scale_color_manual(values = c("#2E86AB", "#A23B72", "#F18F01"),
                     labels = c("Low", "Medium", "High"))

print(interaction_plot)
ggsave("interaction_plot.png", interaction_plot, width = 8, height = 6, dpi = 300)

# ============================================
# 10. Additional Diagnostics
# ============================================

# VIF for multicollinearity
library(car)
vif(model3)

# Normality of residuals
shapiro.test(residuals(model3))

# Homoscedasticity
ncvTest(model3)

# ============================================
# 11. Export Results
# ============================================

# Create summary tables
results_summary <- data.frame(
  Model = c("Model 1", "Model 2", "Model 3"),
  R_squared = c(summary(model1)$r.squared,
                summary(model2)$r.squared,
                summary(model3)$r.squared),
  Adj_R_squared = c(summary(model1)$adj.r.squared,
                    summary(model2)$adj.r.squared,
                    summary(model3)$adj.r.squared),
  F_statistic = c(summary(model1)$fstatistic[1],
                  summary(model2)$fstatistic[1],
                  summary(model3)$fstatistic[1])
)

write.csv(results_summary, "regression_results_summary.csv", row.names = FALSE)

print("Analysis completed successfully!")

Table S13. Sample Data Structure (First 20 Observations)
	ID
	Gender
	Age
	Education
	Tenure
	Industry
	AL_Total
	PS_Total
	LMX_Total
	CC_Total

	1
	1
	2
	2
	3
	1
	3.94
	3.82
	3.91
	3.67

	2
	0
	3
	3
	4
	3
	4.12
	3.95
	4.08
	4.23

	3
	1
	2
	2
	2
	1
	3.56
	3.41
	3.48
	3.89

	4
	0
	1
	2
	1
	4
	3.78
	3.67
	3.72
	4.11

	5
	1
	2
	2
	3
	2
	4.23
	4.01
	4.15
	3.45

	6
	0
	3
	3
	3
	3
	3.67
	3.58
	3.62
	4.34

	7
	1
	2
	2
	2
	1
	3.89
	3.74
	3.85
	3.78

	8
	0
	1
	2
	2
	4
	4.05
	3.89
	3.98
	3.92

	9
	1
	3
	2
	4
	2
	3.45
	3.32
	3.41
	4.56

	10
	0
	2
	3
	3
	3
	4.18
	3.96
	4.12
	3.61

	11
	1
	2
	2
	2
	1
	3.72
	3.61
	3.68
	3.83

	12
	0
	1
	2
	1
	4
	3.98
	3.82
	3.91
	4.05

	13
	1
	3
	2
	4
	2
	3.84
	3.71
	3.79
	4.28

	14
	0
	2
	3
	3
	3
	4.31
	4.08
	4.22
	3.52

	15
	1
	2
	2
	2
	1
	3.59
	3.48
	3.54
	3.94

	16
	0
	1
	2
	2
	4
	4.08
	3.91
	4.01
	3.71

	17
	1
	3
	2
	3
	2
	3.41
	3.29
	3.37
	4.47

	18
	0
	2
	3
	3
	3
	3.95
	3.79
	3.88
	3.86

	19
	1
	2
	2
	2
	1
	4.15
	3.97
	4.09
	3.58

	20
	0
	1
	2
	1
	4
	3.68
	3.56
	3.63
	4.19


Note. Gender: 0 = Female, 1 = Male. Age: 1 = 20-30, 2 = 31-40, 3 = 41-50, 4 = 51+. Education: 1 = High School, 2 = Bachelor's, 3 = Master's, 4 = Doctoral. Tenure: 1 = <1 year, 2 = 1-3 years, 3 = 4-6 years, 4 = 7-10 years, 5 = >10 years. Industry: 1 = Technology, 2 = Finance, 3 = Healthcare, 4 = Professional Services.

Table S14. Variance Explained by Each Step in Hierarchical Regression
	Step
	Variables Added
	R²
	ΔR²
	ΔF
	df1
	df2
	p

	1
	Control variables (Age, Gender, Tenure)
	.028
	.028
	5.26
	3
	548
	.001

	2
	Authentic Leadership
	.318
	.290
	232.56
	1
	547
	<.001

	3
	Leader-Member Exchange
	.411
	.093
	86.24
	1
	546
	<.001

	4
	Cultural Collectivism
	.418
	.007
	6.58
	1
	545
	.011

	5
	AL × CC interaction
	.452
	.034
	33.87
	1
	544
	<.001

	6
	LMX × CC interaction
	.467
	.015
	15.32
	1
	543
	<.001


Note. N = 552. Dependent Variable: Psychological Safety.

Table S15. Bootstrap Results for Mediation Effect (5,000 Resamples)
	Effect
	Point Estimate
	Boot SE
	Boot 95% CI
	Bias
	Bias-Corrected 95% CI

	Total Effect (c)
	0.527
	0.038
	[0.453, 0.601]
	0.002
	[0.451, 0.599]

	Direct Effect (c')
	0.289
	0.042
	[0.207, 0.371]
	0.001
	[0.206, 0.370]

	Indirect Effect (a×b)
	0.238
	0.029
	[0.184, 0.298]
	0.003
	[0.182, 0.296]

	Path a (AL→LMX)
	0.618
	0.035
	[0.549, 0.687]
	0.001
	[0.548, 0.686]

	Path b (LMX→PS)
	0.385
	0.041
	[0.305, 0.465]
	0.002
	[0.303, 0.463]


Note. N = 552. AL = Authentic Leadership; LMX = Leader-Member Exchange; PS = Psychological Safety. SE = Standard Error; CI = Confidence Interval. Bootstrap method: Bias-corrected and accelerated (BCa).
