Appendix 1. Descriptive summary of the included studies.
	Study ID
	Author (year)
	IRB
	Participants
	Research design
	Intervention type
	Control G intervention
	[bookmark: _Hlk147169670]Intervention duration
	Intervention session
	[bookmark: _Hlk147169686]Session time
	[bookmark: _Hlk147169704]Measurement time
	[bookmark: _Hlk147169734]Delayed Measurement
	[bookmark: _Hlk147169752]Outcome variable
	Empathy scale

	1
	Slagle (2019)
	Yes
	76 
Associate degree nursing students 
(E: 26, C: 50)

	Quasi
	Simulation
	Conventional
	Not 
reported
	Not reported
	Not reported
	Immediately
	None
	Emotional intelligence
	Train Emotional Intelligence Questionnaire: Short Form (TEIQue-SF)

	2
	Choi et al. (2016)
	Yes
	44 Undergraduate nursing students
(E: 22, C: 22)
	Quasi
	Simulation
	Comparison (clinical practicum)
	5weeks
	Not reported
	30 min
	Immediately
	Yes
	Empathy,
Clinical questions, Mental illness prejudice,
Self-efficacy and satisfaction

	Empathy Construct Rating Scale developed by Monica(1981)

	3
	Fernandez-Gutierrez et al. (2022)

	No
	55 
3rd year nursing students (E:24, C:31)
	RCT
	Simulation
	Conventional
	16weeks
	12
sessions
	5 hours 
	Immediately
	None
	Empathy,
Attitude
	Spanish adaptation of the Jefferson Scale of Empathy, student version (JES-S)

	4
	Ding et al. (2020)
	Yes
	250 
Nursing students in clinical internship 
(E: 125, 
C: 125)
	Quasi
	Simulation
	Conventional
	5 days
	3sessions
	5 days
	Immediately
	None
	Empathy,
Communication competence,
Professional identity
	The Jefferson Scale of Empathy-Health Profession-Student(JSE-HP-S)

	5
	Sung et al. (2022)
	Yes
	62 
First-grade nursing students (E:32, C:30)
	Quasi
	Role-play
	Comparison (portable mini cards containing the principles of NVC)
	6weeks
	6
sessions
	120 min
	Immediately
	None
	Empathy,
Self-esteem,
Interpersonal relationship,
Communication competency
	the empathy scale, originally developed by Davis(1983) and Bryant(1982)

	6
	Riess (2018)
	Yes
	123 Nursing students (E:59, C:64)
	Quasi
	Simulation
	Conventional
	Not reported
	Not reported
	Not reported
	Immediately
	None
	Empathy,
Self-confidence,
Satisfaction

	Jefferson Scale of Empathy-Health Professions Student

	7
	Li et al. (2019)
	Yes
	132 
1st-year undergraduate nursing students (E:66, C:66)

	RCT
	Simulation
	Conventional
	8 weeks
	16sessions
	30 min
	Immediately
	None
	Empathy,
Communication,
Self-efficacy
	Jefferson Scale of Empathy-Health Professionals 

	8
	Haley et al. (2017)
	Yes
	50 
Nursing students (E:26, C:24)
	RCT
	Simulation
	Not reported
	Not reported
	Not reported
	20 min
	Immediately
	Yes
	Empathy,
Active listening,
Self-awareness,
Patient center care (PCC)

	The Kiersma-Chen Empathy Scale

	9
	Huang et al. (2023)
	Yes
	72 
1st-year nursing students (E:40, C:32)
	Quasi
	Role-play
	Conventional
	6 weeks
	6
sessions
	50 min
	Immediately
	None
	Empathy,
Caring behavior,
Competence
	the Jefferson Scale of Empathy-Healthcare Providers (JSE-HP) 

	10
	Shin et al. (2023)
	Yes
	53 
3rd or 4th year undergrduate nursing students (E:26, C:27)

	Quasi
	Simulation
	Conventional
	Not reported
	Not 
reported
	45 min
	Delayed (3 days after the program)
	None
	Empathy,
Cultural competency
	Interpersonal Reactivity Index(IRI) developed by Davis(1980)

	11
	Chen et al. (2020)
	No
	209 
1st year nursing students (E:99, C:110)
	RCT
	Simulation
	Conventional
	8weeks
	Not reported
	Not reported
	Immediately
	None
	Empathy,
Knowledge,
Confidence,
Intention to learn,
Health assessment skills

	Toronto Empathy Questionnaire(TEQ) 

	12
	Ma et al. (2021)
	Yes
	35 Undergraduate nursing students (E:19, C:16)

	RCT
	Role-play
	Comparison (Between-subject design)
	Not reported
	Not reported
	10 min
	Immediately
	None
	Empathy,
Spatial presence

	Scale developed by Campbell and Babrow(2004)

	13
	Lobchuk et al. (2018)
	Yes
	42 Undergraduate students (E:24, C:18)
	RCT
	Simulation
	Comparison (Video-feedback only
	4 weeks
	Not reported
	Not reported
	Immediately
	None
	Empathy,
Health risk behavior,
Carers to indicate the health risk behavior,
Student perceptual understanding of carers' thoughts and feelings experienced during the dialogue

	Consultation and Relational Empathy (CARE)

	14
	Levett-Jones (2017)
	No
	390 
2nd-year bachelor of nursing students 
(E: 202, C:188)

	RCT
	Role-play
	rehabilitation nurse role)
	Not reported
	Not reported
	1hour
	Immediately
	None
	Empathy
	Comprehensive State Empathy Scale (CSES) (Everson et al., under review)

	15
	Lee et al. (2018)
	Yes
	103 
2nd-year BSN students (E:48, C:55)

	Quasi
	Role-play
	Conventional
	1 weeks
	Not reported
	10hours +15min
	Immediately
	None
	Empathy
	Jefferson Scale of Empathy-Health Profession-Student version (JSE-HP-S)

	16
	Bas-Sarmiento et al. (2019)
	No
	116 
2nd-year nursing students (E:59, C:57)

	RCT
	Role-play
	Conventional
	2 weeks
	7 sessions
	2 hours
	Immediately
	Yes
	Empathy
	The Consultation and Relational Empathy Measure
Jefferson Scale of Empathy student version
Reynolds Empathy Scale
Carkhuff Scale

	17
	Regan (2000)
	Yes
	55 
1st or 2nd semester sophomore nursing students (E:28, C:27)

	Quasi
	Role-play
	Conventional
	8 weeks
	Not reported
	One half hour
	Delayed (10th week of semester)
	Yes
	Empathy
	LaMonica Empathy Profile (LEP)

	18
	Matteoli (1989)
	Yes
	47 Undergraduate nursing students (E:21, C:26)
	Quasi
	Simulation
	Comparison (audiotaped demonstration)
	Not reported
	3 sessions
	2 hours
	Immediately
	None
	Empathy
Cognitive style
Empathy communication behavior

	Nurse Empathy Checklist (NEC)

	19
	Yang et al. (2020)
	Yes
	102 
4th Undergraduate nursing students (E:57, C:45)

	Quasi
	Role-play
	Comparison (empathy education)
	2 weeks
	4 sessions
	3 hours
	Immediately
	None
	Empathy
	Jefferson Scale of Empathy-Health Providers (JSE-HPs

	20
	Larti et al. (2018)
	Yes
	77 Operating room nursing students (E:36, C:41)

	RCT
	Role-play
	None
	3 weeks
	3 sessions
	4 hours
	Immediately
	Yes
	Empathy
	Jefferson Scale of Empathy-Health Profession Student version

	21
	Layton (1979)
	Yes
	56 
Junior and senior baccalaureate nursing students (Ea:11, Eb:11, Ec:10, Ed:11, C:13)

	RCT
	Role-play

	None
	Not reported
	Not reported
	Not reported
	Immediately
	Yes
	Empathy

	Carkhugg Empathic Understanding in Interpersonal Processes Scale

	22
	Thomas et al. (2020)
	Yes
	158 Nursing students (E: 90, C:68)

	Quasi
	Role-play
	Conventional
	Not reported
	Not reported
	Not reported
	Immediately
	None
	Empathy
	Kiersma-Chen Empathy Scale (KCES, Kiersma et al., 2013)

	23
	Yu et al. (2021)
	Yes
	195 
2nd year nursing students (E:98, C:97)

	RCT
	Simulation
	Conventional
	Not reported
	Not reported
	Not reported
	Immediately
	Yes
	Empathy
	Jefferson Scale of Empathy (JSE) - Health Professional version

	24
	Jeong (2019)
	Yes
	37 
2nd year nursing students (E:17, C:20)
	Quasi
	Simulation
	Conventional
	4 weeks
	4 sessions
	4 hours
	Immediately
	None
	Empathy
Communicative competence
Self-efficacy

	Jefferson scale of empath

	25
	Seo et al. (2019)
	No
	59 
Nursing students (E:29, C:30)
	Quasi
	Role-play
	Conventional
	3 weeks
	6 sessions
	total 5-6 hours
	Immediately
	None
	Empathy
Communicative competence
	Empathy Scale developed by Davis(1986)


Notes. IRB: Institutional Review Board; E: experimental group; C: control group; RCT: randomized controlled trial; Quasi: quasi-experimental study; Ea: modeling group; Eb: Modeling+Labeling group; Ec: Modeling+rehearsal group; Ed: Modeling+Labeling+rehearsal group.



Appendix 2. Publication Bias Test of Simulation-Based Interventions on Empathy.
	Begg's test
	Tau b
	K
	S (P-Q)
	ties
	Z
	p

	Standard
	0.11
	28
	40
	0
	0.79
	0.429

	Corrected
	0.10
	28
	40
	0
	0.77
	0.441

	Egger's regression test
	Coefficient
	SE
	95% CI
	Z
	p

	
	
	
	Lower limit
	Upper limit
	
	

	Intercept
	2.10
	1.22
	−0.29
	4.49
	1.72
	0.085

	Slope
	−0.17
	0.26
	−0.67
	0.34
	−0.65
	0.517

	Trim and fill method
	K
	Hedge’s g
	95% CI
	Z
	p

	
	
	
	Lower limit
	Upper limit
	
	

	Original
	28
	0.35
	0.14
	0.57
	3.27
	0.001

	Corrected
	37
	0.04
	[bookmark: _Hlk147432281]−0.19
	0.26
	0.30
	0.760


Notes. Begg's test for rank correlation; Egger's regression test for zero intercept; SE, standard error; CI, confidence interval; K, number of analysis sets.
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