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	 Author, country, study design
	Participants
	Type of comparison
	Intervention & Control groups
	Measured outcomes
	Effect size of interventions SMD [95% CI]
	Interpretation of results

	
	
	
	
	Knowledge
	Skills
	Attitudes
	Satisfaction
	Behavior change
	
	

	Akdemir et al [1], Türkiye, RCT
	22 gynecology residents
Int: 11 
Control: 11
	Repeated simulation vs no intervention
	Int: High fidelity simulation
Control: No intervention 
	Not measured
	Time to complete task, economy of movement, error scores
	Not measured
	Not measured
	Not measured
	Skills: 
Time to complete task: -1.5 [-2.46, -0.53]
Path length: 
-1.96 [-3.01, -0.91]
Errors: 
-0.26 [-1.10, 0.58]
	 
Large effect


Large effect

No significant effect

	Brateanu et al [2], United States, RCT
	54 internal medicine residents 
Int: 27 
Control: 27 
	Spaced digital vs massed digital
	Int: Spaced digital education (PDFs + Moodle-delivered online flip cards)
Control: PDFs only
	40-item pre- and post-int medical knowledge assessment + 8-item independent post-int assessment
	Not measured
	Not measured
	Not measured
	Not measured
	Knowledge: 
1.06 [0.48, 1.63]
	
Large effect 

	Dolan et al [3], United States, RCT
	41 internal medicine residents 
Int: 21
Control: 20
	Spaced digital vs massed digital
	Int: Spaced digital education via email
Control: Massed digital education via email
	25-item MCQs
	Not measured
	Not measured
	Not measured
	Patient-level outcome data
	Knowledge:
0.65 [0.02, 1.28]
Behavior change:
0.74 [0.11, 1.38]
	
Medium effect 

Medium effect

	Grad et al [4], Canada, cRCT
	522 family medicine residents
Int: 281
Control: 241

	Spaced digital vs massed digital
	Int: Spaced digital education via app with preset alerts/ reminders
Control: Massed digital education via app with no alerts/ reminders
	Participants’ score on the SAMP component of the 2019 certification examination of the CFPC
	Not measured
	Number of clinical cases completed by participants over 16-months of follow up
	Not measured
	Not measured
	Knowledge:
0.17 [-0.00, 0.34]
Attitudes: 
1.16 [0.81, 1.66]

	
Small effect 

Large effect 





	Author, country, study design
	Participants
	Type of comparison
	Intervention & Control groups
	Measured outcomes
	Effect size of interventions SMD [95% CI]
	Interpretation of results

	
	
	
	
	Knowledge
	Skills
	Attitudes
	Satisfaction
	Behavior change
	
	

	Gyorki et al [5], Australia, RCT
	97 residents of general surgery, and medical and radiation oncology
Int: 49
Control: 48
	Spaced digital vs no intervention
	Int: Spaced digital education via Qstream
Control: No intervention
	22 questions developed by the research team
	Not measured
	Not measured
	Not measured
	Not measured
	Knowledge: 
0.57 [0.05, 1.09]

	
Not significant effect

	House et al [6], United States, RCT

	107 emergency medicine and pediatric residents
Int: 48
Control: 59
	Spaced digital vs massed digital
	Int: Standard curriculum + spaced digital education via Qstream
Control: Standard curriculum
	20-question MCQs obtained from the American Academy of Pediatrics
	Not measured
	Clinical confidence (5-point Likert scale)
	Enjoyment and interest using the tool (5-point Likert scale)
	Not measured
	Knowledge:
0.37 [-0.02, 0.75]

Attitudes:
-0.01 [-0.39, 0.37]
	
Not significant effect

Not significant effect

	Jaunay et al [7], France, RCT
	108 GPs
Int: 61
Control: 47
	Spaced digital vs massed digital
	Int: Spaced digital education via online prototype video game (Hygie)
Control: Massed digital education via online article access
	DQ-5: 5-item MCQ or free-text questions (pre-and post-test) 

SQ-20: 20-item (DQ-5 + 15 questions) MCQ or free-text questions (post-test). 
	Not measured
	Time spent playing by participants assigned to Hygie  
	8-question satisfaction questionnaire completed at the end of the 1-week learning period  
	Self-reported use of the acquired knowledge in medical practice
	Knowledge:
0.24 [-0.14, 0.62]

Attitudes:
Time spent:
Int: 45-60 min
Control: 10-20 min 
Satisfaction:
87% participants Hygie useful for knowledge update
75% participants Hygie useful for CME credits
Behavior change:
RR 1.45 [1.07, 1.96]
	
Not significant effect 



	Kerfoot et al [8], United States and Canada, RCT
	515 urology residents
Int: 261
Control: 254
	Spaced digital vs massed digital
	Int: Spaced digital education via email
Control: Massed digital education via email
	Urology ISE
	Not measured
	Not measured
	Not measured
	Not measured
	Knowledge: 
0.13 [-0.05, 0.30]
	
Not significant effect



	Author, country, study design
	Participants
	Type of comparison
	Intervention & Control groups
	Measured outcomes
	Effect size of interventions SMD [95% CI]
	Interpretation of results

	
	
	
	
	Knowledge
	Skills
	Attitudes
	Satisfaction
	Behavior change
	
	

	Kerfoot [9], United States, RCT
	206 urology residents
Int: 104
Control: 102
	Spaced digital vs massed digital
	Int: Spaced digital education via email
Control: Massed digital education via email
	Retention after 2 years: MCQs (n=60) delivered to residents from Sep to Nov 2007 
	Not measured
	Not measured
	Not measured
	Not measured
	Knowledge retention: 
0.34 [0.02, 0.67]
	

Small effect

	Kerfoot et al [10], United States, RCT
	95 PCPs (physicians, nurses, and physician assistants)
Int: 49
Control: 46
	Spaced digital vs no intervention
	Int: Spaced digital education via email
Control: No intervention
	14 MCQs delivered via email
	Not measured
	Not measured
	Not measured
	Percentage of inappropriate PSA screening performed
	Knowledge:
1.43 [0.98, 1.89]
Behavior change:
-0.42 [-0.83, -0.01]
	
Large effect

Small effect

	Kerfoot et al [11], United States, RCT
	111 PCPs (physicians, nurses, and physician assistants)
Int: 55
Control: 56
	Spaced digital vs massed digital
	Int: Spaced digital education via email with game mechanics
Control: Massed digital education via email with online posting
	24-question pre- and post-intervention test
	Not measured
	Not measured
	Not measured
	Time to BP target (<140/90 mm Hg)

	Knowledge:
0.81 [0.43, 1.20]
Behavior change:
HR: 1.043 [1.007, 1.081] p=0.018
	
Large effect

	Kocyigit and Karagozoglu [12], Türkiye, quasi-RCT
	80 nursing students
Int: 40
Control: 40
	Repeated simulation vs non-repeated simulation
	Int: Simulation using high fidelity simulator
Control: No control group
	Not measured
	CLL Patient Scenario Skill Assessment and Medical Error Situation Evaluation Checklist
	Self-Efficacy Scale
State Anxiety Inventory  
	Not measured
	Not measured
	Skills:
1.54 [1.03, 2.04]
Attitudes: 
Self-Efficacy: 0.57 [0.12, 1.02]
Anxiety: 0.25 
[-0.19, 0.69]
	
Large effect

Moderate effect 

Not significant effect




	Author, country, study design
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	Type of comparison
	Intervention & Control groups
	Measured outcomes
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	Interpretation of results

	
	
	
	
	Knowledge
	Skills
	Attitudes
	Satisfaction
	Behavior change
	
	

	Li et al [13], China, RCT
	16 orthopedic residents
Int: 8
Control: 8
	Repeated simulation vs non-repeated simulation
	Int: Repeated high-fidelity simulation
Control: Non-repeated high-fidelity simulation
	Not measured
	Time to complete task, economy of movement, injury
	Not measured
	Not measured
	Not measured
	Skills: 
Time to complete task: -2.62 [-4.11, -1.13]
Path length: 
-1.42 [-2.59, -0.25]
Injury: -1.41 [-2.58, -0.24]
	
Large effect


Large effect
 
Large effect

	Mallon et al [14], United States, cRCT
	86 PCPs (pediatricians, nurses, and physician assistants)
Int: 43
Control: 43
	Spaced digital vs massed digital
	Int: Spaced digital education via Qstream
Control: Massed digital education via email (PowerPoint slide set)
	11-item MCQs on constipation knowledge
	Not measured
	Confidence managing typical and difficult constipation cases.
Awareness and use of local and national management guidelines
	Self-assessment survey
	EmD/UC and GI clinic visits retrieved from EHR data
	Knowledge:
0.03 [-0.39, 0.45]

Attitudes: 
0.36 [-0.06, 0.79]
Satisfaction: PCPs satisfied with SE; 90% would like SE-based CMEs
Behavior change: EmD/UC visits: no change
GI visits: GI clinic visits: decreased for all patients and remained low for int group
	
Not significant effect

Small effect 

	Matzie et al [15], United States, RCT
	55 surgery residents
Int: 28
Control: 27
	Spaced digital vs no intervention
	Int: Spaced digital education via email
Control: No intervention
	Not measured
	Frequency and quality of resident feedback by medical students
	Not measured
	Not measured
	Not measured
	Skills: 
RR: 1.43 [1.08, 1.90]
	




	Author, country, study design
	Participants
	Type of comparison
	Intervention & Control groups
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	Effect size of interventions SMD [95% CI]
	Interpretation of results

	
	
	
	
	Knowledge
	Skills
	Attitudes
	Satisfaction
	Behavior change
	
	

	Orland et al [16], United States, RCT
	25 medical students
Int: 8 VR, 9 VR and technique guide
Control: 8
	Repeated simulation vs non-repeated simulation
	Int: Repeated high-fidelity simulation with or without technique guide
Control: Non-repeated high-fidelity simulation
	Not measured
	Time to complete task, errors, hints
	Not measured
	Not measured
	Not measured
	Skills: 
Time to complete task: -0.83 [-1.86, 0.21]
Errors: -14.95 [-20.99, -8.90]
Hints: -4.73 [-6.85, -2.60]
	
Not significant effect

Large effect

Large effect


	Pernar et al [17], United States, RCT
	29 general surgery faculty
Int: 15
Control: 14
	Spaced digital vs no intervention
	Int: Spaced digital education via email
Control: No intervention
	Not measured
	Medical students’ evaluations of faculty members
	Not measured
	Faculty perceptions of the usefulness of the program 
	Not measured
	Skills: 
RR: 0.96 [0.72, 1.27]
Satisfaction: faculty not satisfied with the program
	

	Raffoul et al [18], United States, RCT
	133 PCPs (physicians and nurses)
Int: 65
Control: 68
	Spaced digital education vs no intervention
	Int: Spaced digital education via email
Control: No intervention
	21 true-false questions
	Not measured
	Comfort in screening and making referrals for ED
	Not measured
	Survey on screening and referral of pediatric patients for ED in the preceding 2 months
	Knowledge:
No significant difference in ED knowledge 
Attitudes: SE   significantly improved comfort in screening for BN (p < .01) and BED (p < .01) 
Behavior change:
significantly greater use by PCPs of any specific screening tools for EDs in the past 2 months
	




	Author, country, study design
	Participants
	Type of comparison
	Intervention & Control groups
	Measured outcomes
	Effect size of interventions SMD [95% CI]
	Interpretation of results

	
	
	
	
	Knowledge
	Skills
	Attitudes
	Satisfaction
	Behavior change
	
	

	Shaw et al [19], United States, RCT

	181 PCPs (physicians, osteopathic doctors, nurses, and physician assistants)
Int: 93
Control: 88
	Spaced digital vs no intervention (waitlist)
	Int: Spaced digital education via email
Control: No intervention (waitlist)
	Not measured
	Not measured
	Self-reported
confidence (5-point Likert scale)
	Perceived effectiveness 
Providers’ interest in receiving future
SE programs
	Self-reported behavior change (5-point Likert scale)
	Behavior change: 
0.95 [0.65, 1.26]


	
Large effect 

	Shaw et al [20], United States, RCT
	147 incoming medical and surgical interns (BWH)
Int: 62
Control: 85

	Spaced digital vs massed digital
	Int: Spaced digital education via email
Control: Massed digital education (slideshow-based online program)

	15-item MCQs tested knowledge around the NPSGs


	Central line simulation 
	7-question online exit survey on confidence around NPSGs
	7-question online exit survey on intervention acceptability
	Not measured
	Knowledge:
0.02 [-0.30, 0.35]

Skills:
0.34 [-0.05, 0.73]

Attitudes:
0.43 [0.15, 0.72]
Satisfaction:
0.31 [0.03, 0.59]
	
Not significant effect

Not significant effect

Small effect 

Small effect

	Shaw et al [20], United States, RCT
	174 incoming medical and surgical interns (MGH)
Int: 85
Control: 89
	Spaced digital vs no intervention
	Int: Spaced digital education via email
Control: No intervention
	15-item MCQs tested knowledge around the NPSGs
	Not measured
	Not measured
	Not measured
	Not measured
	Knowledge:
0.01 [-0.34, 0.36]
	
Not significant effect

	Teo et al [21], Singapore, HIC

	39 medical students
Int: 15
Control: 24
	Repeated simulation vs non-repeated simulation
	Int: Spaced simulation training
Control: Non-repeated simulation training
	Not measured
	Training platform associated software was used to assess sutures on latex strips of standard size 
	Not measured
	Rank scale 1-10
	Not measured
	Skills: 
0.71 [0.04, 1.37]
Satisfaction: 
0.40 [-0.25, 1.05]
	
Moderate effect 

Not significant effect




	Author, country, study design
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	Type of comparison
	Intervention & Control groups
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	Effect size of interventions SMD [95% CI]
	Interpretation of results

	
	
	
	
	Knowledge
	Skills
	Attitudes
	Satisfaction
	Behavior change
	
	

	Ugwa et al [22], Nigeria, cRCT
	323 multidisciplinary health workers
Int: 184
Control: 139

	Repeated simulation vs non-repeated simulation
	Int: Repeated simulation training
Control: Traditional non-repeated simulation training
	MCQs 
	OSCEs
	Not measured
	Satisfaction (quantitative) survey & FGDs
	Not measured
	Knowledge:
-0.39 [-0.62, -0.16]
Skills:
1.36 [0.73, 2.55]
Satisfaction:
Participants overall satisfied with improvement in skills
	
Small effect 

Large effect 


BED: Binge Eating Disorder; BN: Bulimia Nervosa; BP: Blood Pressure; BWH: Brigham and Women’s Hospital; CFPC: College of Family Physicians of Canada; CME: Continuing Medical Education; CLL: Chronic Lymphocytic Leukemia; cRCT: Cluster Randomized Controlled Trial; DQ-5: Dynamic Questionnaire-5; ED: Eating Disorders; EmD: Emergency Department; EHR: Electronic Health Record; FES: Fundamentals of Endoscopic Surgery; FGD: Focus Group Discussion; GAGES: Global Assessment of Gastrointestinal Endoscopic Skills; GP: General Practitioner; HR: Hazard Ratio; Int: Intervention; ISE: In-Service Examination; MCQ: Multiple Choice Question; MGH: Massachusetts General Hospital; NPSG: National Patient Safety Goal; OSCE: Objective Structured Clinical Examination; PCP: Primary Care Provider; PSA: Prostate-Specific Antigen; RCT: Randomized Controlled Trial; RR: Risk Ratio; SAMP: Short-answer Management Problem; SE: Spaced Education; SQ-20: Static Questionnaire-20; UC: Urgent Care
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