	
	
	



Multimedia Appendix 6. Characteristics of the included systematic reviews

	Study ID
	Study objective 
	Educational outcomes 
	Evidence – GRADE assessment or other scales 
	Setting 
	Framework component 

	Ashokka ​​ et al [1] 2020


	The BEME systematic review was designed to (1) appraise the existing published evidence on educational interventions that are intended for ‘doctors in training’ to teach early recognition and prompt escalation in acute clinical deteriorations (2) to synthesise evidence & to evaluate educational effectiveness. 
	knowledge, patient outcomes, satisfaction, skills 
	Other; Buckley et al. 2009; BEME guide No 11). 
	HIC only 
	Context (level), Education (modality), Education (instructional design), Education (assessment) 

	Kim​​ et al [2] 2023

	To systematically review and meta-analyze research on the development of XR-based pediatric nursing simulation programs and assess the current status of their development, effectiveness, and limitations. 
	confidence, knowledge, performance, satisfaction, self-efficacy, skills 
	Risk of bias, Other; Risk of Bias in Non-randomized Studies of Interventions 
	HIC only 
	Context (institutional norms), Context (level), Infrastructure (digital), Education (modality), Education (instructional design) 

	Dromey​ et al [3] 2021

	To investigate the use of high-fidelity simulation in obstetric ultrasound, to identify its usability for learners, and to establish if the skills obtained in a simulated environment can be translated to improved clinical performance. 
	skills 
	Medical Education Research Study Quality Instrument (MERSQI);  
	HIC only 
	Context (level), Education (modality) 

	De Gagne​​ et al [4] 2023

	This systematic review explored the use of videoconferencing as a teaching tool in response to the pandemic as well as issues related to digital equity and inclusion. 
	attitude, confidence, knowledge 
	Medical Education Research Study Quality Instrument (MERSQI);  
	This systematic review explored the use of videoconferencing as a teaching tool in response to the pandemic as well as issues related to digital equity and inclusion. 
	This systematic review explored the use of videoconferencing as a teaching tool in response to the pandemic as well as issues related to digital equity and inclusion. 

	Haiser​ et al [5] 2022

	To identify vascular surgery simulation models and assess their validity and levels of effectiveness (LoE) for each model in order to successfully implement them into current training curricula. 
	attitude, skills, systemic 
	Other; Messick’s modern concept of validity framework, quantified by Beckman et al. ’s rating scale, adaption of McGaghie’s translational outcomes was applied, and a level of effectiveness score (LoE) from 1 to 5 
	Information not available 
	Context (sociocultural norms), Context (institutional norms), Context (setting), Context (level), Education (modality), Education (instructional design), Education (assessment), Learner, Research 

	Nowell et al [6] 2022

	To conduct a systematic review of the prevalence and diversity of technologies and design strategies used to prepare graduates in caring professions for competent and effective practice in digital working environments. 
	skills 
	Other; The Effective Public Health Practice Project Quality Assessment Tool (EPHPP) to rate each quantitative study. And the Joanna Briggs Institute Critical Appraisal Checklist for Qualitative Research. 
	HIC and MIC 
	Education (instructional design) 

	Dickinson​​ et al [7] 2020

	The aim of this review was to determine the quality, efficacy, and validity evidence for educational Apps used by surgical residents. 
	knowledge, attitude, validity 
	Not reported;  
	Information not available 
	Context (sociocultural norms), Context (level), Infrastructure (digital), Education (modality), Education (content), Learner, Research, Quality Assurance 

	Lee​ et al [8] 2020

	To evaluate all simulation models for ophthalmology technical and non-technical skills training and the strength of evidence to support their validity and effectiveness.  
	 
	Not reported, Other; Whilst study quality was not reported, the educational impact of studies was evaluated using Messick’s validity framework and McGaghie’s model of translational outcomes for evaluating effectiveness. 
	Information not available 
	Infrastructure (digital) 

	Noyes​ et al [9] 2020


	To synthesise the literature and gather quantitative and thematic data to reveal potential pedagogical limitations and research gaps, as well as to direct future research and provide an evidence-based foundation for future digital credentialing projects in health care education. 
	attitude, motivation 
	Medical Education Research Study Quality Instrument (MERSQI), Other; NOS-E (Newcastle-Ottawa Scale-Education) 
	Information not available 
	Education (engagement), Education (instructional design) 

	Patel​ et al [10] 2020

	To identify the current simulation-based training models described in the literature, quantitatively assess their validity, and determine their effectiveness for training in neurosurgery.  
	behavioural, patient outcomes, skills 
	Other; Messick validity framework 
	HIC and MIC 
	Context (level), Education (modality), Education (content), Education (engagement), Education (assessment), Learner 

	Patel​ et al [11] 2020

	The increasing challenges facing the training of future neurosurgeons have led to continued development of simulation-based training, particularly for neurosurgical subspecialties. The simulators must be scientifically validated to fully assess their benefit and determine their educational effects. In this second part, we aim to identify the available simulators for spine, pediatric neurosurgery, interventional neuroradiology, and nontechnical skills, assess their validity, and determine their effectiveness. 
	behavioural, knowledge, patient outcomes, satisfaction, skills 
	Other; The modern taxonomy for validity based on Messick was used to assess the studies. Further, a rating scale devised by Beckman et al. was used to evaluate the strength of each source of validity evidence. A level of effectiveness (LoE) was then assigned to each training model using an adapted version of the McGaghie proposed levels of simulation-based translational outcomes   
	HIC and MIC 
	Context (institutional norms), Context (setting), Context (level), Infrastructure (digital), Education (modality), Education (content), Education (instructional design) 

	Regmi​​ et al [12] 2020

	Identify and synthesise the factors – enablers and barriers – affecting e-learning in health sciences education (el-HSE) that have been reported in the medical literature 
	 
	Other; ‘QualSyst developed by Kmet and colleagues 
	HIC and MIC 
	Context (sociocultural norms), Context (institutional norms), Infrastructure (digital), Education (content) 

	Abualadas​​ et al [13] 2023

	In this systematic review, the educational effectiveness of online anatomy teaching is compared with traditional ("face-to-face”) teaching methods, specifically in terms of students' academic performance and satisfaction. 
	knowledge, satisfaction, skills 
	Other; JBI Critical Appraisal Checklists for randomized controlled studies, cross-sectional studies, cohort, and case control studies. 
	HIC and MIC 
	Context (level), Education (modality), Education (instructional design) 

	Chan​​ et al [14] 2021

	To assess the ability of these systems to quantitatively determine surgeon performance, compare surgeon performances, or demonstrate progression toward surgical competency. 
	skills 
	Not reported;  
	Information not available 
	Education (modality) 

	Hippe​​ et al [15] 2020

	to study and characterise existing evidence regarding cost implications, cost-effectiveness, and cost-benefit assessment of simulation-based education, with a particular focus in neonatal resuscitation. 
	systemic 
	Not reported;  
	HIC, MIC, and LIC 
	Context (institutional norms), Context (sociocultural norms) 

	Moehead​ et al [16] 2020

	To (1) determine the key features that are associated with an effective and functional Web-based education program—an effective and functional Web-based program is defined as one that measures results, is accessible, is user friendly, and translates into clinical practice—and (2) determine how these features correlate with the Dementia Care Competency and Training Network. 
	behavioural, confidence, knowledge, satisfaction, skills 
	Other; CASP "system of appraisal" and "Kirkpatrick’s salient elements of the model for the evaluation of training" 
	HIC only 
	Context (sociocultural norms), Education (instructional design) 

	Arqub​​ et al [17] 2023

	This review aimed to assess the effectiveness of TEL compared with traditional learning methods in the field of orthodontics. 
	attitude, behavioural, knowledge, skills 
	Risk of bias, Other; Cochrane risk of bias tool 2.0 
	HIC and MIC 
	Education (modality) 

	Delungahawatta et [18] 2022

	To examine the scope and impact of e-learning interventions on medical student learning in clinical medicine, in order to aid medical educators when implementing e-learning strategies in programme curricula. 
	knowledge, satisfaction, skills 
	Other; Education Group for Guidelines on Evaluation (EGGE) 
	HIC only 
	Context (sociocultural norms), Context (institutional norms), Context (setting), Context (level), Infrastructure (digital), Infrastructure (human resources), Education (modality), Education (content), Education (instructional design), Education (engagement), Education (assessment), Learner 

	Sun​ et al [19] 2023

	The aim of this review was to determine the use of VR and AR techniques in hip-related preoperative operation simulator and training, postoperative rehabilitation, and feasibility applications in the operating room. 
	knowledge, skills 
	Other; Joanna Briggs Institute Critical Appraisal Checklist Quality Appraisal for Cadaveric Studies scale 
	Information not available 
	Context (setting) 

	Hao et al [20] 2022

	To systematically synthesize the available literature on the application of digital education in undergraduate nursing and medical interns during the COVID-19 pandemic 
	confidence, knowledge, satisfaction, skills 
	Other; Mixed Methods Appraisal Tool (MMAT) 
	HIC and MIC 
	Education (modality) 

	Lakhani​​ et al [21] 2021

	The aim of this article is to review the recent research investigating the use of arthroscopy simulators in training and the teaching of surgical skills. 
	self-efficacy, skills 
	Other; Oxford Centre for Evidence-Based Medicine Levels of Evidence guidelines. 
	Information not available 
	Education (modality), Education (engagement) 

	Ong et al [22] 2021

	This systematic review aims to identify and investigate the utility of extended reality in ophthalmic education, diagnostics, and therapeutics. 
	skills 
	Other; Validity model - Content, Response process, Internal structure, Relationship to other variables, and Consequences, and Oxford Centre for Evidence-Based Medicine (OCEBM) levels of evidence 
	Information not available 
	Context (sociocultural norms), Context (institutional norms), Context (level), Infrastructure (digital), Education (modality), Education (content), Education (instructional design), Education (engagement), Education (assessment), Learner, Research 

	Zhang​​ et al [23] 2021

	To critically evaluate research papers that investigated the effectiveness of virtual physiology laboratories for student learning. 
	knowledge, satisfaction, skills 
	Other; As the included studies comprised a mixture of both quantitative and qualitative studies, the conventional data analysis tools were not applicable to this review. Therefore, the risk of bias in individual studies was evaluated by using a novel additive scoring system. 
	HIC and MIC 
	Infrastructure (digital), Education (modality), Education (instructional design) 

	Chiang​​ et al [24] 2022

	The present study aimed to classify and summarize the application of AR technology in vocational and educational training (VET) and on-the-job training (OJT). 
	skills 
	Risk of bias;  
	HIC and MIC 
	Context (setting), Context (level) 

	Gelmini et al [25] 2022

	To compare augmented reality (AR) with other learning methods in interventional radiology. 
	knowledge, skills 
	Other; Cochrane Collaboration tool, Best Evidence Medical Education (BEME) Collaboration Guide no. 11, Kirkpatrick model (BEME Guide no. 8) 
	HIC only 
	Education (modality) 

	Lee​​ et al [26] 2022

	This systematic review aimed to examine authentic learning methods and their effects in healthcare education 
	knowledge, skills, satisfaction, attitude, behavioural, confidence, wellbeing 
	Other; Joanna Briggs Institute Checklist for Randomized Controlled Trials and the Checklist for Quasi-Experimental Studies 
	HIC and MIC 
	Context (level), Infrastructure (digital), Education (modality), Education (instructional design) 

	Du​ et al [27] 2022

	The primary goal of this analysis is to determine the effectiveness of blended learning versus traditional face-to-face teaching in nursing education from the three aspects of knowledge, skills and satisfaction. 
	satisfaction, skills 
	Risk of bias, Other; MINORS (methodological items for non-randomized studies) 
	HIC and MIC 
	Context (level), Education (modality) 

	Lockey​​ et al [28] 2022

	This overview of existing systematic reviews aims to evaluate the impact of blended learning on educational outcomes in health care professional education, identify gaps in the current evidence, and direction for future reviews. 
	attitude, behavioural, knowledge, satisfaction, skills 
	Grading of Recommendations, Assessment, Development, and Evaluations (GRADE);  
	HIC, MIC, and LIC 
	Education (modality) 

	Vallée​​ et al [29] 2020

	The aim of this study was to assess the effectiveness of blended learning compared to that of traditional learning in health education. 
	knowledge, skills, satisfaction 
	Risk of bias;  
	HIC, MIC, and LIC 
	Context (sociocultural norms), Context (level), Education (modality), Education (instructional design), Learner 

	Kim​​ et al [30] 2023

	To compare online learning with traditional face-to-face and blended learning, based on randomized controlled trials, to determine the impact of online learning on nursing students’ learning outcomes.   
	attitude, knowledge, satisfaction, skills 
	Risk of bias;  
	HIC and MIC 
	Context (level), Education (modality), Education (instructional design) 

	Lee​​ et al [31] 2021

	This study aims to provide medical educators with insights into the current status and prospects of undergraduate medical education, which has been affected by the COVID-19 pandemic. 
	systemic 
	Not reported;  
	HIC and MIC 
	 

	Ahmed​ et al [32] 2020

	To conduct a systematic review of existing literature on simulation-based training of cataract surgery. Available literature was evaluated and projections on how current findings could be applied to cataract surgery training were summarised.  
	skills 
	Risk of bias;  
	Information not available 
	Context (sociocultural norms), Education (modality) 

	Duarte​​ et al [33] 2022

	To assess whether the effectiveness of distance-learning and/or e-learning, m-learning and web-based methods are equivalent to traditional methods. 
	behavioural, knowledge, satisfaction, skills 
	Other; Buckley’s quality indicators 
	HIC only 
	Education (modality) 

	Gao​​ et al [34] 2021

	To systematically assess whether MOOCs are superior to the traditional lecture-based method in medical course. 
	knowledge, satisfaction 
	Risk of bias, Other; Begg's test 
	MIC and LIC 
	Education (modality) 

	Gharib​​ et al [35] 2023

	This systematic narrative review summarises various computer-based simulations described in the pharmacy practice education literature, identifies the currently available products, and highlights key characteristics. 
	attitude, knowledge, satisfaction, skills 
	Not reported;  
	HIC and MIC 
	Education (modality), Infrastructure (digital) 

	Walshe​​ et al [36] 2022

	To identify strategies used to support culturally authentic experiences and the focus, theoretical framings, and outcomes of cultural simulations. 
	attitude, behavioural 
	Medical Education Research Study Quality Instrument (MERSQI);  
	HIC and MIC 
	Education (modality), Education (content), Education (instructional design), Education (assessment), Learner 

	Aditya​​ et al [37] 2020

	To examine the current educational interventions utilized to improve the performance of endourology trainees and to critically appraise the strengths and limitations of each. 
	patient outcomes, skills 
	Medical Education Research Study Quality Instrument (MERSQI);  
	Information not available 
	Context (level), Education (modality), Education (instructional design), Education (engagement), Education (assessment) 

	Hovgaard​​ et al [38] 2021

	We aimed to systematically review the literature on models for simulation-based training and assessment of myringotomy and ventilation tube insertion (MT) and supporting educational evidence. 
	confidence, knowledge, skills 
	Risk of bias, Other; Kirkpatrick's hierarchy of educational outcomes Messick’s framework of validity evidence Quality assessment tool developed by Gordon et al. (2018)  Strength of conclusion tool described by Yardley and Dornan (2012)  
	Information not available 
	Education (modality), Education (instructional design) 

	O’Connor​ et al [39] 2023

	To identify and synthesise theories that support the design and delivery of digital learning   interventions in nursing and midwifery education. 
	knowledge, skills 
	Not reported;  
	HIC, MIC, and LIC 
	Education (instructional design) 

	Lo​​ et al [40] 2022

	To examine the challenges to fully online flipped learning and identify useful course-design elements for practicing this instructional approach in health professions education. 
	knowledge, skills 
	Not reported;  
	HIC, MIC, and LIC 
	Education (modality) 

	Higgins​​ et al [41] 2021

	The aim of this research was to undertake a systematic literature review and investigate the effectiveness of simulation-based medical education interventions for i) increasing transferability of skills acquired from simulated settings to theatre, ii) preventing long-term skills decay or, iii) improve patient-related outcomes. 
	knowledge, patient outcomes, skills 
	Medical Education Research Study Quality Instrument (MERSQI);  
	Information not available 
	Context (sociocultural norms), Context (level), Education (modality), Education (instructional design), Education (engagement), Education (assessment) 

	Gordon​ et al [42] 2020

	The aim of the current systematic review is to identify the evidence concerning teaching, assessment or other educational developments in response to the COVID-19 pandemic within medical education. Our review will address three main questions:  -What developments or changes in medical education have been deployed? (i.e. description or ‘what was done’ (Cook et al. 2008)).  -What is the impact of these developments or changes? (i.e. evaluation or ‘did it work?’).  -What lessons to be applied in the future have been learned by the teams who deployed these developments or changes? (i.e. implications or ‘what’s next?’). 
	behavioural, knowledge, satisfaction, skills 
	Risk of bias, Other; ROBINS-I tool (Risk Of Bias In Non-randomized Studies of Interventions) for non-randomised trials 
	 
	 

	Jhou​​ et al [43] 2021

	This network meta- analysis aimed to assess the efficacy of different educational methods for healthcare professionals 
	knowledge, skills 
	Risk of bias, Grading of Recommendations, Assessment, Development, and Evaluations (GRADE);  
	HIC and MIC 
	Context (institutional norms), Infrastructure (human resources), Education (modality), Education (instructional design) 

	Ortega​​ et al [44] 2022

	In this umbrella review, we provide a critical overview of recent systematic reviews examining digital and blended curriculum delivery strategies in graduate health professions education and discuss their implementation in graduate, entry-level physical therapy education programs. 
	attitude, knowledge, skills 
	Other; CEP Modified AMSTAR Scale 
	Information not available 
	Context (sociocultural norms), Context (institutional norms), Context (setting),Education (modality),Education (content),Education (instructional design),Education (engagement),Education (assessment),Learner 

	Ødegaard​​ et al [45] 2021

	This study aims to identify and investigate the effectiveness of digital learning designs in physiotherapy education. 
	attitude, knowledge, satisfaction, skills 
	Risk of bias, Other; Cochrane’s risk of bias tool 
	HIC and MIC 
	Education (modality), Education (instructional design) 

	Martinengo​ et al [46] 2020

	To assess the effectiveness of digital education in improving healthcare professionals’ knowledge, attitudes, practical skills and behaviour change on chronic wound management, and their satisfaction with the intervention 
	attitude, behavioural, knowledge, patient outcomes, satisfaction, skills 
	Risk of bias;  
	HIC and MIC 
	Context (institutional norms), Context (level), Education (modality), Education (assessment) 

	Thangavelu​​ et al [47]2022

	This review aimed to synthesise evidence from experimental studies of the application of digital serious games in developing nursing clinical competence.  
	attitude, knowledge, skills 
	Risk of bias, Other; Cochrane's Risk of Bias tool and the Joanna Brigg's Institute Critical Appraisal Tool for Quasi-Experimental Designs.  
	HIC and MIC 
	Education (modality) 

	Davies​​ et al [48] 2021

	To determine if extended immersive ward-based simulation programmes improve the preparedness of undergraduate bachelor's degree nursing students to be ward ready for professional practice as a registered nurse. 
	behavioural, knowledge, patient outcomes, satisfaction, skills, systemic 
	Joanna Briggs Institute of Meta-Analysis of Statistics Assessment and Review Instrument, Other; Joanna Briggs Institute (JBI) critical appraisal instruments  
	HIC only 
	Education (modality), Education (instructional design) 

	Gosak​​ et al [49] 2022

	To review the outcomes of digital tools in behavior change support education.    To assess the outcomes of the use of digital teaching tools and review the assessment instruments to evaluate the research outcomes (e.g., education skills and learning experience) in health and other students following the introduction of digital teaching tools. 
	confidence, knowledge, skills 
	Other; Mixed Method Appraisal Tool (MMAT) 
	Information not available 
	Education (modality) 

	Lin​ et al [50] 2021

	E-learning is rapidly growing in medical education, overcoming physical, geographic, and time-related barriers to students. This article critically evaluates the existing research on e-learning in plastic surgery 
	attitude, knowledge 
	Not reported;  
	HIC only 
	Context (sociocultural norms), Context (institutional norms), Context (level), Education (modality), Education (content), Education (engagement), Learner 

	Naciri​​ et al [51] 2021

	The purpose of this review was to explore health science students’ perceptions, acceptance, motivation, and engagement with e-learning during the COVID-19 pandemic. The specific research questions were as follows: (1) What are students’ perceptions of the implementation of e-learning during the COVID-19 pandemic? (2) Did heath profession students accept the adoption of e-learning during COVID-19? (3) What is the motivational level of health professions students towards e-learning during the COVID-19 crisis? (4) What is the engagement level of students during the transition to e-learning during COVID-19?    
	attitude, satisfaction 
	Medical Education Research Study Quality Instrument (MERSQI);  
	HIC, MIC, and LIC 
	Education (modality), Education (engagement), Learner 

	Aweid​​ et al [52] 2022

	Online journal clubs (JCs) have increased during the COVID-19 pandemic with the resulting social distancing and popularity of online platforms. This systematic review aims to explore current evidence of their use/benefits for clinicians and compare their value to face-to-face (F2F) JCs. 
	attitude, satisfaction, skills 
	Medical Education Research Study Quality Instrument (MERSQI);  
	Information not available 
	Context (sociocultural norms), Context (level), Education (modality), Education (engagement) 

	Conte​​ et al [53] 2021

	This systematic review aimed to identify the level of impact of educational strategies for teaching tooth carving on the carving ability of undergraduate dental students. 
	skills 
	Grading of Recommendations, Assessment, Development, and Evaluations (GRADE), Risk of bias, Other; The Cochrane Risk of Bias Tool 2.0 (Sterne et al., 2019), ROBINS-I tool (Sterne et  al., 2016) 
	HIC and MIC 
	Education (modality) 

	Patano​ et al [54] 2021

	To evaluate the effectiveness and teachers/student’s acceptability of e-learning applied to the field of orthodontics and paediatric dentistry. 
	knowledge, satisfaction 
	Risk of bias, Other; The risk of bias assessment was performed by a special data form by the software package Review Manager RevMan V 5.1 
	HIC and MIC 
	Context (sociocultural norms), Context (level), Education (modality), Education (instructional design), Education (engagement), Learner 

	Kanika [55] 2020

	The included studies were focusing on the effectiveness of blended learning on nursing students’ knowledge, skills and attitude and the studies that discussed about other methods of teaching and conducted on other specialty students were excluded 
	attitude, knowledge, satisfaction, skills 
	Not reported;  
	HIC and MIC 
	Context (setting), Context (level), Infrastructure (digital), Education (modality), Education (instructional design), Education (engagement), Learner 

	Asegid​​ et al [56] 2021

	To summarize and produce aggregated evidence on the effect of simulation-based teaching on skill performance in the nursing profession. Simulation is an active learning strategy involving the use of various resources to assimilate the real situation. It enables learners to improve their skills and knowledge in a coordinated environment. 
	confidence, knowledge, skills 
	Risk of bias, Joanna Briggs Institute of Meta-Analysis of Statistics Assessment and Review Instrument, Other; Methodological quality was assessed by Joanna Briggs Institute, and the risk of bias was also assessed by Cochrane risk of bias and the risk of bias assessment tool for non-randomized studies (ROBINS-I) checklists. 
	HIC and MIC 
	Context (setting), Context (level), Infrastructure (digital), Education (modality), Education (instructional design), Education (engagement) 

	Balakrishnan​​ et al [57] 2021

	The purpose of this study was to evaluate the effectiveness of BL in improving knowledge and skill in pharmacy education. 
	knowledge, skills 
	Newcastle-Ottawa Scale (NOS), Other; Modified Newcastle-Ottawa Scale (education) 
	HIC and MIC 
	Education (modality), Education (content), Education (assessment), Education (instructional design) 

	Fontaine​​ et al [58] 2021

	The objectives of this study were to identify, appraise, and synthesize the evidence regarding the effect of how media is read i.e. digital vs paper) on reading comprehension in the context of HPE. 
	knowledge 
	Risk of bias, Grading of Recommendations, Assessment, Development, and Evaluations (GRADE), Medical Education Research Study Quality Instrument (MERSQI);  
	HIC only 
	Infrastructure (digital), Context (sociocultural norms), Education (modality), Learner 

	Özbay​​ et al [59] 2021

	The purpose of this systematic review was to reveal the evidence of how the method of flipped classroom was applied in nursing education and examine the results associated with this teaching method. 
	attitude, behavioural, knowledge, satisfaction, skills 
	Other; Quality Assessment Tool for Quantitative Studies (QATQS)  
	HIC, MIC, and LIC 
	Context (sociocultural norms), Context (institutional norms), Context (setting), Context (level), Infrastructure (digital), Education (modality), Education (content), Education (instructional design), Education (engagement), Learner 

	Rothschild​​ et al [60] 2021

	Virtual reality simulation (VRS) has become progressively popular as a training tool in ophthalmology. However, debate continues as to whether VRS has resulted in better outcomes for patients after cataract surgery. Accordingly, a qualitative systematic literature review was conducted to identify whether VRS training results in a reduced complication rate after real-life cataract surgery. Included studies measured the effect of VRS on real-life patient outcomes after cataract surgery 
	patient outcomes, skills 
	Risk of bias;  
	Information not available 
	Context (sociocultural norms), Context (institutional norms), Context (level), Education (modality), Education (instructional design), Education (assessment), Learner, Research 

	Ge​​ et al [61] 2020

	To explore the effectiveness of flipped classroom in radiology education in comparison with traditional didactic or lecture-based pedagogy, with specific indicators focused on students’ objective evaluation or subjective cognition. 
	knowledge, satisfaction 
	Newcastle-Ottawa Scale (NOS);  
	Information not available 
	Education (modality) 

	Lee​​ et al [62] 2020

	To summarise the design and evaluation of Virtual Patient-based medical communication skills training systems in order to identify features of successful cases. 
	 
	Medical Education Research Study Quality Instrument (MERSQI); Medical Education Research Study Quality Instrument (MERSQI) for quantitative studies, and the QualSyst standard assessment criteria for qualitative studies.  
	Information not available 
	Education (instructional design) 

	Keinänen​​ et al [63] 2023

	The objective of this review was to evaluate how effective mentoring education interventions are at improving mentoring competence among health care professionals. 
	attitude, knowledge, skills 
	Other; JBI critical appraisal tools for quasi-experimental studies and randomized controlled trials  
	HIC and MIC 
	Education (modality), Education (content), Education (instructional design), Education (assessment) 

	Qiao​​ et al [64] 2023

	The three aims identified in this study are (a) to determine whether an effect of NVR simulation exist; (b) to determine whether the effect of NVR simulation is positive or negative; (c) to obtain a single summary estimate of the NVR effect 
	attitude, confidence, knowledge, self-efficacy, skills 
	Other; the Cochrane Handbook for Systematic Reviews of Intervention which assisted in evaluating the rigor of the studies. 
	HIC and MIC 
	Education (modality) 

	Sezgin​​ et al [65] 2023

	This systematic review and meta-analysis study was conducted to evaluate the effectiveness of interprofessional simulation-based education programs for improving teamwork and communication among students in the healthcare profession. 
	attitude, knowledge, skills 
	Risk of bias;  
	HIC, MIC, and LIC 
	Context (level), Education (modality), Education (engagement), Education (assessment) 

	Tonapa et al [66] 2023
	The aim of the study was to review and analyze the effectiveness of high-fidelity simulation on learning outcomes in undergraduate nursing education 
	confidence, knowledge, skills 
	Risk of bias;  
	HIC and MIC 
	Context (sociocultural norms), Context (level), Education (modality), Education (assessment), Learner, Research 

	Baashar et al [67] 2022

	The aim of this work was to assess how effective AR is in training medical students when compared to other educational methods in terms of skills, knowledge, confidence, performance time, and satisfaction 
	confidence, knowledge, performance, satisfaction, skills 
	Risk of bias; Cochrane criteria for risk of bias 
	 
	 

	Min​​ et al [68] 2022

	To systematically summarize research employing serious games in nurse education, to examine their effectiveness, to provide recommendations and implementation strategies, and to suggest future directions for the development and application of serious games in nurse education. 
	engagement, knowledge, performance, satisfaction, skills 
	Risk of bias, Other; Cochrane Risk of Bias Tool for Randomized Trials Risk of Bias in Non-Randomized Studies of Interventions (ROBINS-I; Sterne et al., 2016). 
	HIC only 
	Education (modality), Education (instructional design) 

	Moussa​​ et al [69] 2021

	The aim of this systematic review was to determine whether virtual technologies have positive effects on dental education outcomes and to explore the attitudes of dental students and educators toward these technologies. 
	attitude, knowledge, satisfaction, skills 
	Not reported;  
	HIC and MIC 
	Education (instructional design), Education (engagement), Learner 

	Piot​​ et al [70] 2022

	To evaluate the effectiveness of simulation training in psychiatry for nursing students, nurses and nurse practitioners. 
	attitude, behavioural, knowledge, skills, wellbeing 
	Risk of bias, Grading of Recommendations, Assessment, Development, and Evaluations (GRADE), Medical Education Research Study Quality Instrument (MERSQI);  
	HIC, MIC, and LIC 
	Education (modality) 

	Al Asmri​ et al [71] 2020

	To synthesise evidence regarding the effectiveness of technology-enhanced simulation (TES) for acquiring digital rectal examination skills. 
	behavioural, confidence, knowledge, patient outcomes, satisfaction, skills, wellbeing 
	Other; Modified MERSQI 
	HIC only 
	Education (modality) 

	Berg​​ et al [72] 2021

	To determine the reported effect of online communication skills training (CST) on health professional (HP) communication skills and patient care outcomes in cancer and palliative care. 
	attitude, knowledge, patient outcomes, satisfaction, skills 
	Other; JBI Critical Appraisal Checklists for Randomised Controlled Trials (RCTs), Quasi‐Experimental Studies (non‐randomised experimental studies) and Qualitative Studies 
	HIC only 
	Education (modality) 

	Chae​​ et al [73] 2021

	This study aimed to review the effectiveness of virtual simulations and their design features in developing clinical reasoning skills among nurses and nursing students. 
	patient outcomes, performance, skills 
	Risk of bias, Grading of Recommendations, Assessment, Development, and Evaluations (GRADE);  
	HIC and MIC 
	Learner 

	Woon​​ et al [74] 2021

	The objective was to (1) evaluate the effectiveness of virtual reality (VR) training in improving knowledge among nursing students and (2) identify the essential features of training. 
	knowledge 
	Risk of bias, Grading of Recommendations, Assessment, Development, and Evaluations (GRADE); Cochrane Collaboration Risk of Bias 
	HIC and MIC 
	Education (modality) 

	Yogeswaran​​ et al [75] 2021

	The study objective was to investigate whether online mindfulness interventions can be utilised  to promote mental health for medical students. 
	behavioural, wellbeing 
	Not reported;  
	HIC only 
	Learner 

	Berry​​ et al [76] 2020

	The results of TEL effectiveness in periodontics education are controversial. Therefore, this systematic review aimed to evaluate the effectiveness of TEL to improve educational outcomes in the periodontics field compared to traditional learning methods 
	attitude, behavioural, knowledge, patient outcomes, skills 
	Risk of bias;  
	HIC only 
	Context (sociocultural norms), Context (institutional norms), Context (level), Education (content), Education (modality), Education (instructional design), Education (assessment) 

	Khalaf​​ et al [77] 2020

	To investigate the effectiveness of technology-enhanced teaching and assessment methods of undergraduate preclinical skills in comparison to conventional methods. 
	satisfaction, skills 
	Risk of bias, Grading of Recommendations, Assessment, Development, and Evaluations (GRADE),Other; Cochrane risk of bias tool (RoB 2.0) 
	HIC and MIC 
	Education (modality) 

	Lapierre​​ et al [78] 2020

	To investigate the effect of interprofessional manikin-based simulation training on teamwork of real teams during trauma resuscitation in civilian, adult emergency departments. 
	attitude, behavioural, knowledge, skills 
	Other; Joanna Briggs Institute Critical Appraisal Tools, JBI Critical Appraisal Checklist for Quasi-Experimental Studies 
	HIC only 
	Context (setting), Education (modality) 

	O'Brien​​ et al [79] 2023

	The objective of this systematic review was to determine whether simulated interdisciplinary activities in the health care or clinical setting improve interprofessional collaboration within health care teams that include respiratory therapists. 
	confidence 
	Other; Qualitative Checklist from the Critical Appraisal Skills Program 
	HIC and MIC 
	Context (sociocultural norms), Context (institutional norms), Context (setting), Context (level), Infrastructure (digital), Infrastructure (regulatory), Education (modality), Education (content), Education (instructional design), Education (engagement), Education (assessment), Learner, Research 

	Lei​​ et al [80] 2022

	This meta-analysis was designed to systematically determine the effect of high-fidelity simulation teaching on nursing students’ knowledge level, professional skill level and clinical ability.  
	knowledge, skills 
	Other; Cochrane Handbook (5. 1. 0) quality evaluation criteria 
	HIC, MIC, and LIC 
	Education (modality) 

	Susilawati​​ et al [81] 2022

	The limited ability of educational institutions to prepare learning materials due to being expensive makes it essential to use other methods such as digital methods or minimize the use of excessive learning materials. Accordingly, the present systematic review aims to find out the effects of multimedia e-books and Augmented Reality (AR) on the knowledge and skills of health sciences students. 
	knowledge, satisfaction, skills 
	Risk of bias, Joanna Briggs Institute of Meta-Analysis of Statistics Assessment and Review Instrument; Joanna Briggs Institute (JBI) checklist for randomized clinical trials (Tufanaru et al., 2017), the JBI checklist for cohort studies (Moola et al., 2017), the JBI checklist for (non-randomized) experimental studies (Tufanaru et al., 2017), and the JBI checklist for qualitative research (Lockwood et al., 2015). 
	HIC and MIC 
	Context (sociocultural norms), Context (institutional norms), Context (level), Education (modality), Education (engagement), Learner 

	Chen​​ et al [82] 2021

	To assess the effects of mobile learning for nursing students in clinical nursing education. 
	confidence, knowledge, satisfaction, self-efficacy, skills 
	Other; Cochrane Handbook for Systematic Reviews of Interventions 
	HIC and MIC 
	Education (assessment), Education (modality) 

	Polce​​ et al [83] 2020

	To perform a systematic review and meta-analysis of the effects of training simulators on orthopaedic surgical skill measures across randomized controlled trials. The authors hypothesized that simulated training would (1) result in objective improvements in skill acquisition and (2) be heterogeneousregarding the outcomes and types of validity assessed. 
	skills 
	The Jadad scale;  
	Information not available 
	Education (modality), Education (instructional design) 

	Woodhead​​ et al [84] 2020

	The aim of this review was to summarise and critically appraise the available evidence for the effects of simulation on gynaecological ultrasound scan training.  
	attitude, behavioural, engagement, knowledge, patient outcomes, satisfaction, skills 
	Risk of bias, Newcastle-Ottawa Scale (NOS);  
	HIC only 
	Context (sociocultural norms), Context (level), Education (modality), Education (content), Education (instructional design), Education (assessment), Learner 

	Maheu-Cadotte
​​ et al [85] 2021

	This study aimed to review the effectiveness of virtual simulations and their design features in developing clinical reasoning skills among nurses and nursing students. 
	knowledge, satisfaction, skills 
	Risk of bias, Grading of Recommendations, Assessment, Development, and Evaluations (GRADE);  
	HIC and MIC 
	Context (sociocultural norms), Context (level), Infrastructure (digital), Education (modality), Education (instructional design), Learner 

	Muirhead​​ et al [86] 2021

	This review aimed to appraise and synthesise contemporary experimental evidence that evaluated technology-enabled dementia education for health and social care practitioners. Outcomes based on Kirkpatrick’s Model were learner satisfaction; knowledge, skills, and attitudes; behaviours; and results. 
	attitude, behavioural, knowledge, patient outcomes, satisfaction, skills 
	Medical Education Research Study Quality Instrument (MERSQI), Other; Mixed Methods Appraisal Tool (MMAT) 
	HIC only 
	Context (sociocultural norms), Context (institutional norms), Context (level), Infrastructure (digital), Education (modality), Education (instructional design), Education (engagement), Education (assessment), Learner, Research 

	Banks​​ et al [87] 2022

	To investigate the effect of implementing flipped classroom designs on academic performance, student satisfaction and self-efficacy in undergraduate health science disciplines. 
	knowledge, satisfaction, self-efficacy 
	Other; standard quality indicator approach (Buckley et al., 2009) 
	HIC only 
	 

	Chawla​​ et al [88] 2022

	Neurosurgical training has been traditionally based on an apprenticeship model. However, restrictions on clinical exposure reduce trainees’ operative experience. Simulation models may allow for a more efficient, feasible, and time-effective acquisition of skills. Our objectives were to use face, content, and construct validity to review the use of simulation models in neurosurgical education. 
	skills 
	Medical Education Research Study Quality Instrument (MERSQI);  
	HIC and MIC 
	Context (setting), Context (level), Education (modality), Education (instructional design), Education (engagement), Education (assessment) 

	Chen​​ et al [89] 2021

	To evaluate the current evidence and opportunities to integrate novel technologies into modern digitalised robotic training curricula. 
	 
	Not reported;  
	Information not available 
	Education (modality) 

	Olexa​​ et al [90] 2023

	To analyze the current status of AR use cases with the goal of envisioning future uses of AR in neurosurgical education 
	attitude, knowledge, satisfaction, skills 
	Medical Education Research Study Quality Instrument (MERSQI);  
	HIC and MIC 
	Education (modality) 

	Lop​​ et al [91] 2022

	The goal of the present systematic review is to survey and broach the topic of XR in neurosurgery, with a focus on education 
	knowledge, performance, skills 
	Newcastle-Ottawa Scale (NOS), Other; Newcastle–Ottawa Scale-Education (NOS-E) 
	HIC and MIC 
	Context (setting), Context (level), Education (content), Education (assessment), Education (modality) 

	Esteban et al [92] 2023

	To summarize published evidence on Simulation Tool (ST) validation used for surgery education and training. 
	validity 
	Medical Education Research Study Quality Instrument (MERSQI);  
	Information not available 
	Education (modality), Education (content), Education (instructional design), Education (engagement), Education (assessment) 

	Youhasan​​ et al [93] 2021

	This systematic review aims to evaluate the empirical evidence and refereed literature pertaining to the development, application and effectiveness of flipped classrooms in reference to undergraduate nursing education. 
	attitude, knowledge, skills 
	Not reported, Other; An evidence hierarchy classification model  
	HIC, MIC, and LIC 
	Education (modality), Education (instructional design), Education (engagement), Education (assessment) 

	CC06/94
[94] 2020
	to assess the efficacy and provide a deeper understanding of the flipped classroom in nursing education. 
	knowledge, skills 
	Other; Cochrane Collaboration's tool 
	HIC only 
	Education (modality), Education (instructional design) 

	van Gaalen​​ et al [95] 2021

	The purpose of this systematic review was to provide a comprehensive overview of the use and effectiveness of gamification in health professions education and to add to the existing research on gamification in several ways. 
	attitude, behavioural, knowledge, patient outcomes, satisfaction, skills 
	Medical Education Research Study Quality Instrument (MERSQI);  
	HIC only 
	Education (modality), Education (instructional design), Education (engagement) 

	Berthold​​ et al [96] 2022

	To conduct a systematic review to determine the efficacy of head-mounted display (HMD) virtual reality (VR) in orthopaedic surgical training. 
	knowledge, skills 
	Not reported;  
	Information not available 
	Education (modality) 

	Corvetto​​ et al [97] 2023

	The objective of this research was to identify and review studies that have evaluated the impact of simulation-based training on health care professionals during epidemics. 
	behavioural, knowledge, skills 
	Not reported;  
	Information not available 
	Education (assessment) 

	Li et al [98] 2022

	To explore the effectiveness of high-fidelity simulation (HFS) in undergraduate nursing education. 
	confidence, knowledge, motivation, satisfaction, skills 
	Other; Quality Appraisal Checklist – Quantitative Intervention Studies - NICE 
	HIC, MIC, and LIC 
	Context (institutional norms), Education (modality), Education (instructional design), Education (engagement) 

	Orejuela​ et al [99] 2022

	To evaluate the effect of simulation training vs traditional hands-on surgical instruction on learner operative skills and patient outcomes in gynecologic surgeries. 
	patient outcomes, skills 
	Risk of bias, Grading of Recommendations, Assessment, Development, and Evaluations (GRADE),Other; Cochrane Risk of Bias tool (for )11 RCTs and selected items from the ROBINS-I Tool (for NRCS and prepost studies) 
	HIC and MIC 
	Education (modality) 

	Astbury​​ et al [100] 2021

	The aim of this review is to synthesize review evidence of SBE best practice in a broad range of pre-registration healthcare programs and contextualize findings in light of relevant educational theory.   
	 
	Other; the Joanna Briggs Institute Critical Appraisal Checklist for Systematic Reviews and Research Synthesis 
	Information not available 
	Context (level), Education (modality), Education (instructional design) 

	Lowe​​ et al [101] 2021

	This systematic review aimed to determine the value of Immersive Technology to teach students ophthalmic skills and whether it can supplement or replace conventional teaching practices. 
	skills 
	Risk of bias;  
	HIC only 
	Education (modality) 

	Mao​​ et al [102] 2021

	Competency and expert skill are the end goals of training, and an evidence- based approach to appropriate utilization of iVR technology to supplement training programs is required. In this review, we aim to explore the current literature on the application of iVR and determine its efficacy in surgical skills acquisition. 
	satisfaction, skills 
	Grading of Recommendations, Assessment, Development, and Evaluations (GRADE), Medical Education Research Study Quality Instrument (MERSQI); Cochrane methodology 
	HIC and MIC 
	Context (sociocultural norms), Context (institutional norms), Context (level), Infrastructure (digital), Education (modality), Education (content), Education (instructional design), Education (engagement), Education (assessment), Learner, Research 

	Le Lous​​ et al [103] 2020

	We sought to review the literature and investigate the current level of evidence about the clinical benefits of hybrid simulation training in the field of obstetrics according to the Kirkpatrick Hierarchy. 
	skills, patient outcomes 
	Not reported;  
	Information not available 
	Education (modality) 

	Au​​ et al [104] 2023

	To determine the effects related to scenario validity and group size in high-fidelity simulation among undergraduate nursing students. 
	knowledge, skills 
	Other; Quality Appraisal Checklist – Quantitative Intervention Studies developed by the National Institute of Health and Care Excellence (NICE) 
	HIC and MIC 
	Context (institutional norms), Context (level), Infrastructure (digital), Education (modality), Education (instructional design) 

	Adewuyi​​ et al [105] 2022

	The aim of this systematic review was to synthesize evidence on the effect of clinical experiential learning approaches on pre-licensure nursing students’ competence in dementia care and to identify associated challenges. 
	attitude, knowledge, skills 
	Other; Joanna Briggs Institute (JBI) Critical Appraisal Checklist for analytical cross-sectional studies   JBI Critical Appraisal Checklist for Qualitative Research Mixed Methods Appraisal Tool (MMAT) 
	HIC and MIC 
	Context (level), Education (modality), Education (instructional design) 

	Chan​​ et al [106] 2023

	This meta-ethnography sought to synthesise qualitative literature on candidates' and assessors' experiences of vOSCE to evaluate whether it may have a role in future assessment practices. 
	attitude 
	Other; Critical Appraisal Skills Programme (CASP) qualitative research checklist 
	HIC, MIC, and LIC 
	Education (assessment) 

	Oliveira​​ et al [107] 2023

	To evaluate the simulation design characteristics that may influence the stress, anxiety and self-confidence of undergraduate nursing students during learning.Design: Systematic review with meta-analysis. 
	behavioural, wellbeing 
	Other; Risk of Bias in Non-randomised Studies of Interventions tool (ROBINS-I tool) 
	HIC and MIC 
	Education (modality), Education (content), Education (instructional design), Learner 

	Gawronski​​ et al [108] 2022

	High Fidelity Simulations (HFS) are increasingly used to develop Non-Technical Skills (NTS) in healthcare providers, medical and nursing students. Instruments to measure NTS are needed to evaluate the healthcare providers’ (HCPs) performance during HFS. The aim of this systematic review is to describe the domains, items, characteristics and psychometric properties of instruments devised to evaluate the NTS of HCPs during HFS. 
	behavioural, skills 
	Grading of Recommendations, Assessment, Development, and Evaluations (GRADE), Other; Consensus-based Standards for the selection of health Measurement Instruments (COSMIN) checklist 
	HIC and MIC 
	Education (modality), Education (instructional design), Learner 

	Wirth​​ et al [109] 2021

	This systematic review aims to summarise the existing evidence from evaluation studies on the prevention of patient-on-employee violence and aggression in EDs, where the purpose of the studies was to reduce the frequency of violent incidents, to increase  knowledge, skills, or awareness related to violent incidents, or to help ED staff feel safer  and more at ease. 
	confidence, knowledge, skills 
	Other; JBI Critical Appraisal Checklist for Quasi-Experimental Studies; JBI Critical Appraisal Checklist for Prevalence Studies 
	HIC only 
	Education (modality) 

	Mao​​ et al [110] 2022

	This systematic review aims to assess the effectiveness of online video-based education compared with standard conventional education in teaching basic surgical skills to surgical trainees and students undergoing medical training. 
	confidence, knowledge, satisfaction, skills 
	Risk of bias;  
	HIC, MIC, and LIC 
	Context (sociocultural norms), Context (institutional norms), Context (level), Education (modality), Education (instructional design), Education (engagement), Education (assessment), Learner, Research 

	Ryan​​ et al [111] 2022

	To assess the learning outcomes of immersive technologies compared with traditional learning modalities with regard to knowledge and the participants’ learning experience in medical, midwifery, and nursing preclinical university education. 
	confidence, knowledge, satisfaction, skills 
	Medical Education Research Study Quality Instrument (MERSQI);  
	HIC and MIC 
	Education (modality) 

	Sleiman​​ et al [112] 2022

	This systematic review aims to understand better the translation of laparoscopic psychomotor skills, acquired in dry lab training, into a direct patient benefit in actual clinical practice in the operating room. 
	patient outcomes, skills 
	Other; Critical Appraisal Skills Programme CASP Checklists for Randomised Controlled trials 
	Information not available 
	Context (level) 

	Xu​​ et al [113] 2021

	To explore the learning experiences of using game-based education in nursing students 
	attitude, behavioural, knowledge, satisfaction, skills 
	Other; Mixed Methods Appraisal Tool (MMAT) 
	HIC and MIC 
	Education (modality), Education (engagement), Education (instructional design) 

	Lam​​ et al [114] 2022

	The aim of this review is to systematically review the literature concerning ML and surgical performance assessment. The aims are primarily to summarize the major ML techniques used to date in surgical skill assessment and to identify the current challenges and barriers in the field; second to understand what the key sources of data used to develop these tools are and the tasks or procedures that have been assessed; and finally, to understand to what extent ML has been successfully employed to assess surgical performance objectively. Through this systematic review, we aim to define future directions and propose new criteria in this emerging field. 
	behavioural, skills 
	Medical Education Research Study Quality Instrument (MERSQI);  
	HIC and MIC 
	Education (assessment) 

	Tabatabaeichehr​​ et al [115] 2022

	This review investigated medical students’ satisfaction level with e-learning during the coronavirus disease 2019 (COVID-19) pandemic and its related factors 
	satisfaction 
	Other; AXIS appraisal tool for cross sectional studies 
	HIC, MIC, and LIC 
	Context (sociocultural norms), Context (setting), Education (assessment), Learner, Infrastructure (regulatory), Education (content) 

	Dedeilia​​ et al [116] 2020

	The aim of this systematic review was to identify the challenges imposed on medical and surgical education by the COVID-19 pandemic, and the proposed innovations enabling the continuation of medical student and resident training. 
	 
	Other; structured and critical synthesis 
	Information not available 
	Context (sociocultural norms), Context (level), Context (setting) 

	Chandran​​ et al [117] 2022

	This review evaluates the effectiveness of smartphone applications in improving academic performance and clinical practice among healthcare professionals and students. 
	knowledge, skills 
	Risk of bias, Newcastle-Ottawa Scale (NOS);  
	HIC, MIC, and LIC 
	Context (setting), Context (level), Education (modality), Education (instructional design), Education (assessment) 

	Margulies​​ et al [118] 2020

	In this era of work-hour restrictions, the paucity of effective and accessible microsurgical training resources has prompted many to turn to personal digital technology devices and online resources as one means of an overall educational approach to the acquisition of microsurgical skills. Indeed, there have been numerous efforts to find ways to use newly developed digital technology for microsurgical training through both passive and interactive means. Thus, the authors aim to provide a systematic review of the existing easily accessible digital microsurgery training resources reported in the literature, available on the internet, and available as smartphone/tablet applications 
	attitude, satisfaction, skills 
	Not reported;  
	Information not available 
	Context (sociocultural norms), Context (institutional norms), Context (setting), Context (level), Infrastructure (digital), Education (instructional design) 

	Chen​​ et al [119] 2021

	to identify existing microscope-free training models and to compare models in their ability to improve a user's microsurgical skills. 
	skills 
	Other; MINORS, and JBI Critical Appraisal Checklist 
	Information not available 
	Infrastructure (digital) 

	Shorey​​ et al [120] 2022

	To consolidate the evidence around the experiences of nursing undergraduates and faculty members navigating through remote and online education during the COVID-19 pandemic. 
	attitude, knowledge 
	Other; Critical Appraisal Skills Program (CASP) checklist 
	HIC, MIC, and LIC 
	Education (modality), Learner 

	Stojan​​ et al [121] 2022

	The aim of this review was to synthesize published reports of developments in UGME in response to the COVID-19 pandemic, focusing on the ‘pivot’ to online learning and de novo developments in remote learning for nonclinical educational activities. We addressed the following:    What novel solutions or developments were deployed as institutions pivoted from face-to-face to remote/online learning? (i.e. description, or ‘what was done’) What was the impact of these changes? What educational (Kirkpatrick’s) outcomes have been reported for these medical education developments? (i.e. justification or ‘did it work?’)    What lessons were learned by the teams who deployed these developments that can guide future practice? (i.e. Implications or ‘what’s next?’) 
	attitude, knowledge, satisfaction, skills 
	Medical Education Research Study Quality Instrument (MERSQI), Other; A visual RAG (red, amber, green) ranking system to assess risk of bias (Gordon et al) 
	HIC, MIC, and LIC 
	Context (sociocultural norms), Context (institutional norms), Education (modality), Education (instructional design) 

	Castillo-Segura​​ et al [122] 2021

	This SLR aims to provide insights on how IoT can help to automate and make the assessment of surgical technical skills more objective, thus tackling also the problem of the low teacher-student ratio in traditional assessment approaches.  
	skills 
	Not reported;  
	Information not available 
	Infrastructure (digital), Education (assessment) 

	Anugrahsari​​ et al [123] 2022

	This study investigated the implementation of patient safety in the hospital, the significance of patient safety education for students, and the search for effective practical learning methods 
	attitude, knowledge, skills 
	Not reported;  
	Information not available 
	Context (institutional norms), Context (level), Education (modality), Education (instructional design), Education (assessment) 

	Chan​​ et al [124] 2022

	This systematic review was conducted to identify and evaluate existing PCP cancer survivorship programs in published literature and answer the following questions: (1) What are the behavioral/learning theories, pedagogy, and/or frameworks used in PCP survivorship education programs? (2) What are the effects of PCP survivorship education programs on outcomes for PCPs (e.g., knowledge, attitude, behaviors) and for cancer survivors (e.g., health and clinical outcomes, self-efficacy)? 
	behavioural, confidence, knowledge, patient outcomes, satisfaction, skills 
	Other; NIH “quality assessment tool for before-after (pre-post) studies with no control group”, The mixed methods appraisal tool (MMAT) 
	HIC only 
	Education (modality), Education (instructional design), Education (assessment) 

	Schafer​​ et al [125] 2022

	To describe outcomes of SBEs (Simulation-based experiences) related to FPDR (Family presence during resuscitation) and to provide recommendations for future work. 
	knowledge, performance 
	Other; Johns Hopkins Level of Evidence and Quality Guide 
	HIC only 
	Education (assessment), Education (modality), Research 

	Tudor Car​​ et al [126] 2022

	To determine the choice of outcomes, measurement instruments, and the use of measurement instruments with validity evidence in randomized controlled trials (RCTs) on the effectiveness of VR, AR, and MR in medical student education. 
	attitude, engagement, knowledge, patient outcomes, satisfaction, skills, wellbeing 
	Other; Consensus-Based Standards for the Selection of Health Measurement Instruments (COSMIN) 
	HIC, MIC, and LIC 
	Context (setting), Context (level), Education (modality), Education (content), Education (engagement), Education (assessment) 

	Okano​​ et al [127] 2021

	To assess whether simulation-based education for vascular access improved the success rate and decreased complication rates compared to traditional education. 
	patient outcomes 
	Grading of Recommendations, Assessment, Development, and Evaluations (GRADE), Risk of bias;  
	Information not available 
	Education (modality), Education (assessment) 

	Grafton-Clarke
​​ et al [128] 2022

	This systematic review synthesises published reports of medical educational developments and innovations that pivot to online learning from workplace-based clinical learning in response to the pandemic. The objectives were to synthesise what adaptations/innovation were implemented (description), their impact (justification), and ‘how’ and ‘why’ these were selected (explanation and rationale). 
	attitude, knowledge, satisfaction, skills 
	Risk of bias, Other; Quality of study methodology: the Cochrane risk bias tool for randomised controlled trials and the ROBINS-I tool (Risk Of Bias in Non-randomised Studies of Interventions) for non-randomised trials  Quality of study reporting: a visual ranking system was used to report the risk of bias for these five areas: underpinning bias, resource bias, setting bias, educational bias, and content bias (Gordon and Gibbs 2014). 
	HIC and MIC 
	Context (sociocultural norms), Context (institutional norms), Education (modality) 

	Oh​​ et al [129] 2022

	Using electrocardiogram (ECG) interpretation as an example of a widely taught diagnostic skill, the authors conducted a systematic review and meta-analysis to demonstrate how research   evidence on instruction in diagnosis can be synthesized to facilitate improvement of educational activities (instructional modalities, instructional methods, and interpretation approaches), guide the content and specificity of such activities, and provide direction for research. 
	knowledge, skills 
	Medical Education Research Study Quality Instrument (MERSQI);  
	Information not available 
	Context (sociocultural norms), Context (level), Infrastructure (digital), Education (modality), Education (content), Education (instructional design), Education (assessment), Learner, Research 

	Pires​​ [130] 2022

	To carry out a systematic review about the perception of pharmacy students on the e-learning strategies adopted during the COVID-19 pandemic. 
	attitude, satisfaction 
	Not reported;  
	HIC, MIC, and LIC 
	Learner 

	Baetzner​ et al [131] 2022

	To provide an overview of scientifically evaluated training methods and to examine whether certain methods seem to be particularly effective. 
	behavioural, confidence, knowledge, performance, self-efficacy 
	Other; the Joanna Briggs Institute (JBI) critical appraisal checklists for RCTs and quasi‐experimental studies 
	HIC, MIC, and LIC 
	Education (modality), Education (instructional design) 

	Savage et al [132] 2022

	The aim of this review was to determine the impact of e-learning versus traditional learning on emergency medicine learning outcomes of medical students and junior doctors 
	 
	Risk of bias, Other; Cochrane Risk of Bias tool, Oxford Centre for Evidence-Based Medicine: Levels of Evidence 
	Information not available 
	Education (modality) 

	Legoux​​ et al [133] 2021

	To determine whether simulation of critical emergency procedures promotes long‐term retention of skills in nonsurgical physicians. 
	skills 
	Medical Education Research Study Quality Instrument (MERSQI);  
	Information not available 
	Education (modality), Education (instructional design), Education (assessment), Learner 

	Tori et al [134] 2022

	The systematic review analyses the state of the art regarding serious games for health-related education, and evaluates the following: game elements, platforms, evaluation methods and requirements analysis methods. 
	evaluation 
	Not reported;  
	Information not available 
	Context (setting), Infrastructure (digital), Infrastructure (human resources), Education (modality), Education (instructional design), Education (engagement) 

	Nayar​​ et al [135] 2020

	The primary objective of this review was to assess the factors that influence accuracy of self-assessment at technical skills across all surgical specialties. The use of self-assessment from retrospective video playback was used in some studies and may be of benefit in surgical training curricula to enhance learning of technical skills 
	skills 
	Newcastle-Ottawa Scale (NOS);  
	Information not available 
	Education (assessment) 

	Bray et al [136] 2023

	This systematic review sought to determine which simulation-based training (SBT) approaches are adopted for continuing professional development within primary care and appraise their impact. 
	behavioural, knowledge, patient outcomes, satisfaction, skills 
	Other; Mixed Methods Appraisal Tool (v18) 
	HIC and MIC 
	Education (assessment), Education (modality) 

	Richard​​ et al [137] 2023

	This study aims to assess the effectiveness, in terms of the main Kirkpatrick criteria, of simulation training in suicide risk assessment and crisis intervention for healthcare professionals and gatekeepers. 
	attitude, behavioural, knowledge, skills 
	Risk of bias, Medical Education Research Study Quality Instrument (MERSQI), Other; Risk of Bias tool 2.0 (RoB 2.0; Cochrane) 
	HIC, MIC, and LIC 
	Education (instructional design), Education (modality) 

	Chou et al [138] 2022

	This review aims to systematically evaluate the currently available evidence investigating the effectiveness of simulation-based training (SBT) in emergency obstetrics care (EmOC) in Low- and Lower-Middle Income Countries (LMIC). 
	knowledge,skills 
	Not reported;  
	MIC and LIC 
	Context (setting) 

	Heuer ​​ et al [139] 2022

	To provide an enhanced understanding of how simulation-based training (SBT) is utilized by selected allied health professions (AHPs) functioning in acute care, the potential impact that simulations can have on practice, and how the value derived from them can be maximized.   
	skills 
	No intervention;  
	 
	Education (instructional design), 

	Tokas​​ et al [140] 2022

	We investigated the current literature for simulators that could be used as a tool for teaching urologists alone or within the boundaries of a course or a curriculum. 
	skills 
	Not reported;  
	HIC only 
	Education (modality) 

	Zaed et al [141] 2022

	To identify the currently available simulators including VR simulators for neurovascular surgery and endovascular interventions to assess their validity and determine their effectiveness to suggest widespread applicability in educational curricula. 
	knowledge, skills 
	;  
	HIC only 
	Context (sociocultural norms), Context (level), Infrastructure (digital), Education (modality), Education (content), Learner 

	Aydın​​ et al [142] 2021

	To identify current simulation-based training models and to evaluate their validity and effectiveness 
	skills 
	Other; Messick's Framework 
	HIC and MIC 
	Education (modality) 

	Davids​​ et al [143] 2021

	Our aim was to determine the types of simulators in use, their effectiveness in improving clinical skills, and whether we have reached a point of global acceptance.  
	knowledge, skills 
	Risk of bias, Medical Education Research Study Quality Instrument (MERSQI), Other; Cochrane risk of bias tool 
	HIC only 
	Education (modality) 

	Lindhard​​ et al [144] 2021

	We performed a systematic review of the effects of simulation-based team training on clinical performance and patient outcome. 
	patient outcomes 
	Risk of bias, Newcastle-Ottawa Scale (NOS);  
	HIC, MIC, and LIC 
	Education (modality), Education (assessment) 

	Tropea​​ et al [145] 2020

	The aim of this systematic review was to summarise and critically appraise controlled studies on simulation training in non-cancer palliative care for HCWs. 
	behavioural, confidence, knowledge, self-efficacy, skills 
	Other; Cochrane Effective Practice and Organisation of Care risk of bias criteria 
	HIC only 
	Context (level), Education (modality), Education (instructional design), Education (engagement), Education (assessment), Learner 

	Nielsen​​ et al [146] 2020

	The aim of this systematic preferred reporting items for systematic reviews and meta-analysis (PRISMA) review was to examine whether VR patient-specific rehearsal PsR can improve operator skills and techniques and provide an overview of the published literature to evaluate the benefits of the technique in endovascular procedures. To our knowledge, this is the first review that explores PsR connected to endovascular procedures. 
	attitude, behavioural, knowledge, patient outcomes, satisfaction, skills 
	Medical Education Research Study Quality Instrument (MERSQI);  
	Information not available 
	Context (sociocultural norms), Context (institutional norms), Education (modality), Education (assessment) 

	Sultana et al [147] 2020

	This systematic review aims to map and analyse the existing literature on simulation-based training for caesarean sections to gain insight into the different types of simulation training models and methods available and their impact on training and clinical outcomes. 
	knowledge, skills 
	Not reported;  
	HIC and MIC 
	Education (modality) 

	Fouasson-Chailloux et al [148] 2022

	To assess the impact of the use of social media on health students concerning their capacity to acquire knowledge and skills, but also their perception on this new learning approach compared to traditional learning. 
	attitude, knowledge, skills 
	Medical Education Research Study Quality Instrument (MERSQI);  
	Information not available 
	Education (modality) 

	Pietersen​​ et al [149] 2022

	to examine the use of standard setting methods in the context of simulation-based training of surgical procedures 
	skills 
	Grading of Recommendations, Assessment, Development, and Evaluations (GRADE);  
	HIC only 
	Education (assessment) 

	Guckian et al [150] 2021

	To synthesise evidence regarding social media interventions in undergraduate medical education, to identify features associated with positive and negative outcomes. 
	attitude, behavioural, knowledge, satisfaction, skills 
	Medical Education Research Study Quality Instrument (MERSQI), Other; Standards for Reporting Qualitative Research (SRQR) instrument 
	HIC, MIC, and LIC 
	Education (modality) 

	Jacob​​ et al [151] 2020

	To systematically explore relevant published literature to synthesize the current understanding of the factors impacting clinicians’ adoption of mHealth tools, not only from a technological perspective but also from social and organizational perspectives. 
	knowledge 
	Other; Critical Appraisal Skills Program tool [CASP Qualitative research checklist] 
	HIC, MIC, and LIC 
	Context (sociocultural norms), Context (institutional norms), Infrastructure (digital), Infrastructure (human resources), Education (engagement) 

	Jones et al [152] 2022

	This review aims to systematically explore, evaluate and summarise the range of techno-logical strategies within the literature regarding support of the student learning experience during clinical placements. 
	knowledge, behavioural 
	Other; Maxwell's six dimensions of quality 
	HIC and MIC 
	Context (sociocultural norms), Infrastructure (digital), Infrastructure (human resources), Education (modality), Education (instructional design), Education (engagement), Learner 

	Rangarajan​​ et al [153] 2020

	In this review, we aim to systematically assess the current evidence for the educational value of haptics in VR surgical simulation 
	skills 
	Other; quality assessment tool for quantitative studies as described in the Cochrane Handbook of Systematic Reviews of interventions. 
	HIC only 
	Education (modality) 

	Rashidian et al [154] 2020

	To identify and critically appraise the evidence concerning various educational interventions outside operating rooms, which may enhance cognitive knowledge or improve psychomotor and human factor skills in liver surgery. 
	knowledge, skills 
	Grading of Recommendations, Assessment, Development, and Evaluations (GRADE), Other; NOS - E (Newcastle-Ottawa Scale for Education) 
	Information not available 
	Education (assessment) 

	Hildreth​​ et al [155] 2023

	This systematic review aims to identify and synthesize studies evaluating the comparative effectiveness of technology-enhanced simulation in EM. 
	knowledge, patient outcomes, satisfaction, skills 
	Medical Education Research Study Quality Instrument (MERSQI), Newcastle-Ottawa Scale (NOS);  
	Information not available 
	Education (instructional design), Education (modality) 

	Santos​​ et al [156] 2022

	This systematic review presents the technological means for teaching and learning about human anatomy developed and applied in medical courses in the last ten years, besides the infrastructure necessary to use them. 
	 
	Not reported;  
	HIC and MIC 
	Education (modality) 

	Jin et al [157] 2021

	The aims of this study are 1. To evaluate the learning curve of laparoscopic training applying virtual reality compared to no training, box trainers, video trainers, and to traditional trainers.  2. To assess whether VR training could improve the initial stage of learning curve in actual surgery compared to other training methods.  3. To compare which level of trainees benefits more from VR training, novices or intermediates? 
	knowledge, performance, skills 
	Risk of bias, Grading of Recommendations, Assessment, Development, and Evaluations (GRADE), Other; Cochrane Rick of Bias Tool;  
	Information not available 
	Context (level), Education (modality) 

	Neubauer et al [158] 2023


	to provide a general overview of the current state of Musculoskeletal Ultrasound education worldwide, regarding target groups, teaching staff, didactic methods and course formats, also considering previous problems and future opportunities, to support the continuous improvement of the teaching of Musculoskeletal Ultrasound. 
	Knowledge, skills 
	Not reported;  
	Information not available 
	Context (sociocultural norms), Context (institutional norms), Context (level), Infrastructure (digital), Infrastructure (regulatory), Infrastructure (human resources), Education (modality), Education (content), Education (instructional design), Education (assessment), Learner 

	Muirhead et al [159] 2021

	To establish the technological and pedagogical characteristics associated with effective technology-enabled dementia education for health and social care practitioners. 
	knowledge, skills, satisfaction, attitude, behavioural, performance 
	Other; Mixed Methods Appraisal Tool 
	HIC and MIC 
	Education (instructional design) 

	Ozdemir et al [160] 2022

	This mixed-methods systematic review was conducted to examine the effectiveness of High-Fidelity Simulation (HFS) methods on teaching urinary catheterization skills to nursing students. 
	knowledge, skills, satisfaction 
	Joanna Briggs Institute of Meta-Analysis of Statistics Assessment and Review Instrument;  et al [Randomised and non-randomised experimental studies] Joanna Briggs Institute (JBI) Critical Appraisal Checklist for Randomized Controlled Trials and Quasi-Experimental   Studies.      et al [Mixed methods studies] JBI Critical Appraisal Checklist for Randomized Controlled Trials, or Quasi-Experimental Studies, or Qualitative Research    
	HIC only 
	Context (sociocultural norms), Context (level), Infrastructure (digital), Education (modality), Education (content), Education (engagement), Learner 

	Brown et al [161] 2021

	The purpose of this study was to investigate the effect of High-Fidelity Simulation based learning using computerized mannequins on clinical performance and preparedness of physical therapy students and physical therapists in acute cardiorespiratory physical therapy 
	attitude, behavioural, confidence, self-efficacy 
	Medical Education Research Study Quality Instrument (MERSQI), Other; Quality Assessment for Qualitative Research Reports (QAQRR) 
	HIC only 
	 

	Helming et al [162] 2021

	To evaluate the content quality of YouTube videos intended for professional medical education based on quality rating tool (QRT) scores and determine if video characteristics, engagement metrics, or author type are associated with quality. 
	validity 
	Risk of bias, Other; the Journal of the American Medical Association benchmark criteria (JAMA) score, DISCERN instrument score, Global Quality Score (GQS) 
	Information not available 
	Infrastructure (regulatory), Education (content), Education (instructional design), Quality Assurance 

	Fadzilah​​ et al [163] 2021

	A systematic review was conducted on the effectiveness of educational intervention designed to improve primary health-care service providers’ (PHSPs) knowledge, attitude, and practice in managing elder abuse and neglect (EAN) cases. 
	attitude, knowledge, skills 
	Risk of bias, Other; Cochrane Collaboration Modified Tool for randomized controlled studies and the Risk Of Bias In Nonrandomized Studies of Interventions tool (ROBINS-I) for quasi-experimental studies (Sterne et al., 2016). 
	HIC only 
	Education (modality) 

	Sinacori et al [164] 2021

	The aim of the study was to determine the effect of distance learning on knowledge acquisition in undergraduate second-degree nursing students, a growing population of nursing students. 
	knowledge, performance 
	Risk of bias, Other; Cochrane Collaboration’s tool for assessing risk of bias in a systematic review 
	HIC only 
	Education (modality), Education (instructional design) 

	Svellingen et al [165]2021

	To examine the use and effects of multiple simulations in nursing education. 
	confidence, knowledge, skills 
	Risk of bias, Other; Cochrane Risk of Bias tool; Critical Appraisal Skills Programme (CASP) 
	HIC only 
	Education (instructional design) 

	Taba et al [166] 2021

	To analyze the effects of using virtual reality simulations on the development of laparoscopic skills in medical students and physicians. 
	skills 
	Other; Cochrane Back Review Group (CBRG) 
	HIC only 
	Education (modality) 

	Zhao et al [167] 2021

	To compare the examination pass rate of medical students educated using VR and those receiving traditional education to evaluate the teaching effect of VR in medical education. 
	knowledge 
	Newcastle-Ottawa Scale (NOS);  
	HIC only 
	Education (modality) 

	Alshehri et al [168] 2023

	The objective of this systematic review is to synthesise findings from current literature about the effectiveness of high-fidelity simulation on the development of clinical reasoning-related skills in undergraduate nurses. 
	skills 
	Joanna Briggs Institute of Meta-Analysis of Statistics Assessment and Review Instrument;  
	HIC, MIC, and LIC 
	Context (sociocultural norms), Context (setting), Infrastructure (digital), Education (modality), Education (instructional design), Education (engagement), Learner 

	Zhao et al [169] 2020

	This research aimed to examine the general efficiency of VR for teaching medical anatomy. 
	satisfaction 
	Risk of bias;  
	HIC and MIC 
	Education (modality) 

	Jallad et al [170] 2022

	to evaluate the effectiveness of virtual reality simulation as a teaching / learning strategy on the acquisition of clinical skills and performance, self-confidence, satisfaction and anxiety level in nursing education. 
	attitude, knowledge, satisfaction, skills 
	Not reported;  
	Information not available 
	Education (modality) 

	Plackett et al [171] 2022

	The aim of this study was to synthesise the evidence to understand the effectiveness of virtual patient tools aimed at improving undergraduate medical students’ clinical reasoning skills. 
	patient outcomes, behavioural 
	Medical Education Research Study Quality Instrument (MERSQI), Newcastle-Ottawa Scale (NOS);  
	HIC, MIC, and LIC 
	Education (modality), Education (instructional design) 

	Yucel et al [172] 2020

	The aim of this systematic review is to identify and summarize evidence of the effectiveness of simulation-based team training in obstetric emergencies for improving team members' technical skills by using Kirkpatrick's training evaluation model. 
	skills, satisfaction 
	Other; Mixed Methods Appraisal Tool (MMAT) Version 2011 
	HIC, MIC, and LIC 
	Education (modality) 

	Capitani et al [173] 2023

	Surgical training is crucial for orthopedics residents during their educational careers. Residents who follow classic training courses are less skilled than those trained with simulators. Virtual simulators are reported to be global learning tools for knee arthroscopy. The primary purpose of our study is to evaluate the current state of use of arthroscopic knee simulators and their actual effectiveness in transfer the skills learned in training to the operating theatre. The secondary purpose is to evaluate if the virtual simulators are better than the others in improve arthroscopic skills. 
	skills 
	Not reported;  
	Information not available 
	Context (sociocultural norms), Context (level), Infrastructure (digital), Education (modality), Education (instructional design), Education (assessment), Research 

	Gomaa et al [174] 2023

	This systematic review aimed to systematically appraise the currently available evidence regarding endovascular high-fidelity simulation interventions, to describe the over-arching strategies used, the learning outcomes addressed, the choice of assessment methodology, and the impact of education on learner performance. 
	knowledge, skills,  
	Other; The reporting quality assessment involved 12 items, which included 3 ‘‘yes/no’’ items reporting on the study design, learner characteristics, and matching of outcomes to objectives.  
	HIC only 
	Context (institutional norms), Context (level), Education (modality), Education (instructional design), Education (engagement), Education (assessment) 

	Howlader​​ et al [175] 2022

	Oral and maxillofacial surgery (OMS) teaching is set to undergo a paradigm shift towards competency-based training. With increasing focus on resident skill development and patient safety, computerized simulators are likely to play a more mainstream role in OMS training. A systematic review of the available literature was conducted, in accordance with the PRISMA guidelines, to highlight the scope  of computerized simulation in OMS teaching 
	skills, patient outcomes,  
	Other; PRISMA 
	HIC and MIC 
	Context (sociocultural norms), Context (level), Infrastructure (regulatory), Education (modality), Education (instructional design), Education (engagement), Education (assessment), Learner 

	Suresh et al [176] 2023

	This review aims to provide an update on the role of augmented reality (AR) in surgical training and investigate whether the use of AR improves performance measures compared to traditional approaches in surgical trainees. 
	skills, satisfaction,  
	Not reported;  
	Information not available 
	Education (modality), Education (instructional design) context (level) 

	Santos et al [177] 2021

	From March through September of 2020, this systematic review attempted to elucidate experiences, benefits, and challenges enforced in dental  education due to the pandemic, the learning technologies, and methods used to  maintain education. 
	knowledge, skills, satisfaction 
	Joanna Briggs Institute of Meta-Analysis of Statistics Assessment and Review Instrument, Other; Joanna Briggs Institute JBI Critical Appraisal Checklist for Case Reports 
	 
	Context (sociocultural norms), Context (setting), Infrastructure (digital), Infrastructure (regulatory), Infrastructure (human resources), Education (modality), Education (instructional design), Education (engagement), Education (assessment), Learner 

	van Schaijik​​ et al [178] 2021

	To explore the current uses and to examine the impact of Twitter on dental education, and to analyze and predict potential models of Twitter for future application in dental training, education, and teaching. 
	knowledge, satisfaction 
	Medical Education Research Study Quality Instrument (MERSQI);  
	HIC only 
	Education (modality) 

	Srinivasa et al [179] 2020

	Online videos are commonly used in medical education. The aim of this review was to investigate the role of online instructional videos in teaching procedural skills to postgraduate  medical learners. 
	attitude, knowledge, skills 
	Other; Winona State University hierarchy of evidence scale, which ranged from levels I–VII of evidence depending on the study type and methodology 
	Information not available 
	Context (level), Infrastructure (digital), Education (instructional design), Education (engagement), Learner 

	Almutairi et al [180] 2022

	This systematic review was undertaken to investigate the impact of social media use in relation to student engagement in nursing education. 
	engagement 
	Other; Mixed Methods Appraisal Tool (MMAT, version 2018 
	HIC only 
	Education (engagement) 

	Shorey et al [181] 2021

	This review explores the use of the two variations of virtual worlds (dVRS and iVRS) as teaching tools among the nursing population, which consists of nursing students and registered nurses, on any outcomes.    This review has three research questions:        1) How effective is the use of virtual worlds as a teaching tool compared to other teaching methods among the nursing population of nursing students and registered nurses?      2) What are the outcomes that were examined in the included studies using virtual worlds?      3) What are the advantages and disadvantages of using virtual worlds in nursing education and clinical practice? 
	knowledge, satisfaction, skills 
	Other; Joanna Briggs Institute's appraisal checklists. The Checklist for Quasi-Experimental Studies (non-randomised experimental studies) was used to appraise quasi-experimental studies, and the Checklist for Randomised Controlled Trials was used to appraise studies that adopted the randomised controlled trial design 
	HIC and MIC 
	 

	Chahal et al [182] 2023

	This review aims to assess the transfer of open and laparoscopic psychomotor skills (gained through surgical simulation or operative experience) to the robot, evaluating their impact on the robotic learning curve. 
	skills 
	Risk of bias, Other; Cochrane risk-of-bias tool for randomised trials (RoB2) and the Risk of Bias In Non-Randomised Studies of Interventions (ROBINS-I) tool  
	Information not available 
	Context (institutional norms), Education (modality), Education (instructional design), Education (engagement) 

	Fahl​​ et al [183] 2023

	To confirm the effectiveness of spaced training when using a VR-simulator and identify an optimal spacing interval to acquire new surgical psychomotor skills. 
	performance, skills 
	Risk of bias, Medical Education Research Study Quality Instrument (MERSQI);  
	HIC only 
	Education (instructional design) 

	O'Connor et al [184] 2022

	Synthesise literature on theories that inform technology enhanced learning in nursing and midwifery education. 
	attitude, confidence, engagement, knowledge, satisfaction, self-efficacy, skills 
	Other; Not quality appraised 
	HIC and MIC 
	Education (instructional design) 

	Jujo​​ et al [185] 2021

	aimed to assess the learning effects of novice transesophageal echocardiography (TEE) simulator training and to identify gaps in existing studies.  
	knowledge, satisfaction, skills 
	Risk of bias;  
	HIC only 
	Context (sociocultural norms), Context (institutional norms), Context (level), Education (modality), Education (instructional design), Education (assessment) 

	Smith et al [186] 2021

	Correct optical diagnosis of colorectal polyps is crucial to implement a resect and discard strategy. Training methods have been proposed to reach recommended optical diagnosis thresholds. The aim of our study was to present a systematic review and meta-analysis on optical diagnosis training. 
	knowledge, patient outcomes, skills 
	Risk of bias, Grading of Recommendations, Assessment, Development, and Evaluations (GRADE);  
	Information not available 
	Context (sociocultural norms), Context (institutional norms), Context (level), Education (modality), Education (engagement) 

	Engberg​​ et al [187] 2020

	To report and evaluate research in training and assessment of competence in Resuscitative endovascular balloon occlusion of the aorta (REBOA) and femoral arterial access with the aim to investigate the effect of simulation-based training in the procedure and to provide suggestions for the future design of training programs and assessment tools. 
	attitude, behavioural, knowledge, patient outcomes, satisfaction, skills 
	Grading of Recommendations, Assessment, Development, and Evaluations (GRADE), Medical Education Research Study Quality Instrument (MERSQI);  
	Information not available 
	Education (modality), Research 

	Cant​​ et al [188] 2023

	The aim of this review was to summarize evidence from reviews of literature to determine the use and effectiveness of virtual simulations in contemporary nursing student education 
	confidence, knowledge, satisfaction, self-efficacy, skills 
	Other; JBI Critical Appraisal Checklist for Systematic Reviews Syntheses and Research 
	Information not available 
	Education (modality), Context (sociocultural norms), Context (setting), Context (level), Education (instructional design) 

	Stone et al [189] 2020

	This review examines the current evidence of the effectiveness of the use of video or video podcast technology produced either commercially or in-house in developing nursing students' confidence in clinical skills for practice. 
	knowledge, skills 
	Other; Mixed Methods Appraisal Tool (MMAT) tool for quantitative, qualitative, and mixed methods studies. 
	HIC and MIC 
	Education (assessment), Education (modality), Context (level), Infrastructure (digital), Education (instructional design) 

	Ayivi-Vinz et al [190] 2022

	To review the use of the CPD-REACTION questionnaire, which measures the impact of CPD activities on health professionals’ intentions to change clinical behaviour. We examined CPD activity characteristics, ranges of intention, mean scores, score distributions, and psychometric properties. 
	attitude, behavioural, knowledge, skills 
	Other; Mixed Methods Appraisal Tool (MMAT) 
	HIC, MIC, and LIC 
	Education (assessment) 

	ShahAli et al [191] 2023

	To assess the effectiveness of e-learning methods in comparison with traditional learning on physiotherapy students’ knowledge, skills and satisfaction/attitude. 
	attitude, knowledge, satisfaction, skills 
	Grading of Recommendations, Assessment, Development, and Evaluations (GRADE), Other; EPOC Risk of Bias tool 
	HIC and MIC 
	Context (level), Education (modality), Education (instructional design) 

	Verville et al [192] 2021

	To describe the best evidence on the effectiveness of technology-based learning tools designed to improve knowledge of health care providers about clinical practice guidelines (CPGs). 
	knowledge 
	Other; Scottish Intercollegiate Guidelines Network checklists for RCTs as well as the National Institutes of Health Checklist for pre- and postintervention trials. 
	Information not available 
	Context (level), Education (modality), Education (instructional design), Learner 

	Garnier​​ et al [193] 2023

	This study’s objectives are to provide an overview of simulation’s current place in the field of hospital pharmaceutical technology education, to classify these uses, and to discuss how simulation technologies could be better used in the future. 
	knowledge, skills 
	Not reported;  
	HIC only 
	Education (modality) 

	Singh et al [194] 2020

	A systematic review was conducted to identify and summarize research on the use of technology to train clinicians in evidence-based treatments (EBTs). 
	behavioural, knowledge, skills 
	Risk of bias, Other; Risk of bias was assessed with the National Heart, Lung, and Blood Institute Quality Assessment Tool for Controlled Intervention Studies 
	HIC and MIC 
	Context (sociocultural norms), Education (assessment), Education (instructional design) 

	Daniel et al [195] 2023

	The objective of this study is to compare surgical residents receiving and not receiving VBC in terms of technical surgical skill. 
	satisfaction, skills 
	Risk of bias;  
	Information not available 
	Context (level), Education (instructional design), Learner 

	Tursø-Finnich​​ et al [196] 2023

	The purpose of this review is to investigate the use of VR head-mounted displays (VR-HMD) in medical education and assess how they compare with other learning technologies. 
	knowledge, skills 
	Medical Education Research Study Quality Instrument (MERSQI);  
	Information not available 
	Education (modality) 

	Beshir​ et al [197] 2022

	To summarise evidence on Virtual Patient Simulation (VPS) use in pharmacy education and the effect of adapting VPS on pharmacy students’ engagement, confidence, knowledge, skills, and satisfaction. 
	attitude, confidence, knowledge, satisfaction, skills 
	Medical Education Research Study Quality Instrument (MERSQI);  
	HIC and MIC 
	Education (modality) 

	Dzyuba et al [198] 2022

	To scope the evidence for current applications of VR/AR in dental education and to anticipate the potential uses of these technologies in this field.  
	confidence, knowledge, performance, satisfaction, skills 
	Risk of bias;  
	Information not available 
	Infrastructure (digital) 

	Lucena-Anton et al [199] 2022

	The aim of this review was to analyse the use of virtual and augmented reality (VR/AR) compared to traditional methods for teaching physiotherapy. 
	performance, satisfaction 
	Joanna Briggs Institute of Meta-Analysis of Statistics Assessment and Review Instrument, Other; Cochrane Collaboration’s RoB Tool 2.0, The JBI Critical Appraisal Checklist for Quasi-Experimental Studies, the JBI Checklist for Cohort Studies, JBI Checklist for Randomised Controlled Trials, risk of bias in non-randomised studies of interventions (ROBINS-I) tool 
	HIC and MIC 
	Education (modality) 

	Umphrey et al [200] 2022

	To synthesize recent virtual global health education activities for graduate medical trainees, document gaps in the literature, suggest future study, and inform best practice recommendations for global health educators. 
	knowledge, satisfaction, skills 
	;  
	HIC, MIC, and LIC 
	Education (modality), Education (instructional design), Education (content), Education (instructional design) 

	Gelmini​​ et al [201] 2021

	The aim of this study was to compare virtual reality simulation with other methods of teaching interventional radiology. 
	skills 
	Risk of bias, Other; The Cochrane Collaboration tool, BEME Guide No. 11(18) and the Kirkpatrick model of training evaluation described in BEME Guide No. 8 by Steinert et al 
	Information not available 
	Education (modality) 

	Kovoor et al [202] 2021

	The aim of this study was to perform a systematic review of the published literature to evaluate the validity and effectiveness of augmented reality in surgical education, and to compare it with other simulation modalities. 
	skills 
	Risk of bias, Other; Joanna Briggs Institute (JBI) critical appraisal checklist 
	Information not available 
	Education (modality) 

	Moro et al [203] 2021

	The objective of this systematic review and meta-analysis is to evaluate the impact of virtual reality or augmented reality on knowledge acquisition for students studying pre-clinical physiology and anatomy.  
	knowledge 
	Risk of bias, Other; Cochrane Collaboration's Risk of Bias tool 
	HIC and MIC 
	Education (modality) 

	Lohre et al [204] 2020

	We sought to determine the current evidence of the use of virtual (VR), augmented (AR), and mixed (MR) reality simulators in minimally invasive spine surgery (MISS) and spinal endoscopic surgery, including study quality, level of evidence (LoE), and outcomes. 
	knowledge, skills 
	Medical Education Research Study Quality Instrument (MERSQI), Other; modified Oxford Centre for Evidence-Based Medicine (OCEBM) 
	HIC and MIC 
	Education (modality) 

	Richardson et al [205] 2020

	The objective was to undertake a systematic narrative review to establish and evaluate virtual patient (VP) use in pharmacy. This included VPs that were used to develop or contribute to communication or counselling skills in pharmacy undergraduates, pre-registration pharmacists and qualified pharmacists 
	confidence, knowledge, satisfaction, skills 
	Other; The critical appraisal skills programme (CASP) tools for qualitative research, cohort studies and randomised controlled trials 
	HIC only 
	Education (modality), Education (assessment) 

	Asadzandi​​ et al
[206] 2022
	The aim of this systematized review was to determine the factors enhancing metacognitive skills in nursing students. 
	knowledge, skills 
	Other; CASP Checklist 
	Information not available 
	Education (modality), Education (instructional design), Learner 

	Brown et al [207] 2023

	To summarize the current use of VR or AR for simulation training of healthcare providers  in Disaster Medicine education. 
	skills, satisfaction, confidence 
	Not reported;  
	HIC and MIC 
	Education (modality) 

	Clerkin et al [208] 2022

	The aim of this systematic review (SR) is to establish if video is a beneficial teaching method when teaching psychomotor skills in nursing. 
	confidence, knowledge, motivation, satisfaction, skills 
	Other; Quality appraisal was performed by using RevMan software Version 5.3 (Cochrane Collaboration, 2014) to assess the internal validity of all eight studies. 
	HIC and MIC 
	Education (modality), Context (level), Education (instructional design) 

	Sim et al [209] 2022

	This review aimed to evaluate the effectiveness of virtual simulations and their associated design features for developing clinical reasoning skills among nurses and nursing students.  The review was guided by the following research questions:  1. What is the effectiveness of virtual simulation on clinical reasoning in nursing education?  2. What are the essential features in designing virtual simulation that improves clinical reasoning in nursing? 
	knowledge, skills 
	Grading of Recommendations, Assessment, Development, and Evaluations (GRADE), Other; Cochrane Collaboration’s tool 
	HIC and MIC 
	Education (modality), Education (instructional design) 

	Clarke [210] 2021

	This study aims to conduct a systematic review of relevant literature and analyse the efficacy of VR simulation in orthopaedic surgical training, with a focus on outcomes in comparison to current standard training methods. The question this paper will be asking is does training in VR lead to a greater positive effect on outcomes that reflects real surgical competence, compared to standard training currently used in the orthopaedic curriculum, for surgical trainees of all levels. 
	skills 
	Risk of bias, Other; CASP criteria for critical appraisal and Robvis for risk of bias 
	HIC only 
	Context (institutional norms), Context (level), Infrastructure (digital), Education (modality), Education (content), Education (instructional design), Education (engagement), Education (assessment), Learner, 

	Lin et al [211] 2021

	To assess the impact of VR training for cataract surgery on the operating performance of postgraduate ophthalmology trainees, measured by operating time, intraoperative complications, postoperative complications, supervising physician ratings, and VR simulator task ratings. 
	performance 
	Risk of bias;  
	HIC and MIC 
	Education (modality), Education (instructional design) 

	Plotzky et al [212] 2021

	Simulation-based learning is widely used in nurse education, including virtual reality (VR) methods which have experienced a major growth lately. Virtual reality offers risk free and contactless learning. Currently, little is known about what topics of nursing are adopted for VR simulations and how their design meets various educational goals. This review aims to scope existing articles on educational VR nursing simulations, and to analyse approaches from didactic and technical perspectives. 
	behavioural, knowledge, satisfaction, skills 
	Other; guidelines for evaluating papers on education interventions (1991) 
	HIC only 
	Context (sociocultural norms), Context (institutional norms), Context (level), Infrastructure (digital), Education (modality), Education (content), Education (engagement), Education (assessment), Learner 

	Schmidt et al [213] 2021

	to identify evidence on transferability of surgical skills acquired on robotic VR simulators to the operating room and the predictive value of robotic VR simulator performance for intraoperative performance 
	skills, patient outcomes 
	Medical Education Research Study Quality Instrument (MERSQI), Other; modified Newcastle–Ottawa Scale for Education (NOS-E) 
	HIC and MIC 
	Education (assessment), Education (modality) 

	Tolarba et al [214]  2021
	The goal of this paper is to evaluate the effectiveness of virtual simulation in nursing education by conducting a systematic review of the literature. 
	attitude, knowledge, satisfaction, skills 
	Other; Joanna Briggs Institute (JBI) Critical Appraisal Tools. 
	HIC and MIC 
	Education (modality) 

	Foronda et al [215] 2020

	The objective of this review was to identify how virtual simulation impacts nursing student learning outcomes. 
	attitude, confidence, knowledge, satisfaction, skills 
	Risk of bias, Other; Melnyk and Fineout-Overholt's (2015) levels of evidence and Critical Appraisal Skills  Programme (CASP) guidelines for bias 
	HIC and MIC 
	Context (institutional norms), Context (level), Infrastructure (digital), Education (modality), Education (instructional design), Education (engagement), Education (assessment) 

	Portelli et al [216] 2020


	This meta-analysis had two aims:   comparing virtual reality training with apprenticeship training to determine whether it replaces or supplements the latter and providing data to develop conclusions about the benefits achieved by adding virtual reality training routinely for surgical trainees. 
	knowledge, skills 
	Not reported;  
	Information not available 
	Context (sociocultural norms), Context (institutional norms), Context (setting), Context (level), Infrastructure (digital), Education (modality), Education (instructional design), Education (engagement), Learner 

	Lee​​ et al [217] 2020

	This study aims to examine the effect of the intervention development of a web-based trauma education program for mental health professionals, focusing on previous domestic and international studies, and to find out the composition of the education program through a systematic literature review. This will be used as basic data to prepare the development direction of a web-based trauma education program for mental health professionals in the future. 
	confidence, knowledge, performance, satisfaction 
	Risk of bias;  
	HIC only 
	Context (level), Education (modality) 
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