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Summary: Assessment is one of the most studied topics by the scientific community due to its
complexity and impact on learning. In virtual contexts, evaluation has been the subject of analysis
in several higher education studies to understand its implementation with the use offered by
technologies. Although the contributions on this topic are applicable to all educational areas, the
evaluation may vary according to specific didactic and pedagogical factors, as is the case of
medical education. In this direction, there is a lack of theoretical research that determines trends in
evaluation in medical education in virtual contexts. This research contributes to solving this
theoretical gap through a systematic review. To do this, the PRISMA protocol was applied to
studies present in the Web of Science Core Collection (2018 - May 2023) and a content analysis was
carried out on the scientific literature (n = 46). The results showed similarities in evaluative
tendencies in virtual contexts in both higher education and medical education. It is concluded that
evaluations with the use of multimedia resources, online exams, through games, through
videoconferences, educational platforms and flipped learning are evaluative trends in virtual
contexts similar to general education studies. However, it is highlighted that evaluation based on
simulations, artificial intelligence, virtual and augmented reality are the most accentuated trends
in medical education.
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Abstract: Assessment is one of the most topics studied by the scientific community due to its
complexity and impact on learning. In virtual contexts, assessment has been a focal point of
analysis in several higher education studies to understand its implementation with the benefits
offered by technologies. While contributions on this topic are applicable to all educational
environments, assessment can differ based on specific didactic and pedagogical factors, such as in
medical education. Consequently, there is a lack of theoretical research determining trends in
assessment in medical education in virtual contexts. This research aims to address this theoretical
gap through a systematic review. The PRISMA protocol was applied to studies in the Web of
Science Core Collection (2018 - May 2023) and a content analysis of scientific literature (n = 46) was
conducted. The results showed similarities in evaluative trends in virtual contexts both in higher
education and medical education. It is concluded assessments using multimedia resources, online
exams, gamification, video conferencing, educational platforms, and flipped learning are
evaluative trends in virtual contexts similar to general education studies. However, assessment
based on simulations, artificial intelligence, virtual and augmented reality are the most
pronounced trends in medical education.
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1. Introduction

Evaluation is conceived as a complex and necessary activity in learning, since it
contributes, among other factors, to the academic performance and motivation of the
student body. In virtual contexts, evaluation is one of the concerns of teachers regarding
its implementation with the opportunities offered by technologies (1). Systematic reviews
in higher education studies on assessment in virtual contexts have determined the types,
modes and formats of assessment (2-3). However, although the studies are interesting for
the scientific community, they are general and perhaps not entirely applicable to specific
didactics, as is the case of medical education.

In medical education, evaluation in virtual contexts acquires relevance due to the
nature of clinical practice and the increase in the adoption of technologies in recent years
(4). Traditionally, although there are various types of evaluation in Medical Education, the
most used is characterized by being type (5):

¢ Diagnostic. Prior to the training process to explore the knowledge and skills that
students have.

¢ Formative. To assess the progress of the training and development of knowledge,
skills and competencies that the student body is having.

¢ Summative. It allows teachers to promote a final judgment of the student's
development based on their school performance in carrying out learning activities.

These forms of evaluation are based on the zone of proximal development and the
potential that students have in their learning, allowing the teacher to design learning
activities, the adaptation of content, collaborative work and the use of active
methodologies. Educational research indexed in the Web of Science (WoS) reports the use
of various forms of evaluation with multimedia resources (6), telemedicine or
telesimulation (7-8), flipped classroom (9) and open-book online exams (10) , among other.
However, in scientific research there are more systematic reviews in general educational
studies than those related to medical education. In this sense, there are few systematic
reviews that determine trends in evaluation in medical education in virtual contexts. The
authors of the present study identified three reviews related to the topic in question (11-
13). In the first review, a summary of evaluation methods in medical education to measure
the effectiveness of e-learning is made, but the research is limited to 2017. The second
examines the evaluation methods of e-learning to measure the effectiveness of online
education and aspects of program content are discussed; However, information on the
forms of evaluation used is limited. The latter discusses virtual global health education
activities, but details about the evaluative activities are not described. Therefore, through
this systematic review we aim to determine the trends in evaluation in medical education
in virtual contexts.

2. Methods
The PRISMA protocol (14) was used through a three-phase design.
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Phase 1. Extraction of scientific information from the WoS Core Collection. The research questions,
inclusion and exclusion criteria and search strategy were formulated.

2.1. Research questions

Question 1: What types of evaluation (diagnostic, formative and summative)
predominate in the scientific literature?

Question 2: What are the educational resources, learning methodologies and
technologies used in evaluation in medical education in virtual contexts?

Question 3: How has evaluation been carried out in medical education in virtual
contexts?

2.2 Inclusion and exclusion criteria

Publications on evaluation in medical education in virtual contexts were included; in
English or Spanish language; indexed in the WoS, free access and full text. Studies
implemented with in-person evaluations were excluded; research with little experimental or
theoretical scope (tutorials, conference proceedings, comments, opinions, editorial notes,
letters to the editor, essays, meta-analysis, systematic reviews and narratives); studies that
do not argue their results or are not related to medical education.

2.3 Search strategy

Combinations between the logical operators AND/OR were used. The keywords were
virtual assessment, virtual evaluation, online evaluation, elearning, medical education,
medical science. And in Spanish, virtual assessment, online assessment, virtual learning,
medical education, medical sciences. The following text was used, in the Education &
Educational Research category and the MESH Education descriptor:

TITLE (virtual assessment OR virtual evaluation OR online evaluation OR elearning OR
virtual evaluation OR online evaluation) AND ABSTRACT (medical education OR medical
science OR medical education OR medical sciences).

Phase 2. Classification, synthesis and grouping of scientific information data.

The classification procedure began with the analysis of the title, summary and
keywords in response to the objective. To reduce bias, this analysis was developed by three
researchers (authors of the research) so that in case of divergences, they could rely on the
judgment of a third party. The in-depth analysis of the relevant contents was stored in a data
matrix as established for synthesis and grouping (15). Among the stored information, the
type of evaluation, authors, publication date, evaluation means, educational resources,
learning methodologies and technologies stood out.

Phase 3. Analysis of the validity of the data.

A form was developed according to the keywording technique (16) and the criteria
established by the Joanna Briggs Institute (15) to reduce the threat of internal and conclusion
validity. Regarding external validity, those articles that were not very descriptive and that
did not validate or argue their results were discarded. The VoSViewer tool was used to
represent author keyword networks.
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3. Results

The analysis carried out in this research is based on a qualitative methodology. In the
implementation of the search strategy, 46 studies were selected (Figure 1), all in English
and 72.3% correspond to the last three years.
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Figure 1. Summary of the search and review process

The VoSViewer tool allowed visualization of the keyword network (Figure 2). Larger
circles indicate higher frequencies in the data set. The yellow and green zone are the most
discussed terms and the blue zone the least addressed in the articles. In the analysis of the
author keywords, 146 were identified, and of them, only 16 presented a strong correlation
between them, focusing on the following clusters:

¢ C(luster 1. Active learning; collaborative learning, medical education; medical students;
radiology.

¢ Cluster 2. Augmented reality; flipped classroom gross anatomy education; undergraduate
education; virtual reality.

¢ Cluster 3. Anatomy ; covid-19 ; remote learning ; students .

¢ Cluster 4. E-learning ; physiotherapy .

E-learning ”, “ COVID-19 ” and “ Medical Education ” was highlighted in the selected
studies . The most studied areas of medicine were anatomy, radiology, neurosurgery and
physiatry with the use of virtual and augmented reality technologies.
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Figure 2. Network display of selected keywords.

In relation to question 1, a predominance of formative evaluations and the
combination of formative-summative evaluations was observed (figure 3). Diagnostic
evaluation was little applied, since in several studies the level of knowledge of students
about a subject was already known and in others, it was used to compare the impact of an
educational intervention before and after its implementation.
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Figure 3. Types of evaluations present in the selected studies

Table 1 shows the educational resources, learning methodologies and technologies
used in the studies analyzed in response to question 2.



RevEspEduMed 202 4; 3: 617691. doi: 10.6018/edumed.617691

Table 1. List of the 46 studies reviewed

Reference number Educational resources Learning methodologies Technologies
17 Debate Case-based learning Blackboard Collaborate
Simulation Microsoft Teams
Peer learning
18 Multiple choice questions Learning with multimedia resources Website
Case-based learning
Simulation
19 Case analysis Collaborative learning Viber
Multiple choice questions Problem-based learning Zoom
Case-based learning Google forms
20 Simulation Simulation Zoom
Experiential learning
Simulation
21 Multiple choice questions Learning with multimedia resources Zoom
Webinars Problem-based learning Qualtrics
22 Debate Case-based learning Zoom
Webinars Problem-based learning
23 Debate Task-based learning Google forms
Tasks Google classrooms
24 Multiple choice questions and Peer learning Zoom
short essay Learning with multimedia resources Moodle
Collaborative learning
Task-based learning
25 Tasks Case-based learning Zoom
Flipped learning Weebly
Collaborative learning
Task-based learning
26 Multiple choice, matching and Case-based learning Canvas
short answer questions Peer learning
Simulation with virtual and Flipped learning
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augmented reality Collaborative learning
Simulation
6 Debate Motivational learning SOLE
Meme, concept map or diagram Peer learning Facebook
Case-based learning
27 Multiple choice questions Case-based learning Christmas-LAMS
Simulation Problem-based learning WhatsApp
Webinars Simulation Adobe Connect
7 Telesimulation Simulation skype
9 Multiple choice questions Learning with multimedia resources OPENPediatrics
Flipped learning
Collaborative learning
28 Case analysis Learning with multimedia resources Picture Archiving and
Collaborative learning Communication System
29 Debate Case-based learning Google Meet
Tasks Task-based learning Moodle
Game-based learning
30 Multiple choice questions Learning with multimedia resources Pharm-Ed
Lessons Collaborative learning Articulate Storyline
Youtube
LearnDash
8 Debate Case-based learning Video conference
Virtual rotations Collaborative learning
Telemedicine
31 Debate Case-based learning blackboard
Videos Learning with multimedia resources Zoom
Multiple choice questions Collaborative learning Microsoft Teams
32 Debate Flipped learning Google forms
Virtual rotations Case-based learning Zoom
Collaborative learning Website
Simulation
33 Debate Case-based learning Zoom
surgery instruments Game-based learning
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Multiple choice questions
34 Debate Case-based learning Zoom
Virtual rotations Flipped learning
35 Videos Case-based learning BOTH
Learning with multimedia resources
36 Debate Case-based learning Open edX
Multiple choice questions Youtube
Zoom
blackboard
Proscia Concentriq
10 Case analysis Experiential learning Online test
Case-based learning
37 Simulation in three- Simulation HoloLens
dimensional spaces Collaborative learning
38 Debate Game-based learning Online MedEd CaseX
Podcasts Case-based learning Microsoft Teams
Tasks Collaborative learning Sublux Radiology App
Virtual rotations Task-based learning Night in the ER App
39 Debate Case-based learning Canvas
Questions with development Simulation Zoom
answers
40 Debate Case-based learning Google forms
Questions with development Learning with multimedia resources Zoom
answers
Images
41 Debate Active learning Zoom
Webinars Collaborative learning
Problem-based learning
42 Debate Case-based learning Zoom
Social networks Learning with multimedia resources Lt/ADInstruments
Collaborative learning Mentimeter
Youtube
Facebook
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instagram
43 Single Choice Questions and Learning with multimedia resources Tencent Classroom
Short Essay Flipped learning WeChat
Videos Case-based learning
Task-based learning
44 Debate Case-based learning LMS SATT
Lessons Flipped learning
45 Debate Learning with multimedia resources Zoom
Infographics and scientific Motivational learning Mentimeter
articles Lt Platform
Videos Socrative
Questions with development Youtube
answers Facebook
Lucidchart
46 Questions with development Learning with multimedia resources Turnitin
answers Experiential learning Blackboard Learn
47 Debate Case-based learning Youtube
Videos Learning with multimedia resources SimMon
360° evaluation Collaborative learning
Multiple choice questions
48 Debate Case-based learning Facebook
Zoom
49 Multiple choice questions Case-based learning CaseViewer
Learning with multimedia resources Aperio ImageScope
Problem-based learning QuPath
Zoom
Moodle
50 Debate Case-based learning Zoom
Peer learning PathPresenter
Flipped learning Canvas
Collaborative learning Microsoft Teams
Task-based learning
51 Debate Task-based learning Canvas
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10

Virtual rotations Case-based learning Zoom
Telemedicine Epic Systems
VidyoConnect
WebEx
52 Multiple choice questions, Learning with multimedia resources Smart Sparrow
drop-down lists, drag and drop Case-based learning Questionmark Perception
labels
53 Debate Case-based learning Zoom
Remote workshops Learning with multimedia resources Pacsbin
Case studies Task-based learning Nearpod
Tasks Peer learning Google forms
Collaborative learning blackboard
Microsoft Teams
Website
54 Multiple choice questions Case-based learning Articulate Storyline
Case reports Learning with multimedia resources Google Cloud
Task-based learning Adobe Activate
55 Videos Learning with multimedia resources SmartSparrow
Multiple choice and short Task-based learning blackboard
answer questions
56 Multiple choice questions Learning with multimedia resources kahoot
Images Game-based learning Aiforia
Moodle
57 Multiple choice and short Learning with multimedia resources Moodle
answer questions Problem-based learning Articulate Story Line
Problem resolution Case-based learning
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4. Discussion

In the selected studies, the predominance of formative evaluations is higher than
summative evaluations. This result is contradictory to a similar systematic review in which
summative evaluations predominate (11). It is valid to highlight that in recent years
formative assessment has been presented as a more effective tool to boost student
motivation in virtual contexts, which provides the opportunity to adjust learning without
waiting for the end of the process. However, other authors propose that the combination
of both allows students to obtain a comprehensive view of their performance through
continuous and personalized feedback while also being assigned final grades based on a
summative evaluation (58). Although the analyzed studies that carried out a type of
evaluation met the proposed objective, it should be noted that those in which formative -
summative were combined, more detailed qualitative and quantitative analyzes were
obtained.

Assessment from the virtual context requires exploring innovative approaches to
measure student learning and not replicating traditional assessment methods. The teacher
changes his role as a tutor and develops strategies that allow evaluating the practical skills
that the student must have using educational resources, learning methodologies and
technologies. In this sense, Table 1 shows a predominance in the use of debate, multiple
choice questions and tasks as educational resources, as well as case-based learning and
collaborative learning as methodologies. There is significant use of educational platforms
and video conferencing, especially Zoom, as technologies.

Additionally, actions by teachers in their role as practice tutors were reflected with the
use of virtual clinical simulation platforms in virtual patient scenarios, videos where
students recorded their clinical skills in action, such as performing a physical examination
or communication with a patient. Another relevant aspect was carrying out virtual clinical
interviews through telemedicine with real or simulated patients to demonstrate their
communication skills, design of clinical histories that allowed evaluating the student's
practical performance. These actions of the teacher-tutor were enriched with the timely
and necessary feedback to the students about their clinical performance, highlighting the
reasoning capacity in the analysis of case studies, interpretation of laboratory results and
medical images with the use of intelligence systems. artificial. All of the above transformed
traditional teaching methods, procedures and evaluations into face-to-face mode and
enabled more interactive, efficient and motivating teaching for the student, which prepares
them to perform in an increasingly technological professional environment (8, 17, 32, 38,
52).

Now, with the growing adoption of online education, the importance of
understanding how evaluation has been carried out in medical education in virtual
contexts arises and to this end, question 3 is answered by identifying trends:

e Simulation-based evaluation. It allows you to practice knowledge and make
mistakes until you achieve the desired skills and abilities. It is based on scenarios to
evaluate decision making, complex problem solving and feedback on results (7,17).
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While virtual learning cannot replace the experience gained through clinical
practice with the patient, virtual and Al-based simulations offer a significant
improvement over conventional simulations by providing personalized feedback
and correcting student errors. in a timely manner to develop the practical
evaluation. Simulated patients, online simulation workshops, telesimulation,
virtual rotations and clinics, simulation in three-dimensional space, virtual reality
and augmented reality were used.

¢ Evaluation with multimedia resources. Stimulates participation, creativity,
interactivity and critical thinking in students. The use of videos and interactive
presentations allowed students to learn about complex medical topics and answer
evaluative questions after observing and interacting with these resources. In turn,
students were encouraged to create their own multimedia content as a form of
evaluation, simulating clinical situations and medical procedures for meaningful
learning (55). Videos, images, animations, infographics, memes, concept maps,
diagrams, presentations and podcasts were used.

¢ Evaluation with online exams. Evaluates levels of knowledge from understanding
to creation or application. Questions are designed in response to the learning
objectives. Programs are required that guarantee security and integrity against
plagiarism in open book exams (46). Several exams were carried out with open
questions, closed answers or both, although there was a greater predominance in
the design of questionnaires with multiple choice and short answer questions.

e Evaluation through play. Promotes creativity in learning. It is important to
integrate the learning objectives with the dynamics of the game, establish the rules,
evaluation criteria and feedback on the performance achieved. Motivation and
better academic results are achieved (56).

¢ Evaluation through videoconference. Evaluates oral expression through the debate
of cases to prepare students in the use of telehealth services (8). They are used in
practical telemedicine evaluations and students from home use laboratory kits to
present their results (33).

e Evaluation through educational platforms. It allows the design of online courses
with individual, collaborative and peer evaluations, as well as the adaptation of
these to different levels of complexity. It allows the design of a variety of
instruments to evaluate and monitor student progress.

¢ Evaluation through virtual and augmented reality. It allows you to recreate
interactive medical environments to contribute to realistic medical simulations in
practical evaluations. Anatomy studies stand out with the development of
evaluation scenarios with three-dimensional visualization technologies that
explore the human body in detail for the practice of medical procedures in real
time (26,37). The above allowed the development of immersive teaching involving
the student within the realistic scope to guarantee efficient learning.
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e Evaluation using artificial intelligence systems. It allows academic integrity by
incorporating algorithms that analyze student responses in research papers and
detect possible plagiarism (46). It guarantees the analysis of clinical data, such as in
radiology, by incorporating an artificial intelligence system (28). This allowed the
development of clinical practice, problem-solving and decision-making skills, but
with personalized educational content, automated evaluation and self-instructed
feedback. In this way, errors made by students are identified and corrected in time,
resulting in better patient care and radiologist efficiency.

e Evaluation through flipped learning. It facilitates the understanding and retention
of complex content (26). It allows to improve the preparation of students before
being examined. Increase critical thinking and creativity skills. Moderation
techniques are used to ensure equal participation (32).

The COVID-19 pandemic forced medical institutions or universities to quickly adapt
to virtual environments. While this transition has been challenging, it has also provided
opportunities to explore other forms of assessment. On the one hand, virtuality expanded
flexibility in evaluation schedules, which is beneficial for students who face difficulties
physically traveling to study centers. However, the challenge arises of how to avoid
academic traps or evaluations of clinical practice to guarantee student-patient interaction.
It is essential that educational medical institutions implement measures to ensure
academic integrity and equity in virtual assessments. This positioning reflects a balanced
vision on the impact towards virtuality in evaluation, highlighting both the benefits and
challenges that this transition entails. The authors suggest that, if the challenges are
appropriately addressed, the training and subsequent assessment could be enriching for
students.

5. Conclusions

¢ In the findings of this research, the use of multimedia resources, online exams,
through games, through videoconferences, educational platforms and inverted
learning in virtual contexts is observed as a trend to evaluate the student.
However, it is highlighted that evaluation based on simulations, artificial
intelligence, virtual and augmented reality are the most accentuated trends in
medical education.

¢ Evaluations in medical education require the use of emerging technologies
(telesimulation, telemedicine, artificial intelligence, virtual clinics, virtual and
augmented reality), interdisciplinarity, clinical skills and constant updating to
contribute to medical training more adapted to the needs of today's society. .

¢ The predominance of formative assessments improved the learning process and
student motivation. This type of evaluation must be adaptable to the study plan,
with active participation, progress monitoring and immediate and timely feedback.
Although, it is valid to highlight that the combination of formative - summative
evaluations presented a more complete approach to the evaluation process.

® This research enriches educational practice by guiding teachers about what
educational resources, learning methodologies and technologies they can use to
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guarantee effective evaluation in virtual environments that, although focused on
medical education, is applied to other educational areas.

* This systematic review has the limitations of the possibility of bias in the
interpretation of the results by including only studies in medical education, in
Spanish and English from the Web of Science. It will be necessary to explore
studies in health sciences, in other languages and databases to compare the results
of the scientific literature.

Financing: There has been no financing.
Declaration of conflict of interest: The authors declare that they have no conflict of interest.

Author contributions : Miguel Alejandro Fernandez Aleman: conceptualization of the idea, methodology, data
validation, data curation, writing and preparation of the research design stages, review and final editing of the
document. Odiel Estrada Molina: methodology, writing, review and final document editing. Denise Alvarez
Sam: data validation, writing and preparation of the research design stages.

References

1. Cabero-Almenara J, Palacios-Rodriguez A. The evaluation of virtual education: e-activities. RIED Rev

Iberoam Educ a Distancia. 2021;24(2):169. https://doi.org/10.5944/ried.24.2.28994

2. Heil ], Ifenthaler D. Online Assessment in Higher Education: A Systematic Review. OnlineLearn.

2023;27(1):187-218. https://doi.org/10.24059/0lj.v27i1.3398

3. Montenegro-Rueda M, Luque de la Rosa A, Sarasola Sanchez-Serrano JL, Fernandez-Cerero J. Assessment in
Higher Education during the COVID-19 Pandemic: A Systematic Review. Sustainability. 2021;13(19):10509.
https://doi.org/10.3390/SU131910509

4. Karimian Z, Farrokhi MR, Moghadami M, Zarifsanaiey N, Mehrabi M, Khojasteh L, et al. Medical education

and COVID-19 pandemic: a crisis management model towards an evolutionary pathway. Educ Inf Technol.

2022;27:3299-3320. https://doi.org/10.1007/s10639-021-10697-8

5. Captain L. Innovations in Medical Education. A comprehensive approach. Innova medica 2023; 2: 23-27.

https://dx.doi.org/10.12795/innovamedica.2023.i102.01

6. Subbiramaniyan V, Apte C, Mohammed CA. A meme-based approach for enhancing student engagement
and learning in renal physiology. Adv Physiol Educ 2022;46(1):27-29. https://doi.org/10.1152/advan.00092.2021

7. Bilgic E, Okrainec A, Valanci S, Di Palma A, Fecso A, Kaneva P, et al. Development of a simulation
curriculum to teach and assess advanced laparoscopic suturing skills using telesimulation: a feasibility study.
Surg Endosc. 2022;36:5483-5490. https://doi.org/10.1007/s00464-021-08880-6

8. Kolikonda MK, Blaginykh E, Brown P, Kovi S, Zhang LQ, Uchino K. Virtual Rounding in Stroke Care and

Neurology Education During the COVID-19 Pandemic - A Residency Program Survey. ] Stroke Cerebrovasc
Dis. 2022;31(1):106177. https://doi.org/10.1016/j.jstrokecerebrovasdis.2021.106177
9. Rusingiza E, Alizadeh F, Wolbrink T, Mutamba B, Vinci S, Profita EL, et al. An e-learning pediatric

cardiology curriculum for Pediatric Postgraduate trainees in Rwanda: implementation and evaluation. BMC

Med Educ. 2022;22(179). https://doi.org/10.1186/s12909-022-03222-z

10. Sarkar S, Mishra P, Nayak A. Online open-book examination of undergraduate medical students — a pilot
study of a novel assessment method used during the coronavirus disease 2019 pandemic. ] Laryngol Otol.
2021;135(4):288-292. https://doi.org/10.1017/S0022215121000141

11. Barteit S, Guzek D, Jahn A, Barnighausen T, Jorge MM, Neuhann F. Evaluation of e-learning for medical

education in low- and middle-income countries: A systematic review. Comput Educ 2020;145:103726.

https://doi.org/10.1016/j.compedu.2019.103726



https://doi.org/10.5944/ried.24.2.28994
https://dx.doi.org/10.12795/innovamedica.2023.i02.01
https://doi.org/10.1016/j.compedu.2019.103726
https://doi.org/10.1017/S0022215121000141
https://doi.org/10.1186/s12909-022-03222-z
https://doi.org/10.1016/j.jstrokecerebrovasdis.2021.106177
https://doi.org/10.1007/s00464-021-08880-6
https://doi.org/10.1152/advan.00092.2021
https://doi.org/10.1007/s10639-021-10697-8
https://doi.org/10.3390/SU131910509
https://doi.org/10.24059/olj.v27i1.3398

RevEspEduMed 2024; 3: 617691. doi: 10.6018/edumed.617691 15

12. Tudor Car L, Kyaw Myint B, Nannan Panday RS, van der Kleij R, Chavannes N, Majeed A, et al. Digital
Health Training Programs for Medical Students: Scoping Review. JMIR Med Educ. 2021;7(3):28275.
https://doi.org/10.2196/28275

13. Umphrey L, Lenhard N, Lam SK, Hayward NE, Hecht S, Agrawal P, et al. Virtual global health in graduate
medical education: a systematic review. Int ] Med Educ 2022;13:230-248. https://doi.org/10.5116/ijme.62eb.94fa

14. Urratia G, Bonfill X. PRISMA Statement: a proposal to improve the publication of systematic reviews and
meta-analyses. Med Clin (Barc). 2010;135(11):507-511. https://doi.org/10.1016/j.medcli.2010.01.015

15. Lockwood C, Munn Z, Porritt K. Qualitative research synthesis. Int ] Evid Based Healthc. 2015;13(3):179-
187. https://doi.org/10.1097/XEB.0000000000000062

16. Odun-Ayo I, Goddy-Worlu R, Yahaya ], Geteloma V. A systematic mapping study of cloud policy
languages and programming models. ] King Saud Univ - Comput Inf Sci. 2021;33(7):761-768.
https://doi.org/10.1016/j.jksuci.2019.05.003

17. Duffy B, Tully R, Stanton A V. An online case-based teaching and assessment program on clinical history-
taking skills and reasoning using simulated patients in response to the COVID-19 pandemic. BMC Med Educ.
2023;23(4). https://doi.org/10.1186/s12909-022-03950-2

18. Liu C, Chan M, Beard V, Mathura P, Dytoc M. Beyond Skin Deep: case-based online modules to teach

multidisciplinary care in dermatology among clerkship students. BMC Med Educ. 2023;23(90).
https://doi.org/10.1186/s12909-023-04072-z
19. Subedi N, Hirachan N, Paudel S, Shrestha B, Pradhan A, Subedee A, et al. The effectiveness of online team-

based learning in introduction to medical ethics education for medical students at a medical college of Nepal: a
pilot study. BMC Med Educ. 2022;22(766). https://doi.org/10.1186/s12909-022-03813-w
20. Prasad N, Fernando S, Willey S, Davey K, Hocking ], Malhotra A, et al. Evaluation of online

interprofessional simulation workshops for obstetric and neonatal emergencies. Int ] Med Educ 2022;13:287-
304. hitps://doi.org/10.5116/ijme.6342.9214
21. Altinmakas E, Dogru OF, Yucel U, Ayas G, Balci AS, Duran M, et al. Knowing the ABCs: teaching the
principles of radiology to medical students in Turkey. BMC Med Educ. 2022;22(857).
https://doi.org/10.1186/s12909-022-03885-8
22. Kennedy M, Loftus M, Lafferty T, Hilliard C, Reaper-Reynolds S, O'Donnell C. Reimagining a children's

palliative care educational program for registered nurses in response to the COVID-19 pandemic. Nurse Educ
Today. 2022;119:105569. https://doi.org/10.1016/j.nedt.2022.105569
23. Salman A, Qureshi AS, Umar Z, Riaz M, Usman M, Zulfiqar S, et al. Effects of COVID-19 pandemic on

anatomy education of medical and dental students of Pakistan; to reality check. Surg Radiol Anat.

2022;44(11):1495-1500. https://doi.org/10.1007/s00276-022-03034-2

24. Boulos AN. Evaluation of the effectiveness of online education in anatomy for medical students during the

COVID-19 pandemic. Ann Anat - Anat Anzeiger. 2022;244:151973. https://doi.org/10.1016/j.aanat.2022.151973

25. Hoffman SE, Vega RA, Stippler M. Teaching through the screen: a toolbox for creating a virtual
neurosurgical subinternship program. Neurosurg Focus. 2022;53(2):E7.

https://doi.org/10.3171/2022.5.FOCUS22171

26. Xiao J, Adnan S. Flipped anatomy classroom integrating multimodal digital resources shows positive
influence upon students' experience and learning performance. Anat Sci Educ. 2022;15(6):1086-1102.

https://doi.org/10.1002/ase.2207



https://doi.org/10.1002/ase.2207
https://doi.org/10.3171/2022.5.FOCUS22171
https://doi.org/10.1016/j.aanat.2022.151973
https://doi.org/10.1007/s00276-022-03034-2
https://doi.org/10.1016/j.nedt.2022.105569
https://doi.org/10.1186/s12909-022-03885-8
https://doi.org/10.5116/ijme.6342.9214
https://doi.org/10.1186/s12909-022-03813-w
https://doi.org/10.1186/s12909-023-04072-z
https://doi.org/10.1186/s12909-022-03950-2
https://doi.org/10.1016/j.jksuci.2019.05.003
https://doi.org/10.1097/XEB.0000000000000062
https://doi.org/10.1016/j.medcli.2010.01.015
https://doi.org/10.5116/ijme.62eb.94fa
https://doi.org/10.2196/28275

RevEspEduMed 2024; 3: 617691. doi: 10.6018/edumed.617691 16

27. Ganji ], Shirvani MA, Motahari-Tabari N, Tayebi T. Design, implementation and evaluation of a virtual
clinical training protocol for midwifery internship in a gynecology course during COVID-19 pandemic: A
semi-experimental study. Nurse Educ Today. 2022;111:105293. https://doi.org/10.1016/j.nedt.2022.105293

28. Spear LG, Dimperio JA, Wang SS, Do HM, Folio LR. Rethinking Clinical Trial Radiology Workflows and

Student Training: Integrated Virtual Student Shadowing Experience, Education, and Evaluation. ] Digit
Imaging. 2022;35(3):723-731. https://doi.org/10.1007/s10278-022-00605-y

29. Marchesan Rodrigues MA, Zornoff D, Kobayasi R. Remote Pathology teaching under the COVID-19
pandemic: Medical students’ perceptions. Ann Diagn Pathol. 2022;56:151875.
https://doi.org/10.1016/j.anndiagpath.2021.151875

30. Griinigen S von, Dessane B, Le Pape P, Falaschi L, Geissbiihler A, Bonnabry P. Development and
Evaluation of an e-Learning Module for Low- and Middle-Income Countries on the Safe Handling of

Chemotherapy Drugs. ] Cancer Educ 2023;38:285-291. https://doi.org/10.1007/s13187-021-02113-z

31. Memon I, Feroz Z, Alkushi A, Qamar N, Ismail F. Switching from face-to-face to an online teaching
strategy: how anatomy and physiology teaching transformed post-COVID-19 for a university preprofessional
program. Adv Physiol Educ 2021;45(3):481-485. https://doi.org/10.1152/advan.00233.2020

32. Kim TH, Kim JS, Yoon HI, Lee ], Lee JJB, Byun HK, et al. Medical student education through flipped

learning and virtual rotations in radiation oncology during the COVID-19 pandemic: a cross sectional research.
Radiat Oncol. 2021;16(204). https://doi.org/10.1186/s13014-021-01927-x
33. Pettitt-Schieber B, Kuo M, Steehler A, Dong A, Fakunle O, Manalo T, et al. Implementation and evaluation

of eight virtual surgical electives for medical students during the COVID-19 pandemic. Am ] Surg.
2021;222(2):248-253. https://doi.org/10.1016/j.amjsurg.2021.01.032

34. Huang LY, McKenty N, Alvarez A, Gober ], Irwin R, Molinares D, et al. Virtually Possible: Medical Student
Rehabilitation Rotations During a Pandemic. Am ] Phys Med Rehabil. 2021;100(9):831-836.
https://doi.org/10.1097/PHM.0000000000001831

35. Olmes GL, Zimmermann JSM, Stotz L, Takacs FZ, Hamza A, Radosa MP, et al. Students' attitudes toward

digital learning during the COVID-19 pandemic: a survey conducted following an online course in gynecology
and obstetrics. Arch Gynecol Obstet. 2021;304(4):957-963. https://doi.org/10.1007/s00404-021-06131-6

36. White M]J, Birkness JE, Salimian K], Meiss AE, Butcher M, Davis K, et al. Continuing Undergraduate
Pathology Medical Education in the Coronavirus Disease 2019 (COVID-19) Global Pandemic: The Johns
Hopkins Virtual Surgical Pathology Clinical Elective. Arch Pathol Lab Med. 2021;145(7):814-820.
https://doi.org/10.5858/arpa.2020-0652-SA

37. Bogomolova K, Sam AH, Misky AT, Gupte CM, Strutton PH, Hurkxkens TJ, et al. Development of a Virtual

Three-Dimensional Assessment Scenario for Anatomical Education. Anat Sci Educ. 2021;14(3):385-393.
https://doi.org/10.1002/ase.2055

38. Redinger K, Greene J. Virtual Emergency Medicine Clerkship Curriculum during the COVID-19 Pandemic:
Development, Application, and Outcomes. West J Emerg Med. 2021;22(3).
https://doi.org/10.5811/westjem.2021.2.48430

39. Jones SE, Campbell PK, Kimp A]J, Bennell K, Foster NE, Russell T, et al. Evaluation of a Novel e-Learning

Program for Physiotherapists to Manage Knee Osteoarthritis via Telehealth: Qualitative Study Nested in the
PEAK (Physiotherapy Exercise and Physical Activity for Knee Osteoarthritis) Randomized Controlled Trial. ]
Med Internet Res. 2021;23(4):25872. https://doi.org/10.2196/25872



https://doi.org/10.2196/25872
https://doi.org/10.5811/westjem.2021.2.48430
https://doi.org/10.1002/ase.2055
https://doi.org/10.5858/arpa.2020-0652-SA
https://doi.org/10.1007/s00404-021-06131-6
https://doi.org/10.1097/PHM.0000000000001831
https://doi.org/10.1016/j.amjsurg.2021.01.032
https://doi.org/10.1186/s13014-021-01927-x
https://doi.org/10.1152/advan.00233.2020
https://doi.org/10.1007/s13187-021-02113-z
https://doi.org/10.1016/j.anndiagpath.2021.151875
https://doi.org/10.1007/s10278-022-00605-y
https://doi.org/10.1016/j.nedt.2022.105293

RevEspEduMed 2024; 3: 617691. doi: 10.6018/edumed.617691 17

40. Sadeesh T, Prabavathy G, Ganapathy A. Evaluation of undergraduate medical students' preference to
human anatomy practical assessment methodology: a comparison between online and traditional methods.
Surg Radiol Anat. 2021;43(4):531-535. https://doi.org/10.1007/s00276-020-02637-x

41. Al-Ahmari AN, Ajlan AM, Bajunaid K, Alotaibi NM, Al-Habib H, Sabbagh AJ, et al. Perception of

Neurosurgery Residents and Attendings on Online Webinars During COVID-19 Pandemic and Implications on
Future Education. World Neurosurg. 2021;146:e811-e816. https://doi.org/10.1016/j.wneu.2020.11.015
42. Alves N, Carrazoni GS, Soares CB, da Rosa AC de S, Soares NM, Mello-Carpes PB. Relating human

physiology content to COVID-19: a strategy to keep students in touch with physiology in times of social
distance due to pandemic. Adv Physiol Educ 2021;45(1):129-133. https://doi.org/10.1152/advan.00214.2020

43. He M, Tang X, Zhang H, Luo Y, Tang Z, Gao S. Remote clinical training practice in the neurology
internship during the COVID-19 pandemic. Med Educ Online. 2021;26(1).
https://doi.org/10.1080/10872981.2021.1899642

44. Tto A, Watanabe K, Fukuzawa Y, Mitani K, Fujimoto S, Matsuda T, et al. Development of Kampo
(traditional Japanese medicine) e-learning program: evaluation of the flipped classroom for medical students.

Med Educ Online. 2021;26(1). https://doi.org/10.1080/10872981.2021.1938504

45. Ramires Lima K, Souto das Neves BH, Cadore Ramires C, dos Santos Soares M, Avila Martini V, Freitas
Lopes L, et al. Student assessment of online tools to foster engagement during the COVID-19 quarantine. Adv

Physiol Educ 2020;44(4):679-683. https://doi.org/10.1152/advan.00131.2020

46. Ng CKC. Evaluation of academic integrity of online open book assessments implemented in an
undergraduate medical radiation science course during COVID-19 pandemic. ] Med Imaging Radiat Sci.
2020;51(4):610-616. https://doi.org/10.1016/j.jmir.2020.09.009

47. Petrica A, Lungeanu D, Ciuta A, Marza AM, Botea MO, Mederle OA. Using 360-degree video for teaching
emergency medicine during and beyond the COVID-19 pandemic. Ann Med. 2021;53(1):1520-1530.
https://doi.org/10.1080/07853890.2021.1970219

48. Chandrasinghe PC, Siriwardana RC, Kumarage SK, Munasinghe BNL, Weerasuriya A, Tillakaratne S, et al.

A novel structure for online surgical undergraduate teaching during the COVID-19 pandemic. BMC Med
Educ. 2020;20(324). https://doi.org/10.1186/s12909-020-02236-9

49. Samueli B, Sror N, Jotkowitz A, Taragin B. Remote pathology education during the COVID-19 era: Crisis
converted to opportunity. Ann Diagn Pathol. 2020;49:151612. https://doi.org/10.1016/j.anndiagpath.2020.151612

50. Parker EU, Chang O, Koch L. Remote Anatomic Pathology Medical Student Education in Washington State:
An Early COVID-19 Experience. Am ] Clin Pathol. 2020;154(5):585-591. https://dx.doi.org/10.1093/ajcp/aqaal54
51. Sandhu N, Frank J, von Eyben R, Miller ], Obeid JP, Kastelowitz N, et al. Virtual Radiation Oncology
Clerkship During the COVID-19 Pandemic and Beyond. Int J Radiat Oncol Biol Phys. 2020;108(2):444—451.
https://doi.org/10.1016/j.ijrobp.2020.06.050

52. Wade SWT, Moscova M, Tedla N, Moses DA, Young N, Kyaw M, et al. Adaptive tutorials versus web-

based resources in radiology: a mixed methods analysis in junior doctors of efficacy and engagement. BMC

Med Educ. 2020;20(303). https://doi.org/10.1186/s12909-020-02237-8

53. Gomez E, Azadi J, Magid D. Innovation Born in Isolation: Rapid Transformation of an In-Person Medical
Student Radiology Elective to a Remote Learning Experience During the COVID-19 Pandemic. Acad Radiol.
2020;27(9):1285-1290. https://doi.org/10.1016/j.acra.2020.06.001

54. Major ME, Ramaekers SPJ, Engelbert RHH, Van der Schaaf M. Preparing undergraduate students for

clinical work in a complex environment: evaluation of an e-learning module on physiotherapy in the intensive

care unit. BMC Med Educ. 2020;20(130). https://doi.org/10.1186/s12909-020-02035-2



https://doi.org/10.1186/s12909-020-02035-2
https://doi.org/10.1016/j.acra.2020.06.001
https://doi.org/10.1186/s12909-020-02237-8
https://doi.org/10.1016/j.ijrobp.2020.06.050
https://dx.doi.org/10.1093/ajcp/aqaa154
https://doi.org/10.1016/j.anndiagpath.2020.151612
https://doi.org/10.1186/s12909-020-02236-9
https://doi.org/10.1080/07853890.2021.1970219
https://doi.org/10.1016/j.jmir.2020.09.009
https://doi.org/10.1152/advan.00131.2020
https://doi.org/10.1080/10872981.2021.1938504
https://doi.org/10.1080/10872981.2021.1899642
https://doi.org/10.1152/advan.00214.2020
https://doi.org/10.1016/j.wneu.2020.11.015
https://doi.org/10.1007/s00276-020-02637-x

RevEspEduMed 2024; 3: 617691. doi: 10.6018/edumed.617691 18

55. Donkin R, Askew E, Stevenson H. Video feedback and e-Learning enhances laboratory skills and
engagement in medical laboratory science students. BMC Med Educ. 2019;19(310).
https://doi.org/10.1186/s12909-019-1745-1

56. Felszeghy S, Pasonen-Seppénen S, Koskela A, Nieminen P, Harkénen K, Paldanius KMA, et al. Using
online game-based platforms to improve student performance and engagement in histology teaching. BMC

Med Educ. 2019;19(273). https://doi.org/10.1186/s12909-019-1701-0

57. Moreira IC, Ramos I, Rua Ventura S, Pereira Rodrigues P. Learner's perception, knowledge and behavior
assessment within a breast imaging E-Learning course for radiographers. Eur ] Radiol. 2019;111:47-55.

https://doi.org/10.1016/j.ejrad.2018.12.006

58. Mitra NK, Barua A. Effect of online formative assessment on summative performance in integrated

musculoskeletal system module. BMC Med Educ. 2015;15(29). https://doi.org/10.1186/s12909-015-0318-1

© 2024 University of Murcia. Submitted for open access publication under the terms

@@@@ and conditions of the Creative Commons Attribution-NonCommercial-No Derivative
Works 4.0 Spain license (CC BY-NC-ND) (http://creativecommons.org/licenses/by-nc-nd

/4.0)).



https://doi.org/10.1186/s12909-015-0318-1
https://doi.org/10.1016/j.ejrad.2018.12.006
https://doi.org/10.1186/s12909-019-1701-0
https://doi.org/10.1186/s12909-019-1745-1

