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Background
By the end of their medical school training, all physicians no matter which specialty they are heading for, must be competent to prescribe medications. Selecting and prescribing medications will be the most common therapeutic intervention they make in most careers. More than 700 million prescriptions are written annually in Canada for drugs from approximately 1100 therapeutic groups.(1) Medication errors are very common in Canada as in other countries. They usually go unrecognized and pose a serious patient safety hazard.(2-6) International estimates put drug-related adverse effects as the fourth leading cause of death.(7) Medical students and residents are especially vulnerable, with prescribing errors on 7-10% of their prescriptions.(3)  Prescribing errors are generally the most serious type of medication error, contributing to an estimated 22,000 deaths and a cost of £1.6 billion per year in the U.K.’s NHS.(3, 8) 

Safe prescribing is a complex activity requiring detailed knowledge of dozens of therapeutic drug families, accurate patient diagnosis and individual risk assessment, excellent communication and inter-professional collaboration skills, and professionalism. The specialty of Clinical Pharmacology & Toxicology (CPT), whose role includes training physicians in competent prescribing, are championing CPT eCurriculum supplements to medical education with associated formative and summative evaluation.

For several years, our group has led an initiative that a) provided leadership in CPT Competence by Design development, b) established linkages with international leaders in CPT education, and c) evaluated methods of assessing and improving the prescribing competency of Canadian medical students using cost-effective innovation.(9-13) 

Multiple choice questions (MCQs), written answer questions, and standardized patients within Objective Structured Clinical Examinations (OSCEs) form the current backbone of medical and other health professional education assessment in Canada and internationally. However, OSCEs are very resource-intense, and written answer questions are used sparingly as they are time-consuming to mark. MCQs with single best answer have become the dominant testing method but have well-known limitations - mainly the cueing effect, testing the ability to recognize an answer rather than to generate an answer, and difficulty representing many important areas of medicine where no appropriate distractors can be created.(14) Recently, computer-readable very short answer question responses have been validated as a novel pragmatic innovation with excellent results in terms of representing actual processes in clinical practice, and testing actual case-based knowledge and skills with better discrimination than single best answer questions.(14, 15) McMaster’s newly acquired ExamSoft software (https://examsoft.com/) allows ‘fill in the blank’ field formats that can be used to design an electronic prescription interface. This development plus computer-read scoring could lead to a major improvement in the quality and efficiency of medical student assessment. Similarly, innovative approaches to the in-person standardized patient are necessary and possible, given current platforms including Zoom with its waiting room, recording, remote camera control, and breakout rooms which include pre-exam scenario, scenario with evaluators, and post-scenario feedback. The pandemic has vastly accelerated use in actual practice of eConsults and virtual visits, requiring rapid adjustment of training and evaluation to optimize communication, including history taking at distance, non-verbal communication, physical examinations, real time clinical reasoning, and providing counseling advice in a communication scenario.(16,17) 

Advancements in virtual medical education, particularly the technical advancements, are immediately relevant to other types of post-graduate education and undergraduate education as well. 

The protocol for this study was registered on OSF registries (https://osf.io/6u8fy/). 

Objectives
As future medical experts, medical students need to demonstrate the competencies summarized in the CanMEDS framework (professional, communicator, collaborator, leader, health advocate, scholar, medical expert).(18) This scoping review aimed to understand the advantages and the shortcomings of OSCEs in assessing the CanMEDS roles, and the comparative effectiveness of virtual versus in-person OSCEs. 

Research Questions
1. For which CanMEDS domains have OSCEs been shown to be a superior evaluation method compared to multiple choice or short/long answer written questions?
1. What are the advantages and disadvantages of virtual OSCEs (examinee, examiner, simulated patient all online and at distance from each other) compared to in-person OSCEs (all 3 in same room)?

Eligibility Criteria
Inclusion criteria are highlighted below with the PICOT(S) framework:

Question 1:
· Population: Health professional students
· Intervention: OSCE stations
· Comparator: traditional written testing methods (e.g., multiple-choice questions, short answer or written essay responses)
· Outcomes: Effectiveness at assessing the CanMEDS roles (Medical Expert (the integrating role), Communicator, Collaborator, Leader, Health Advocate, Scholar, Professional), as measured by the study itself
· Timeframe: Studies published between 1946 and 2021
· Study design/type: Studies must have a control/comparison group (e.g., RCTs, cohort studies, case-control studies). Included studies must report primary data and be written in English.

Question 2:
· Population: Health professional students
· Intervention: Virtual OSCE stations
· Comparator: In-person OSCE stations
· Outcomes: Effectiveness for assessing the CanMEDS roles, logistics, feasibility, resource intensity
· Timeframe: Studies published between 1946 and 2021
· Study design/type: Studies must have a control/comparison group (e.g., RCTs, cohort studies, case-control studies). Included studies must report primary data and be written in English.

Editorials, commentaries, and guidelines will be excluded. Conference abstracts will be considered since they may have relevant information or data.

Literature search
We conducted searches in MEDLINE to find research on the effectiveness of OSCEs compared to traditional testing methods in assessing the CanMEDS. Meanwhile, we searched MEDLINE and EMBASE regarding how virtual OSCEs compare to in-person ones. The PRISMA flow diagrams(19) for the two research questions can be found in Figure 1 and Figure 2, respectively. The search strategy (Appendix 1) was created with the assistance of librarians at McMaster University and St. Joseph’s Healthcare Hamilton. 

No date limits were put in place. Databases were searched from inception to August 2021. 

Study selection
Title and abstract screening
Screening was performed in duplicate and independently on the online platform Covidence (https://www.covidence.org/). Disagreements in screening were resolved with a consensus. Studies that passed screening with the inclusion criteria underwent full-text screening in Covidence (Appendix 2).

Full-text screening
Full-text screening was conducted in the same manner as the title and abstract screening. Exclusion rationale for full-text articles was also be recorded and reported.

Data extraction
Paired and independent data extraction was completed using Microsoft Excel. A standardized form was used by the team to extract data from a small number of studies.

Information extracted included study characteristics (e.g., publication year, study design, setting, sample size), participant characteristics (e.g., health profession, level of education/training), CanMEDS domains assessed, and benefits/drawbacks of the specific form of the OSCE.
A risk of bias assessment was not necessary because this study is a scoping review.(20) 

Data synthesis
Data summary and reporting was done in accordance with the PRISMA-ScR checklist to address the two research questions.(21) The analyses are descriptive and report 1) which domains OSCEs are more/less effective at assessing than traditional testing methods, and 2) the advantages and disadvantages of virtual OSCEs compared to in-person ones.
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Figure 1: PRISMA flowchart for the identification and selection of studies comparing OSCEs with traditional testing methods. 
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Figure 2: PRISMA flowchart for the identification and selection of studies comparing in-person and virtual OSCEs.

Results
Research Question 1
A MEDLINE search yielded 1534 citations and when restricted to Canadian publications, 42 potentially relevant articles remained. After title and abstract screening of the subset of Canadian studies, 39 of them were excluded based on the following criteria: study is not in English, study does not provide primary data, population does not include health professional students, study does not assess CanMEDS domains (or equivalent competency measures), or study does not compare OSCEs with traditional written examinations (Appendix 2). Of the 39 studies, 11 studies did not provide primary data and 29 studies did not compare OSCEs with written examinations. The remaining 2 studies then underwent full-text screening, but did not exactly meet the criteria for inclusion. These studies, however, did provide some valuable insight.

Raj et al. (2006) developed two OSCE stations for third and fifth year medical students for the assessment of core hand and knee examination skills. These stations were evaluated for content, construct and concurrent validity, as well as for reliability. Comparisons were made with the performance of six specialists in rheumatology, as well as with the final examination scores of the students. This study was initially included in abstract screening as it was unclear which final examination was the comparator – however, this was found to also be an OSCE on full text screen. In short, while the study did demonstrate validity and reliability of its OSCE stations, there was no comparison to written examination.

Dwyer et al. (2013) developed an OSCE for orthopedic residents in years 1, 3, and 5 at the University of Toronto. The aim was to test the 6 intrinsic CanMEDS roles – i.e., all of the roles aside from Medical Expert. OSCE scores were compared to in-training evaluation reports (ITER) from the previous 12 months and an ordinal ranking made by the program directors. There was no written examination for comparison. Their study found a statistically significant difference between the scores of residents in years 1, 3, and 5, suggesting that the OSCE could differentiate between residents at different levels of training. There was good correlation between OSCE scores and program director scores, but no correlation was seen between ITER and OSCE scores.

Research Question 2
A MEDLINE and EMBASE search yielded 306 potentially relevant articles with 269 articles being removed during title and abstract screening. The remaining 37 articles underwent full text review, and 22 were excluded based on the following criteria: the study is not in English, study does not provide primary data, population does not include health professional students, study does not assess CanMEDS domains (or equivalent competency measures), logistics, feasibility, resource intensity, or other aspects, or study does not compare in-person OSCEs with virtual OSCEs (Appendix 2). From the excluded studies during full text review, 14 had no/wrong comparator, 7 had no primary data, and 1 focused on the wrong population (not health professionals). 

From the 15 included studies, 10 were conducted in the United States, and 12 used a before-and-after study design. None of the papers had outcome assessors who were blinded. 11 studies focused on the field of medicine, and 12 studies examined test outcomes in students. Full characteristics of included studies can be found in Table 1.

The most assessed CanMEDS roles were medical expert and communicator, with 9 studies each. None of the studies looked at the Leader or Scholar roles. Of the 15 comparisons of overall score, 12 of them found no statistically significant difference between in-person and virtual OSCEs, while 3 found virtual OSCE scores were statistically significantly higher. When breaking down scores by CanMEDS roles, most studies also found no difference between scores. However, Communication was the most varied, where 8 comparisons found no difference, 3 found in-person scores were higher, and 4 found virtual scores were higher. For the Professional role, 3 comparisons found no score differences between in-person and virtual OSCEs, while 3 found in-person scores to be higher. Overall, it appears that virtual OSCEs and in-person OSCEs are comparable for assessing CanMEDs roles. Remaining results are summarized in Table 2.

Table 1: Study Characteristics (n=15)
	Characteristics
	Value: n (%)

	Publication Year
	

	2021 
	9 (60.0)

	Before 2021
	6 (40.0)

	Country of Origin
	

	USA
	10 (66.7)

	Other (Spain, India, Germany, Israel, Indonesia)
	5 (33.3)

	Study Design
	

	Randomized crossover trial
	2 (13.3)

	Prospective cohort with concurrent control
	1 (6.7)

	Before-and-after
	12 (80.0)

	Number of In-person OSCE Stations*
	

	<4
	3 (20.0)

	4-6
	2 (13.3)

	>6
	2 (13.3)

	Number of Virtual OSCE Stations*
	

	<4
	4 (26.7)

	4-6
	4 (26.7)

	>6
	4 (26.7)

	Outcome assessors were blinded to group allocation during grading
	0 (0.0)

	Single medical school/training program 
	14 (93.3)

	Type of Health Profession
	

	Medicine
	11 (73.3)

	Nursing
	1 (6.7)

	Pharmacy
	3 (20.0)

	Level of Training
	

	Student
	12 (80.0)

	Resident
	2 (13.3)

	Practicing health professional
	1 (6.7)

	Virtual OSCEs have examiner, examinee, and SP§: Yes
	8 (46.7)

	Total participant size at beginning of study (in-person and virtual)*
	

	<50
	2 (13.3)

	50-99
	1 (6.7)

	100-149
	2 (13.3)

	150-200
	3 (20.0)

	>200
	5 (33.3)


*does not add up to the total number of studies (n=15), insufficient information was provided by the included studies to make a determination
 § Studies where the Standardized Patient was also the examiner were not counted

Table 2: Summary Results
	Outcome
	Value

	Studies assessing each CanMEDS role: n (%)
	

	Medical expert
	9 (60.0)

	Communicator
	9 (60.0)

	Collaborator
	2 (13.3)

	Leader
	0 (0.0)

	Health advocate
	2 (13.3)

	Scholar
	0 (0.0)

	Professional
	4 (26.7)

	Unclear
	3 (20.0)

	Evaluation Scheme*: n (%)
	

	Checklist
	7 (58.3)

	Rubric
	2 (16.7)

	Other
	3 (25.0)

	Overall Score: n comparisons
	

	No statistically significant differences between virtual and in-person
	12 (80.0)

	In-person statistically significantly higher
	0 (0.0)

	Virtual statistically significantly higher
	3 (20.0)

	Subscale Score – Medical Expert: n comparisons
	

	No statistically significant differences between virtual and in-person
	8 (66.7)

	In-person statistically significantly higher
	3 (25.0)

	Virtual statistically significantly higher
	2  (8.3)

	Subscale Score – Communication: n comparisons
	

	No statistically significant differences between virtual and in-person
	8 (53.3)

	In-person statistically significantly higher
	3 (20.0)

	Virtual statistically significantly higher
	4 (26.7)

	Subscale Score – Collaborator: n comparisons
	

	No statistically significant differences between virtual and in-person
	1 (100.0)

	In-person statistically significantly higher
	0 (0.0)

	Virtual statistically significantly higher
	0 (0.0)

	Subscale Score – Health Advocate: n comparisons
	

	No statistically significant differences between virtual and in-person
	2 (100.0)

	In-person statistically significantly higher
	0 (0.0)

	Virtual statistically significantly higher
	0 (0.0)

	Subscale Score – Professional: n comparisons
	

	No statistically significant differences between virtual and in-person
	3 (50.0)

	In-person statistically significantly higher
	3 (50.0)

	Virtual statistically significantly higher
	0 (0.0)


*Does not add up to the total number of studies (n=15), insufficient information was provided by the included studies to make a determination 

Discussion
OSCEs are thought to be a more valid method of assessing communication skills in particular, elements of professionalism (for example, demeanor), and more complex tasks such as prescription writing and review. However, for the first research question examining comparisons between OSCEs and written exams, there were no studies found comparing OSCEs to written exams for their ability to assess for CANMEDs roles. There were several studies that investigated the validity and reliability of OSCE stations, but written examinations were not in the comparator group. Studies more often compared OSCE scores of learners at different stages of training or compared OSCEs to subjective measures of performance (such as ordinal rankings or ITERs). This finding was surprising considering the importance of OSCEs in medical education. However, since our search was restricted to Canadian studies, there is a possibility we may have missed studies outside of this scope. We will screen studies that were captured with the search strategy but were not Canadian studies to ensure a more comprehensive examination of the literature. For now, further research is still required to assess the value of OSCE examinations, and to determine whether they are more, less or equally effective as written examinations in evaluating for CANMEDs competencies.

For the second research question comparing in-person and virtual OSCEs, the overall consensus from the 15 included studies indicated that virtual OSCEs were comparable to in-person ones in its ability to assess the CanMEDS roles. This finding is reassuring considering the negative impact that the pandemic has had on in-person learning and education. Virtual OSCEs seem to be a viable alternative for in-person ones for the time being as well as for the future. However, it should be noted that are advantages and disadvantages that are unique to both formats of the examination whether it be technical difficulties for virtual OSCEs or social distancing concerns for in-person OSCEs. While we were hoping to also investigate more advantages and disadvantages like costs, logistics, or feasibility, studies either did not mention these facets or did not provide data that could be analyzed. Future explorations should consider the quality of the studies as the definition of an OSCE was not always consistent across studies along with evaluation schemes. 
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Appendix 1. Search Strategies

A. Search strategy for MEDLINE

1. CanMEDS.mp. 
2. Communication/ 
3. exp *Professional Competence/ 
4. Cooperative Behavior/ 
5. *Leadership/ 
6. *Patient Advocacy/ 
7. *Research Personnel/
8. professional*.ti,kf.
9. communicat*.ti,kf.
10. collaborat*.ti,kf.
11. leader*.ti,kf.
12. advocat*.ti,kf.
13. scholar?.ti,kf.
14. expert?.ti,kf.
15. ((clinical* OR medical* OR physician* OR professional*) ADJ2 competenc*).ti,kf.
16. or/1-15
17. (objective* ADJ3 clinical* ADJ3 exam*).ti,kf.
18. (objective structured clinical exam* OR OSCE?).mp.
19. or/17,18
20. *Educational Measurement/
21. exp *Academic Performance/
22. Test Taking Skills/ 
23. (test? OR testing OR exam* OR evaluat* OR assessment*).tw,kf.
24. (multiplechoice? OR multiple-choice? OR written).mp.
25. or/20-24
26. (virtual* OR online* OR on-line* OR web-base* OR digital* OR remote* OR tele*).ti,kf.
27. Education, distance/
28. or/26,27

29. Canada.cp
30. and/16,19,25,29 (Research Question 1)
31. and/19,28 (Research Question 2)

B. Search strategy for EMBASE

1. (objective* ADJ3 clinical* ADJ3 exam*).ti,kw.
2. (objective structured clinical exam* OR OSCE?).mp.
3. or/1,2
4. (virtual* OR online* OR on-line* OR web-base* OR digital* OR remote* OR tele*).ti,kw.
5. Education, distance.mp. OR educational measurement.mp.
6. or/4,5
7. and/3,6 (Research Question 2)





Appendix 2. Screening Exclusion Criteria

A. Research Question #1 Title/Abstract Screening Exclusion Criteria

1. Is the study population health professional students?
•	Yes -> Continue
•	No -> Exclude

2.  Does the study supply primary data?
•	Yes -> Continue
•	No -> Exclude

3. Does the study compare OSCEs with traditional testing methods, as above?
•	Yes -> Continue
•	No -> Exclude

4.  Does the study measure effectiveness for assessing one or more CanMEDS domains (Medical Expert, Communicator, Collaborator, Leader, Health Advocate, Scholar, Professional)?* 
•	Yes -> Continue
•	No -> Exclude
*Outcomes do not have to be expressly stated as being part of the CanMEDS framework. For example, a study looking at teamwork would be classified under Collaborator.

5.  Is the study written in English/is there an English summary which provides the necessary information?
•	Yes -> Continue
•	No -> Exclude

B. Research Question #2 Title/Abstract Screening Exclusion Criteria

1. Is the study population health professional students?
•	Yes -> Continue
•	No -> Exclude

2. Does the study supply primary data?
•	Yes -> Continue
•	No -> Exclude

3. Does the study compare in-person OSCEs with virtual OSCEs?
•	Yes -> Include
•	No -> Exclude

4. Does the study examine the effectiveness at assessing the CanMEDS roles, logistics, feasibility, resource intensity, or other aspects between the two OSCE formats?
•	Yes -> Include
•	No -> Exclude

5. Is the study written in English/is there an English summary which provides the necessary information?
•	Yes -> Continue
•	No -> Exclude
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