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Abstract: Virtual Patient Simulations (VPSs) have been cited as a novel learning strategy, but there
is little evidence that VPSs yield improvements in clinical reasoning skills and medical knowledge.
This study aimed to clarify the effectiveness of VPSs for improving clinical reasoning skills among
medical students, and to compare improvements in knowledge or clinical reasoning skills relevant to
specific clinical scenarios. We enrolled 210 fourth-year medical students in March 2017 and March
2018 to participate in a real-time pre-post experimental design conducted in a large lecture hall by
using a clicker. A VPS program (®Body Interact, Portugal) was implemented for one two-hour
class session using the same methodology during both years. A pre–post 20-item multiple-choice
questionnaire (10 knowledge and 10 clinical reasoning items) was used to evaluate learning outcomes.
A total of 169 students completed the program. Participants showed significant increases in average
total post-test scores, both on knowledge items (pre-test: median = 5, mean = 4.78, 95% CI (4.55–5.01);
post-test: median = 5, mean = 5.12, 95% CI (4.90–5.43); p-value = 0.003) and clinical reasoning items
(pre-test: median = 5, mean = 5.3 95%, CI (4.98–5.58); post-test: median = 8, mean = 7.81, 95% CI
(7.57–8.05); p-value < 0.001). Thus, VPS programs could help medical students improve their clinical
decision-making skills without lecturer supervision.
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1. Introduction

Traditional lectures in Japanese medical schools have been primarily conducted as didactic
lectures in large classrooms, with little interactivity. According to a previous study, for digital native
students, such one-way, passive lectures are not effective and their learning outcomes may be relatively
low [1–5]. Further, other reports have indicated that future medical education will make advancements
through the implementation of digital tools such as video, audio, and simulators [1,4,6]. In fact,
since the 1990s, research has especially focused on the application of virtual simulation technology
to medical education [7–12]. Currently, virtual simulation including virtual patient is helpful in
pre-clinical education, which can now utilize 3D images to teach subjects such as anatomy and
pathology [13,14], training for pediatric surgery and laparoscopy [15,16], bioethics [17], and tracheal
intubation techniques [18]. The technology has already been applied in the virtual simulation of hearing
and vision loss to enhance medical students’ empathy for elderly patients [19]. A systematic review
reported that the use of virtual patients can more effectively improve medical students’ skills and achieve
at least the same degree of knowledge as traditional methods. The findings suggest that skills can be
improved in a targeted way. The improved skills include procedural skills, a mixture of procedural
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and team skills, and some clinical reasoning skills. Moreover, virtual patient simulations (VPSs) in
abnormal clinical scenarios may provide an accelerated breakthrough in improving clinical reasoning
education [20]. However, there is inadequate evidence of the usefulness of VPSs for improving clinical
reasoning skills for undergraduate medical students without lecturer supervision [21,22]. To the best
of our knowledge, few studies have used VPSs to comparatively measure which areas of relevant case
knowledge and clinical reasoning skills in symptomatology lead to better outcomes. Thus, this study
had two objectives: (1) to clarify the effectiveness of VPSs for developing clinical reasoning skills
among medical students without lecturer supervision, and (2) to elucidate whether VPSs improve
clinical reasoning skills or knowledge of a particular case. To address these objectives, we used a
pre–post experimental design to study a VPS.

2. Materials and Methods

2.1. Study Setting and Participants

This pre–post study was conducted at the Shimane University School of Medicine, a national
medical school in Japan. It took place during one two-hour introductory class in clinical clerkship
education in March 2017 and March 2018. Medical school programs in Japan are six years in length,
and the students who participated in the study were at the end of their fourth year of courses,
having recently passed the Objective Structured Clinical Examination. About 105 students are enrolled
in each year of this medical school, so we arranged to perform the exact intervention in the same
setting for a total of 210 people over two years. Before the intervention, we explained to each possible
candidate: (1) the research intent, (2) the contents of the class, (3) the expected effects, (4) that data
collection would be fully anonymous and collected with the distributed clicker, (5) that participation
was free and voluntary, (6) that there was no conflict of interest, and (7) that we would not use these
data for student evaluation.

A total of 191 participants attended the classes in this study; 19 of the original candidates did not
participate due to absence. Of these, we analyzed a total of 169 participants (88.5%) after excluding
13 participants who did not provide consent and 9 participants who had trouble connecting their
clickers and left the class early. The answers were not divided according to sex, as the data were
collected anonymously using randomly distributed clickers. However, in 2017 and 2018, the proportion
of fourth-year female students was 38% and 36%, respectively.

2.2. Study Design

This was a single center pre–post study of the effects of VPSs on clinical reasoning. A VPS
software program (®Body Interact, Coimbra, Portugal) was used as an experimental intervention in
both two-hour classes using an experimental design [23]. As the VPS in this study was based on a
screen rather than a headset, it can be considered a partial VPS. In this software (Figure 1), the virtual
patient shows the dynamic pathophysiological response to user decisions. Participants can act as real
clinicians, ordering almost any tests or treatments as needed [23]. We first provided guidance on study
participation, confirming that the responses of the participants who consented would be collected
using a real-time audience response system (®TurningPoint clicker, Tokyo, Japan), and that the study
would exclude the data of the participants who subsequently withdrew consent [24]. An audience
response system clicker was randomly distributed to each participant to answer the questions in
real time (Figure 2). The data were transmitted and saved to the computer at the front of the room,
ensuring anonymity and making it impossible to identify individuals. To evaluate the VPS learning
outcomes, we prepared a 20-item multiple-choice question (MCQ) quiz, which included 10 knowledge
items and 10 clinical reasoning items for each of two scenarios (Supplementary File S1 List of 20
MCQs). We categorized the questions into knowledge items and clinical reasoning items from the past
questions of the Japanese National Medical Practitioners Qualifying Examination in Japan, which were
relevant to each scenario. The items were randomly arranged and selected from the Japanese National
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Medical Practitioners Qualifying Examination. The same MCQ quiz was administered to participants
pre-study and post-study to evaluate the VPS outcomes. We explained that the participants could not
discuss the answers with others. The difference between the scores indicated what the participants
had learned through the intervention.
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Figure 2. Clickers being distributed during the pre-test (March 2018).

Two scenarios were used: (1) a 55-year-old male with altered mental status, and (2) a 65-year-old
male with acute chest pain. Since the simulation software was partially in English, a faculty
member (the same for each class) performed some minimal translations into Japanese as necessary.
Another faculty member guided the participants in how to operate the VPS; this faculty member
was instructed to intervene as little as possible during the class, especially regarding knowledge and
clinical reasoning skills that were directly relevant to the answers for the pre-post tests. For each
scenario, participants were allotted 20 min to make a diagnosis and treat the patient. During this
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period, participants were required to conduct a medical interview, physical examination, interpretation
of results, and treatment as if they were practicing physicians. Following each scenario, the participants
were automatically presented with a summary of their decision-making. Participants’ pre-post test
responses were automatically sent to the computer as a CSV file. To ensure uniform study conditions
and reduce confounding factors as much as possible, we used the same large lecture hall and ensured
that all participants had the same level of experience in both 2017 and 2018. This was meant to minimize
differences in VPS usage time and maintain fairness. The same interventions and methodology were
used for all participants.

2.3. Statistical Analyses

We used an interquartile range (IQR) along with the 25th and 75th percentiles to indicate skewed
data. The Shapiro–Wilk test was implemented to examine the total score of pre-post test distributions.
McNemar’s test was used for paired nominal data pre–post study with Bonferroni correction, while the
Wilcoxon signed-rank test was employed for nonparametric repeated measurements with skewed
continuous variables. All analyses were performed using Stata statistical software, version 14.0
(Stata 14 Base Reference Manual; Stata Corp., College Station, TX, USA). All tests were two-sided
with a p-value < 0.05 (Bonferroni correction in Table 1; p-value < 0.0025), which was considered
statistically significant.

Table 1. Pre-post test values.

Item
No. Category Main Topic of Quiz Pre-Test Score

(n = 169)
Post-Test Score

(n = 169)
Fluctuation

(%)
Adjusted
p-Value

1 CR Management of altered mental status 25.4% 75.7% +50.3 <0.0001 *
2 K Electrocardiogram and syncope 52.1% 58.0% +5.9 0.1573

3 K Type of hormone secretion during
hypoglycemia 64.5% 87.0% +22.5 <0.0001 *

4 K Referred pain of acute coronary syndrome 51.5% 53.8% +2.4 0.5862
5 CR Time course of syncope (cardiogenic) 59.2% 82.8% +23.7 <0.0001 *
6 K Pathophysiology of pulmonary failure 34.9% 31.4% −3.6 0.1573
7 K Electrocardiogram of ST elevation 34.3% 36.7% +2.4 0.5791
8 CR Vital signs of sepsis 73.4% 85.8% +12.4 <0.0001 *
9 K Anatomy of aortic dissection 55% 53.3% −1.8 0.6015

10 CR Management of each type of shock 66.9% 78.7% +11.8 0.0032
11 K Contrast CT of aortic dissection 67.5% 79.3% +11.8 0.0016 *
12 CR Treatment strategy of shock 56.2% 62.7% +6.5 0.0630
13 K Jugular venous pressure 42.6% 49.7% +7.1 0.0455
14 CR Differential diagnosis of hypoglycemia 24.3% 82.2% +58.0 <0.0001 *
15 CR Management of altered mental status 75.1% 97.0% +21.9 <0.0001 *
16 K Chest radiograph of heart failure 24.3% 39.6% +15.4 <0.0001 *
17 CR Management of syncope 53.8% 79.3% +25.4 <0.0001 *
18 K Symptoms of hypoglycemia 51.5% 27.8% −23.7 <0.0001 *
19 CR Treatment of sepsis shock 47.3% 50.9% +3.6 0.3428
20 CR Management of chest pain 46.7% 85.8% +39.1 <0.0001 *

Notes: K = knowledge, CR = clinical reasoning, * = statistically significant, p-value < 0.0025.

2.4. Ethics

The study was conducted in accordance with the Declaration of Helsinki. The Ethics Committee
of the Shimane University Hospital did not conduct a review for the following reasons: participants’
personal information was not made available, the research data were automatically converted
electronically to nondiscriminating data, participants volunteered and provided informed consent,
the safety of VPS research is well-established, VPS research is widely used, and there was no risk of
harm to the participants.
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3. Results

Compared with pre-test baseline scores, participating students showed significant increase in
average total post-test scores (p-value < 0.001). The total pre-test scores showed a median of 10
IQR (8–12), a mean of 10.1, and 95% CI (9.6–10.5); the post-test scores showed a median of 13 IQR
(11–15), a mean of 13.0, and 95% CI (12.6–13.4). Figure 3 presents histograms of the pre-test and
post-test scores for the 169 participants. The pre-test scores showed a normal distribution, while the
post-test scores after the VPS intervention skewed to the right (Shapiro–Wilk test, p-value < 0.022).
Furthermore, no significant differences were observed for these fourth-year medical students between
the years 2017 (pre-test scores: median = 10 IQR (8–11), mean = 9.7, 95% CI (9.1–10.3); post-test scores:
median = 13, IQR (11–15), mean = 12.7, 95% CI (12.1–13.2)) and 2018 (pre-test scores: median = 10
IQR (9–12), mean = 10.4, 95% CI (9.9–10.3); post-test scores: median = 13 IQR (12–16), mean = 13.3,
95% CI (12.7–13.9)).
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Table 1 shows that the 10 items related to knowledge (K) and the 10 items related to clinical
reasoning (CR), comprising past questions of the Japanese National Examination for Physicians,
were randomly arranged. We compared the correct answer rate of the pre-post tests and performed
McNemar’s test for each quiz and Bonferroni correction for all 20 items. As a result, 7 of the 10 CR
items showed a statistically significant increase in the correct answer rate, whereas only 4 of the 10 K
items showed a significant increase. The rate of change between CR items (median = +22.8% IQR 11.8%
to 39.1%, mean = 25.3, 95% CI (12.1–38.5)) was significantly higher than that between K items (median
= +4.2% IQR −1.8% to 11.8%, mean = 3.84, 95% CI (−5.1 to 12.8)), with p-value < 0.008. Notably, for the
CR items, although the pre-test correct answer rate was low, the correct answer rate for some post-test
items increased by 50 points or more (i.e., items 1 and 14). The items with a large increase in the
correct answer rate included a direct question regarding diagnosis of an altered mental status and
management of acute chest pain. On the other hand, some items requiring simple knowledge showed
a decrease in the percentage of correct answers.

Figure 4 presents box plots of the scores for the 10 CR items and the 10 K items. CR scores
increased significantly (pre-test: median = 5, mean = 5.3 95%, CI (4.98–5.58); post-test: median = 8,
mean = 7.81, 95% CI (7.57–8.05); p-value < 0.001). K item scores overall also increased statistically,
though the median was unchanged (pre-test: median = 5, mean = 4.78, 95% CI (4.55–5.01); post-test:
median = 5, mean = 5.12, 95% CI (4.90–5.43); p-value = 0.003).
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4. Discussion

As expected, overall scores were higher after the intervention. This can be explained by the fact
that the histogram of overall scores was significantly skewed towards the higher scores. However,
as a general rule with certain educational interventions, total scores will always rise immediately
afterwards. This study assessed CR outcomes by using a VPS to train participants on diagnosing
two clinical scenarios. The results show that VPSs improve CR ability even when used to instruct a
large group in a lecture hall. On the other hand, little improvement was observed in K item scores
when teacher intervention and instruction were minimized. There are several possible causes for this
result. First, even if the participants had already learned the information necessary to answer all K
items, these items may be difficult for fourth-year students because they were taken from the Japanese
National Medical Practitioners Qualifying Examination, and the students have not yet performed
their clinical clerkships. Second, the information is necessary to answer K items encompassed medical
knowledge only, and may have been difficult to learn based solely on VPS unless teachers explained the
scenario. For example, it is challenging to learn to interpret either electrocardiograms of patients with
chest pain or contrast CTs based on anatomical knowledge simply by engaging with a VR program
and without reading a textbook or listening to a lecture. Third, improving knowledge item scores in a
short period of time may be challenging without essential knowledge of pathology, pharmacology,
physiology, and anatomy. Furthermore, the knowledge acquired in this pre-clinical stage may still
be perceived as complex when based only on engagement with the VPS. For example, the scores for
some of the K items decreased in the opposite direction (items 9 and 18). One possible reason may be
that analyzing the chest pain and altered mental status cases through the VPS program caused learner
bias due to confusion over each scenario, and the answers were pulled in an unexpected direction.
On the other hand, the scores increased for problems related to CR regarding altered mental status and
acute chest pain. This is because these scenarios are more closely related to the diagnostic process of
listing differential diagnoses for chest pains and determining necessary tests, as well as initially ruling
out hypoglycemia for the differential diagnosis of altered mental status. For these reasons, we believe
that engaging with a VPS is more useful for learning CR compared to acquiring medical knowledge,
and for students to attain clinical experience by repeatedly utilizing the VPS.

For today’s digital native students, we believe it is necessary to implement new learning methods
that include video, music, YouTube, and social media, rather than traditional methods [1]. One previous
study compared three educational methods for teaching CR: live discussion, watching a video of the
discussion, and learning from a textbook [25]. Notably, immediately after the lesson, the students who
participated in the live discussion had a statistically significant outcome. However, an evaluation two
weeks later showed no significant difference in knowledge retention from watching the discussion
video or from participating in the live discussion, and both methods were found to be more effective
than textbook learning.
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In addition, another randomized controlled trial showed that the authenticity of CR (that is,
how similar it is to actual practical experience) in traditional pre-clerkship instruction might not be
high, as measured against pre-clerkship and clerkship outcome measures [26].

In this study, since we implemented a nonimmersive simulation without a virtual reality (VR)
head set, we cannot consider it a true VR simulation by narrow definition. However, we gathered the
participants in a large lecture hall with a shared screen to ensure uniformity of participant experience
and to minimize confounding factors as much as possible. A fully immersive VR simulation, using a
VR headset, may have a higher educational effect than a large shared screen [27]. It is not easy, however,
for all participants to simultaneously use a fully immersive VR simulation, and it currently requires
a tremendous amount of money and high-tech equipment [28]. Moreover, another comparative
study found no overall significant differences in efficiency of educational outcomes and participant
satisfaction between a shared screen and a fully immersive virtual reality simulation [29].

Furthermore, the greatest value of VPS is that the patient is not required to be involved in student
training, and thus there is no risk to the patient [2,8,30–33]. There are also other merits, such as the
ability to repeat the learning experience until the educational goal is achieved. Of course, it is not
possible to complete all medical instruction through simulation education. However, we believe
that if the strengths of traditional educational methods are combined appropriately with the VPS,
further educational benefits can be expected.

Limitations

Although we attempted to ensure a uniform study setting, there are some limitations to our study.
First, this is not an experiment comparing VPS to other teaching methods. For that reason, we cannot
say whether it is better than traditional teaching methods, such as lectures and case discussions.
This discussion point is important, and further comparative experiments need to be conducted. Second,
the intervention should ideally be reassessed afterwards to ensure that clinical reasoning skills have
indeed improved and have been retained. Further, we cannot say whether performing multiple VPS
scenarios will actually develop sufficient clinical reasoning skills for a clinician. However, our study
could not be followed up because the data were taken anonymously using a clicker. Third, this study
was conducted in a Japanese university hospital. Since clinical medical education systems vary from
country to country, there is a question of external validity. It is uncertain whether these results are
applicable to other countries or institutions. Fourth, variations in the degree of participation may be
possible due to the type of VPS used. Further, although we tried to ensure consistency in the study
setting, there may have been some unavoidable differences, such as the individual students’ active
participation, concentration, and screen visibility due to seating positions. Fifth, about 10% of students
were absent since no participation incentives were provided, and this may have created a selection
bias. Finally, no similar studies have been conducted, and the validity of the test questions is uncertain,
because they were selected from the Japanese National Medical Practitioners Qualifying Examination.

5. Conclusions

Our study suggests that VPS programs are more effective for increasing CR scores than K scores
among medical students. VPS software programs could thus help medical students improve their
clinical decision-making skills with minimal supervision from lecturers. In summary, the widespread
use of VPS software programs in clinical education could help maximize the effectiveness of medical
school curriculum.

Supplementary Materials: The following are available online at http://www.mdpi.com/1660-4601/17/15/5325/s1,
File S1: List of 20 MCQs.

Author Contributions: Conceptualization, T.W.; methodology, T.W. and Y.T.; software, T.W. and M.O.; validation,
T.W., M.O., and Y.T.; formal analysis, T.W. and Y.T.; investigation, T.W.; resources, T.W.; data curation, T.W. and
M.O.; writing—original draft preparation, T.W.; writing—review and editing, T.W. and Y.T.; visualization, T.W.;

http://www.mdpi.com/1660-4601/17/15/5325/s1


Int. J. Environ. Res. Public Health 2020, 17, 5325 8 of 9

supervision, Y.T. and K.O.; project administration, T.W. and K.O.; funding acquisition, T.W., and K.O. All authors
have read and agreed to the published version of the manuscript.

Funding: This work was funded by JSPS KAKENHI, grant numbers 20H03913.

Acknowledgments: The authors would like to thank Satoru Hattori at Uhida Yoko Co. for providing user
information and careful guidance about Body Interact. We also thank all of the medical students who participated
in this study.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Schwartzstein, R.M.; Roberts, D.H. Saying Goodbye to Lectures in Medical School-Paradigm Shift or Passing
Fad? N. Engl. J. Med. 2017, 377, 605–607. [CrossRef] [PubMed]

2. Emanuel, E.J. The Inevitable Reimagining of Medical Education. JAMA 2020, 323, 1127–1128. [CrossRef]
[PubMed]

3. Nadarajah, V.D.; Er, H.M.; Lilley, P. Turning Around a Medical Education Conference: Ottawa 2020 in the
Time of Covid-19. Med. Educ. 2020, 54, 760–761. [CrossRef] [PubMed]

4. Prober, C.G.; Heath, C. Lecture Halls without Lectures-A Proposal for Medical Education. N. Engl. J. Med.
2012, 366, 1657–1659. [CrossRef] [PubMed]

5. Rencic, J.; Trowbridge, R.L., Jr.; Fagan, M.; Szauter, K.; Durning, S. Clinical Reasoning Education at US
Medical Schools: Results from a National Survey of Internal Medicine Clerkship Directors. J. Gen. Intern. Med.
2017, 32, 1242–1246. [CrossRef]

6. Roy, M.J.; Sticha, D.L.; Kraus, P.L.; Olsen, D.E. Simulation and Virtual Reality in Medical Education and
Therapy: A Protocol. Cyberpsychol. Behav. 2006, 9, 245–247. [CrossRef]

7. Hoffman, H.; Irwin, A.; Ligon, R.; Murray, M.; Tohsaku, C. Virtual Reality-Multimedia Synthesis:
Next-Generation Learning Environments for Medical Education. J. Biocommun. 1995, 22, 2–7.

8. Rudran, B.; Logishetty, K. Virtual Reality Simulation: A Paradigm Shift for Therapy and Medical Education.
Br. J. Hosp. Med. 2018, 79, 666–667. [CrossRef]

9. Kyaw, B.M.; Saxena, N.; Posadzki, P.; Vseteckova, J.; Nikolaou, C.K.; George, P.P.; Divakar, U.; Masiello, I.;
Kononowicz, A.A.; Zary, N.; et al. Virtual Reality for Health Professions Education: Systematic Review
and Meta-Analysis by the Digital Health Education Collaboration. J. Med. Internet Res. 2019, 21, e12959.
[CrossRef]

10. Yao, P.; Challen, C.; Caves, C. An Experimental Study on Usefulness of Virtual Reality 360◦ in Undergraduate
Medical Education [Letter]. Adv. Med. Educ. Pract. 2019, 10, 1103–1104. [CrossRef]

11. Japanese National Medical Practitioners Qualifying Examination; Organization of the Ministry of Health, Labour
and Welfare: Tokyo, Japan, 2019.

12. Mariani, A.W.; Pego-Fernandes, P.M. Medical Education: Simulation and Virtual Reality. Sao Paulo Med. J.
2011, 129, 369–370. [CrossRef] [PubMed]

13. Alharbi, Y.; Al-Mansour, M.; Al-Saffar, R.; Garman, A.; Alraddadi, A. Three-dimensional Virtual Reality as
an Innovative Teaching and Learning Tool for Human Anatomy Courses in Medical Education: A Mixed
Methods Study. Cureus 2020, 12, e7085. [CrossRef] [PubMed]

14. Kleinert, R.; Heiermann, N.; Plum, P.S.; Wahba, R.; Chang, D.H.; Maus, M.; Chon, S.H.; Hoelscher, A.H.;
Stippel, D.L. Web-Based Immersive Virtual Patient Simulators: Positive Effect on Clinical Reasoning in
Medical Education. J. Med. Internet Res. 2015, 17, e263. [CrossRef] [PubMed]

15. Ammanuel, S.; Brown, I.; Uribe, J.; Rehani, B. Creating 3D models from Radiologic Images for Virtual Reality
Medical Education Modules. J. Med. Syst. 2019, 43, 166. [CrossRef]

16. Labovitz, J.; Hubbard, C. The Use of Virtual Reality in Podiatric Medical Education. Clin. Podiatr. Med. Surg.
2020, 37, 409–420. [CrossRef]

17. Iserson, K.V. Ethics of Virtual Reality in Medical Education and Licensure. Camb. Q. Healthc. Ethics 2018, 27,
326–332. [CrossRef]

18. Mayrose, J.; Myers, J.W. Endotracheal Intubation: Application of Virtual Reality to Emergency Medical
Services Education. Simul. Healthc. 2007, 2, 231–234. [CrossRef]

19. Dyer, E.; Swartzlander, B.J.; Gugliucci, M.R. Using Virtual Reality in Medical Education to Teach Empathy.
J. Med. Libr. Assoc. 2018, 106, 498–500. [CrossRef]

http://dx.doi.org/10.1056/NEJMp1706474
http://www.ncbi.nlm.nih.gov/pubmed/28813217
http://dx.doi.org/10.1001/jama.2020.1227
http://www.ncbi.nlm.nih.gov/pubmed/32105294
http://dx.doi.org/10.1111/medu.14197
http://www.ncbi.nlm.nih.gov/pubmed/32337741
http://dx.doi.org/10.1056/NEJMp1202451
http://www.ncbi.nlm.nih.gov/pubmed/22551125
http://dx.doi.org/10.1007/s11606-017-4159-y
http://dx.doi.org/10.1089/cpb.2006.9.245
http://dx.doi.org/10.12968/hmed.2018.79.12.666
http://dx.doi.org/10.2196/12959
http://dx.doi.org/10.2147/AMEP.S240292
http://dx.doi.org/10.1590/S1516-31802011000600001
http://www.ncbi.nlm.nih.gov/pubmed/22249791
http://dx.doi.org/10.7759/cureus.7085
http://www.ncbi.nlm.nih.gov/pubmed/32226686
http://dx.doi.org/10.2196/jmir.5035
http://www.ncbi.nlm.nih.gov/pubmed/26577020
http://dx.doi.org/10.1007/s10916-019-1308-3
http://dx.doi.org/10.1016/j.cpm.2019.12.008
http://dx.doi.org/10.1017/S0963180117000652
http://dx.doi.org/10.1097/SIH.0b013e3181514049
http://dx.doi.org/10.5195/JMLA.2018.518


Int. J. Environ. Res. Public Health 2020, 17, 5325 9 of 9

20. Theoret, C.; Ming, X. Our Education, Our Concerns: The Impact on Medical Student Education of COVID-19.
Med. Educ. 2020, 54, 591–592. [CrossRef]

21. Longo, P.J.; Orcutt, V.L.; James, K.; Kane, J.; Coleman, V. Clinical Reasoning and Knowledge Organization:
Bridging the Gap Between Medical Education and Neurocognitive Science. J. Physician Assist. Educ. 2018,
29, 230–235. [CrossRef]

22. Chon, S.H.; Timmermann, F.; Dratsch, T.; Schuelper, N.; Plum, P.; Berlth, F.; Datta, R.R.; Schramm, C.;
Haneder, S.; Späth, M.R.; et al. Serious Games in Surgical Medical Education: A Virtual Emergency
Department as a Tool for Teaching Clinical Reasoning to Medical Students. JMIR Serious Games 2019,
7, e13028. [CrossRef]

23. Padilha, J.M.; Machado, P.P.; Ribeiro, A.; Ramos, J.; Costa, P. Clinical Virtual Simulation in Nursing Education:
Randomized Controlled Trial. J. Med. Internet Res. 2019, 21, e11529. [CrossRef] [PubMed]

24. Home Page of INTERACTIVE, K. TurningPoint in Education. Available online: http://keepad.com.au/

display-collaborate/turningpoint/new-users (accessed on 10 July 2020).
25. Weidenbusch, M.; Lenzer, B.; Sailer, M.; Strobel, C.; Kunisch, R.; Kiesewetter, J.; Fischer, M.R.; Zottmann, J.M.

Can clinical case discussions foster clinical reasoning skills in undergraduate medical education?
A randomised controlled trial. BMJ Open 2019, 9, e025973. [CrossRef] [PubMed]

26. Durning, S.J.; Dong, T.; Artino, A.R., Jr.; LaRochelle, J.; Pangaro, L.N.; Vleuten, C.V.; Schuwirth, L. Instructional
authenticity and clinical reasoning in undergraduate medical education: A 2-year, prospective, randomized
trial. Mil. Med. 2012, 177, 38–43. [CrossRef]

27. Gutiérrez, F.; Pierce, J.; Vergara, V.M.; Coulter, R.; Saland, L.; Caudell, T.P.; Goldsmith, T.E.; Alverson, D.C.
The Effect of Degree of Immersion Upon Learning Performance in Virtual Reality Simulations for Medical
Education. Stud. Health Technol. Inform. 2007, 125, 155–160. [PubMed]

28. Edvardsen, O.; Steensrud, T. [Virtual Reality in Medical Education]. Tidsskr. Nor Laegeforen. 1998, 118, 902–906.
29. Pierce, J.; Gutiérrez, F.; Vergara, V.M.; Alverson, D.C.; Qualls, C.; Saland, L.; Goldsmith, T.; Caudell, T.P.

Comparative Usability Studies of Full vs. Partial Immersive Virtual Reality Simulation for Medical Education
and Training. Stud. Health Technol. Inform. 2008, 132, 372–377. [PubMed]

30. Ellaway, R. Virtual Reality in Medical Education. Med. Teach. 2010, 32, 791–793. [CrossRef]
31. Almarzooq, Z.I.; Lopes, M.; Kochar, A. Virtual Learning During the COVID-19 Pandemic: A Disruptive

Technology in Graduate Medical Education. J. Am. Coll. Cardiol. 2020, 75, 2635–2638. [CrossRef]
32. Cooke, S.; Lemay, J.F. Transforming Medical Assessment: Integrating Uncertainty into the Evaluation of

Clinical Reasoning in Medical Education. Acad. Med. 2017, 92, 746–751. [CrossRef]
33. Kononowicz, A.A.; Woodham, L.A.; Edelbring, S.; Stathakarou, N.; Davies, D.; Saxena, N.; Car, L.T.;

Carlstedt-Duke, J.; Car, J.; Zary, N. Virtual Patient Simulations in Health Professions Education: Systematic
Review and Meta-Analysis by the Digital Health Education Collaboration. J. Med. Internet Res. 2019,
21, e14676. [CrossRef] [PubMed]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1111/medu.14181
http://dx.doi.org/10.1097/JPA.0000000000000224
http://dx.doi.org/10.2196/13028
http://dx.doi.org/10.2196/11529
http://www.ncbi.nlm.nih.gov/pubmed/30882355
http://keepad.com.au/display-collaborate/turningpoint/new-users
http://keepad.com.au/display-collaborate/turningpoint/new-users
http://dx.doi.org/10.1136/bmjopen-2018-025973
http://www.ncbi.nlm.nih.gov/pubmed/31494596
http://dx.doi.org/10.7205/MILMED-D-12-00234
http://www.ncbi.nlm.nih.gov/pubmed/17377256
http://www.ncbi.nlm.nih.gov/pubmed/18391324
http://dx.doi.org/10.3109/0142159X.2010.513223
http://dx.doi.org/10.1016/j.jacc.2020.04.015
http://dx.doi.org/10.1097/ACM.0000000000001559
http://dx.doi.org/10.2196/14676
http://www.ncbi.nlm.nih.gov/pubmed/31267981
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Setting and Participants 
	Study Design 
	Statistical Analyses 
	Ethics 

	Results 
	Discussion 
	Conclusions 
	References

