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Abstract

Background: Presently, competency-based medical (CBME) curriculum challenges the medical educators to provide
continuing education with new approaches to make learning more stimulating, motivating, and entertaining, fostering
excellence in clinical practice. To address these issues, educators have advocated the use of virtual reality and mannequins
to teach clinical pharmacology.

Objectives: To study the effect, perception, and feedback of virtual reality high-fidelity adult mannequin-based (VHFM)
simulation of real-life clinical scenarios over conventional tutorials in teaching clinical pharmacology to medical students.
Material and Methods: An interventional study was designed for 2nd year MBBS students for a period of 6 months. The
enrolled students were randomly assigned to the test group (VHFM) or control group (tutorials). The CAE Healthcare
Ltd. maestro, high-fidelity prehospital mannequin (APOLLO) was used in the test group. Three sessions consisting of six
different cases were discussed, and multiple-choice questions (MCQs)-based pre-test, post—test, and retest after a month
were conducted in both groups and compared. The perception and feedback of faculty and students were obtained by using
a modified and revalidated questionnaire.

Results: The test group outperformed the control group (p <.001) in all sessions based on pre-test, post-test, and retest
scores, and within-group comparisons revealed significant improvements in both groups. Students’ perceptions and feedback
regarding VHFM were more enthusiastic and promising than in the tutorial group.

Conclusions: VHFM is student-centered, provides an active learning environment, and aids in skill development. We
strongly suggest VHFM-based learning as a complement to traditional teaching strategies in pharmacology, especially for
teaching clinical reasoning to medical students.
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Introduction

Conventional review sessions (tutorials) in medical education
typically involve instructor-based learning and offer a brief
recap of previously taught and frequently poorly remembered
information.! Tutorials are helpful for giving background
information on subjects, followed by a round of questions and
answers. However, there is little room for critical thought or
the application of newly learned information to clinical
practise.>? Because medical knowledge is rapidly evolving,
more effective teaching techniques are required to improve
the application of the educational process.* Clinical reasoning
is the cornerstone of medical practise for health professionals,
and the application of preclinical knowledge in clinical
settings should receive more attention in medical education.’

The competency-based medical (CBME) curriculum
states that an undergraduate medical student should have the
necessary skills to logically prescribe medications after taking
the Pharmacology course. (a) Use medicine that is economical.
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(b) Know when not to administer medication. (c) Possess a
thorough understanding of the pharmacokinetics and
pharmacodynamics of the medications being used. (d) Gather
data from reliable, established books and periodicals. (¢)
Engage in self-directed learning and lifelong learning. (f) Be
able to administer medications via a variety of methods and
have effective communication skills. Use a "P" list of
preferred or personal medications.® Unfortunately, these
goals cannot be reasonably achieved by didactic lectures and
tutorials that are mostly lecture-based. Early clinical exposure
and supportive attitudes must be encouraged for students.”

Medical educators today have the difficult task of providing
continuing education that promotes competence in clinical
practise while also coming up with fresh ideas on how to make
learning more exciting, motivating, and enjoyable. Technology
integration in the classroom holds out the possibility of finding
novel solutions to educational problems. In the current era of
digitization and pervasive internet connectivity, computer-
based learning, or eLearning, is a rapidly developing field in
medical education. The use of virtual patients is a developing
area of online learning (VP). The use of VP in medical
education has been promoted by educators.® A VP is defined
as an “interactive computer simulation of real-life clinical
scenarios for medical training, teaching, or assessment.”™
Different learning demands in medical education are addressed
by this definition.!” The educational use is explained by the
experiential learning paradigm.!!

The virtual patients expose students to simulated clinical
situations and offer tools for gathering data and making
therapeutic decisions in a secure setting.!? Virtual patients are
online instances where the learner assumes the position of the
doctor, is required to make all judgments, and is given feedback
on these decisions.’ The purpose of virtual reality is to expose
pupils to situations that would be challenging to locate or deal
with in the actual world.!3 By exposing the student to a variety of
simulated clinical scenarios, learning processes are supported,
and students gradually acquire and apply knowledge in a secure
simulation before using it in actual clinical practise.”'*

In comparison to mannequin-based simulation, virtual
reality simulation is more affordable and simpler to install.”!3
When there are no suitable real patients accessible, mannequins
offer students a safe learning environment where they can
experiment, repeat the process, and gain clinical skills.31¢ Life-
size mannequins known as high-fidelity simulators are capable
of simulating a variety of human processes, including breathing,
producing a pulse, producing a heartbeat, changing pupil size,
blinking, and more. Clinical training experiences are improved
by adding virtual patients and high-fidelity mannequin-based
(VHFM) simulations. When face-to-face instruction isn't
possible, virtual reality can help undergraduate medical
students learn clinical reasoning skills in particular.!”

It is necessary to take into account the published research,
most recent systematic reviews, and meta-analyses that
support the positive impacts of virtual patients. The use of
this method to teach pharmacology to medical students is the

subject of very little published research and literature.
Therefore, the goal of this study is to initially assess the
appeal, drive, and mindset of medical students who are
learning through an interactive computer simulation of real-
world clinical scenarios based on VHFM.

The study’s goals were as follows:

1. To compare the effectiveness of virtual reality high-
fidelity mannequin-based simulations of real-life
clinical scenarios to traditional tutorials in teaching of
pharmacology.

2. To determine the perception and feedback of students
and faculty toward VHFM-based learning.

Methods and Materials®'8.!?

Ethical approval was obtained from the Institutional Ethical
Committee (KAHER’s JN Medical College, Belagavi, Ref:
MDC/DOME/321; dated: 02/03/2022), and the study was
conducted over a period of 6 months (March 2022—August
2022) in the Department of Pharmacology, JN Medical
College, KAHER, Belagavi, Karnataka, India. The
interventional study, which examined a novel teaching
strategy, was explained orally to the MBBS Phase II students.
It was also made clear that participation was purely optional
and that the findings would not affect their grades or final test
scores. Using student identifying numbers (roll numbers or
university registration numbers) rather than names allowed
for the preservation of confidentiality throughout the
investigation. Students were included in the study who
willingly chose to take part. Each student provided written
informed consent before being randomly assigned using the
sealed envelope method into the control and test groups. With
this approach, allocation information can be obtained rapidly
and at a lower cost.

A total of 20 students made up the control group (Group C),
which used the tutorials’ current traditional approach and was
carried out by a faculty member in the tutorial room. A total of
20 students made up the test group (Group T), which used a
VHFM-based simulation and carried it out in the Advanced
Simulation Centre and Clinical Skill Lab (Figure 1). The pre-
hospital high-idelity mannequin (Apollo), the most recent
version of patient simulation software created by CAE
Healthcare, was used by faculty members to accomplish the
goals. The CAE Apollo adult patient simulator is wireless and
offers a variety of features.??

Based on the simulation software's design, six themes
(cases) from systematic pharmacology were chosen for the
investigation. The sessions’ chosen themes were case of
hyperthermia, myocardial infarction (cases of angina/
STEMI), and other cardiovascular system (CVS) cases
[hypertensive emergency, left heart failure, and arrhythmias
(ventriculartachycardia(VT)and paroxysmal supraventricular
tachycardia (PSVT))]. Case studies were created by
consulting the clinical examination book and the standard
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Figure 1. KLE Advanced Simulation Center — Apollo, High Fidelity Mannequin (CAE Maestro).

medical textbook.2! The pupils received the necessary
information at the start of each session to ensure a successful
study. The team first talks about the VP clinical case scenario's
introduction and history parts. Online audio and video were
employed in this clinical vignette to introduce the user to the
subject at hand.

Then the Apollo's examination component was
exhibited, and the investigation component's essential lab
tests were addressed. By contrasting the diagnosis
component with an expert's explanation, teachers were
able to show students how to keep an eye on their own
thinking (such as differential diagnoses and tests done).
After that, the therapy component was discussed with the
intention of getting the student involved in therapy by
choosing the proper drug(s), dose, and route, as well as
backing up the patient's recommended management.
Students evaluate their performance in the computer-based

performance feedback in comparison to that of a
professional, the VP author.

A paper-based pre-test and post-test were administered
for each of the three sessions, consisting of 10 multiple-
choice questions (MCQs) for each session, with the correct
response receiving a “1” mark and the incorrect response
receiving a “0” mark for both groups (Figure 2). An
updated and revalidated feedback form with four sections
and a 5-point Likert scale was also received from members
of each group after all three sessions. Understanding and
maintaining knowledge are covered in Section A, whereas
learning ease, learning validity, and learning challenges
are covered in Sections B, C, and D, respectively (Table 1).
Each item’s response rate and total number of students
were noted. Each item's mean rating was computed.
Observations and ideas from the students were also
recorded.
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Figure 2. Flowchart of Study.
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Table |. Perception and Feedback of Students’ Attitudes Towards the use of Virtual Patients in Learning Pharmacology.
(5=strongly agree, 4=agree, 3=uncertain, 2=disagree, | =strongly disagree)

Item No. Item

Section A: Understanding and Sustaining Knowledge

| Learning through virtual patients has offered me a lot of new knowledge

Virtual patients have offered me an opportunity to deepen my current knowledge

Different teaching methods used with virtual patients (photo, video, and text) have made

learning easier

4 Learning with virtual patients facilitated better understanding of a patient care

Examinations during the virtual patient cases let me retain knowledge easier

6 The demanded knowledge of different classes of drugs will help me obtain the ability of clini-
cal thinking and prioritizing by most likely diagnose and choose right drug when | encounter a

patient with similar symptoms in the waiting room

7 | have better knowledge of how to treat patients who exhibit similar symptoms as the studied
virtual patients

8 | have learnt more about important clinical presentations for practical clinical case work

9 Virtual patient cases are a reasonable component of regular curriculum

10 | have learnt more about the overall patient approach through virtual patients

I The virtual patient program has helped me develop directed anamnesis skills

12 Virtual patients have helped me develop directed clinical management skills
13 Virtual patients have helped me develop broad differential diagnostic thinking and 5Rs’
14 | have learnt how to take action in specific patient scenarios

Section B: Ease of Learning

15 Other study obligations leave enough time for independent virtual patient studying
16 Virtual patient study obligations can be carried out concurrently
17 The opportunity to determine on my own when | want to fulfil my virtual patient learning

obligations is an advantage

18 Virtual patients are a useful way of continued medical education (excluding thought courses)
It should be continued in pharmacology as a method of education

Section C:Validity of Learning

19 Virtual patient education is not the authentic theoretical learning
20 | am doubtful whether the patient treatment corresponds with the virtual patient scenario
21 The cases are many times too ideal

Section D: Difficulties of Learning

22 Cases were too demanding for my level of knowledge

23 Virtual patient cases took up too much of my time

24 | found the impossibility of discussing the case with my mentor a disadvantage
25 | understood the virtual patient cases in English language poorly

A revamped and revalidated questionnaire with 13
dichotomous items was used to determine how department
staff and postgraduate students felt about VHFM. “Yes”
responses received a score of “1,” while “No” responses
received a score of “0” (Table 2). One month after the third
session ended, a second exam with 25 MCQs was given to see
how well both groups could retain the information.

Statistical Analysis

SPSS version 25.0 was used for the statistical analysis (IBM
Corporation, Chicago, IL, United States). An independent
sample t-test is used to compare between groups, and a paired
t-test is used to compare within groups. The partial eta squared
technique was used to calculate the effect size. The impact of
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Table 2. Faculty Perception Regarding the use of Virtual Patients in Teaching Pharmacology.

Item No. Items Response (Yes/No)

| Purpose and rationale behind the virtual patient-based teaching method were fully explained

2 Questions included in test were relevant

3 Suggested study time for case discussion was sufficient

4 Description about the case was brief and informative; case was told from the point of view of a single
treating physician
There was utilization of different, appropriate media interactivity
Narrative style about the case was done using precise descriptions and condensed information
Question content related to case and explanation to the questions were clear and enhanced clinical
reasoning

8 There was much opportunity for student participation

9 This method is educationally attractive due to the novelty of style and format

10 Students gave feedback

Il An opportunity to assess an individual’s understanding through questions and answers was provided

12 Is there any need for students to do more study/revision/preparation for the session?

13 Will you recommend the development and utilization of VP for other content areas?

the intervention was evaluated using the pre-test and post-test
results from each of the three sessions. The following criteria
were used to interpret the effect size measurements: Effect
sizes range from 0 to 0.2 as mild, 0.2 to 0.5 as small, 0.5t0 0.8
as medium, and above 0.8 as large. Scores from the retest
were also examined. The test's average scores were presented
as means with standard deviations. p <.05 was considered
statistically significant.

Results

Pre-test and post-test results had a normal distribution of
scores. A comparison of the groups’ results revealed that
group T outperformed group C in each of the three sessions.
There was a highly significant difference favouring group T
in sessions 1 (p <.001), 2 (p <.03), and 3 (p <.001). In
comparison to the control group, the effect magnitude was
larger in Sessions I and III and medium in Session II. In the
retest, group T performed better than group C (p <.001) (see
Table 3 and Figure 3). Nevertheless, a comparison among
groups revealed that both groups had significantly improved
on each exam (p <.05) (Figure 4). Feedback from students
and their opinions of VHFM-based learning are shown in
(Table 4 and Figure 5). On the basis of a questionnaire with
four sections and a 5-point Likert scale, the students’
perceptions of and satisfaction with the educational experience
were assessed. Overall, the test group students were pleased
with the sessions since they made learning more engaging
and collaborative and gave them a sense of confidence.
Students in the test group said learning from virtual patients
and remembering new information was easier, according to
Section A (Understanding and Sustaining Knowledge). The
correct medicine selection and upkeep of pharmacological

knowledge were made easier by VHFM. Additionally, they
firmly agreed that they knew more about how to treat patients
than the students in the control group. The VHFM group
outperformed the tutorial group in terms of patient learning
methodology, clinical management abilities, and actions to be
implemented in various clinical settings (p <.001).

Section B (Ease of Learning): Students noticed that using
virtual reality and mannequin-based learning significantly
and effectively facilitated their learning. The majority of
respondents said that VHFM were a good tool to continue
medical education and that they should be used to teach
pharmacology as well (p <.001).

Students preferred VHFM-based learning over tutorials for
theoretical learning and portrayal of instances they are likely
to meet in clinical practise, according to Section C (Validity of
Learning). Compared to actual patients in clinical practise,
less than one-third of students believed that virtual cases were
too ideal and had doubts about the therapy (p <.001).

Students in the tutorial group judged the instances to be
less intelligible and time-consuming than those in the VHFM
group in Section D (Learning Difficulties). Students in both
groups might also talk to the staff about their issues. The
VHFM-based learning is generally more motivating and less
challenging (p <.05).

The faculty firmly believed that VHFM-based learning is
more motivating, provided several opportunities for student
participation, and allotted enough time for debate. Four staff
members disagreed that students should study or revise prior
to the sessions. Students should prepare for the sessions,
according to all postgraduate students. Faculty are strongly
encouraged to adopt VHFM-based learning in the
pharmacology department in the future, in addition to more
conventional teaching-learning techniques (Table 5).
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Table 3. Scores of Pre-Test and Post-Test in Test (Group T) and Control (Group C) Group.

Pre-Test Score Post-Test Score
Session Groups (Mean % SD) (Mean % SD) Outcome Difference #p Value Effect Size
I.(n = 20) T 53+1.89 13.7 £ 0.47 84+ 1.95 <.00 | ¥ 291
C 521216 7.7 £253 25+ 211
2.(n=19) T 8.94 + 1.74 12.36 £ 1.21 342+ 1.60 .03%* 0.7
C 6.05 + 1.64 8.47 + 1.6l 242 + 1.21
3.(n=19) T 641 £2.23 11.88 £ 1.40 5.47 £ 2.09 <.00 |##k 1.37
C 463+ 1.34 7.89 £ 1.37 3.26 £ 0.93
Note: #Independent t-test.
Abbreviation: SD, standard deviation.
Session | Session Il Session Il
* - whk = Pre ® L_ — =1 Pre ® L_ Hoex = Pre
3 Post mm Post - @ Post
o 10 B w 10 — w 10 _
g g g
) ° ] E
a5 B a : ;
T c T c T c
Groups Groups Groups
Figure 3. Pre-Test and Post-Test Scores.
25— Perception Scores
=3 Test Group 80
20 — e Control Group
=3 T Group
g 154 3 C Group
8
o 104
5_
0
GI’OUpS Sections
Figure 4. Retest Scores. Figure 5. Students Perception and Feedback.
Table 4. Feedback and Perception Scores of Sections A to D in Test (Group T) and Control (Group C).
Test Group Control Group
Section (Mean % SD) (Mean % SD) *p Value
A 65.25 + 4.85 48.57 + 4.77 <.00 | ¥k
B 173 +2.34 9.73 £ 1.85 <.00 | ¥k
C 8.55 +2.66 5.15+ 1.53 <.00 | ¥
D 575+ 1.83 71149 .025*

Note: *Independent t-test.

Abbreviation: SD, standard deviation.



32

Journal of Pharmacology and Pharmacotherapeutics 14(1)

Table 5. Faculty Perception of VP-based Learning in
Pharmacology Teaching.

Faculty Perception Scores
Staff 12.55 + 0.52
PGs 13

Total 12.76 + 0.43
Discussion

The goal of the current study was to determine how medical
students would respond to the addition of virtual reality and
high-fidelity mannequin-based learning to regular classroom
instruction during pharmacology courses. This intervention’s
effects on learning results, student satisfaction, and attitudes
were examined and contrasted with those of conventional
tutorials. The MCQs on the pre-test and post-test were
designed to gauge knowledge analysis and application rather
than just simple recall. The questions were specifically
designed with a lead-in question, four homogenous options,
and a clinical scenario to contextualise the information. By
administering another test a month following the final session,
the effect of the intervention was also investigated. The
superior performance on all post-tests and retest scores is
evidence that using VHFM has positive impacts on the
acquisition and application of knowledge, according to the
results of the current study.

The cornerstone of medical education has historically
included both didactic instruction in the classroom and
practical training in a clinical setting. By integrating the
learner in challenging and engaging tasks that aid in the
resolution of clinical problems, case-based learning and
problem-based learning are recently gaining popularity. Right
now, the VP and mannequin-based simulation approach is
used in the most cutting-edge and effective computer-assisted
learning techniques.”!'> This type of simulation is becoming
more popular since it makes the learning process easier by
providing a safe and regulated setting that helps increase the
trainee's confidence in their clinical skills. A restriction with
real-life patients is that it cannot be repeated more than a few
times without injuring the patient, but it can offer an
immersive learning environment.?> Numerous studies have
demonstrated that students believe virtual patients are useful
in facilitating their learning.>+?7

Despite the small number of experimental research looking
at the efficacy of VPs, the results of this study are similar to
those from earlier virtual reality investigations. These results
are both encouraging and favourable. The virtual reality
studies showed larger effects than lectures, group discussions,
and hands-on training with low fidelity mannequins.?3282
The combination of virtual patients and traditional education
was preferred over traditional education alone, according to a
meta-analysis. It demonstrated that knowledge and skills like
clinical reasoning, procedures, and team skills may be

improved more successfully when using virtual patients.$23
Lower-achieving students gain more from virtual patients
than high achievers, according to Qayumi et al.>? Oliven et al.
discovered that the dependability of the virtual patient OSCE
was consistently higher than that of the traditional OSCE,
supporting the idea that the VP system can be ued as a practise
tool for both training and OSCE examination.?!

A study carried out by Dalfi et al. investigated how
professors and students felt about VP. The study indicated
that although virtual reality experiences are more engaging
than traditional ones and aid in the practise of clinical
decision-making, they cannot be compared to training with
actual patients.’? Rather than replacing current medical
education, real patient contact should be supplemented by the
use of virtual patients.?® Similar outcomes were observed in
our study, where faculty unanimously acknowledged that
VHFM-based education is more effective. According to the
results of our retest, visual presentation of the content
improved knowledge retention more than passive learning
did. These findings are consistent with those of a recent
study.’* Therefore, it is crucial to include cutting-edge
teaching techniques that support long-term memory retention,
like active and integrated learning.

On the contrary, a study raised questions about how using
virtual patients in class could make students less empathic
learners.’> Additionally, creating a virtual design takes time
and effort and requires even the most basic IT support and
knowledge.’? Most importantly, their design, authenticity,
and implementation must be satisfactory. It is more expensive
than traditional schooling to develop a virtual curriculum,
acquire mannequin hardware and software, acquire high-
resolution monitors, and so on, as well as to maintain and set
aside room for high-fidelity mannequin and software
technologies. The cost increases with increasing fidelity.3
The fact that this study only looked at one cohort of Phase 2
medical students means that its findings might not apply to
other students. Some students may have more favourable
opinions about VHFM than others because they volunteered
to take part in the study. The inclusion of medical professors
from different specializations raises the possibility of
selection bias and makes it challenging to compare the results.
We limited our research to the pharmacology division.
Additionally, the pupils’ empathy wasn’t assessed.

Conclusion

The findings of our study suggest that employing virtual
reality high-fidelity mannequin-based simulation as a
teaching technique for pharmacology can help students learn
at a greater level than traditional teaching due to its active
learning engagement, interest, and teamwork. A practical
method for clinical simulation and training is virtual reality.
They provide a synthetic setting that closely reflects actual
circumstances. Therefore, as VHFM learning uses active



Gudadappanavar et al.

33

learning techniques, is student-centered, and offers an
interactive learning environment to foster interpersonal,
communication, and problem-solving abilities, we would
advise implementing it. We strongly advise combining
traditional learning methodologies with virtual and
mannequin-based simulation in pharmacology training,
particularly for clinical reasoning for medical students.
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