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Abstract: Clinical simulation is an engaging teaching strategy that has been used to
develop disciplinary and soft skills in medical students through structured educational
activities with assessment and feedback. COVID-19 has forced medical schools into
redesigning many curricular activities, including these clinical simulations, which
leveraged virtual technologies to continue the training amid the pandemic. The objective
of this study was to assess the adaptation of clinical simulation to a virtual-based format to
continue medical students' training. The sample of participants in this study was 34-third-
year medical students. Simulation sessions were held through a synchronous
videoconference platform where students used a monitor for vital signs, an actor simulated
a patient, and the corresponding lab results and imaging studies were available upon
students’ request. Students provided care for the patient by teams; they interviewed and
asked for physical exam findings from an actor representing a nurse. The simulation
adapted to the team's performance, students were provided with the test results as they
requested, and the patient's vital signs responded to the team's prescriptions. Following the
simulation, they received feedback using the debriefing with a good-judgment framework
which supports a reflection regarding their mental processes leading to decision-making.
Adapting educational strategies using technology in remote teaching is essential for
medical schools to continue their training. This curricular adaptation exemplifies a
proficient way to carry out virtual simulation activities amid the pandemic, easily adapted
to other disciplines and educational levels.
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Introduction

Medical schools worldwide are constantly trying to innovate in educational strategies to guarantee
students' competencies in their training to become physicians. (Regehr, 2004). These competencies
are comprised of both disciplinary and soft skills developed in different formats. As the students
progress in their training, they advance from more theoretical approaches to more hands-on activity
(Brouwers et al., 2019). The last part of their training is focused on applying their knowledge, skills,
and attitudes to the complex clinical context where they interact with patients and their families.
These interactions rely on collaboration, communication, and professionalism (Brouwers et al., 2019;
Khan et al., 2013; Laidlaw et al., 2012), skills that require frequent and informed practice to achieve
mastery.

Face-to-face interaction is crucial in health sciences. Here, simulation can provide an engaging
learning experience that empowers students in their training, focusing on their achievements to
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strengthen them and their flaws. Some schools have curricular activities for students to develop
critical clinical competencies using simulation, mainly by face-to-face interaction, which could
happen during the pandemic.

Medical education is an evidence-based practice that evolves according to scientific advances and
community health needs (Buja, 2019). One of the practices that widened acceptance is incorporating
simulation and skill-lab practices as part of their curriculum. These programs provide a structured
learning environment for students to practice various procedures, interviews with actors representing
patients, mannequins, and virtual monitors, according to the teaching-learning objectives of their
courses.

Simulation in medical education, defined as the recreation of healthcare situations, can be effectively
used to learn basic sciences and clinical interactions with patients (Segura-Azuara et al., 2018). The
primary purposes serving simulation are: education, research, assessment, and healthcare system
integration, all of which aim towards higher patient safety (So et al., n.d.). By including different
degrees of realism and complexity of the cases, the practices are pitched to the appropriate level of
trainees. The use of sophisticated equipment can add to the realism, as can the participation of
simulated healthcare personnel or patients. For example, role-play can provide a precise stimulus for
students to engage by interacting with a person in which more complex scenarios are presented
(Culpa-Bondal & Dean, 2018; Lane et al., 2001; Turner et al., 2010).

But practicing without assessing if the acquired skills are accurate is dangerous; thus, the importance
of providing timely feedback in the teaching-learning process. Effective techniques that provide the
highest metacognition level are to be implemented (Segura-Azuara et al., 2018). Debriefing with good
judgement is a well-known feedback tool that enhances the learners' experience and stimulates self-
awareness to boost individual and group performance (Maestre & Rudolph, 2015). Metacognition
development allows all stakeholders to understand where they stand and why, essential for learning
with clear knowledge of the motives for their actions and decision-making processes (Maestre &
Rudolph, 2015; Olivares Olivares & Valdez-Garcia, 2017). Trainees acquire significant experiences
that they integrate into their professional practice. The pandemic yielded new challenges for these
strategies that foster practice, as they relied on face-to-face interactions within a physical setting in the
university. However, the affordance of losing these learning opportunities is not be waived during the
pandemic.

Before COVID-19, some authors had warned about an ongoing digital transformation in healthcare
(Friedman et al., 2016). In this profound change, universities have struggled to introduce
technological tools to keep up with this transformation, notwithstanding the difficulties of faculty
resistance and lack of training on these technologies.

COVID-19 pandemic brought an abrupt worldwide disruption for medical education. Some authors
stated that this change would have taken decades to occur, but the current situation pushed an extreme
makeover in all areas of healthcare (Chick et al., 2020; Joseph et al., 2020; Tabatabai, 2020; Torres et
al., 2020). Suddenly, medical students and teachers had to change their teaching-learning methods to
face the drastic changes related to personal protection while continuing their medical training. Several
strategies were developed for clinical training, including virtual simulation-based scenarios, which
offer a fresh start for different levels in the medicine program (Ahmed et al., 2020; Tabatabai, 2020).
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Geographically distant learners require a teaching tool that embraces teamwork, critical thinking, and
communication skills, all of which are important for the healthcare professional in training.

The pandemic significantly impacted clinical education, from daily class planning to learning
assessment practices (Tabatabai, 2020). As COVID-19 cases grew exponentially, teaching hospitals
and schools closed or reduced their face-to-face interactions for some time, according to local
authority policies (Valdez-Garcia et al., 2020; Wang & Shi, 2020). Most university programs
switched rapidly to online classes, with high stakes for both training and patient assistance. Slowly,
students were admitted back to the classrooms and predominantly returned to observer-related clinical
activities (Ahmed et al., 2020). Different approaches to implementing efficient strategies for
competencies development in students were started. Some introduced new methods; others adapted
their own as one of the key elements in clinical training, simulations needed to evolve into a format in
which the benefits were obtained in remote teaching-learning activities. Several medical schools made
adaptations that included simulation (Patel et al., 2020).

The reported virtual clinical simulation experience consisted of 2 simulation-based cases related to the
endocrine pathophysiology course, adapted to the students' training and remote teaching strategies. A
graduate student played a standardized patient with diabetic ketoacidosis and in the first case and
subacute thyroiditis in the second one. We had a script for the actor representing a patient to follow.
He should interact with the students as if in person. Another graduate student played the role of a
simulated nurse to assist the students with medication administration and test orders. We had results
for the imaging and lab tests expected to be ordered according to each case, which would be available
for students to view as requested. As the simulation scenario was the emergency room, a vital signs
monitor was used for students to visualize heart rate, EKG, blood pressure, respiratory rate, oxygen
saturation, and temperature throughout the simulation.

Students received a briefing about simulation and their tasks and how the nurse would assist them.
They were all familiar with the videoconference meeting functions (individual and multiple-user
screen sharing, visualization from multiple participants, and entering and leaving breakout rooms).
Students were divided into groups of 4-5 members and entered the simulation in a videoconference
meeting. There, they would find the simulated patient and nurse. Every participant was instructed to
maintain open their video and microphone. They could use the chat function for sharing ideas among
themselves. Upon request from student teams, the nurse would administer medications or take blood
samples. Then she would show the results using the screen sharing function. During the simulation,
the tutor would observe the students' performance and interaction, with the camera off and did not
participate; but took notes of the students' decisions, actions, etc. After the 10-minute-long simulation,
they would enter a breakout room for good-judgment debriefing with the tutor; for additional 10
minutes.

Students interacted with the simulated patient in an interview and asked for information about
physical findings from the simulated nurse. According to the team's performance, the simulation
adapted with variations in vital signs in the monitor and the patient's symptoms. They were provided
with test results upon request. During the simulation, the patient would inquire about his disease,
etiology, pathophysiology, clinical manifestations, complications, prognosis when the team members
did not volunteer this information.
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Following the simulation, students received a good-judgment debriefing, addressing the motivations
for their actions and verbalization during the simulation, looking for deep reflection in the student's
performance and self-awareness of skills, knowledge, and attitudes. The students put into words the
mental processes leading to decision-making. According to the notes taken during the simulation, the
tutor guided the debriefing session, addressing the learning objectives for the course and activity. The
tutor also reassured students' confidence and provided advice accordingly in strong and weak areas,
providing reference articles, clinical examples, and personal experiences. Driven by the students'
responses, the debriefing facilitated an insight into the mental models that drove the actions and
discussion during the simulation, allowing students to enter a deep metacognition process.

The objective of this study was to assess the adaptation of the face-to-face clinical simulation to a
virtual format to continue medical students' training in a social distancing context.

Methods

This study follows a quantitative descriptive and cross-sectional design. The sample consisted of 33
third-year medical students in a private university enrolled in the endocrine pathophysiology course
during the fall semester 2020, between 19 and 21 years old. They were invited to participate
voluntarily and signed informed consent before participating in the study. There were 25 female and 9
male participants.

The face-to-face simulation included a high-fidelity mannequin with vital signs monitoring and an
active interview with a tutor as the patient's voice. According to the simulation scenario, the
mannequin was disguised with makeup, edema, sores, or rashes. As students palpated the mannequin,
the tutor would provide important information regarding pain or shortness of breath.

Since this required close contact in a closed setting, the educational strategy was redesigned to a
remote format. In this case, adaptation consisted of introducing a virtual platform for interaction by a
live video conference. We introduced 2 active role players: a simulated patient and a simulated nurse.
For each, a script was written. In this scenario, the respective graduate students played the simulated
patient's and nurse's roles. The script was practiced beforehand with each. The vital signs monitor was
presented in the screen-sharing function in the video conference, with the aid of the Sim Lab
technician. Lab tests and imaging studies were provided as requested by the student teams by the
simulated nurse through the screen sharing function. The simulated patient would impersonate the
role according to the endocrine disease. The simulated nurse provided the physical exam changes, as
these were included in her script, since the participants could not perform the physical exam directly
on the patient/mannequin, as in face-to-face.

Students were divided into 4-5 member teams and received an introductory briefing before the
simulation. Each simulation lasted 10 minutes, followed by a 10-minute debriefing session.
Debriefing sessions were held in small rooms in the videoconference platform. After this, the teams'
performance in the simulation was assessed considering the scoring rubric of table 1, which uses a 10-
point Likert scale. 3 tutors assessed the teams in each simulation. The scores for each team integrated
all the tutors' marks for each.
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Table 1: Team Performance Evaluation

Category Description

Thorough interview of signs and symptoms; which includes all of
the following: time of evolution; associated symptoms;
exacerbating and mitigating factors, location, quality, severity,
timing, context, modifying factors,

History of Present IlIness

Main Problems Identified Identifies the main problems in the clinical case.

Appropriate Tests Orders the adequate tests related to the disease.

Identifies the precise diagnosis, and differential diagnoses are

Appropriate Diagnoses listed.

Appropriate Therapy Describes medication and therapy that is adequate for the illness.

All participants signed a confidentiality agreement related to all that occurred, was said, and done
during the simulation. Students were required to have internet connectivity and the use of an
electronic device, such as laptop, mobile or tablet which would allow them to connect to the
videoconference, for the virtual simulation.

Results

According to the results, the team's performance was the highest in the identification of the main
complaint that made the patient reach for help, and the description of the mechanisms of the disease
with a mean of 8.50 and 8.33, respectively. The lowest performance was found in the etiology and the
definition of appropriate therapy, with a mean of 5.79 and 5.67, respectively (Table 2).

Table 2: Teams' Performance Assessment

Category Mean Score
History of Present IlIness

Etiology 5.79

Risk Factors 6.00

Mechanisms of Disease 8.33
Main Problems Identified

Chief Complaint 8.50

Clinical Manifestations 6.86
Appropriate Tests 6.21
Appropriate Diagnosis 6.25
Appropriate Therapy 5.67

By linear regression, there is the following correlation between the variables and the mechanism of
disease. The highest correlation to the mechanism of disease was seen with Appropriate Diagnosis,
and the least, with Appropriate Therapy (table 3).
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Table 3: Linear Regression Analysis

Correlation Coefficient Standard Error
Chief Complaint 0.353 0.220
Risk Factors 0.568 0.232
Etiology 0.339 0.493
Clinical Manifestations 0.446 0.224
Appropriate Tests 0.243 0.178
Appropriate Diagnosis 0.787 0.209
Appropriate Therapy 0.094 0.250

According to the tutors' feedback, the factors present in all teams were introducing themselves and
making questions related to the chief complaint. Only one team asked for allergies during the
simulation, although all of the prescribed medication. This was an essential issue in debriefing since
all students recognized this information is highly relevant in every case and should not be forgotten
regardless of the clinical situation.

During the debriefing session, all teams agreed that the simulation was challenging and engaging.
80% of the teams agreed they had no organization in teamwork but are aware they need to next time;
the remainder 20% agreed their teamwork could improve. Regarding pathophysiology explanation for
the scenario, 65%, 20%, and 15% performed high, regular, and low. Students' most common
emotional factors were nervousness during the simulation, although they knew this was not part of a
mark for their grade in the course. They agreed that being observed during the simulation is one factor
that continuously distracted them from the clinical situation. Also, they were not familiar with this
type of learning strategy but looking back at it; they think it is beneficial.

Discussion

As pointed out by some authors, simulation is now a cornerstone for medical training (Pottle, 2019).
Adapting educational strategies using technology in remote teaching was essential for medical schools
to continue their training amid COVID-19. Virtual simulation proved to help guarantee a safe learning
environment to students and faculty during the present situation while providing a fresh look by
introducing interaction through a videoconference platform. This is parallel to the studies conducted
by Keiser and Restrepo, which proved that virtual simulation experiences provide engaging and
interactive learning experiences (Isaza-Restrepo et al., 2018; Keiser & Turkelson, 2018).

According to the results obtained, the teams were least able to identify the appropriate treatment and
more able to identify the appropriate diagnosis of disease mechanisms. We think this is related to the
nature of the course since it is a pathophysiology course in which students focus on the mechanisms
underlying the pathological processes. They have not had clinical experience with medication
prescription, explaining the low score in this criterion. The use of virtual simulation scenarios
provides an engaging format for continuing these activities during the lockdown. The use of an
assessment instrument aids in identifying strengths in the students' performance, and the debriefing
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session, even in small rooms in the virtual format, serves as an easy way to provide feedback to each
team. The study of AIl-Elq (2020) showed that debriefing is one of the most critical elements in
simulation and supports learners' reflection and pointing out the lessons learned (So et al., n.d.). In
this study, we did not focused on the distinction between skills according to those centered in patients,
processes, and environment, as mentioned by Lane et al. (2001). This could be addressed in future
research according to the types of skills in each category for the proposed scenarios.

The use of small rooms for debriefing provided a safe and private atmosphere for students to express
themselves without the fear of being exposed or judged by others, as the confidentiality agreement
also contributed to this purpose. Also, it encouraged peer trust for building an environment in which
students would participate actively. This curricular adaptation exemplifies a proficient way to carry
out virtual simulation activities amid the pandemic, which could be easily adapted to other disciplines
and educational levels.

One limitation of this study was the small sample included, which relates to it being a pilot study. We
think there is value as it provides information about the changes that should be included to expand the
number of students participating in this activity. Faculty workload has increased dramatically during
the pandemic, which also limited the number of teachers involved. Including more teachers from
different fields within the health would provide an integrated comprehension of patient care, and
integrating professionals from different fields may enrich the experience for students to understand
the complexity of professional practice.

This adaptation in the format can be transferred to other courses, according to the contents. Also, this
is transferable to other health sciences programs, as long as the scripts are appropriately adjusted.
Special attention to the student's level of expertise is essential to obtain the best results. Also,
maintaining small teams allows students to participate more actively, as compared with larger groups.
We think that repeating the exercise in the same students can show better results as they become
familiar with the simulations, which could contribute to increased confidence in themselves.

Conclusion

Virtual simulation adaptation contributes effectively to clinical training. The adaptation should relate
to the level of the learner and the objectives in the course. Also, small groups make it possible to
participate actively and feel the need to contribute to the case presented. The debriefing session
stimulated students’ self-awareness and critical thinking reflectively in an environment of respect and
attentive listening, contributing to soft skills essential for healthcare workers. Other schools and
professions can learn from this experience to foster targeted simulations of professional practice
skills, in which students can practice and received timely feedback that supports their development.

The time availability is a significant limitation for the implementation. Students participated during
their scheduled class time to avoid absences or interrupt other high-stake activities, such as
evaluations or presentations, in those who accepted participating. Therefore, regular classwork was
organized to permit the introduction of this activity. Other groups took more time to go through the
course contents; still, there was no comparison between exams or other assessment methods for
students participating in this study. This could be addressed in future implementations. Also, being a
small sample of students participating in the study, further studies in this topic would benefit from an
enlarged population to compare the results in a larger population.
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The pandemic seriously disrupted the inertia that some programs had on using highly traditional
approaches for learning, and organizational learning must include incorporating these innovative
solutions into the operation of new normality for students' training.
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