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1. Abstract
1.1. Rationale, Aims and Objectives

Simulation is increasingly being used in modern medical educa-
tion to facilitate the transfer of classroom knowledge to clinical
practice. Although institutions are incorporating simulation for
leadership development, the impact of leaders on simulation per-
formance assessments is not well elucidated. The aim of this ob-
servational study was to determine the impact of team leaders on
performance scores in a simulation patient experience.

1.2. Methods

170 second-year medical students randomized into 35 groups par-
ticipated in a two-part cardiac-focused simulation exercise using
a CAE METIman mannequin. The impact of leaders on group
performance scores was assessed using standardized checklists.
Leader identification occurred in PT-2. The primary outcome was
the performance score in PT-2 comparing leader groups (LGs) vs
non-leader groups (NLGs). Secondary outcomes were PT-1 per-
formance scores and identification of the correct diagnosis.

1.3. Results

A total of 15 LGs were identified in PT-2 and 20 NLGs. LGs had
higher average performance scores than NLGs in PT-2, scoring
75% vs 56% respectively (p<0.001). Secondary outcomes showed
LGs scored higher than NLGs in PT-1, scoring 42% vs 38% re-
spectively. The odds of obtaining the correct diagnosis were 17.1
times higher among LGs than NLGs (p=0.01).

1.4. Conclusions

Groups with leaders perform better, independent of whether they
are clearly identified during simulation exercises. Medical schools
must make an active effort to incorporate team building and lead-
ership training as part of the pre-clinical education.

2. Introduction

Over the last decade, healthcare organizations have called for an
increase in physician leadership capabilities [1,2]. Team dynamic
and leadership training is important for physicians as they are cen-
terfold to the healthcare team and hold responsibility for patient
outcomes [3-5]. Research suggests that such training improves pa-
tient outcomes [6-8]. In today’s era of the SARS-CoV-2 pandemic
medical students have had less interpersonal and patient interac-
tions, and therefore less opportunity to practice clinical leadership
[9]. Studies indicate medical students and residents value leader-
ship-based simulation training as they feel it facilitates professional
growth [10,11]. Medical student success on the wards necessitates
not only strong foundational knowledge and clinical awareness,
but also so called ‘soft skills’ such as interpersonal communica-
tion and leadership [7,12,13,14]. The definition of leadership in
healthcare encompasses an individual’s ability to motivate, in-
spire, and facilitate a group to manage problem-solving strategies
to optimize patient care [15]. Several core competencies have been
identified in medical student leadership including: recognizing and
utilizing effective leadership styles, communicating with a health-
care team, receiving and providing feedback, delegating respon-
sibilities, and directing others in the clinical setting [16]. Within
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medical schools, few reported curricula have included simulation
training as a means of developing, or evaluating, medical student
leadership skills [17,18]. American medical schools have progres-
sively focused on early exposure to clinical skills training which
has coincided with an increased use of mannequin-based simula-
tions [19-21]. Despite the increase in use of simulation, its impact
on development of medical students’ non-technical soft skills has
not been well studied.? This is important as medical students’ abil-
ities to translate classroom knowledge into the clinical setting are
lacking [2,17,23-26]. Simulation patients offer the opportunity to
simultaneously develop soft- and hard-skills for medical student
education. Moreover, simulation exercises may prove to be vital in
the objective assessment of medical leadership. We sought to de-
termine if the presence of a medical student leader impacts group
performance scores in a simulation patient experience. We hypoth-
esized that teams with leaders would have improved performance.

3. Methods
3.1. Setting

170 second-year medical students at the University of Toledo Col-
lege of Medicine and Life Sciences participated in a two-part sim-
ulation, part-1 (PT-1) and part-2 (PT-2). The study was explained
to the group and students were assured of confidentiality of their
personal information. Students were randomized into 35 groups,
with four to six students per group. The groups were then ran-
domized to one of four standardized simulation rooms. A CAE
METIman mannequin was used for the simulations. Prior to the
simulations, operators underwent a brief training to standardize the
presentation of the scenarios. Operators ran the same room and
mannequin for the duration of the study. PT-1 and PT-2 had a max-
imum time limit of 15 minutes.

3.2. Simulation Structure

In PT-1 students were given instructions to gather information
from the patient and that they could verbally order any labs/tests/
imaging/treatments for the initial work up. The students were pro-
vided with the scenario of “you are seeing a patient who presented

to the emergency department with shortness of breath.” The final
diagnosis was lobar pneumonia. PT-2 students were provided with
the scenario that their patient was unresponsive and needed to be
seen immediately. Students were to recognize and perform car-
diopulmonary resuscitation (CPR) according the ACLS algorithm.
This included identifying shockable vs non-shockable rhythms
and administering the appropriate medications.

3.3. Clinical Performance Scores and Assessments

The groups were assessed with a 51-point checklist for PT-1 and
a 30-point checklist for PT- 2. These checklists were generated
by faculty physicians, independent from the research team. These
were modified versions of the checklists used for curricular eval-
uation of live standardized patients at the institution where the
study was conducted (Table 1). As part of the checklist, a record
was kept of the number of times the simulation operator had to
‘prompt’ the groups to help them proceed through the simula-
tion. Prompting phrases included statements such as: “are there
any other labs/tests/treatments/diagnoses that you would want to
consider?” and “is there anything else that you think you should
do?” The presence of student leaders within each simulation team
was determined by the research team. Leader groups (LGs) were
identified as those with a student demonstrating efforts such as:
taking vocal command, delegating roles, and directing the team to
perform CPR. Non-leader groups (NLGs) were those that did not
have a student taking these actions. Baseline knowledge was as-
sessed using a pre-test multiple-choice questionnaire (MCQ) prior
to starting the simulation experience. A fill-in-the-blank question
“what is the final diagnosis for this patient?” was administered af-
ter PT-1, for which any answer that included pneumonia was given
credit. A post-test MCQ assessment was administered at the con-
clusion of PT-2, composed of the same questions and answers as
the pre-test, followed by a debriefing by a faculty physician. The
reporting guidelines for health care simulation research extensions
to the CONSORT and STROBE statements were utilized to guide
study design and write-up [35].

Table 1. Performance score checklists for Part 1 and Part 2 of the simulation. The categories are expressed with the (maximum number of points) except

for prompting. The bold text indicates category labels with the items which were given a single point (not bolded) if they were obtained or performed

by the students.

Quantity/severity/type
Timing (Onset/frequency/duration)
Setting in which it occurs
Exacerbating factors
Remitting factors
Associated symptoms
Patient perspective
Medications

Allergies

Tobacco use/smoking
Alcohol use

Part 1 (51 points) Part 2 (30 points)
HPI (20) Primary Assessment
Patient name Administered O2
Chief complaint Checked Carotid Pulse
Location/radiation Cardiac Arrest

Identifying Team Leader

Maintained airway & 02

Obtained IV access

Connected AED within 1st set of CPR compressions
Appropriate uninterrupted CPR
Administered 1 mg epinephrine
Administered 300 mg amiodarone
Administered 1 mg epinephrine
Administered 150 mg Amiodarone

Correct order of medication administration
Identified PEA
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Illicit drug -Performed CPR 2 mins
ROS (10 categories for a point) Identified V-fib
Family History -1st shock
Vaccinations -2 min CPR
Past medical hx -2 min CPR
Past surgical hx -Checked Carotid Pulse
Vitals & Physical Exam (11) Identified pulseless V-Tach
Identified tachycardic heart rate -2nd shock
Identified tachypneic respiratory rate -2 min CPR
Temperature -2 min CPR
Identified hypotensive blood pressure -Checked Carotid Pulse
Identified hypoxic oxygen saturation Identified sinus rhythm
Cardiac PE Post Cardiac Arrest Care
Auscultate Treated hypotension by administrating IV fluids
Palpate/percuss Transferred to ICU
Checked for lower extremity edema Maintained airway/O2
Checked for pulse Ordered EKG
Pulmonary PE -Identified ST-segment elevation
Auscultate Prompting
-Identified Wheezing/Ronchi
Assessment/Plan/interventions (20 points)
Ordered CXR
-Identified lobar pneumonia
Ordered VBG or ABG
-Identified Respiratory Alkalosis
Ordered CBC
-Identified elevated WBC
-Identified anemia
Ordered CMP
-Identified elevated BUN/Creatinine
Ordered EKG
-Identified SVT
-Performed Valsalva
-Performed Carotid message
-Administered Adenosine 6 mg
Ordered Troponin
Ordered Antibiotics
Admitted to MICU
Administered Fluids
Administered oxygen
Administered Albuterol Inhaler
Prompting
3.4. Data Collection and Analysis 4. Results

Two independent evaluators viewed video recordings of the groups
in PT-1 and PT-2 to evaluate for completion of the checklist and
for the presence of leaders. Both reviewers were fourth year med-
ical students trained by faculty for the performance evaluation to
ensure accuracy of the assessment. A faculty physician mediator
was available in cases of disagreement in scoring. The primary
objective was to compare the performance scores as measured by
the standardized checklists in groups that had a leader identified
during PT-2 versus those that did not. The null-hypothesis that no
difference existed by LGs versus NLGS was tested by means of
independent sample t-test. Statistical tests were two-sided with a
significance threshold of p<0.05. Secondary objectives were to
compare the subcategorization of the scoring checklist, the num-
ber of times prompted, identification of the correct diagnosis in
PT-1, and comparison of the multiple-choice questionnaire pre-
and post-test outcomes. The scores were expressed as means plus
or minus standard deviations (SD). All statistical tests were per-
formed using Microsoft Excel.

In PT-2, there was a total of 15 LGs and 20 NLGs (Table 2). In
PT-2, LGs had higher average performance score of 22.53 points
(75.1%) vs NLGs with 16.75 points (55.8%) (p < 0.001) (Figure
1). Retroactively assessing the PT-1 scores by groups with a team
leader identified in PT-2 also showed higher average performance
scores in LGs with a mean of 21.53 points (42.2%) versus NLGs
with 19.25 points (37.7%). (Figure 2). The combined score of PT-1
and PT-2 of the groups with team leaders identified were signifi-
cantly higher than groups without a team leader with average point
scores of 44.07 (54.4%) vs 36.00 (44.4%) respectively (p < 0.001).
In PT-1, LGs had a lower average number of prompts with 2.5
+1.2 versus 3.2 £1.4 (p = 0.17). In PT-2, LGs had a lower num-
ber of prompts with 1 £0.6 versus 1.7+0.9 (p=0.023). The odds of
identifying the correct PT-1 diagnosis were 17.1 times greater in
LGs than NLGs, with 14/15 LGs and 9/20 NLGs respectively. [OR
17.1, CI 1.87-156.26 (p=0.0119%)].
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Table 2: Independent 2-tailed T-test comparing groups that identified a team leader to those that did not.

PT-1
| Team Leader | Total Points Scored | 95% CI | P-value

Total (51) Yes (n=15) 21.53 (4.55)42.2% 19.23-23.84 0.141

No (n=20) 19.25 (4.36) 37.7% 17.34-21.16

PT-2

Total (30) Yes 22.53(2.33) 75.1% 21.36-23.71 *<0.00001

No 16.75 (2.95) 55.8% 15.46-18.04

Pt.1+Pt.2

Total (81) Yes 44.07 (5.76) 54.4% 41.15-46.98 *0.00002

No 36.00 (3.93) 44.4% 34.28-37.72

Pt. 1 Correct diagnosis

Total Yes (15) 14 OR=17.1 1.87-156.26 *0.0119

No (20) 9

Prompting by Leader identified
i Leader (15) = No Leader (20)

2

£

3

2

E

z

H

PT-1 PT-2

Figure 1: (A)Performance scores in PT-1 and PT-2 comparing groups with and without a leader identified during PT-2. (B) Number of prompts com-

paring groups with and without a leader identified in PT-2.

% Correct PT-1 Dx by Leader ldentfied

Leader (15)

Mo Leader (20)

Figure 2: The percent of groups obtaining the correct diagnosis of PT-1 comparing groups with and without a leader identified in PT-2.

5. Discussion

Teams that identified a leader in PT-2 had higher average perfor-
mance scores and less prompting. In PT-2, LGs scored 75% vs
56% in NLGs (p < 0.05). Interestingly, LGs which were identified
in PT-2 also performed better in PT-1, with average performance
score of 42% vs. 38%. When combining the PT-1 and PT-2 scores,
LGs had significantly higher average scores obtaining 54.4% of
the total points versus 44.4% in NLGs (p < 0.05). LGs also had a
significantly higher diagnostic accuracy in PT-1, with 93% correct-
ly identifying the diagnosis vs. 45% for NLGs (p < 0.05). These
results suggest that the presence of a leader facilitates improved
performance in team-based clinical simulations, independent of

whether leaders are clearly identified during simulation exercis-
es. Despite extensive studies demonstrating improved outcomes
among medical students and residents with leadership skills, many
medical schools do not provide such training [10,11,16]. Vroom
et al. defined leadership as a process of motivating people to work
together collaboratively to achieve a common goal [27]. Medi-
cal students can acquire leadership attributes through experience
working as a team with qualified supervision and guidance from
training staff [28]. Richard et al. demonstrated this using Kirk-
patrick’s modified framework, in which medical students that par-
ticipated in an interactive leadership training advanced leadership
skills [16]. Thus evidence suggests that a directed effort from med-
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ical school programs is necessary to bridge the learning gap in
medical student leadership training. Our study used a single meth-
od to evaluate the presence of leaders which showed a quantitative
improvement on performance outcomes in simulation training.
Leadership had a variable impact based on the checklist scoring
items. There was a more profound impact of leader’s presence on
identifying the correct diagnosis and higher accuracy in perform-
ing clinical interventions, with a lesser impact on history-taking
and patient interviewing. This is evidenced by statistically signifi-
cant higher performance scores in PT-2 which was focused on per-
forming actions, but an insignificant impact on performance scores
in PT-1which was primarily history taking and physical exam.

The results from this study suggest medical school programs
should develop and implement of leadership training as it affects
student performance in clinical scenarios. Prior studies suggest
that aligning leadership curricula with competency models could
help standardize the evaluation of outcomes and, therefore, lead
to better measure of student competency [18]. Hunziker et al per-
formed a prospective randomized controlled trial which demon-
strated leadership instruction was superior to knowledge-based
education when assessing medical student performance scores in a
high-fidelity simulation [29]. Our findings support this finding as
groups with leaders performed better, even without specific lead-
ership instruction. To confirm leadership training improves student
performance in simulation greater than knowledge-based instruc-
tion; future studies are needed using high-quality methodological
design and reporting [17]. This prospective study reports the quan-
titative outcomes assessing the impact of leaders on performance
scores in simulation training. The sample included a cohort of
second-year medical students at a single institution. The study de-
sign yielded level 4b evidence according to Kirkpatrick’s modified
framework for evaluating medical education programs, with the
assessment of correct diagnosis and accuracy of interventions [30].
There are several limitations to this study. Leaders were identified
by the research team, which holds an element of subjectivity and
bias. Studies on medical student leadership are difficult to evaluate
due to significant heterogeneity in assessment methods [3,7,17].
There was no screening assessment for individual student’s base-
line leadership skills which may have provided insight as to which
groups had leaders present. Furthermore, the performance scores
were assessed by a group’s performance, rather than individual
actions. Additionally, this study did not include a qualitative as-
sessment of whether students believed that a leader was present
within the group or their perceptions from the experience. Our re-
sults demonstrated groups with team leaders had higher average
performance scores with less prompting in both PT-1 and PT-2
compared to those without a leader. Identification of a leader also
led to higher diagnostic accuracy. These findings call for action of
medical school programs to integrate leadership training as part of
the medical education curriculum, to teach students the importance

of leadership in medical school and guide those skills to clinical
practice. Further studies are needed to assess the impact of leader-
ship training on medical student performance in simulation expe-
riences and the clinical setting.
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