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Abstract

Objectives: This study aimed to evaluate the effects, and tim-
ing of, a video educational intervention on medical student
performance in manikin-based simulation patient encoun-
ters.

Methods: This prospective mixed-methods study was con-
ducted as part of the University of Toledo College of Medi-
cine and Life Sciences undergraduate medical curriculum.
One hundred sixty-six students second-year students partic-
ipated in two simulations on a single day in September 2021.
A 7-minute video intervention outlining the clinical diagnos-
tic approach to pulmonary complaints was implemented.
Students were randomized into 32 groups which were di-
vided into two cohorts. One received the video prior to sim-
ulation-1 (n=83) and the other between simulation-1 and
simulation-2 (n=83). Each simulation was recorded and as-
sessed using a 44-point standardized checklist. Comparative
analysis to determine differences in performance scores was
performed using independent t-tests and paired t-tests.

Results: Independent t-tests revealed the video-prior cohort

performed better in simulation-1 (tee= 2.27, p= .03), how-
ever in simulation-2 no significant difference was observed
between the cohorts. Paired t-test analysis revealed the video-
between cohort had significant improvement from simula-
tion-1 to simulation-2 (tus= 3.06, p = .01); no significant dif-
ference was found for the video-prior cohort. Less prompting
was seen in simulation-2 among both the video-prior (tus=
-2.83, p= .01) and video-between cohorts (tas= -2.18, p=
.04).

Conclusions: Simulation training, and targeted educational
interventions, facilitate medical students to become clinically
competent practitioners. Our findings indicate that guided
video instruction advances students' clinical performance
greater than learning through simulation alone. To confirm
these findings, similar investigations in other clinical training
exercises should be considered.

Keywords: Simulated patient encounters, clinical reasoning,
medical education, educational intervention, curriculum

development

Introduction

Healthcare is a profession that is continually evolving and,
along with it, medical student education. As disease patterns,
diagnostic tools, and the healthcare landscape have changed,
so too have the current medical curricula leading to models
that focus on achieving various competencies to assess the
readiness of future physicians.' One such change has been an
increasing utilization of manikin-based simulation patient
encounters (SPEs) to facilitate medical student acquisition of
clinical skills.?

Despite sophisticated curriculum design and complex teach-
ing methods utilized in medical student education, dispari-
ties exist among newly graduated physicians and their ability
to effectively transfer basic science knowledge to clinical
practice® There are many challenges facing medical educa-
tors in helping students attain autonomous learning and crit-
ical thinking skills.>® Critical thinking skills allow medical
students to triage clinical scenarios, respond promptly, and
make reasonable clinical decisions to provide quality patient
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care.® With modern technology rapidly integrating into
health care, it can feel as though doctors are akin to a com-
puter, expected to analyze an immense amount of data to
identify symptoms, diagnose disease, and compute the ap-
propriate management.”

To develop these skills, medical education has become
largely focused on the vertical integration (VI) method, de-
fined as the gradual transition from the classroom to clinical
environments.*” The VI method bridges students from ac-
quiring knowledge to implementation and critical thinking
in clinical practice.** This method has demonstrated in-
creased learning retention, although difficult to achieve."
Moreover, there are numerous strategies available for educa-
tors to facilitate this transformation from classroom learning
to application in practice. These strategies include the use of
standardized patients, exposure to patient care through ob-
servation, and increasingly manikin-based SPEs.""""* These
strategies are typically used in combination, such that
knowledge acquisition occurs with concepts presented over
time and occur in different learning environments.*'

Although the use of manikin-based SPEs have been
adopted by most medical schools in the United States, there
is significant heterogeneity by which such exercises are con-
ducted and evaluated. Currently, no standardized guidelines
exist for designing simulation experiences to optimize medi-
cal student learning."*" It is unknown whether guided edu-
cational instruction impacts medical student simulation per-
formance and learning. However, prior evidence suggests
that medical students value such clinical simulations and see
them as a helpful learning modality.'*"

Medical education, and the curriculum that guides it, re-
quire continual evaluation to adapt to change.”” This includes
a rigorous evaluation of simulation-based education espe-
cially given the advances and the adoption of this type of
learning. As such, the objective of this study was to determine
the impact, and timing of, an educational video on medical
student performance in manikin-based simulation. The
main research questions were:

e Does peri-simulation education improve medical
student clinical performance during the encounter?

e Does the timing of such education alter medical
student performance, and learning, in simulation
patient encounters?

e How do students perceive simulation training, and
peri-simulation education, to impact their clinical
abilities?

Methods

Study design and participants

All second-year medical students attending the University of
Toledo College of Medicine and Life Sciences were eligible to
participate in the study. The trial was explained in detail to
the students, and they were assured of the anonymity and
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confidentiality of personal information for all responses. The
University of Toledo Institutional Review Board gave ap-
proval for the study. A total of 176 medical students were el-
igible to participate. Ten students were unable to participate
due to infection with COVID-19, leaving a total of 166 stu-
dents who participated in the SPE's.

We undertook a mixed-methods study to determine the
impact of a peri-simulation educational video on student
performance and learning in two simulations. A cross-over
type design for the video intervention was implemented, in
which students either received the video before the first SPE
(SPE-1) or the video between SPE-1 and the second SPE
(SPE-2). A pre-test multiple-choice questionnaire (MCQ)
was administered prior to SPE-1, and a post-test MCQ was
administered after SPE-2, followed by a voluntary feedback
survey and a debriefing of the experience with a faculty phy-
sician. The SPE scenarios encompassed a patient with asthma
and a patient with chronic obstructive pulmonary disease
(COPD).

A two-stage randomization strategy was implemented, as
shown in Figure 1. First, students were randomized into 32
groups of approximately equal size (5-6 students each) by
faculty independent of the research team. Assignment of stu-
dents and the randomization process was concealed from the
students and the research team. The 32 groups were then ran-
domized into four subgroups (A, B, C, D). The four sub-
groups (A, B, C, and D) had a pre-randomization of the lo-
cation of the simulation room and the SPE scenario.

Subgroups A and C both received video interventions be-
fore the first simulation scenarios and rotated thru the same
environment: room, medical manikin, faculty, and simula-
tion operator. Subgroup A was given the COPD simulation
scenario first, followed by the asthma scenario and subgroup
C was given the asthma simulation scenario first, followed by
the COPD scenario. Subgroups B and D both received video
interventions between the simulation scenarios and rotated
thru the same environment: room, medical manikin, faculty,
and simulation operator. Subgroup B was given the COPD
simulation scenario first, followed by the asthma scenario
and subgroup D was given the asthma simulation scenario
first, followed by the COPD scenario.

There was a total of four operators running the SPE en-
vironments. The operators ran the same case in the same
room and manakin for the duration of the study. The opera-
tors were given a standardized training session for their re-
spective cases to keep the language and overall atmosphere
the same for each group.

Simulation scenarios

The two SPE scenarios and the information the students were
expected to obtain were developed by faculty, independent of
the research team, as part of the standard undergraduate
medical education curriculum. The SPE's were a formative,
non-graded group activity designed as an opportunity for
medical student learning. The students were given the
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Figure 1. Chronological flow diagram of the study day with specific representation of the

intervention arms and subgroups A, B, C, and D

following information on a display screen prior to starting
the SPE: "You will have 15 minutes to conduct a focused his-
tory and physical exam. You will present the case afterwards
as you will do on your clerkship rotations."

The COPD case represented a 61-year-old male, one
pack/day smoker since he was 15 years old, with worsening
dyspnea over the past two to three days, acutely worse the
morning of the presentation. Relevant high-yield objective
information given to the students when prompted included
a temperature of 37.1 °C, heart rate of 124 beats per min, res-
piratory rate of 28 breaths per min, blood pressure 149/94,
pulse oximetry oxygen saturation of 84%, forced expiratory
volume in one sec to force vital capacity ratio 60% of ex-
pected, brain natriuretic peptide level of 88 pg/mL, initial ar-
terial blood gas pH of 7.3, pCO2 of 55 mmHg, pO2 of 55
mmHg, bicarbonate of 26 mmHg, and imaging consistent
with acute COPD exacerbation.

The asthma case represented a 10-year-old boy with
dyspnea after playing outside. Students were notified that he
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was visibly distressed in the waiting room, where he was bent
over with his hands on his knees. Relevant high-yield objec-
tive information given to the students when prompted in-
cluded a temperature of 37 °C, blood pressure of 104/68
mmHg, heart rate of 110 beats per min, respiratory rate of 30
breaths per min, pulse oximetry oxygen saturation of 84%,
forced expiratory volume in one sec to force vital capacity ra-
tio 65% of expected, pulmonary function test after beta-ago-
nist therapy 85% of expected, initial arterial blood gas pH of
7.37, pCO2 of 55 mmHg, pO2 of 65 mmHg, bicarbonate of
22 mmHg, and imaging consistent with acute asthma
exacerbation.

Instruments

Simulation performance scores were calculated using
separate standardized checklists for the COPD and asthma
scenarios, respectively, as shown in Table 1. The checklists
were modified versions of those used for the graded objective
structured clinical examinations performed as part of the



Table 1. Checklist scoring system for the Asthma and COPD cases

Asthma COPD
Category (max points) Points Category (max points) Points
HPI (19) HPI (19)
Patient name 1 Patient name 1
Chief complaint 1 Chief complaint 1
Location/radiation 1 Location/radiation 1
Quantity/severity 1 Quantity/severity 1
Timing (Onset/frequency/duration) 1 Timing (Onset/frequency/duration) 1
Setting in which it occurs 1 Setting in which it occurs 1
Exacerbating factors 1 Exacerbating factors 1
Remitting factors 1 Remitting factors 1
Associated symptoms 1 Associated symptoms 1
Patient perspective 1 Patient perspective 1
Medications 1 Medications/Lisinopril 1
Allergies (agent & reaction) 1 Allergies (agent & reaction) 1
Tobacco use/Exposure 1 Tobacco use/smoking 1
Alcohol use 1 Alcohol use 1
lllicit drug (type, quantity/frequency) 1 lllicit drug (type, quantity/frequency) 1
ROS (10 categories for a point) 1 ROS (10 categories for a point) 1
Family History 1 Family History 1
Vaccinations 1 Vaccinations 1
Past Surgical Hx 1 Past surgical hx 1
Physical exam (11) Physical exam (11)
Auscultate 1 Auscultate 1
Identified wheezing 1 Identified wheezing 1
Palpate/percuss 1 Palpate/percuss 1
Look to assess symmetry/contour 1 Look to assess symmetry/contour 1
Assessed airway 1 Assessed airway 1
Repositioning 1 Repositioning 1
Heart rate 1 Heart rate 1
RR 1 RR 1
Temperature 1 Temperature 1
BP 1 BP 1
02 sat 1 02 sat 1
AIP/I (14) AIP/1 (14)
Ask for CXR 1 Ask for CXR 1
Identified pulmonary infiltrates 1 Identified barrel-chest/enlarged lung fields 1
Ask for ABG 1 Ask for ABG 1
Identified respiratory acidosis 1 Identified respiratory acidosis 1
Ask for CBC 1 Ask for CBC 1
Eosinophilia 1 Ask for spirometry or PFT 1
Ask for spirometry or PFT 1 Identified Obstructive pattern 1
Identified Obstructive pattern 1 Ask for EKG 1
Ask for CMP/BMP 1 Ask for CMP 1
Identified respiratory alkalosis / decreased co2 1 Identified respiratory acidosis / elevated co2 1
Administered Non-rebreather 1 Administered Non-rebreather 1
Administered Nasal cannula 1 Administered Nasal cannula 1
Administered Albuterol/b2 agonist 1 Administered Albuterol/b2 agonist 1
Administered Steroid 1 Administered Steroid 1

Prompting Prompting

Note: HPI = History of presenting iliness; A/P/I = assessment/plan/intervention; * = no maximum number of promptings. The maximum number of points available for scoring was 44 for
both the COPD and asthma scenarios.
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standard undergraduate medical education curriculum. Two
faculty physicians performed checklist modifications for the
SPEs. It encompassed key aspects of the history of presenting
illness (HPI), physical exam, assessment/plan/interventions
(A/P/1), and the number of times the facilitator had to
prompt students to keep the sim moving forward. There was
a total of 44 checklist items for SPEs, with each checklist item
worth 1 point.

Individual baseline student knowledge was assessed by
completing a multiple-choice question (MCQ) pre-test ex-
amination before SPE-1, as shown in Appendix 1. At the con-
clusion of SPE-2, students were re-assessed using a post-test
MCQ, which consisted of the same ten questions and an-
swers (ranging from two to five possible answers) as the pre-
test. The MCQ points per question were weighted based on
difficulty as pre-assigned by a faculty physician on the study
personnel. There were three questions weighted to be worth
2 points, one question worth 3 points, and the remaining six
questions each worth 1 point, totaling a maximum of 15
points available. The MCQ examination was intended to
measure student learning separate from the dimension of
clinical performance. Expert physicians verified the content
validity of the MCQ. However, no statistical certification of
MCAQ reliability was performed.

Students had the option to voluntarily complete an anon-
ymous 5-point Likert Scale feedback questionnaire at the
conclusion of the MCQ post-test. The questionnaire was
composed of three questions intended to gather students'
perspectives on the impact of the intervention, debriefing,
and overall simulation training experience on their learning.

Data collection methods

Two blinded independent evaluators viewed video record-
ings of the SPEs. Both reviewers were 4th-year medical stu-
dents who were trained independently by a faculty to ensure
the accuracy of the assessment. The reviewers were blinded
from the intervention arms of the groups were a part of, and
they were blinded from whether the group was in SPE-1 or
SPE-2. The evaluators recorded whether the students per-
formed the checklist items for the respective Asthma and
COPD scenarios. A third independent reviewer compiled the
two reviewers' checklists and found no instances in which the
independent reviewers differed in their scoring. The MCQ
pre-and post-tests, along with the feedback questionnaire,
were performed using an online platform which recorded
each student's responses. Faculty placed the students' scores
into their respective groups such that individual students'
scores remained deidentified, and performance scores could
not be traced back to the individual name of the student.

Statistical analysis

The primary objective was to compare the performance ef-
fect as measured by an adapted analysis of student perfor-
mance in a group setting of simulated patient encounters.
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The hypothesis that the Intervention = 0 was tested by means
of student paired t-tests and independent t-tests. The scores
were expressed as means plus or minus standard deviations
(SD). The mean and SD of the within-group difference cap-
tures the treatment effect and the paired nature of the design;
these were used as the basis for constructing the difference
between the means confidence intervals and hypothesis test-
ing. This analysis approach made two main assumptions (in
addition to the normality assumption for the student's paired
t-test): no period effect and no intervention-period interac-
tion. Secondary analysis was performed to compare the sub-
categorization of the scoring checklist, compare the multiple-
choice questionnaire pre-test and post-test, and compare the
COPD versus asthma performance scores from SPE-1 and
SPE-2. All statistical tests were two-sided, and a p-value <.05
indicated statistical significance. All statistical tests were per-
formed using Microsoft Excel.

Results

One hundred sixty-six students participated in the study. A
total of 64 SPEs were assessed (two SPEs for each of the 32
groups). The separate intervention arms' mean simulation
totals and sub-categorical scores of SPE-1 and SPE-2 are
shown in Table 2. A comparison of the video prior versus the
video between total and sub-categorical scores in SPE-1 and
SPE-2 are shown in Table 3.

A significant difference was observed when comparing
the mean performance scores the two intervention arms in
SPE-1, with the video prior cohort performing better with a
mean of 23.81 (SD= 3.41) versus 21.06 (SD= 3.41) on inde-
pendent t-test (teo= 2.27, p = .029). The video prior cohort
scored higher in the HPI subcategory of SPE-1 with a mean
of 11.25 (SD= 2.72) versus 9.31 (SD= 2.15) among the video
between cohort (ten= 2.23, p = .033). The video prior cohort
had a lower mean number of times prompting in SPE-1 of
2.06 (SD= 0.93) compared to 3.68 (SD= 2.08) among the
video between (tio= -2.84, p = .007).

In SPE-2 no significant difference was found between the
total performance scores. There was a significant difference
between the number of times prompted, with the prior video
cohort requiring a lower number of times prompted with a
mean of 1.06 (SD= 0.77) versus 2.31 (SD= 1.25) for the video
between cohort (tzo= -3.40, p = .001).

No significant difference among the video prior cohort
was observed when analyzing the scores using paired t-tests
of SPE-1 vs SPE-2 (tas= -1.18, p = .257). A significant differ-
ence was seen between the SPE-1 and SPE-2 scores of the
video between cohort (tus= 3.06, p = .008), mainly attributed
to a significant difference in the HPI sub-categorical score
(tas= 4.50, p =.001). A significant difference was seen in the
number of times prompted for both the video prior and the
video between cohorts (respectively tus= -2.83, p = .01, and
tas= -2.18, p = .04).



Table 2. Mean simulation performance total and sub-categorical scores by intervention arm

Categories N Max SPE-1 SPE-2 Paired t-test o-value 95% CI
score mean (SD) mean (SD) t score LL uL

Video Prior

Total 16 44 23.81 (3.41) 22.37 (4.06) tas)=-1.18 .257 -1.27 4.15

HPI 19 11.25 (2.72) 10.25 (3.43) tas)=-1.35 197 -1.23 3.23

Physical exam 11 5.87 (1.78) 5.12(1.62) tasy=-1.12 279 -0.48 1.98

AP/ 14 6.68 (2.35) 6.81(1.93) tas= 0.16 877 -1.68 1.42

Prompting * 2.06 (0.93) 1.06 (0.77) tas) =-2.83 012 38 1.62
Video B/T

Total 16 44 21.06 (3.41) 24.62 (4.20) tis) = 3.06 .008 6.32 -0.80

HPI 19 9.31(2.15) 12.43 (2.87) tas) = 4.50 0.001 -4.95 -1.30

Physical exam 11 5.12 (1.66) 5.43(2.12) t(1s= 0.55 .590 -1.68 1.06

AP/ 14 6.62 (2.21) 6.75 (1.94) ts) = 0.22 .826 -1.63 1.37

Prompting * 3.68 (2.08) 2.31(1.25) tas=-2.18 .045 0.13 2.61

Combined Video Prior + Video B/T
Total 32 44 22.43(3.63) 23.50 (4.22) tan=1.13 .269 241 0.27

Note: HPI = History of presenting iliness; A/P/I = assessment/plan/intervention; *= no maximum number of promptings; SPE-1 = first simulated patient encounter;

SPE-2 = second simulated patient encounter; Cl = confidence interval; LL = lower limit; UL = upper limit. The 95% Cl is reported for the difference between the means.

Table 3. Comparison of the intervention arms mean total and sub-categorical performance scores

Categories N Max score s test p-value o
mean (SD) mean (SD) t score LL UL

Total Score 44
Video Prior 16 23.81(3.41) t@o) = 2.27 .029 0.29 5.21
Video B/T 16 21.06 (3.41)
Video Prior 16 22.37 (4.06) t@o)=-1.53 134 -5.23 0.73
Video B/T 16 24.62 (4.20)

HPI 19
Video Prior 16 11.25 (2.72) t@0)=2.23 .033 0.17 3.71
Video B/T 16 9.31(2.15)
Video Prior 16 10.25 (3.43) t@o)=-1.95 .060 -4.46 0.10
Video B/T 16 12.43(2.87)

Physical Exam 11
Video Prior 16 5.87 (1.78) teo=1.23 .228 -0.49 1.99
Video B/T 16 5.12(1.66)
Video Prior 16 5.12(1.62) ta0) = -0.47 .644 -1.67 1.05
Video B/T 16 5.43(2.12)

AP/ 14
Video Prior 16 6.68 (2.35) t30)=0.08 .938 -1.59 1.71
Video B/T 16 6.62 (2.21)
Video Prior 16 6.81(1.93) t30)=0.09 .928 -1.34 1.46
Video B/T 16 6.75 (1.94)

Prompting *
Video Prior 16 2.06 (0.93) t@o) = -2.84 .007 -2.78 -0.46
Video B/T 16 3.68 (2.08)
Video Prior 16 1.06 (0.77) t30) = -3.40 .001 -2.00 -0.50
Video B/T 16 2.31(1.25)

Note: Video B/T = video between; * = no maximum number of prompting; HPI = History of presenting illness; A/P/I = assessment/plan/intervention; SPE-1 = first simulated patient
encounter; SPE-2 = second simulated patient encounter; Cl = confidence interval; LL = lower limit; UL = upper limit. The 95% Cl is reported for the difference between the means.
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To ensure a true difference was observed, a sub-analysis of
the scenarios was performed. Independent t-tests showed no
significant difference between the SPE-1 scores when analyz-
ing asthma vs COPD scenarios nor the SPE-2 scores of
asthma vs COPD scenarios (Appendix 2). Additionally, no
significant differences were shown between the SPE-1 and
SPE-2 scores of the asthma scenario alone or the COPD sce-
nario alone.

For the sub-analysis of the MCQ performance results, the
distribution of measured baseline variables was balanced be-
tween the two intervention arms. The mean MCQ pre-and
post-test performance scores are shown in Table 4. A signif-
icant difference was found when assessing the MCQ pre-and
post-test scores of the total cohort, with a mean MCQ pre-
test score of 11.33 (SD= 0.93) to a mean of 13.74 (SD= 0.67)
on the post-test (ten= 13.23, p = .001). This difference was
seen when separately assessing the video prior and video be-
tween cohorts mean pre-and post-test MCQ scores (respec-
tively tas= 10.14, p =.001, and tas= 8.44, p = .001).

Table 4. Mean multiple-choice questionnaire (MCQ) pre- and
post-test performance scores

0,
Pre-test Post-test Paired t-test 95% Cl

Groups N mean (SD) mean (SD) t score

p-value
LL UL

Total 32 11.33(0.93) 13.74 (0.67) tan=13.23 .001 -2.81-2.00

:)/rii(l?o 16 11.28 (1.06) 13.76 (0.51) tas=10.14 .001 -3.08-1.88
Video 1 —
o 6 11.38(0.82) 13.71 (0.81) tus=8.44 001 -2.92-1.74

Note: Video B/T = Video Between; Cl = confidence interval; LL = lower limit; UL = upper
limit. The 95% Cl is reported for the difference between the means.

One hundred and twenty-three students completed the vol-
untary student feedback questionnaire. The majority of those
who completed the survey (75%) of students indicated that
they either agreed or strongly agreed that the educational in-
tervention was beneficial to their learning. Contrarily, only a
minimal (5%) of students indicated that they did not find the
intervention to be beneficial. The three-question student
feedback questionnaire using a 5-point Likert Scale, and the
responses given are shown in Appendix 3.

Discussion

Simulated Patient Encounters are becoming a mainstay of
the medical school curriculum as medical educators continue
to recognize the benefit of risk-free clinical skills practice that
simulated clinical scenarios offer, especially to medical stu-
dents in their pre-clinical years.”! The process of learning, es-
pecially for medical students, goes beyond memory recall as
students need to learn how to demonstrate both competen-
cies of knowledge and trust-worthy empathetic connections
with patients.”? Physician empathy is not only a foundation
of the physician-patient relationship, it also increases patient
satisfaction,” adherence to medical therapy,” and improves
patient outcomes.” SPEs allow medical students the ability to
practice their clinical skills, history and physical
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examinations, and medical knowledge in a simulated envi-
ronment where they are encouraged to try and fail before
they enter the clinical environment to work with real pa-
tients. Although several studies have investigated the effec-
tiveness of SPEs in medical education, limited information
exists on the impact and timing of guided peri-simulation ed-
ucation on student performance. In this study, our team in-
vestigated how a video educational intervention adminis-
tered either before or between simulations affected student
performance in respiratory SPEs.

Impact of peri-simulation education

The cohort that had the educational intervention between
SPE-1 and SPE-2 had a significant improvement in their per-
formance in SPE-2. On further analysis, this improvement
was mostly attributable to higher accuracy in the HPI subcat-
egory. The improvement among the students with the edu-
cational intervention was most likely due to the intervention
itself, as the analysis of all groups showed no significant dif-
ference between the performance on SPE-1 and SPE-2 (Table
2). When comparing the performance scores across the two
SPE's for those who received the video intervention prior to
SPE-1, there was no significant difference. This suggests the
intervention had made the impact already, and that impact
was retained in SPE-2. Furthermore, this may indicate that
the score improvement from the video intervention between
cohort was not due to repeated exposure and practice.

The performance of the students in the SPEs showed the
educational intervention had a positive impact on student
performance. The students with the educational intervention
prior to SPE-1 scored higher than those without the interven-
tion, and although the educational intervention between-
group scored higher on SPE-2, there was not a statistically
significant difference between the intervention arms. This
suggests that the intervention prior to the SPE-1 had a posi-
tive impact on student performance across both SPE-1 and
SPE-2. When assessing the group performance by comparing
the scores from COPD vs asthma, there was no significant
result, suggesting that the cases themselves did not impact
the group performance scoring assessment.

Both cohorts had a significant reduction in the number
of times they needed to be prompted to continue progressing
through the simulated patient encounters, which is most
likely attributable to the experience of the simulation itself
rather than the educational intervention. As previously men-
tioned, patient simulation is an experience where students
are encouraged to try and fail. It often takes students an ini-
tial period to familiarize themselves with the simulation en-
vironment and be comfortable enough to progress through
various portions of the simulation assertively. Thus, it is not
surprising that students needed to be prompted less in SPE-
2 as they were likely less apprehensive about the simulation
experience in general.

Opverall, both cohorts had similar baseline results from the
pre-test multiple-choice questionnaire, which suggests that



baseline knowledge did not impact the results. Furthermore,
both cohorts had statistically significant improvement from
the pre-test to post-test MCQ results. This lends to the fact
that the exercise had a positive impact on student learning.

Strengths and limitations

The major benefit of the cross-over design in this cohort is
that it allowed within-group comparison, which would not
have been possible in a conventional parallel-group design.
In addition, this allowed all students to receive the educa-
tional intervention as part of the simulation experience.
While a control group that did not receive the educational
intervention in any respect would have been optimal to un-
derstand the exact impact of the educational intervention, re-
gardless of its temporal placement, this was not ethically pos-
sible as every medical student needed to have the same
amount of instruction during the SPE day.

There are several limitations to the study that we felt were
worth noting. Our study used a crossover-type design for the
intervention, rather than one group receiving the interven-
tion and one no-intervention group. Although a true control
group may provide a stronger argument, this design was used
in an attempt to provide all the students with the same overall
learning experience. Additionally, the simulated patient sce-
narios may have differed depending on the order in which
the students' gathered information and asked questions. Alt-
hough the operators of the case scenarios underwent training
to standardize the experience, the presentation of the cases
may have differed slightly between the groups from in-
trapersonal and interpersonal differences between the two
operators running each simulation case. Despite simulation
rooms being standardized for patient positioning and equip-
ment necessary for the experience, there was a slight varia-
tion in the overall atmosphere. This difference included fixed
structural variations of the rooms as they were built as either
an operating room, a labor and delivery room, an emergency
department room, or an intensive care unit room, which may
have impacted how students approached the simulated pa-
tient. Finally, the SPEs in our study were formative, non-
graded activities. As such, this may have impacted students'
engagement in the SPEs and therefore their performance.

Conclusions

Our study showed that a simulated patient encounter plat-
form in combination with a clinical reasoning framework is
an effective method that can be used in medical education.
Integration of succinct learning objectives with educational
interventions improved diagnostic assessment and rates of
correct diagnosis. Learners showed simulation performance
improvement directly following the educational intervention
regardless of whether the intervention was delivered before
or in-between exercises. Most participants found that the
peri-simulation education was beneficial to their learning.
Similar investigations in other medical student clinical train-
ing exercises should be explored to improve the learning

Int ] Med Educ. 2022;13:158-170

process in manikin-based simulation patient encounters.
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Appendix 1

Multiple-Choice Questionnaire (MCQ) pre-test and post-test

1. Alcohol and Smoking are documented under which subheading on a SOAP note? (1 Point)

*a. Social History

b. Review of Systems
c. History taking

d. Medications

e. Family History

2. During the physical exam, a patient randomly brings up that he has had difficulty starting to pee when he needs to go, you should
document this under which portion of the SOAP note? (1 Point)

a. HPI - history of presenting illness
b. PMH - past medical history

c. SH - social history

*d. ROS - Review of Symptoms

e. Physical exam

3. If you measure that a patient is febrile at 38°C, you would place this in the portion of the SOAP note. (1 Point)

a. Subjective
*b. Objective

4. The review of systems (ROS) should be documented under which portion of the SOAP note? (1 Point)

*a. Subjective
b. Objective
c. Assessment
d. Plan

5. What is the normal laboratory range of CO2 in mmHg on ABG? (2 Points)

a.10-15
b. 15-20
€. 25-35
*d. 35-45

6. Asthma attacks demonstrate a(n) FEV1/FVC ratio on PFTs and is classified as a(n) lung disease. (3 Points)

a. Increased; Obstructive
b. Increased; Restrictive
*c. Decreased; Obstructive
d. Decrease; Restrictive

7. Which of the following medications is associated with causing a chronic cough? (2 Points)

a. Albuterol (B2 agonist)

b. Acebutolol (B1 antagonist)

*c. Lisinopril (Angiotensin Converting Enzyme Inhibitor/ACE-I)
d. Losartan (Angiotensin II Receptor Blocker/ARB)

8. Which of the following physical findings would NOT be expected in a patient with a consolidated pneumonia? (2 Points)

*a. Tympanitic sounds with percussion
b. Tactile fremitus

c. Crackles on inspiration

d. Bronchophony on auscultation

Int ] Med Educ. 2022;13:158-170
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9. Which of the following is the greatest risk factor for pulmonary disease? (1 Point)

a. Family history of pulmonary fibrosis
b. Family history of atopy

c. Poor air quality

*d. Prior history of smoking

e. Prior history of autoimmune disease

10. While gathering a history of presenting illness, the patient develops severe respiratory distress and is unable to answer your ques-
tions. The most appropriate action is to: (1 Point)

a. Continue and complete the H&P

b. Rush to get the key elements

c. Ask the patient if it is ok to complete the interview
*d. Delay interview and call a code blue

Note: *Indicates the correct answer. There was a total of 15 points available on the MCQ pre- and post-test
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Appendix 2

Mean performance scores by COPD and Asthma case scenarios

Groups N SPE-1 SPE-2 t-test povalue 95% CI
mean (SD) mean (SD) t score LL UL
COPD 32 22.25 (3.78) 23.06 (4.53) t= ~0.54 586 2230 0.68
Asthma 32 22.62 (3.59) 23.93(3.99) teo=-0.97 336 -3.21 0.59
COPD 16 22.25(3.78) o= —0.28 775 -3.03 2.29
Asthma 16 22.62 (3.59)
COPD 16 23.06 (4.53) ten= ~0.57 566 ~495 1.21
Asthma 16 23.93(3.99)

Note: SPE-1 = first simulated patient encounter; SPE-2 = second simulated patient encounter; COPD = chronic obstructive pulmonary disease; CI = confidence interval; LL = lower limit; UL

= upper limit. The 95% CI is reported for the difference between the means. There was a total of 44 points available.
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Appendix 3

Likert Scale student feedback questionnaire

Questions Answers Responses
a.  Strongly agree 32
b. A 61
1. The educational intervention (teaching) before the given pa- c Niflii A 24
tient encounter was beneficial to my learning. ' .
d.  Disagree 2
e.  Strongly Disagree 4
a.  Strongly agree 54
. . . b.  Agree 61
2. The debriefing after the patient encounter was beneficial to ¢ Neutral 6
learning. '
iy earning d.  Disagree 1
e.  Strongly Disagree 1
a.  Strongly agree 74
b. A 37
3. This experience overall enhanced my ability to apply c Niflii A ;
knowledge in the clinical environment. ’ X
d.  Disagree 1
e.  Strongly Disagree 4
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