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Abstract
Introduction: Limited research exists evaluating pre-clinical medical student performance in 
Simulation Patient Encounters (SPEs), nor the effectiveness of teaching interventions as part of the 
learning. We sought to determine if a teaching intervention prior to simulation training improves 
medical student clinical decision-making skills compared to baseline performance.

Methods: A prospective randomized single-center crossover study comparing performance 
of second-year medical students in two SPEs. The groups were then randomized to receive an 
educational intervention either the day before the SPEs or at the conclusion of the two SPEs. The 
educational intervention was a 10-min video. Analysis was designed to evaluate if a difference 
existed between performance outcomes using a standardized checklist.

Results: The video prior cohort scored higher than the no video prior group in both case scenarios. 
In the anemia case scenario, video prior cohort scored 41.6% (23.69) vs. 38.9% (22.19) in the no 
video cohort. In the diverticular bleed case scenario, the video prior cohort scored 37.6% (19.94) vs. 
37.1% (19.69) in the no video prior cohort. Additionally, for the diverticular bleed scenario there 
was a statistically significant higher number of prompting in the video prior cohort than the no 
video prior, with an average of 2.44 prompts vs. 1.56 respectively (p=0.04).

Conclusion: Our results did not find an impact of the educational video on the performance scores 
in the SPEs. This study had several limitations and calls for future studies with a more controlled 
environment to determine timing, efficacy, and impact of educational interventions in simulation 
training.
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Introduction
Mannequin-based simulation trainings (SIMs) are a cornerstone of modern medical education. 

It is increasingly used as it has developed into a highly effective teaching modality for a broad range 
of settings [1,2]. SIMs have shown to be an efficient, and cost-effective to develop such clinical 
skills, especially when compared to traditional teaching methods of slideshows and lectures [3-8]. 
Additionally, this they allow students to learn in a safe and controlled environment without the risk 
of harm to real patients [9]. The advent of COVID-19 prohibited medical students from entering 
the clinical environments which further highlighted the importance of clinical development 
without patient contact [10,11]. In addition to the cost-effectiveness and risk avoidance, there are 
benefits to pre-clinical medical student learning; SIMs can be directed to a target a broad range 
of specific knowledge and skills targeting the development of clinical interviewing, physical 
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examination, and diagnostic skills [12,13]. When designed well, 
this training allows for detailed data collection; assessment of score 
performance; and provide real-time feedback to learners [1,12,14,15]. 
Despite the increased utilization and employment of SIMs in medical 
school education, significant challenges remain. Although medical 
simulation has great potential, SIMs have significant variation in 
methodology, design, and outcomes. Research on SIMs within 
medical education has demonstrated insufficient technical quality to 
produce reliable results. This variation may be attributed to the lack 
of standardized guidelines for conducting SIMs for medical student 
training [1,3,16]. Incorporating teaching methods that is specific to 
the simulation learning objectives is a key component of optimizing 
simulation training. However, there is limited such research on 
such peri-SIM evaluating the impact of educational interventions 
on performance outcomes. Barriers to effective simulation from 
the institutional standpoint include the need for skilled simulation 
operators, financial support for the resources, and educators trained 
in simulation [17,18]. Several qualitative and quantitative evaluations 
measuring performance outcomes from SPEs have been identified. 
Quantitative outcomes are preferred due to a higher resolution 
of data [3,13,19,20]. Validated quantitative outcome measures of 
learner performance in simulations include time-to-action, pre-test 
assessments, and performance scoring using checklists of definable 
actions [3,19-22]. Although several studies have attempted to 
validate methods of simulation for medical student clinical skills 
acquisition, systematic reviews of the SIMs have proven limited by 
variations in methodology [19,20,23]. Medical schools should aim to 
approach simulation training in parallel to the rigorous method of 
evidence-based practice in modern medicine. Proper practice confers 
application of proper technique, and conversely improper practice 
can beget poor habits. Further research is needed to assess the impact 
of simulations on pre-clinical medical student skills competence and 
whether specific educational interventions can improve learning. 
Thus, our study aimed to add to the literature our experience with 
the use of simulation training as a learning modality for medical 
student education. We sought to determine how the timing of an 
educational intervention impacted the performance of second year 
medical students in a SPE setting as measured by a standardized skills 
checklist.

Materials and Methods
Study participants

All second-year medical students attending the University of 
Toledo College of Medicine and Life Sciences were eligible for the 
study. The trial was explained in detail to the group, and students were 
assured of the anonymity and confidentiality of personal information 
for all responses throughout the study period. Students that did not 
consent for the study did not have their coursework grades accessed 
and they were not asked to complete the voluntary feedback survey. A 
total of 174 medical students were eligible for and participated in this 
single center, IRB approved double blinded randomized trial.

Study design
A mixed methods study was implemented that included a 

randomized-controlled trial with two intervention arms designated 
as “gold” and “blue”. To ensure that all students had a similar overall 
learning experience, all students received an educational video. The 
blue group received instructions to view the video the day prior to 
the SPEs. The gold group received instructions to view the video at 
the conclusion of the SPEs. The SPE’s were a formative, non-graded, 

activity designed as an opportunity for medical student learning. A 
two-stage randomization strategy was implemented. First, students 
were randomized into 32 groups of approximately equal size (4 to 
6 students each). The 32 groups were then randomized into either 
the gold group or the blue group. The blue group was randomized to 
receive the video prior to the SPEs, and gold group was randomized 
as the control with no video prior. The randomization process was 
carried out by a faculty of UTCOMLS blinded from the study. The 
groups had a pre-randomization to the location of the simulation 
room and the SPE scenario. The blue and gold intervention arms each 
had half of the students participate in the upper GI bleed scenario 
first followed by the diverticular bleed second and the other half 
participated in the diverticular bleed scenario first followed by the 
upper GI bleed scenario second (Figure 1). Assignment of students 
and the randomization process was concealed from the students 
and independent from the research team. After randomization, the 
students received the intervention in a double blinded setting (both 
the subject and the investigator were blinded, such that the subjects 
ID and the intervention group were not linked together until after 
the end of the study when all results were unblinded for analyzation. 
The groups were assessed for completing key aspects of the history 
of presenting illness, physical exam, assessment/plan/intervention, 
and number of times the facilitator had to prompt students to keep 
the sim moving forward. Prompting statements were standardized 
to include: “are there any tests/labs/imaging or other-diagnoses that 
you may want to consider for this patient.” The reporting guidelines 
for health care simulation research extensions to the CONSORT and 
STROBE statements were utilized to guide study design and write-up 
with attached checklists [24].

Simulated patient scenarios
Each simulation scenario was 15 min long followed by a 

5-min debriefing session. There were four simulations running 
simultaneously with 8 SPE’s per group session, for a total 64 SPE’s. 
Both scenarios mirrored a total of two simulation groups running at 
the same time. There was a total of 4 operators running the simulated 
patient scenarios. The operators ran the same case, in the same room 
and manakin for the duration of the study. The operators were given 
a standardized training session for their respective cases in attempt 
to keep the language and overall atmosphere the same for each of the 
groups. The two SPE scenarios were developed by faculty, medical 
physicians, at UTCOMLS independent of the research investigators. 
The study team did not have an impact on the patient scenarios 
or presentation of the scenarios in any manner. The scenarios 
included were one adult patient with an acute lower GI bleed from 
diverticulitis and one adult patient with a chronic occult upper GI 
bleed. The information the students were expected to obtain were 
developed by the faculty independent of the study team as well, 
which were used for the performance evaluation as explained in the 
measurement of outcomes section below. The students were given the 
following information verbally from the simulation operators, “You 
will have 15 min to conduct a focused history and physical exam. As 
you develop your differential diagnosis you may order labs, tests, and 
imaging that you believe is necessary for the work-up of the patient. 
Perform any necessary interventions as you see fit.”

Educational intervention
The educational intervention was designed by collaboration 

between UTCOMLS faculty and the study team. The intervention 
encompassed a 10-min recorded power-point presentation. The 
learning objectives were to teach, and review the evaluation, 
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management, diagnosis and treatment of intestinal ischemia and 
bleeding.

Data collection
Two blinded independent evaluators viewed video recordings of 

the groups during their SPEs. Both reviewers were 4th year medical 
students who were observed independently by a faculty for 3 videos 
to ensure accuracy of the assessment. The evaluators recorded 
whether the students performed the checklist of activities for the 
respective chronic upper GI bleed and acute diverticular bleed SPE’s 
(Supplemental Table 1). These checklists were modified versions of the 
checklists used at UTCOMLS for their in-person patient interviews as 
part of the medical student educational curriculum. The modification 
was performed by two physicians on faculty at the medical school.

Statistical analysis
The primary objective is to compare the performance effect as 

measured by adapted analysis of student performance in a group 
setting of simulated patient encounters. The hypothesis that the 
Intervention = 0 was tested utilizing independent t-tests to compare 
mean group performance scores in the separate intervention arms. 
A p-value less than, or equal to 0.05 was regarded as statistically 
significant. This analysis approach makes two main assumptions (in 
addition to the normality assumption for the students paired t-test): 
No period effect and no intervention-period interaction. Secondary 
objectives will be to compare the sub-categorization of the scoring 
checklist. The change in accuracy of group performance in patient 
encounters was compared between the two intervention arms, video 
prior vs. no video. Comparisons of proportions were conducted via 
chi squared test. All statistical tests were performed using excel.

Results
170 students participated in the two SPEs. The total scores in 

the video prior cohort were higher than the no video prior group 
in both case scenarios (Table 1). In the Anemia case scenario, video 
prior cohort scored 41.6% (23.69) vs. 38.9% (22.19) in the no video 
cohort (p=0.26). In the diverticular bleed case scenario, the video 
prior cohort scored 37.6% (19.94) vs. 37.1% (19.69) in the no video 
prior cohort (p=0.85). In the diverticular bleed scenario, there was 
a statistically significant higher number of prompting in the video 

prior cohort with an average of 2.44 prompts vs. 1.56 in the no video 
cohort (p=0.04). The average scores of the anemia case were higher 
in room 2 compared to room 1, with 42.2% vs. 38.3% respectively. 
The average scores of the diverticular case were higher in room 3 vs. 
room 4, with 39.1% vs. 35.6% respectively. However, there was not a 
statistically significant difference in scores by the room in which the 
case was presented (Table 2).

Discussion
Importance of medical student clinical skills training 

SPEs were previously a feature of the United States Medical 
Licensing Exam (USMLE) Step 2 Clinical Skills (CS), however 
recently the CS portion of Step 2 was discontinued [25]. The 
CS portion of Step 2 was used by residency programs to screen 
applicants, and prior to its discontinuation, many programs indicated 
a desire for higher resolution data from the score report of Step 2 CS 
[26,27]. In response, co-sponsors of the USMLE program have stated 
an intention to develop novel assessments of clinical competency 
[28]. Although USMLE Step 2 CS was discontinued, most residency 
program directors previously endorsed Step 2 CS as factoring 
heavily into their admissions decision-making [27]. The removal 
of Step 2 CS has created a vacuum in the standardized assessment 
of medical students’ clinical and communicative prowess [25]. A 
high granularity of data is desirable when considering the viability 
of potential clinical assessment methods [25,27]. Clinical skills and 
communication abilities are seen by many RPDs as lagging behind 
the book knowledge of incoming residents. The evaluation of soft 
skills including communication and professionalism is undoubtedly 
more complex than the accurate assessment of content knowledge. 
The present study typifies the need for continued research into the 
process-based evaluation of medical students’ clinical competency.

Medical student learning through simulation
Cook et al. reported a moderate effect of simulation in health 

professionals compared to other instruction methods in a systematic 
review and meta-analysis [29]. Previous studies on laparoscopy 
and Advanced Cardiac Life Support (ACLS) have demonstrated 
simulation training improves clinical outcomes [1]. However it is 
unclear whether simulation training improves patient outcomes 
across other skill domains, and further studies comparing the efficacy 

Anemia

Category (points) SPE-1 (no video) 95% CI SPE-2 (video prior) 95% CI P-Value

Total (57)  22.19 (3.78) 38.9% 20.33-24.04  23.69 (3.63). 41.6% 21.91-25.47 0.26

HPI (20)  9.00 (2.66) 45.0% 7.69-10.30  8.69 (2.55). 43.4%  7.44-9.94 0.74

Vitals & PE (12)  3.94 (2.02) 39.4% 2.95-4.93  5.13 (1.82). 51.3%  4.24-6.02 0.09

A/P/I (25)  9.25 (1.77) 37.0% 8.38-10.12  9.88 (2.19). 39.5%  8.80-10.95 0.38

Prompting (*)  2.44 (1.26) 1.82-3.06  2.50 (1.59)  1.72-3.28 0.9

Diverticular Bleed

Category (points) SPE-1 (Video Prior) 95% CI SPE-2 (No video) 95% CI P-Value

Total (53)  19.94 (3.66) 37.6% 18.14-21.73  19.69 (4.00) 37.1% 17.73-21.65 0.85

HPI (20)  6.94 (1.65) 34.7% 6.13-7.75  6.31 (2.24). 31.6%  5.21-7.41 0.38

Vitals & PE (10)  3.94 (1.61) 32.8% 3.15-4.73  4.31 (1.54). 35.9%  3.56-5.07 0.51

A/P/I (23)  6.56 (1.75) 28.5% 5.71-7.42  6.63 (2.16). 28.8%  5.57-7.68 0.93

Prompting (*)  2.44 (1.21) 1.85-3.03  1.56 (1.09)  1.03-2.10 0.04

Table 1: Two-tailed Independent T Test analysis of performance score totals and sub-categorical scores comparing the intervention to no intervention expressed as the 
mean (SD), percent correct, and 95% CI. Sub-categories included the History of Presenting Illness (HPI), Physical Exam (PE), Assessment/Plan/Intervention (A/P/I). 
Categories are expressed with the (total number) of eligible points. The normality assumption was checked based on the Shapiro-Wilk Test (alpha =0.05).
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Chronic Upper GI bleed Acute Diverticular Bleed

HPI HPI

Patient Name Patient Name

Chief complaint Chief complaint

location/radiation location/radiation

quantity/severity quantity/severity

timing (Onset/frequency/duration) timing (Onset/frequency/duration)

setting in which it occurs/has it happened before setting in which it occurs/has it happened before

exacerbating factors exacerbating factors

remitting factors remitting factors

associated symptoms associated symptoms

patient perspective patient perspective

medications medications

allergies allergies

tobacco use tobacco use 

alcohol use alcohol use 

illicit drug illicit drug

ROS (8 categories for a point) ROS (8 categories for a point)

Family History Family History

Vaccinations Vaccinations

Past Medical Hx Past Medical Hx

Past surgical hx Past surgical hx

Physical Exam & vitals Physical Exam & vitals

Auscultate abdomen x 4 quadrants Auscultate abdomen x 4 quadrants

palpate/percuss palpate/percuss

Look to assess symmetry/contour Look to assess symmetry/contour

Assess for Peritoneal signs (rebound tenderness/guarding) Assess for Peritoneal signs (rebound tenderness/guarding)

Rectal exam Rectal exam 

Auscultated Heart areas Heart rate

Auscultated Lung Fields RR

Heart rate Temperature

RR BP

Temperature o2 sat

BP Assessment/Plan/Interventions

o2 sat Ask for CXR

Assessment/Plan/Interventions  Identified Normal lung fields

Ask for CXR Ask for VBG or ABG

 Identified Normal lung fields Ask for CBC

Ask for VBG or ABG  Identified Anemia aka low hemoglobin

 Identified acidosis aka Low PH Ask for CMP

Ask for CBC  Identified acidosis

 Identified Anemia aka low hemoglobin  Identified prolonged PTT/INR

 Identified normocytic anemia Ask for Fecal Occult Blood test (FOBT)

Ask for CMP Ask for EKG

 Identified elevated BUN  Identified sinus tachycardia

Ask for coagulation panel Performed blood Type and cross

 Identified prolonged PTT/INR started 2 large bore IV access

Supplemental Table 1: Checklist for performance scoring in Sim 1 and Sim 2 respectively. Red text indicates categories; black text indicates 1 point available for 
completion.
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of the multitude of simulation modalities, especially on pre-clinical 
medical students, are needed [1,23]. Issenberg et al. [16] identified 
10 features of simulation that contribute to effective learning in 2005. 
These features listed in descending order from most effective to least 
effective include providing feedback, repetitive practice, curriculum 
integration, range of difficulty, multiple learning strategies, capture 
clinical variation, controlled environment, individualized learning, 
defined outcomes, and simulator validity. The metanalysis by cook in 
2012 confirmed these factors, but also found that group instruction 
was associated with improved outcomes [20]. Our study incorporated 
most of these factors, apart from having a controlled simulation 
environment and individualized learning.

Simulation methodology
Our study assessed the impact of a 10-min video intervention 

on performance scores of second-year medical students in two 
gastrointestinal SPEs. Students either received the intervention the 
day prior to the SPE experience or after the conclusion of the second 
SPE. In this population of second-year medical students, we found no 
significant difference in performance scores when comparing the group 
that received the video-intervention the day prior to the simulations 
versus those that did not receive the intervention prior. Although 
statistical significance was not reached, the video-prior group scored 
higher in both simulation exercises. On further analysis there were 
differences in the total average score of the SPEs depending on the 
room, and operator, in which the activity was performed. Although 
these differences did not reach statistical significance, it highlights 
the importance of standardizing the instructions for operators and 
having highly trained competent operators for simulation training. 

A metanalysis comparing simulation interventions found the time of 
the simulation to be a significant factor affecting performance [20]. 
In our study, the sims were limited to 10-min sessions which may not 
have been enough time for them to have fully assessed the patient.

Simulation performance assessments
No significant inter-rater reliability was observed, owing to the 

skills checklist composed of largely objective measures. There was 
room for rater subjectivity on some of the physical examination items 
(e.g., “Look to assess symmetry/contour”) and diagnostic testing items 
(“Identified normal lung fields on chest X-ray”). A planned multiple-
choice questionnaire pre and post-test as part of the study protocol 
was not administered due to time constraints. Thus, the student's 
baseline knowledge was unable to be assessed and may have been a 
confounder of the results observed. Additionally, without the MCQ 
testing we were unable to define if the simulation had an impact on 
objective knowledge testing. A post-SPE feedback survey could have 
elucidated if learners felt the simulation improved their application 
of knowledge in the clinical setting. Lower scores were observed in 
the acute diverticular bleed SPEs compared to the chronic GI bleed 
SPEs. This could have been due to slight differences in between 
the two grading rubrics; however, the acute nature of the former 
presentation could have contributed to learner stress levels and thus 
cognitive load. The acute scenario showed less difference in overall 
performance between the intervention group and the treatment 
group compared to the chronic scenario. Additionally, learners in 
the acute scenario performed lower on nearly all subsections of the 
checklist compared to learners in the chronic scenario, potentially 
reflecting a relationship between cognitive load and acuity of care. 
In the acute care setting, perceived case difficulty has shown to be 
a strong predictor of cognitive load [30]. Prompting was the only 
subsection in which learners in the acute setting outperformed 
those in the chronic setting-in the acute SPE, the intervention group 
required on average nearly one more cue prompt per SPE. This could 
simply be because acute care affords practitioners less time to pause, 
deliberate, and possibly get stuck during decision-making.

Educational interventions for simulation
Carter et al. [31] performed a cross over study involving third year 

medical students to determine if a 60-min lecture prior to a 20-min 
SPE involving peripheral vascular disease affected third year medical 

Ask for Fecal Occult Blood test (FOBT) Administer Fluids

Ask for EKG Administered PRBC

 Identified sinus rhythm oxygen (nasal cannula)

Performed blood Type and cross Vasopressor administered

Ordered Troponin Warfarin Reversal agent PCC/FFP administered

Started 2 large bore IV access Ordered EGD

Administer Fluids Ordered Colonoscopy 

Administer Oxygen (nasal cannula) Ordered CT abdomen & pelvis

Ordered EGD NG Tube

Ordered Colonoscopy prompting

Ordered CT Abdomen  

Ordered CT angiogram  

Ordered NG tube  

Administered PRBC  

prompting  

  Combined SPE-1 & -2 Score 95% CI P-Value

Video Prior 43.63 (4.88) 39.7% 41.23-46.02 0.339

No Video 41.88 (5.32) 38.1% 39.27-44.48  

Room 1 (anemia) 21.81 (3.67) 38.3% 20.01-23.61 0.09

Room 2 (anemia) 24.06 (3.53) 42.2% 22.33-25.79  

Room 3 (diverticular) 20.75 (3.51) 39.1% 19.03-22.47 0.16

Room 4 (diverticular) 18.88 (3.90) 35.6% 16.97-20.78  

Table 2: Two-tailed Independent T test of combined total score of SPE-1 & SPE-
2 comparing intervention to no intervention, and simulation room of the cases.
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student performance scores as measured by a standardized checklist. 
The students who received the pre-SPE training scored higher 
than did those who did not receive the lecture. Our study observed 
similar results with increased performance in the physical exam and 
vitals subcategory among learners receiving a pre-SPE educational 
intervention; however, the results observed in our study failed to 
reach statistical significance. Other studies have observed SPEs to 
be especially effective at improving medical student history-taking 
and physical examination skills [4,32]. Further research is needed to 
assess the impact of SPEs on pre-clinical learners who have a limited 
to no clinical experience and potentially a lower degree of confidence 
in their clinical skills compared to third-year students participating 
in clinical rotations.

Future considerations
For the performance scores as the day progressed, there may have 

been a knowledge gap. These sims were held as part of a full day of 
GI activities which may have influenced students’ abilities to perform 
during the sims. All groups participated in a ‘GI Olympics’ education 
day, in which they had a team-based learning activity in the anatomy 
lab followed by an introduction to suturing session before participating 
in the SPE scenarios evaluated in this study. Additionally, the 
students later in the day may have had cognitive fatigue, whereas the 
students earlier in the day had less exposure to the GI activities which 
may have weakened their performance. Due to the students having 
interactive activities throughout the day there was ample opportunity 
that the students may have shared information about the simulation 
cases which may have impacted their performance. Cognitive load 
theory suggests that certain types of education are unconducive to 
learning new knowledge and skills due to the cognitive fatigue they 
impose [33]. Managing cognitive load plays an important role in the 
setting of medical education, in which problems are complex and 
students are expected to learn a high volume of material [34,35]. The 
design of the present study relates to cognitive load theory because 
the use of a pre-SPE intervention video was intended to help students 
schematize the complex process of reaching a diagnosis by starting 
with a chief complaint. We observed higher skill checklist completion 
percentages in the pre-SPE video intervention group compared to 
learners who finished the SPE before receiving intervention, albeit 
without statistical significance.

Conclusion
This article has presented an overview of the difficulty in 

conducting research relevant to medical student simulations 
training using a failed experimental design. It discusses technical 
considerations when approaching the design, assessment of, and 
implementation of simulation. This article provides meaningful 
recommendations for future simulation execution and research study 
considerations. The key findings from this study relate the importance 
of developing standardized protocols for assessing medical student 
performance in simulation training.
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