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Abstract

Introduction: Global cognitive and psychomotor assessment in
simulation based curricula is complex. We describe assessment of
novices’ cognitive skills in a trauma curriculum using a simulation
aligned facilitated discovery method.

Methods: Third-year medical students in a surgery clerkship
completed two student-written simulation scenarios (SWSS) as an
assessment method in a trauma curriculum employing high fidelity
human patient simulators (manikins). SWSS consisted of written
physiologic parameters, intervention responses, a performance
evaluation form, and a critical interventions checklist.

Results: Seventy-one students participated. SWSS scores were
compared to multiple choice test (MCQ), checklist-graded solo
performance in a trauma scenario (STS), and clerkship summative
evaluation grades. The SWSS appeared to be slightly better than
STS in discriminating between Honors and non-Honors students,
although the mean scores of Honors and non-Honors students on
SWSS, STS, or MCQ were not significantly different. SWSS exhibited
good equivalent form reliability (r=0.88), and higher interrater reli-
ability versus STS (r=0.93 vs r=0.79).

Conclusion: SWSS is a promising assessment method for simulation
based curricula.

Introduction

Care of the injured patient is an essential knowledge area for
graduating medical students.! Medical student education in trauma
resuscitation has several inherent challenges. Students must learn
and apply both cognitive and psychomotor skills; perceived patient
risk limits novice participation in direct patient care interventions;
and finally, the majority of trauma education must take place within
the time constraints of the surgical clerkship. Simulation based
training with high-fidelity human patient simulators (manikins) have
become a popular tool for teaching and assessing skills in trauma
resuscitation.> Manikin use in this context has several advantages:
Integration of cognitive and psychomotor skills performance in
rapid, reproducible scenarios; education in a supportive setting
that eliminates patient risk; and consistent content for formative
and summative assessment. Surgical residents who practiced with
manikins demonstrated improved trauma assessment test scores
compared to training with traditional moulage patients.® Simulation
based training in undergraduate surgical curriculum, when compared
to case-based lecture, has resulted in improvement on objective
structured clinical examinations.”

Despite enthusiasm for the use of manikins, optimal methods for
assessing educational outcomes have not been established, and few
studies validate performance evaluation methods for simulation based
training. Global rating scales and checklists are widely utilized, but
continue to have variable internal reliability and correlation with
other educational outcome standards.?

The authors instituted a simulation based trauma resuscitation
curriculum designed to allow the student a learner-centered, self-
paced method of assimilating content. We sought to design and

evaluate a summative cognitive assessment method administered
over a prolonged interval, allowing for reflection and incorporating
principles of inductive learning.” This method, the student-written
simulation scenarios (SWSS), was designed to be less subject to
student performance anxiety, to incur less rater variability, and to
avoid bias against students with less mature psychomotor develop-
ment. We hypothesized that student assessment based upon SWSS
creation might produce scores that are more reliable than summa-
tive assessment of observed performance in a simulation scenario
(STS). Further, we sought to evaluate the association between
multiple summative assessment methods: simulation resuscitation
scenario performance (STS), multiple choice question test (MCQ),
and SWSS, with the “gold standard” of global clinical performance
assessment.

Methods

All third-year medical students at the University of Hawaii,John A.
Burns School of Medicine (JABSOM) enrolled in a 7-week surgery
clerkship from January 2007 to June 2008 consented to participate
in this study, which was approved by the University of Hawaii’s
Committee on Human Studies. Students were required to complete
the trauma curriculum as one element of their surgical clerkship.
This curriculum included (a) assigned reading of the American
College of Surgeons Committee on Trauma TEAM booklet;' (b)
90-minute lecture by a trauma surgeon on TEAM core content; (c)
clinical experience in trauma patient management; and (d) a 3-hour,
hands-on, demonstration and practice session with simulator based
trauma resuscitation. This session was conducted in small groups
(2-4 students) on manikins (SimMan, Laerdal Medical Corporation,
Wappingers Falls, NY) and included assessment and treatment of
simulated trauma patients. During the weeks following the simulation
session, the students received individualized mentored instruction
in developing simulated case scenarios, and were asked to author
two 10-minute simulation cases (SWSS) incorporating the key
principles of trauma resuscitation taught in lecture and simulation
lab. Students were instructed to select two different traumatic shock
states to describe in the SWSS exercise. Tension pneumothorax,
hemorrhagic shock, and pericardial tamponade were suggested as
possible SWSS options. The SWSS consists of a flow sheet of physi-
ologic parameters and response to interventions (Figure 1), and a
15-point checklist designed to evaluate a learner’s performance in
the simulation scenario (Figure 2).

Students received one overall grade at the end of the clerkship
(Honors, Credit, or Incomplete/No Credit) based primarily upon
the subjective evaluation by the residents and attending surgeons,
of their knowledge and clinical performance, the standard method
for this clerkship. Specific trauma knowledge was assessed by three
additional methods: (1) the standard multiple choice, 20-question
TEAM written examination (MCQ), (2) solo performance in a
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Scenario Worksheet

Initial
Time Physiology
interval BP 95/45
O HR 110, sinus 32 y.o. man, helmeted motorcyclist at Kahuku
RR 32 track, jumped -20’ into air, collided w/ another
Pulse Ox 92% on room air rider in mid-air, fell, bike landed on chest
Mental Status Ox1, combative
18 Other c/o “can’t breathe”
v
New Physiology
a BP 88/52
HR 115, sinus
RR 35
Pulse Ox 90%
a Mental Status
Correct Assessment confused
Other
Fail to Assess
Il Intervention
ABG, 02, listen to BS +
New Physiology
g PR BP 85/40
Chest tube Chest tube gg A:SS
Not Completed Completed Pulse Ox 90%
{1 # ¢ Mental Status Ox0
New Physiolo New Physiolo Other cyanosis
BP 85/50 BP 100/50 +
{1 HR 115 HR 100 Correct Assessment
RR 40 RR 35
Pulse Ox 95% Pulse Ox 98% *
Mental Status Ox0 Mental Status Oxl
{3 Other Other (+) air leak Intervention

Not Completed

v

Completed

v

New Physiology New Physiology
BP BP
HR HR
RR RR
Pulse Ox Pulse Ox
Mental Status Mental Status
Other Other

Figure1. Sample Flow Sheet for the Student-written Simulation Scenario (SWSS)

Figure 2. Checklist to be Completed as Part of the Student-written
Simulation Scenario (SWSS).

MS3 Surgical Clerkship Scenario Planning Form Prioritized Checklist

Based upon best practice guidelines and principles, the Trainee participating in your
scenario will be evaluated against these Prioritized Performance Goals that you list from
most important (1) to least important (15):

simulated trauma scenario (STS), and (3) grading of the SWSS.
Students were advised that their performance in these three trauma
assessment areas would be graded and considered (weight of 5%) in
their end-clerkship grade. Evaluations of the students in the simu-
lated trauma scenario and the SWSS were done independently by
three trauma practitioners (the trauma simulation faculty) who did

Prioritized Goals (#1 is most important) v ifachieved | Comments |  not contribute to the students’ end-clerkship clinical evaluation.
1 Maintain in-line cervical spine stabilization Solo performance in a simulated trauma scenario (STS) was
9 Orotracheal intubation assessed c'luring the penultin'late week of the clerk§hip. StU('ients
3 Listen for bilateral equal breath sounds were rfzqu.lred to acF as the primary trguma surgeon in a IQ-mlnute
i Place oft chest b resuscitation scenario. Students were videotaped, and three indepen-
acei ere _es une dent assessment scores (range 0-21) of the STS were generated by
5 Obtain arterial blood gas the trauma simulation faculty using a binary checklist, based upon
6...15 the “ABCDE” tasks of trauma assessment. (Figure 2) Likewise,
L
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Student Written Simulation Scenario (SWSS) and
Solo Performance in Trauma Scenario (STS) Scores
for Honors vs. Non-honors Students
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Figure 3. Individual Scores for Honors vs. Non-honors Students Exhibit Less Overlap for the Student-written Simulation Scenarios (SWSS) than for
Solo Performance in a Simulated Trauma Scenario (STS).

grading of the SWSS was done independently by three reviewers.
Faculty reviewers are all clinicians trained in Advanced Trauma Life
Support, active in medical student education and evaluation, and
cumulatively have over 65 years of clinical experience in trauma
resuscitation. SWSS scores (range 0-15) were based upon key areas
covered in the 15-point SWSS checklist, as well as content validity
of the flow sheet, ie, the accuracy and completeness of the scenario
in illustrating the key physiology and fundamental steps of trauma
resuscitation. At the end of the assessment, students completed an
attitudinal survey about their perception of the value of the com-
ponents of the trauma curriculum.

Data were analyzed by a biostatistician. Interobserver reliability
of test scores for SWSS and STS was determined by Intraclass Cor-
relation Coefficient. Equivalent forms reliability was determined
using Pearson’s correlation. The mean difference between the two
SWSS scores was also evaluated using a two-tailed paired t-test.
Mean scores in the three trauma assessment arecas (SWSS, STS,
MCQ) were compared for students earning final clerkship grades
of Honors versus non-Honors students using two-tailed two-sample
t-tests. Logistic regression was used to measure any association be-
tween the assessment scores and the likelihood of a student having
an Honors or a non-Honors grade. Significance was determined at
P <05.

Results

Seventy-three students were enrolled in the study, two students ini-
tially enrolled did not complete the clerkship for reasons unrelated
to the trauma curriculum, and thus 71 students completed all phases
of the curriculum and testing. Due to poor video recording, two of
these students could not have interobserver reliability determined
for their solo simulation performance session (STS). Nineteen
students earned Honors in the clerkship, 48 received Credit, and 4
were Incomplete/No Credit. In no instance did a student’s scores in
the trauma curriculum alter the grade determined by their overall
clinical performance on the surgery rotation.

Equivalent forms reliability for the two SWSS was high (r=0.88)
and the 95% confidence interval for the mean difference between
the two mean SWSS scores was (-0.49, 0.25) indicating that on
average there is no significant difference between the scores of the
two SWSS for each student. The interobserver reliability for SWSS
was also very high (r = 0.98), showing close agreement between
graders of the SWSS. The interobserver reliability was higher for
the SWSS than for performance on the simulated trauma scenario
(STS,r=0.92),despite the use of a simple, binary checklist to score
the STS.
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When compared to the “gold standard” of clinical assessment by
surgeons (chiefresidents and attendings), the SWSS appeared better
than STS indiscriminating between Honors and non-Honors students
(Figure 3). Although in this small sample of students, the difference
between the mean SWSS scores of the Honors versus non-Honors
students was not statistically significant, stepwise logistic regression
analysis demonstrated alower P-value (P=0.06) for the SWSS score
than for the STS score (P=0.1). This indicates a higher probability
of association with an Honors grade for students performing well
on the SWSS than for the STS.

While designed primarily as an assessment method, students
reported that they valued the SWSS as a learning method as well.
38% of students preferred the SWSS to the TEAM lecture as an
educational method.

Discussion

The rapidly expanding use of simulation in surgical education has
outpaced the development of supportive curricula. With any edu-
cational method it is imperative that the assessment method be reli-
able, valid, and relevant to the realm of actual clinical performance.
Kneebone states, “Ideal simulation-based learning environments
should provide a supportive, motivational, and learner-centered
milieu which is conducive to learning.”" Optimally, assessment
methods for simulation based training should reflect this learner-
centered philosophy, and should creatively employ the construct
of simulation technology. Our traditional methods of performance
assessment: Multiple-choice written examination, and evaluation of
individual global performance in a brief, stressful simulated trauma
scenario, fell short of this ideal.

Evaluation methods in simulation based training have typically
focused on task completion rates, critical time to task performance
on a simulator or standardized patient, and measures of teamwork.'?
Evaluation of integrated higher order performance, such as sequential
hierchical decision making or psychomotor performance, is even

developed SWSS to better fulfill our ideal of the optimal instru-
ment for cognitive summative assessment in a simulation based
curriculum. We demonstrated the reliability of this instrument, as
well as its validity relative to clinical performance evaluation. The
successful use of the SWSS in our JABSOM students may be at-
tributable in part to the extensive experience that our students have
in the PBL method, which is the primary educational format for the
first two years at our medical school. The clinical entity of trauma
resuscitation, with its well-defined algorithmic approach and key
clinical tasks, also lends itself easily to use of the SWSS. We found
that grading of the SWSS was made more facile by requiring the
students to construct a 15-point binary checklist of the key clinical
tasks in their scenario.

We expect that the SWSS will be easily assimilated by students
and faculty at other institutions who are familiar with interactive,
case-based learning. We propose further investigation of this assess-
ment tool in other simulation based curricula, particularly curricula
for crisis management with defined clinical algorithms.
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