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Objectives. To assess the effectiveness of human patient simulation to teach patient safety, team-
building skills, and the value of interprofessional collaboration to pharmacy students.
Design. Five scenarios simulating semi-urgent situations that required interprofessional collaboration
were developed. Groups of 10 to 12 health professions students that included 1 to 2 pharmacy students
evaluated patients while addressing patient safety hazards.
Assessment. Pharmacy students’ scores on 8 of 30 items on a post-simulation survey of knowledge,
skills, and attitudes improved over pre-simulation scores. Students’ scores on 3 of 10 items on a team
building and interprofessional communications survey also improved after participating in the simu-
lation exercise. Over 90% of students reported that simulation increased their understanding of pro-
fessional roles and the importance of interprofessional communication.
Conclusions. Simulation training provided an opportunity to improve pharmacy students’ ability to
recognize and react to patient safety concerns and enhanced their interprofessional collaboration and
communication skills.
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INTRODUCTION
The Accreditation Council for Pharmacy Education

recognizes the importance of interprofessional education
and supports its inclusion within the pharmacy curricu-
lum.1 This inclusion can be partially attributed to the
2001 Institute of Medicine (IOM) report, “Crossing the
Quality Chasm,” which stated there were significant def-
icits in the quality of care provided to patients. Among
these deficits were a dearth of interdisciplinary collabo-
ration among healthcare professionals. The report further
stated that this deficit could impede effective communica-
tion among healthcare providers and significantly compro-
mise patient safety.Additionally, the IOMreport identified

10 rules for health systems redesign, one of which was
to improve collaboration among all individuals involved
in a patient’s care. The report stated that health care pro-
viders could no longer operate in segregated units – or
“professional silos” – and expect to optimize patient
care.2 Kyrkjebo and colleagues wrote that students in
various healthcare professions develop a conceptual un-
derstanding of other professionals’ roles on the health-
care team but are not afforded the opportunity to apply
teamwork skills in a hands-on manner.3 The responsi-
bility of teaching teamwork and collaboration falls to
educators. One strategy to teach these skills may be to
create a simulated situation where students have the op-
portunity to learn together in a risk-free environment.
This approach was supported in the IOM report “To Err is
Human,” which proposed that simulation training might
be a strategy to improve patient safety.4 Simulation train-
ing has improved students’ technical and clinical skills.5-16

However, there is little focus on teaching patient safety
concepts to the novice learner. This paper describes the
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development and initial experiences of human patient
simulation to promote interprofessional teamwork and
collaboration while providing novice learners an oppor-
tunity to recognize and react to select Joint Commission
National Patient Safety Goals.17

DESIGN
Every spring semester since 2003, the University of

Missouri offers a once-a-week, 4-week interprofessional
curriculum that focuses on teamwork/communication,
patient safety, and quality improvement. The University
of Missouri-Kansas City (UMKC) School of Pharmacy
satellite campus joined this curriculum in 2009 to provide
third-year pharmacy students the opportunity to interact
with other health professions students. This was an op-
portunity to provide satellite students more robust oppor-
tunities to learn about teamwork and patient safety while
developing relationships with students who they would
possibly encounter again on clinical practice experiences
in the region.

Prior to 2009, the interprofessional curriculum con-
sisted of an introductory lecture followed by a small-
group exercise, which entailed completing a root-cause
analysis of a sentinel event. The purpose of the class was
to encourage teamwork in a collaborative environment
where students could apply a systems-based approach to
quality improvement. The course underwent several revi-
sions of content and teaching methods including adopting
a problem-based learning (PBL) format and the addition
of students from other health professions.18,19 The com-
ponents are presented in Table 1. In 2009, a simulation

component was added to the curriculum to provide more
hands-on opportunities to work together as part of an
interdisciplinary team and potentially increase the curric-
ulum’s perceived relevance to students’ future careers.
The course enrolled approximately 210 students from
the colleges and schools of pharmacy, medicine, nursing,
health professions, and health administration. These stu-
dents included undergraduate students, graduate students,
and students in professional programs. Students varied in
clinical experience from no clinical exposure, to partici-
pation in several prior clinical practice experiences. The
level of experience with high-fidelity simulation also dif-
fered among the students, with nursing students having
the most experience with simulation. Pharmacy students
had no prior experience with simulation. An interprofes-
sional steering committee with a representative from
each participating school coordinated the course. Each
representative ensured that the curriculumwas applicable
to the students involved in the course. For all programs,
interprofessional curriculum was a required course com-
ponent. Because of the variation in curricula content
among the participating schools, each program deter-
mined a course within which to incorporate the interpro-
fessional curriculum. The school of pharmacy opted to
incorporate the course into a clinical introductory phar-
macy practice experience (IPPE). All schools opted not
to provide a grade for the interprofessional curriculum
and felt that the formative feedback was more important
than a summative grade. The Health Sciences Institutional
Review Board at the University of Missouri approved all
data collection and analysis.

Table 1. Comparison of Interprofessional Curriculum in Safety, Quality, and Teamwork Between 2008 and 2009 When
a Simulation Exercise Was Added

2008 2009

Introductory Lecture- 1 hour Introductory Lecture- 1 hour

d IOM Aims of Quality Health Care.
d 2007 National Patient Safety Goals.
d Local & National History of Safety

and Quality Movement.

d IOM Aims of Quality Health Care.
d 2008 National Patient Safety Goals.
d Local & National History of Safety

and Quality Movement.
Small Group Sessions- 4 hours Small Group Sessions- 3 hours

d Exploring professional roles.
d Modified root cause analysis of adverse event.
d Impact versus resources of potential solutions.

d Exploring professional roles.
d Modified root cause analysis of adverse event.
d Impact versus resources of potential solutions.

Small Group Presentations- 1 hour Hybrid Simulation- 2 hours

d PowerPoint presentation on modified
root cause analysis.

d Team formation and interprofessional
communication.

d Identifying and systematically evaluating
sentinel events.

d Team formation and interprofessional
communication.

d Recognizing and reacting to patient
safety concerns.

d Maximizing resources.
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The introductory lecture and small group sessions
were reduced from 6 contact hours to 4 to allow time in
the curriculum for a 1-hour hybrid simulation experi-
ence. The simulation exercises addressed specific edu-
cational objectives that complemented the lecture and
small-group sessions (Table 2).

The team chose an acute care setting for the simula-
tion experience, specifically a hospital emergency depart-
ment receiving an influx of lower-acuity patients after
a mass-casualty event. Five patient cases were developed
using a combination of standardized patients, high-fidelity
simulators, and hospital staffmembers, including resident
physicians. Scenarios integrated specific patient hazards
derived from the National Patient Safety Goals. The stu-
dents were expected to address multicultural and multi-
generational barriers to communication with the patient
and family members. To optimize opportunities for in-
terprofessional collaboration, the simulation area repli-
cated a real emergency department with supplies and
services such as a pharmacy, diagnostic radiology, and a
laboratory. Both high-fidelity simulators and standard-
ized patients were used in the simulations. A human
adult simulator was used to simulate an asthma case and
a pediatric simulator was used to simulate a head trauma
case. The simulators were programmed to simulate spe-
cific physiologic symptoms, such aswheezing and crying,
the latter of which added a realistic environmental dis-
traction. Standardized patients served as either a patient
or a family member. These actors received training and
instruction regarding specific behaviors and actions to
portray during the simulation. These included displaying
certain emotional responses during the scenario to add
an extra layer of complexity to the experience. Typical
standardized patient emotional responses consisted of
repeated calls for attention, hysterical crying, and anxiety
over the care of children waiting in the lobby of the emer-
gency department. In the training session, each actor was
given a script with verbal cues to provide students with
subtle guidance regarding the care of the patient (Table 3).

Facilitators and observers were trained in the use of the
checklists, on the various patient safety hazards that
were embedded in the cases (Table 4), and about National
Patient Safety Goals.

Simulation Exercise
To refine the simulations, 3 plan, do, study, act

(PDSA) cycles were conducted to identify any areas of
improvement. Once all problems were rectified in the
PDSA cycles, students participated in the simulation as
outlined (Figure 1). Groups of 10 to 12 students with
representatives from all participating schools received
the 5 patient cases. Students were instructed to triage,
assess, and provide initial evaluation and treatment plans
under the supervision of a licensed physician (an intern).
Students had to meet the needs of the patient within the
scope of their own discipline and to remain within their
student role. Each group had 10 minutes to form their
team and determine the best course of action to provide
safe and effective care to the 5 patients.

After rapid team formation, the licensed physician
briefly made students aware of available resources. Dur-
ing the simulation, the licensed physician provided little
assistance with regard to medical decision-making, al-
lowing students to independently create a care plan for
each patient. While student roles were not delineated by
the facilitators, the pharmacy student on the team was
expected to make sure the patient’s therapeutic regimen
was appropriate. In the case of the pregnant patient, tera-
togenic medications were included as part of the patient’s
homemedications. The pharmacy students were expected
to take on the role of the medication-use expert and de-
termine whether these medications should be discontin-
ued. This also applied to the patient who presented with
an acute asthma exacerbation. This patient’s home med-
ications consisted of a non-selective beta blocker which
could have contributed to the asthma exacerbation. For
the head trauma case, the pharmacy student on the team
was expected to assist with dosing any medications that

Table 2. Pharmacy Student Objectives for an Interprofessional Simulation Exercise

Teamwork Safety

Knowledge Describe each team member’s roles and responsibilities
in the delivery of safe and quality care.

Describe rationale for standardization of routine
procedures and processes.

Describe contributing factors to medical errors.
Attitude Rate as important working well within interprofessional

teams.
Rate as important the interprofessional approach to

analyzing errors.
Skills Demonstrate ability to communicate effectively as

a member of an interprofessional team in a
patient-centered care environment. Identify and use
available resources.

Demonstrate ability to identify potential patient safety
concerns and recommend system intervention.
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the team chose to administer to the patient. The patient
who presentedwithwrist pain had an allergy tomorphine
and required an alternative analgesic. During the simu-
lation, the intern physician ordered the wrong dose of
a medication for the patient who presented with chest
pain, and the pharmacy student was expected to inter-
vene on this error.

At the end of the exercise, the team of 5-6 students
provided a report summarizing their assessment and plan
to the licensed physician. Following the simulation, the
students participated in a debriefing session led by an in-
terprofessional team of faculty members. Students re-
flected on the simulation, focusing on effective areas of
teamwork and communications, as well as opportunities
for improvement. Students also identified the safety issues

embedded in each case, including any patient safety con-
cerns that they did not respond to during the simulation.
This provided opportunities for introspection and allowed
students to see the importance of having other health
professionals on their team who were able to pinpoint
profession-specific safety issues. At the end of each de-
brief session, the facilitator highlighted the National
Patient Safety Goals and reinforced the importance of
patient safety education.

The resources required to support the 2 days of sim-
ulation included 16 faculty raters (1 hour of training; 2 to
6 hours of observation), 5 standardized patients/family
members per room, 4 audiovisual staff members, 1 inter-
preter, 6 to 8 support staff members/session, 6 high-fidelity
simulators (2/room), 3 simulation rooms, 6 classrooms,

Table 3. Verbal Cues Provided to Standardized Patients Participating in an Interprofessional Simulation

Time/Scenario First 10 Minutes Next 5 Minutes Final 5 Minutes

Patient 1: 61-year-old male,
asthmatic

Instructions for patient’s
wife: Appear distracted
and mention that you need
to take care of your
grandchildren who are in
the lobby

Instructions for patient’s
wife: If the student does not
ask the patient about his
medication history, say it is
time for him to take his
medication; can you get
him his home medications?

Instructions for patient’s wife:
NA

Patient 2: 11-month-old male,
head trauma

Instructions for baby’s
mother: Do not put the
baby down until asked by
a student. Get hysterical
when the student tries to
examine the baby. Mention
that your last baby died.

Instructions for baby’s
mother: If the student does
not find the syringe under
the baby’s pillow, get
hysterical and scream
“What kind of hospital
is this?”

Instructions for baby’s mother:
NA

Patient 3: 25-year-old female,
pregnant, N/V

Instructions for SP: Begin
throwing up as soon as
a student appears. Appear
anxious and comment
“look at that baby, what if
something happens to my
baby too?”

Instructions for SP: If the
student does not get your
medication history, say it is
time for me to take my
medication; can you get me
my home medications?

Instructions for SP: If the
student brings you some
nausea medication and does
not mention that is safe with
pregnancy, ask “is this safe
with pregnancy?”

Patient 4: 34-year-old male,
wrist pain

Instructions for SP: Try to
speak minimum English
and start using hand
gestures to explain why
you are in the ER. Scream
‘pain, pain’ if no one
attends to you.

Instructions for SP: If the
student gives you morphine
for your arm pain, start
scratching all over
persistently. If no one
notices, scream “help
help”.

Instructions for SP: NA

Patient 5: 57-year-old male,
chest pain

Instructions for SP: Clutch
your chest and express that
you are in pain.

Instructions for SP: If the
students do not lock the bed
wheels, start to get off the
bed and slip down the bed.
Complain that you have
hurt your arm.

Instructions for SP: NA

NA 5 not applicable; N/V 5 nausea/vomiting; SP 5 standardized patient; ER 5 emergency room
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6 computers, audiovisual equipment, hospital beds, and
medical equipment.

EVALUATION AND ASSESSMENT
Two hundred eight students from various disciplines

participated in the simulation exercise. Of these, 11%
were pharmacy students, 46% were medical students
and 26% were nursing students.

Debriefing
Trained faculty observers completed a detailed check-

list that highlighted student responses to various team-
work, communication, and safety concerns. Faculty
observers documented safety hazards recognized and
reacted to by the student teams. Additionally, the licensed
physician (intern) and standardized patients completed
observation forms. Video and audio recordings were
taken from multiple angles throughout the simulation
rooms. Unfortunately, the audio-visual equipment did
not adequately capture student-patient interaction and
was not used for the debrief as originally intended by
the committee. Completed forms provided data for sum-
mative feedback to students during the debrief session
and helped to facilitate a meaningful follow up.

Survey Findings
Faculty members administered a 30-item Likert

scale pre- and post-course knowledge, skills, and attitudes
(KSA) survey instrument regarding teamwork and quality
improvement, previously adapted from Madigosky and
colleagues for this curriculum.18-20 Students also com-
pleted a 10 item pre- and post-simulation team building
and interprofessional communications survey tool adap-
ted from existing literature.8 Finally, students completed
a general course evaluation.

Statistical analysis was done using SAS, version 9.2
(Cary, NC) to analyze the data from the KSA survey tool,
team building and interprofessional communications sur-
vey tool, and the course evaluations. Data from the KSA
survey tool were matched by discipline for analysis.
Matched pre/post data were analyzed using Bhapkar’s
test for marginal homogeneity.21 The Wilcoxon rank sum
test was used to compare the distribution of each survey
question (the scale of 1 to 10) pre- and post-simulation. In
view of these multiple tests, the False Discovery Rate
(FDR) was used to control the rate of false discoveries.22

For these multiple tests, FDR adjusted p values of#0.05
were considered significant. As subject identifiers were
not available, the pre- and post-simulation groups were
treated as independent groups for this analysis. The pre-
and post-simulation team building and interprofessional
communications survey data were analyzed in aggregateT
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without individual or professional discipline analysis.
Course evaluation data were matched by de-identified
individual and discipline for analysis.

Knowledge, Skills, and Attitudes Survey. Signifi-
cant positive improvements were seen in students’ re-
sponses on the post-course survey of knowledge, skills,
and attitudes (Table 5). Fewer students post-course agreed
that training with students from other disciplines diluted
the quality of training in their own field (p, 0.001), that
competent health care professionals do not make medi-
cal errors that lead to patient harm (p , 0.001), and that
staff members should be reprimanded when an error oc-
curs (p, 0.001). These responses were not significantly
different fromprevious years; however, students’ comfort
with disclosing an error to the patient’s physician (p 5
0.002) was. Students also responded more positively to
questions on interprofessional communication and team-
work pre- and post-simulation. However, students did not
report feeling more confident reacting to patient safety
concerns after the simulation (Table 6). Of note, only 6
out of 11 safety issues embedded in the cases were iden-
tified by greater than 50% of student groups in this pilot
simulation (Table 4). Only 50% of the teams noticed that
the pregnant patient’s homemedicationswere teratogenic
and that the asthmatic patient’s home medications were
inappropriate.

Students provided more positive evaluations of the
entire course than did students in the previous 2 years.
When asked the question “Should simulation be included
in future reiterations of the course?” on a Likert scale of
1 to 5, with 5 being “strongly agree,” the average score
was 4.2. Over 90% of all students agreed or strongly
agreed with statements that the simulation had increased
their understanding of the importance of interprofessional
communication, understanding of the roles of other health-
care professionals, and ability to recognize and respond
to patient safety issues.

DISCUSSION
This pilot study immersed students in a “real-life,

low-risk” experience that encouraged interprofessional
teamwork and communication while providing safe pa-
tient care. Developing a learning experience simulating
real-life healthcare situations requires significant com-
mitment from faculty and staff members and volunteers,
as well as extensive equipment and facility resources.
This can present a challenge in resource-limited academic
settings. One of the strengths of this study was the de-
liberate likeness to a real emergency department setting
and the introduction of the complexities rampant in this
healthcare setting. By requiring students to prioritize care
and resources for multiple patients with health problems
of varying acuity, they experienced some of the chaotic
nature of an emergency department.

There is a concern that students’ self-reported confi-
dence in identifying safety concerns did not significantly
increase during the simulation exercise. However, this
may be because a majority of the student groups only
recognized 6 of the 11 safety issues in the cases. Exposing
this gap in competence may provide opportunities for
educators to better address this topic in subsequent cur-
riculum revisions. From a pharmacy curriculum per-
spective, more emphasis should be placed on medication
safety.

We identified several limitations to this study and
the simulation experience. First, the learners involved
in the simulation had varied levels of clinical experience
(eg, third-year pharmacy students enrolled in IPPE versus
second-year/pre-clinical medical students). Studentswith
little or no clinical experiencewere noted to have themost
difficulty and stress during the simulation. Additionally,
in facilitated debriefs and post-course faculty evaluations,
faculty observers reported there was tremendous appre-
hension from students who had not been involved in a

Figure 1. Interprofessional curriculum in quality, safety, and teamwork.
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simulation previously. The level of complexity and in-
herent chaos generated by creating a realistic, high-acuity
setting likely compounded the challenge faced by the
most novice learners participating in the experience. An
initial, lower-complexity simulation exercise at the be-
ginning of the unit could provide many benefits to stu-
dents in this case. Specifically, this would orient students
to the concept of human patient simulation as well as
allow for repeated, interactive exposure to important pa-
tient safety concepts. Second, students expressed some
confusion about their roles and responsibilities during
the simulation, especially the health management stu-
dents. More instruction prior to the simulation may have
prevented some of this confusion, but must be balanced

with providing students sufficient autonomy to indepen-
dently organize themselves. The pre- and post-simulation
survey responses were not matched by de-identified in-
dividuals, resulting in statistical analysis on group data
alone without comparison of changes in individuals’
responses.

The steering committee learned several important
concepts as part of the simulation development experi-
ence. First, the PDSA cycles were integral in creating a
cohesive simulation. They allowed for early feedback
to simulation planners and troubleshooting of logistical
problems without detrimental impact on the intended
learners. Involving all stakeholders when developing ob-
jectives and scenarios allowed the planners to create

Table 5. Change in Pharmacy Students’ Responses on the Knowledge, Skills, and Attitudes Survey After Participating in an
Interprofessional Simulation Exercise (N 5110)a

Survey Question P , 0.01

Making errors in health care delivery is inevitable. 0.27
Competent health care professionals do not make medical errors that lead to patient harm. , 0.001
Health care professionals should routinely spend part of their professional time working to improve patient care. 0.03
Only physicians can determine the causes of a medical error. 0.28
The culture of health care makes it easy for health care providers to deal constructively with errors. 0.17
Learning how to improve quality of care, patient safety and teamwork is an appropriate use of time

in clinical training.
0.74

Interdisciplinary teamwork has little effect on the quality of care for patients. 0.12
Health care professionals routinely share information about medical errors and what caused them. 0.24
Faculty and staff members communicate to me that patient safety is a high priority. 0.51
Involvement of multiple health care disciplines for quality and safety training enhances understanding of

different professional perspectives.
0.33

Health care professionals routinely report medical errors. 0.77
Submitting error reports does little to reduce future errors. 0.17
Inter-professional learning is an effective strategy for teamwork skill development. , 0.001
If there is no harm to a patient, there is no need to address an error. 0.02
If I saw a medical error, I would keep it to myself. 0.26
To consistently achieve good health care outcomes, systems of care must be well coordinated. 0.93
Effective health care leaders challenge the status quo and offer suggestions for improving systems of care. 0.94
After an error occurs, an effective strategy is to work harder to be more careful. , 0.01
There is a gap between what we know as ‘best care’ and what is provided on a day-to-day basis. 0.04
Training with students from other disciplines dilutes the quality of training in one’s own field. , 0.0001
Errors that reach the patient should be reported, even if the patient is not harmed. 0.01
I would report an error that was caught and corrected before affecting the patient. 0.02
When an error occurs, involved staff should be reprimanded. , 0.0001
When something doesn’t seem right about the patient’s care, I ask questions of any experienced member

of the team, regardless of their authority.
0.09

I feel confident working with a team, mapping out the flow of care processes. , 0.01
I feel confident reporting patient safety concerns into a reporting system. 0.91
I feel confident analyzing a case to find the causes of an error. , 0.001
I feel confident supporting and advising a peer who must decide how to respond to an error. 0.07
I feel confident disclosing an error to the patient’s physician. , 0.01
I feel confident disclosing an error to an instructor. 0.07
a Student responses based on a 5-point scale ranging from 15 strongly disagree to 55 strongly agree. Matched pre/post responses were analyzed
using Bhapkar’s test for marginal homogeneity. P value of,0.01 was considered significant. All significant changes were in the desired direction.
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a more well-rounded experience for students of multiple
professions and helped add details that made the simula-
tion more true to life.

These lessons reinforce the need for extensive and
early involvement of simulation center personnel and for
interprofessional collaboration. Additionally, having ade-
quate numbers of observers requires a concerted recruit-
ment effort. Finally, coordinating the diverse schedules
of students from multiple professional schools requires
extensive planning, as well as flexibility by educators
and professional school administrators.

SUMMARY
Simulation-based interprofessional education is an

innovative method of teaching novice students commu-
nication and teamwork skills while reinforcing patient
safety concepts. With varying curricula within the health
professions programs, a design such as the one described
here that incorporates interprofessional education into
existing courses may be a way to circumvent concerns
from programs about adding an additional course into
their curriculum. This course provided pharmacy stu-
dents the opportunity to collaborate with other health-
care professionals and sensitized them to patient safety
issues that they may not have encountered in their class-
room or experiential coursework. For other pharmacy
schools considering the addition of interprofessional ed-
ucation to their curriculum, it may be possible to incor-
porate a short simulation exercise such as this prior to
students beginning their advanced pharmacy practice
experiences.
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