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Objective. To determine whether a high-fidelity simulation technique compared with lecture would
produce greater improvement in advanced cardiac life support (ACLS) knowledge, confidence, and
overall satisfaction with the training method.
Design. This sequential, parallel-group, crossover trial randomized students into 2 groups distin-
guished by the sequence of teaching technique delivered for ACLS instruction (ie, classroom lecture
vs high-fidelity simulation exercise).
Assessment. Test scores on a written examination administered at baseline and after each teaching
technique improved significantly from baseline in all groups but were highest when lecture was
followed by simulation. Simulation was associated with a greater degree of overall student satisfaction
compared with lecture. Participation in a simulation exercise did not improve pharmacy students’
knowledge of ACLS more than attending a lecture, but it was associated with improved student
confidence in skills and satisfaction with learning and application.
Conclusions. College curricula should incorporate simulation to complement but not replace lecture
for ACLS education.
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INTRODUCTION
As higher education has evolved, emphasis has

been placed on replacing passive with active learning.
Classroom-based techniques designed to increase student
engagement abound within the published literature across
all spectrums of education, including curricula for health-
care professionals.1,2 The use of simulation to train pro-
fessionals has been widely used for decades in areas such
as aviation, the military, law enforcement, and other emer-
gency responders.3 Simulation has been increasingly used
in the training of healthcare providers and has gained
worldwide acceptance for the training of advanced cardiac
life support (ACLS).4 The American Heart Association
(AHA) has used simulation to train responders to cardio-
vascular emergencies for over 50 years. With the advance-
ment of technology, high-fidelity simulators have also been
incorporated into the training of today’s healthcare grad-
uates. High-fidelity simulation, the most technically ad-
vanced form of simulation currently available,5 uses
mannequins with programmable physiologic responses

to specific clinical scenarios, disease states, interventions,
and medications.6 There are multiple publications de-
scribing the use of high-fidelity simulation to train physi-
cians in ACLS, and the research in this area has explored
knowledge and skills gained, satisfaction, retention of
knowledge, and adherence to ACLS protocols in prac-
tice.7-9 The results of these trials have been highly favor-
able, as they relate to learner satisfaction, yet are variable
with respect to establishing significant improvements in
knowledge and skills both gained and retained.Documen-
tation of use of such simulation to train ACLS to doctor of
pharmacy (PharmD) students within classroom-based cur-
ricula is limited.10 The Accreditation Council for Phar-
macy Education recommends the integration of ACLS
within the PharmD curriculum and encourages the use of
patient-care simulation when available and appropriate.11

Pharmacists are increasingly participating in cardiac arrest
teams in the acute care setting, and clinical outcomes are
strongly correlated with their involvement.12 Thus, it is
imperative for colleges and schools of pharmacy to pro-
vide these skills and properly prepare their students for
these scenarios.

We evaluated the benefit of high-fidelity simula-
tion to teach ACLS knowledge and skills in addition to
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self-assessed participant confidence by comparing
classroom-based lecture to a simulation exercise in a par-
allel group, sequential crossover study involving PharmD
students. The primary objective of this study was to de-
termine the individual and sequenced teaching technique
that was associated with the greatest improvement from
baseline in ACLS knowledge. Additionally, the highest
degree of self-reported confidence with knowledge and
skills and overall satisfactionwith the instruction of ACLS
material in pharmacy students was assessed.

DESIGN
This prospective, randomized, parallel group, sequen-

tial, crossover trial included students enrolled in the Pro-
fessional Skills Development course during their second
year of an accelerated (3-year) PharmD program. This
course is required within the pharmacy curriculum that
emphasizes application-based skills in a variety of patient
care settings. TheACLSworkshop is a standard element of
this course. Participation in this study was voluntary, and
informed consent was obtained prior to workshop initia-
tion. Students were excluded from the study if they did not
supply informed consent or did not complete the entire
workshop and required assessments. There was no pre-
work required for this workshop. University Institutional
Review Board approval was granted for this research
study.

Students were randomized into 2 groups, which dif-
fered in the sequence of teaching technique first delivered
for ACLS instruction (ie, either a classroom-based lecture
or a hands-on high-fidelity simulation exercise). Upon
completion of the first learning exercise (lecture or simu-
lation), students progressed to the other method of instruc-
tion accordingly. The classroom experience consisted of
a 50-minute lecture on ACLS pharmacotherapy with in-
corporation of a patient-case activity using Microsoft
PowerPoint. This lecture was created collectively by 3
faculty members, 1 of whom delivered the lecture. While
there were active-learning principles incorporated into
the lecture, it was primarily passive in nature.

The simulation experience included a 30-minute ex-
ercise using a high-fidelity patient simulator (METIman,
CAE Healthcare, Sarasota, FL). Within the simulation
experience, there were 5 primary stations: code-team
leader, medication preparation, medication administra-
tion, airway management, and circulation (ie, chest com-
pressions). Scenarios were designed to expose students to
treatment algorithms for all 4 pulseless rhythms. Students
were grouped into teams of 10 to 12 and rotated through at
least 3 of the stations throughout the exercise. Two sim-
ulation roomswere operated simultaneously. Two faculty
members, each of whom led 1 simulation exercise, worked

together to develop the content and structure for both the
simulation cases and the classroom lecture. These faculty
members also provided oversight and critique through
mini-debriefings held throughout the exercise. These
debriefings highlighted major teaching points and were
designed to build upon ACLS knowledge and skills
throughout the simulation. Discussion points included
emphasis on quality cardiopulmonary resuscitation (CPR),
value of defibrillation, role and timing of medications, role
of vasopressor therapy and antiarrhythmics, physiologic
response to therapy and preparation, and administration
of medications. Students were allowed to reflect on their
individual performance for each part of the exercise and to
identify opportunities for improvement. Each experience
was provided in sequence on a single morning for the
scheduled workshop. The allotted time for the entire
workshop was 5 hours.

EVALUATION AND ASSESSMENT
To evaluate the effectiveness of each approach, a

written examination was created to assess various aspects
of drug therapy for ACLS. The examination consisted of
13 knowledge-based questions (100 point total), which
were designed to assess application of ACLS algorithms
using several patient case scenarios, as well asmedication
pharmacology and administration. The format for the
questions was a combination of multiple-choice and fill-
in-the-blank. The survey instrument also contained 2
Likert-scale questions related to confidence regarding
ACLS knowledge and skills, along with 1 question per-
taining to overall satisfaction with the learning experi-
ence. Questions related to confidence in knowledge and
skills were asked at the end of each individual experience,
whereas overall satisfaction was queried at the end of the
workshop. Data for these questions were pooled to report
responses for the entire cohort stratified by teaching
method (lecture vs simulation), regardless of the experi-
ence sequence. Finally, studentswere given an opportunity
to provide open-ended comments on the survey instrument
at the end of the workshop. To validate the examination, 3
faculty members from the Department of Pharmacy Prac-
tice and 3 pharmacy students in their final year of the
program were asked to take the examination and provide
feedback on the type, clarity, and quality of questions
included. After the necessary revisions were made, an
updated version of the examination was pilot tested dur-
ing a practice run for the simulation exercise with a group
of 10 pharmacy students whowere also in the final year of
the program. The final version of the examination was
administered to all students, irrespective of randomization
grouping, prior to the delivery of any instructional session
and after each learning experience (ie, classroom lecture
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and simulation exercise). The questions included in the
examination were similar for each phase (baseline, post-
lecture, and postsimulation exercise); however, the se-
quence of questions within each examination differed.
All examinations were administered immediately follow-
ing the respective learning experiences. Studentswere not
informed of their examination scores at any point during
the workshop.

Examination scores were recorded for each of the
assessment points (ie, baseline and after both learning
experiences) and compared between the 2 groups (ie, lec-
ture followedby simulation exercise vs simulation exercise
followed by lecture). To determine the teaching technique
that was most successful, baseline examination scores
were compared to those achieved after the initial learning
experience (ie, lecture vs simulation exercise) and after
the final learning experience (ie, lecture followed by sim-
ulation vs simulation followed by lecture). This compar-
ison allowed for the creation of 4 endpoints, whereby
changes from baseline could be compared: (1) at the end
of lecture, (2) at the end of the simulation exercise, (3)
following the sequence of lecture and simulation, and (4)
following the sequence of simulation and lecture.

Continuous data were presented as either means and
standard deviations or median and range as appropriate.
Dichotomous data were presented as numbers and per-
centages. Pair-wise comparisons were performed using
either a Student t test (if normally distributed) or Mann-
Whitney U (if distribution was skewed). Dichotomous
data were evaluated using Pearson’s chi-square tests or
the Fisher exact test, as appropriate. A repeated-measures
ANOVAwas used to compare test scores between groups
over time. Post-hoc tests for multiple comparisons were

performed using the Scheffé test. A p value of,0.05 de-
termined significance. SPSS, version 18 (SPSS, Chicago,
IL) was used for all statistical analyses. A sample size
calculation revealed that 64 students would be required
in each group (ie, lecture first vs simulation first) to sig-
nificantly detect an absolute difference of 10 percentage
points in test scores using a baseline of 60 6 20% with
80% power, alpha50.05.

One hundred forty-nine students participated in the
workshop, which consisted of both the ACLS lecture and
the simulation experience. Fourteen either did not com-
plete all 3 assessments or did not provide informed con-
sent, leaving 135 evaluable students (Figure 1). Therewas
no difference between the 2 groups in underlying cardiac
arrest-related experience (Table 1).

Test scores improved significantly from baseline in
both groups, and between-subject differences were not
noted (p50.114) (Figure 2). When teaching method was
assessed across the 4 endpoints (ie, lecture only, simula-
tion exercise only, lecture followed by a simulation exer-
cise, and simulation exercise followed by lecture), the
average change from baselinewas 43 absolute percentage
points for lecture followed by simulation, 41.4 for simu-
lation followedby lecture, 38.1 for lecture only, and 32 for
simulation only (p50.003). Post-hoc tests revealed this
difference to be primarily between the simulation only and:
(1) lecture followed by simulation (p50.009) and (2) sim-
ulation followed by lecture (p50.030).

Therewas no difference in the percentage of students
who strongly agreed that they were confident with their
drug knowledge after the simulation exercise compared
with the lecture (68% vs 67%, p50.795). A greater num-
ber of students strongly agreed that theywere confident in

Figure 1. Enrollment of Doctor of Pharmacy Students in a Workshop in Which Participants Received 2 Different Sequences of
Advanced Life Support Training
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their ACLS skills following the simulation exercise com-
pared with the lecture (69% vs 53%, p50.009). More
students strongly agreed that they were satisfied with
the simulation experience compared with the lecture
(79% vs 67%, p50.028). The method of teaching the
students preferred was a lecture followed by a simulation
exercise (84%), a simulation exercise followed by a lec-
ture (13%), and a simulation exercise only (3%). No stu-
dents chose lecture only.

DISCUSSION
To our knowledge, there are no prior studies directly

comparing classroom-based lecturewith high-fidelity simu-
lation to assess knowledge and skills gained regarding

ACLS training in PharmD curricula. In our crossover
study comparing these teaching techniques, we found that
both simulation and lecture are successful educational
methods to teach ACLS content to PharmD students. Test
scores improved significantly from baseline in all groups
but were highest when lecture was followed by simulation;
the lowest degree of improvement occurred following the
simulation exercise alone. Students felt their confidence
level with drug knowledge following both techniques was
similar, but a greater number of students feltmore confident
with their ACLS skills following the simulation exercise
compared with the lecture. Finally, the overall degree
of satisfaction was significantly higher with simulation
compared with lecture in both crossover groups.

Figure 2. Test Scores at Baseline and After Each Learning Experience (ie, a Classroom-Based Lecture or High-Fidelity Simulation
Exercise. Maximum score5 100%. Within-study group differences, p,0.001 vs baseline. Between subject differences, p50.114.)

Table 1. Demographics of Doctor of Pharmacy Students Receiving 2 Different Sequences of ACLS Training

Student Characteristic
Lecture

Then Simulation (N=66) No. (%)
Simulation

Then Lecture (N=69), No. (%) P

AHA Certification in BLS 64 (97.0) 62 (90.0) 0.17
AHA Certification in ACLS 3 (4.5) 2 (2.9) 0.68
Participated in a live code 2 (3.0) 5 (7.2) 0.44

AHA5American Heart Association; BLS5basic life support; ACLS5advanced cardiac life support
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Medical simulation is proposed to enhance learning
and retention by allowing participants to transform the
learning environment from a passive and structured ap-
proach to a hands-on experience inwhich participants learn
through application, critical thinking, and self-reflection,
while avoiding patient risk.10,13 There is a growing body
of evidence based on anticipated improvements in team
interaction, management skills, patient safety, and out-
comes to support simulator training in the education of
healthcare professionals across multiple disciplines and
phases of education, including pharmacy, medicine, and
nursing.7,14,15 Further, simulation may allow for the de-
velopment of elusive educational competencies, such as
clinical insight, self-reflection, and confidence.13,16 Fi-
nally, high-fidelity simulation allows for scenario-based
training that is both dynamic and flexible to the needs of
the learner.

In our workshop, students were exposed to both a
classroom lecture and a high-fidelity simulation ex-
perience over the course of a 5-hour timeframe. The
50-minute lecture was provided by means of a traditional
PowerPoint presentation with incorporation of a patient
case activity. The 30-minute simulation exercise was de-
veloped to focus on the fundamentals of ACLS and to
provide exposure to the dynamic (often stressful) envi-
ronment, cardiac arrest team member roles, and human-
istic aspects of the realities of such an event as it occurs
in a hospital setting. A mini-debriefing session was held
between each code response, at which time performance
was critiqued and important points were emphasized.
These debriefing sessions were crucial to allow for re-
flection of past performance and to identify opportunities
for improvement that could later be implementedwith the
next code scenario.

In an extensive search of the literature, only 1 study
was identified that researched the use of high-fidelity
mannequins to teach ACLS therapeutics to pharmacy stu-
dents. In 2010, Mieure and colleagues published their
study that used lecture, a case-based calculation activity,
and high-fidelity simulation to teach ACLS to pharmacy
students. To assess retention of ACLS knowledge and
perception of high-fidelity simulation as a learning tool,
a survey was conducted an extended period after the ex-
ercise.10 The median score for the 4 knowledge-based
questions was 25%. Despite poor retention of ACLS
knowledge gained from the entire workshop, the over-
whelming majority (.90%) of students agreed that high-
fidelity simulation enhanced their learning and that they
would participate in other high-fidelity simulation activi-
ties in the future if given the opportunity. Similar findings
were noted in our study; however, we did detect a benefit in
knowledge gained. This difference could be attributable to

when our final assessment took place and to the method of
testing used in our study.

Others have examined the utility and benefit of
ACLS training using high-fidelity simulation with medi-
cal students and residents.8,17 In 1 study, the retention of
ACLS knowledge using high-fidelity simulation was
compared with that using traditional training methods
(standard AHA ACLS course) with medical students.17

The students who received high-fidelity simulation train-
ing were more satisfied with the learning experience and
scored significantly better immediately after completing
training but did not maintain this improvement at 1 year.
A second crossover study randomized second-year inter-
nal medicine residents to either high-fidelity simulation
training or a wait-list control group (eg, clinical experi-
ence) and assessed skills 3 months after exposure to the
exercise.8 In this trial, baseline performance improved
significantly with high-fidelity simulation training com-
paredwith clinical experience alone, showing good reten-
tion of knowledge and skills following the crossover
phase of the study.

The majority of the students in our study reported
having previous basic life-support training; however, less
than 10% had previous ACLS training or cardiac arrest
experience, indicating that the material covered was in
large part completely new to these students. The mean
score of44%on theknowledge-based examination forboth
groups confirmed that thematerial coveredwas unfamiliar
to the participants. As a result of this crossover study de-
sign, we were able to directly compare knowledge gained
from high-fidelity simulation as a single teaching tech-
nique. In this subset of students, knowledge-based scores
improved significantly from a mean baseline of 44% to a
mean of 76% after simulation alone, demonstrating the
usefulness of simulation to teach core content.

Although each teaching method was associated with
a significant improvement from baseline, we did not ex-
pect that the raw scores following the simulation-only
experience would be the lowest. We have identified sev-
eral potential explanations for this finding. First, this was
the first time the college had used high-fidelity simulation
within the curriculum; as such, students had never before
been exposed to the technology used for the exercise.
Second, given that the students were unfamiliar with the
subject content, it may not have been ideal that their first
exposure to ACLS occurred in a demanding hands-on
experience. The dynamic environment of the simulation
experience and the requirement to participate while as-
similating the information may have led to participant
anxiety with increased focus on a particular task rather
than the global experience, leading tomissed information.
Third, the allotted time for the lectureperiodwas50minutes,
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whereas the simulation session was only 30 minutes. Ad-
ditional time spent in the simulation laboratory might have
improved scores. Regardless, students expressed an in-
creased engagement and connection with the material as
a result of the simulation experience.

While the traditional role of a pharmacist-provider
on a cardiac-arrest response team may be limited to
medication preparation, documentation, and drug infor-
mation, there are numerous benefits of having exposure
to all roles within the cardiac arrest team. The simula-
tion exercise afforded students the opportunity to expe-
rience at least 3 roles during the exercise. Exploration of
professional overlap of knowledge and abilities, insight
on the complexities and stresses of other roles, and an-
ticipation of the needs of other team members would
undeniably maximize the value of a pharmacist team
member.

There are several identified limitations to this study.
First, the achievement of a passing grade on the knowledge-
based examination does not necessarily confer skills
and abilities that can be translated directly into improved
patient care.While there is research to support such trans-
lations into clinical practice, this study was not designed
to assess performance and skills in actual cardiac-arrest
situations nor was it capable of doing so. Second, because
of time and course restraints, this crossover study took
place within a consecutive 5-hour block of time with no
washout period between teaching technique and assess-
ment of ACLS knowledge. Although we rearranged the
order of the questions to decrease familiarity with the
survey items in an effort to decrease score improvements
by virtue of test-retest principles alone, there is still a pos-
sibility that students may have memorized wording of
questions or discussed answers with their classmates be-
tween examinations. Finally, we did not assess retention
of the knowledge gained at some point after the comple-
tion of the entire workshop.Whilewe have presented data
from other studies in which enhanced retentionwith high-
fidelity simulationwas found, our endeavors did not dem-
onstrate the same. Ultimately, as a result of the overall
success of this workshop, the college intends to continue
using high-fidelity simulation as a complement to lecture
in ACLS training of students.

SUMMARY
This study was unique by virtue of its crossover de-

sign that captured baseline knowledge and improvement
frombaseline, usingboth individual and sequenced teaching
techniques to provide ACLS training to PharmD students.
The incorporation of high-fidelity simulation alongside
traditional lecture was beneficial in enhancing ACLS drug
knowledge, skills, and confidence. Further, high-fidelity

simulation elicited not only positive but enthusiastic
responses from students. Lecture followed by simula-
tion was the sequenced teaching technique associated
with the greatest improvement from baseline and was
most preferred by all students when asked how they
would like to receive this training, if given a choice.
We found that while simulation did not improve ACLS
knowledge more than lecture, it had the advantages of
improving students’ confidence with ACLS skills as
well as their satisfaction. Colleges and schools of phar-
macy should strongly consider incorporating high-fidelity
simulation to complement but not replace lecture for
ACLS education.
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