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Background. Rehabilitation of patients in critical care environments improves
functional outcomes. This finding has led to increased implementation of intensive
care unit (ICU) rehabilitation programs, including early mobility, and an associated
increased demand for physical therapists practicing in ICUs. Unfortunately, many
physical therapists report being inadequately prepared to work in this high-risk
environment. Simulation provides focused, deliberate practice in safe, controlled
learning environments and may be a method to initiate academic preparation of
physical therapists for ICU practice.

Objective. The purpose of this study was to examine the effect of participation in
simulation-based management of a patient with critical illness in an ICU setting on
levels of confidence and satisfaction in physical therapist students.

Design. A one-group, pretest-posttest, quasi-experimental design was used.

Methods. Physical therapist students (N�43) participated in a critical care sim-
ulation experience requiring technical (assessing bed mobility and pulmonary status),
behavioral (patient and interprofessional communication), and cognitive (recogniz-
ing a patient status change and initiating appropriate responses) skill performance.
Student confidence and satisfaction were surveyed before and after the simulation
experience.

Results. Students’ confidence in their technical, behavioral, and cognitive skill
performance increased from “somewhat confident” to “confident” following the
critical care simulation experience. Student satisfaction was highly positive, with
strong agreement the simulation experience was valuable, reinforced course content,
and was a useful educational tool.

Limitations. Limitations of the study were the small sample from one university
and a control group was not included.

Conclusions. Incorporating a simulated, interprofessional critical care experi-
ence into a required clinical course improved physical therapist student confidence
in technical, behavioral, and cognitive performance measures and was associated
with high student satisfaction. Using simulation, students were introduced to the
critical care environment, which may increase interest in working in this practice
area.
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Rehabilitation of patients in the
critical care environment is
safe and feasible,1,2 reduces the

duration of mechanical ventilation,3

decreases the number of intensive
care unit (ICU) days,4 shortens hos-
pital length of stay,5 and is associated
with improvements in functional
outcomes.6 Despite growing evi-
dence of the importance of physical
therapy interventions in ICUs, provi-
sion of these services varies consid-
erably,7 and patients often remain
immobile during their ICU admis-
sion.8,9 As health systems are
accountable for patient outcomes,
the recent evidence for improved
functional outcomes for patients
with critical illness who received
physical therapy interventions early
during their ICU stay10,11 has led to
an increase in the number of hospi-
tals undertaking quality improve-
ment initiatives, resulting in imple-
mentation of ICU rehabilitation
programs, including early
mobility.3,12,13

As most ICU rehabilitation teams
include a physical therapist,3,5,6,12 an
increase in staff often is warranted to
provide the increased number of
physical therapist visits5,12 associ-
ated with ICU rehabilitation. Thus, as
more hospitals provide rehabilitation
services for patients who are criti-
cally ill, there will be an increased
demand for physical therapists prac-
ticing in the acute care setting. Meet-
ing this demand for acute care phys-
ical therapists may be challenging
considering the national vacancy
rate for physical therapists in acute
care hospitals in 2010 was 10%.14

Furthermore, many physical thera-
pists anecdotally report being
uncomfortable and inadequately pre-
pared for work in this high-risk
environment. Although a practice
analysis describing the distinct
knowledge, skills, and behaviors spe-
cific for acute care physical thera-
pists has been published,15 currently
there is no standardized system to

prepare physical therapists for ICU
practice.

Simulation is now a standard compo-
nent of training in many health care
professions,16–18 much as it is in
other high-risk fields such as avia-
tion19 and the military.20 Simulation
is described by its level of fidelity and
technology. In health care simula-
tion, fidelity refers to how closely
the simulator reproduces the charac-
teristics of the patient and environ-
ment. A unique learning tool, high-
fidelity simulation offers focused,
deliberate practice in safe, con-
trolled learning environments and
uses a high-fidelity patient simulator.
These simulators are sophisticated,
computerized, whole-body manne-
quins that provide authentic, clini-
cally relevant opportunities for expe-
riential learning. The simulation
process, in conjunction with the
patient simulator, encourages stu-
dents to be active and fully partici-
pative learners. Benefits of engaging
in high-fidelity simulation experi-
ences include improved knowledge
acquisition,21 improved technical22

and communication23 skills,
enhanced student satisfaction,24 and
improved clinical decision making.25

Thus, high-fidelity simulation may
provide physical therapists and phys-
ical therapist students with low-risk
opportunities to develop the skills,
behaviors, and clinical decision-
making expertise necessary for safe
and effective management of
patients who are critically ill.

Although it is important that stu-
dents participate in experiences
with real patients in the clinical set-
ting, the value of acquiring basic
competence prior to managing
patients in high-acuity settings can-
not be overstated. To date, high-
fidelity simulation use in physical
therapist programs to teach patient
management skills in the critical care
environment is limited.26,27 Given
the positive attributes of high-fidelity

simulation as an educational tool,
coupled with the high-risk nature of
the intensive care environment,
high-fidelity simulation may provide
an ideal opportunity to increase
physical therapist students’ confi-
dence and proficiency in providing
rehabilitation interventions to
patients who are critically ill.

Furthermore, over the past several
years, it has become increasingly
understood that patient safety and
optimal patient outcomes are deter-
mined by the quality of a health care
professional’s technical skills,22 as
well as his or her nontechnical
skills.23,28 These nontechnical skills
include both cognitive skills such as
decision making25,28 and behavioral
skills such as teamwork and commu-
nication.23,29 Using simulation,
opportunities are provided for learn-
ers to develop both technical and
nontechnical skills.

This study examined the effect of
participation in simulation-based
management of a patient with criti-
cal illness in an ICU setting on levels
of confidence and satisfaction in
physical therapist students. We
hypothesized that physical therapist
students would perceive greater lev-
els of confidence in their technical,
behavioral, and cognitive skills fol-
lowing a simulated ICU experience.
Furthermore, we hypothesized that

Available With
This Article at
ptjournal.apta.org

• Listen to a special Craikcast
on the Special Series on
Rehabilitation in Critical Care
with editors Patricia Ohtake, Dale
Strasser, and Dale Needham.

• Audio Podcast: “Rehabilitation of
Patients With Critical Illness”
symposium recorded at CSM
2013, San Diego, California.

Physical Therapist Student Confidence and Simulation-Based Management of Patients in Critical Care

February 2013 Volume 93 Number 2 Physical Therapy f 217

http://ptjournal.apta.org/content/93/2/suppl/DC1
http://ptjournal.apta.org/content/93/2/128/suppl/DC1


student satisfaction with this method
of learning would be high.

Method
Participants
A convenience sample of 44 first-
year students enrolled in the Doctor
of Physical Therapy Program at the
University at Buffalo was recruited
for the study. All students were
required to participate in this ICU
simulation scenario as part of their
course on the management of indi-
viduals with cardiopulmonary dys-
function; thus, convenience sam-
pling (a nonprobability sampling
technique where participants are
selected because of their convenient
accessibility and proximity to the
researcher30) was necessary. Prior to
the simulation experience, students
received instruction on the manage-
ment of individuals with critical ill-
ness and cardiac and pulmonary
impairments using lecture, seminar,
case study, and laboratory formats.
Informed consent to use survey
responses was received from 43 of
the 44 students. Post hoc power
analysis (G*Power 3, available at:
http://www.psycho.uni-duesseldorf.
de/abteilungen/aap/gpower3/)
revealed, for our data showing an
average effect size of 0.52 for presim-
ulation to postsimulation responses,
a sample size of 43 students achieved
a power of 0.99 for an alpha of .05.
Thus, the sample size was sufficient
for the investigation undertaken.

Study Design
This study used a one-group, pretest-
posttest, quasi-experimental design.
The simulation orientation and ICU
scenario deployment took place in
the Behling Simulation Center at the
University at Buffalo during spring
2011.

Simulation Scenario Objectives,
Development, and Deployment
Simulation scenario objectives.
The simulation experience was spe-
cifically designed as a low-stakes

experience (no evaluation of partic-
ipants) to allow participation free
from pressure associated with per-
formance evaluation. Objectives of
this simulation experience were for
students to: (1) become familiar with
a critical care environment; (2) effec-
tively communicate and work with
another health care professional;
(3) effectively communicate with a
conscious, alert, mechanically venti-
lated simulated patient; (4) identify
monitoring and critical care equip-
ment and interpret physiologic
measurements; (5) determine the
patient’s readiness for physical
therapy interventions based on the
patient’s orientation and physiologic
measurements; (6) engage in ongo-
ing patient assessment during the
treatment session; (7) demonstrate
safe patient mobilization from a
supine to a sitting position at the
edge of the bed, ensuring all tubes
and lines were appropriately man-
aged; and (8) recognize and respond
to patient status changes as
appropriate.

Following development of the sce-
nario objectives, specific perfor-
mance measures were identified and
categorized as technical (ie, perform-
ing a skill such as auscultation),
behavioral (ie, communication), and
cognitive (ie, decision-making activ-
ity such as recognizing a status
change and implementing an appro-
priate response) (Tab. 1). The ratio-
nale for the categorization of the per-
formance measures is that optimal
patient care requires the health care
professional to be proficient in both
technical and nontechnical skills.31

The importance of technical skills
for favorable patient outcomes is
well recognized, and the use of sim-
ulation for the mastery of technical
skill performance is well accepted.32

More recently, the importance of a
health care professional’s nontechni-
cal skills has been acknowledged as
essential for the best possible patient
management and outcomes.33 These

nontechnical skills include cognitive
skills, such as clinical decision mak-
ing,33,34 and behavioral skills that
include teamwork and communica-
tion.33,34 The current view is that
these nontechnical skills are essen-
tial for safety.35 Simulation is being
used increasingly as an educational
method for the development of
nontechnical skills.36 The skills
performed in this scenario were cat-
egorized as technical, behavioral, or
cognitive skills to allow for the exam-
ination of differences in participant
confidence across these domains.

Simulation scenario develop-
ment. The patient case was devel-
oped based on scenario objectives
and performance measures. The sim-
ulated patient was a 68-year-old
man admitted 1 day previously via
the emergency department com-
plaining of chest pain. The patient
ruled in for a myocardial infarction.
His presentation was complicated by
a fractured right sixth rib sustained
when he fell in the garage during
the initial event. The fractured rib
caused a small laceration in the lung,
resulting in a right pneumothorax,
which was managed with a chest
tube to underwater seal. The patient
was transferred to the ICU due to his
deteriorating cardiac and respiratory
status. At the time of the scenario,
the patient was alert, cooperative,
mechanically ventilated (oxygen sat-
uration was 95% on 40% oxygen),
and hemodynamically stable. His
medications included dopamine,
insulin, albuterol, metoprolol, atorva-
statin, Dilaudid (Abbott Laboratories,
Pharmaceutical Products Division,
North Chicago, Illinois), and acet-
aminophen; however, he recently
was weaned from the dopamine.
The patient’s past medical history
included chronic obstructive lung
disease, type II diabetes mellitus,
hypercholesterolemia, and hyperten-
sion, and he was a current smoker
(60 pack-year history). His past sur-
gical history included a laproscopic
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cholecystectomy in 2007. The
patient was retired and lived alone in
a one-level apartment with elevator
access. His only relative was a niece
who lived out of town.

The simulated patient presented as
conscious, alert, and mechanically
ventilated with an endotracheal tube
and was instrumented with a right
chest tube, left forearm intravenous
line, right radial arterial line, oxygen
saturation monitor on the right
index finger, electrocardiographic
(ECG) leads, and a Foley catheter. A
bedside monitor provided routine
vital signs (blood pressure, heart
rate, oxygen saturation, and ECG
tracing).

Simulation experience deploy-
ment. Eight weeks prior to the
simulation experience, students
attended a 30-minute orientation ses-
sion. Simulation center staff familiar-
ized the students with the philoso-

phy and operating procedures of the
simulation center and oriented them
to the high-fidelity, full-body manne-
quin simulator (Hal model S3101,
Gaumard Scientific, Miami, Florida;
Figure), which features dynamic
physiology (ie, blinking eyes, palpa-
ble pulses, and auscultatory heart
and lung sounds) and fully articu-
lated limbs. The embedded software

allows wireless, second-by-second
remote control of its physiologic
functions (heart rate, respiratory
rate, oxygen saturation, and blood
pressure) from a separate control
room, permitting real-time dynamic
responses of the simulator to the
learners’ actions and interventions.
Ample time was available for stu-
dents to practice auscultation and

Table 1.
Scenario Performance Measures

Performance Measure Description

Technical

Assessing bed mobility Perform assessment skills to determine the patient’s ability to
move self in bed and assist patient to a long-sitting position

Assessing pulmonary status Perform auscultation of the patient in a long-sitting position

Behavioral

Interacting with a conscious, alert, mechanically
ventilated simulated patient

Demonstrate ongoing communication with the patient,
describing interventions and watching for nonverbal
responses from the patient

Communicating with other health care
professionals

Engage in dialogue with the ICUa nurse who was in the room
to determine patient availability for physical therapy
intervention, to receive a patient report, and to assist as
needed in the intervention

Cognitive

Identifying monitoring equipment used in the ICU Recognize specific tubes and line and understand the
implications for their use

Using ICU monitoring equipment to assess patient
status

Interpret information obtained from the monitor showing
heart rate, blood pressure, respiratory rate, and oxygen
saturation to determine whether the patient is appropriate
for physical therapy intervention

Recognizing and implementing appropriate
procedures in the event of a status change

Use the monitored parameters to recognize a patient status
change (postural hypotension and tachycardia), determine
the patient’s status, and decide whether to return the
patient to a recumbent position

a ICU�intensive care unit.

Figure.
Representative photograph of students engaged in an interprofessional critical care
simulation experience with a high-fidelity mannequin.
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pulse taking and to generally
become familiar with the features,
responses, and mobilization capabil-
ities of the simulator mannequin.

Two weeks prior to deployment, the
simulation scenario was pilot tested
to ensure scenario fidelity and to
allow the nurse and simulation tech-
nician to become familiar with the
scenario progression. On the day of
the simulation experience, students
arrived in groups of 2 (n�1) or 3
(n�14) and met with one of the facil-
itators for a presimulation briefing.
Students were reminded of the sim-
ulation center philosophy, especially
the importance of not discussing the
simulation experience with other
classmates, thereby allowing each
participant to have a novel experi-
ence. After completing the presimu-
lation survey (see Tab. 2 for the
survey content), students were
informed a consult for physical ther-
apy services was received for a
patient in the ICU. Students
reviewed the patient chart and then
entered the patient’s ICU room

where the “role-player” nurse was
adjusting the patient in bed. As listed
in Table 1, this scenario required stu-
dents to perform technical skills of
bed mobility and pulmonary exami-
nation; engage in communication
with a conscious, alert, ventilated
simulated patient and the “role-
player” nurse who was managing
the patient; use the information
gained from their examination, mon-
itored vital signs, and communica-
tion with the nurse to evaluate
patient status; recognize a change
in patient status using vital signs and
patient response; and implement
appropriate procedures in response
to the status change (orthostatic
hypotension). During the simulation
(Figure), which lasted approximately
15 minutes, 1 of the 2 facilitators, the
course coordinator, and the techni-
cian were in the control room
observing the students, managing
the moment-to-moment progression
of the scenario, and noting student
performance for use in debriefing.

The morning after the simulation
experience, students met in their
regularly scheduled classroom and
engaged in a 40-minute debriefing
session led by the 2 trained facilita-
tors who were involved with the
simulation deployment the day
before. The facilitators created a
relaxed, nonjudgmental environ-
ment. Students were asked to share
their overall thoughts and reflections
about the experience and to ask
questions. The facilitators encour-
aged students to relate aspects of
their performance they felt were
well done and areas in which their
performance could be improved
upon. The facilitators also provided
feedback by summarizing important
issues (both positive and negative)
observed during the simulations,
including high-quality practices and
performance that should be avoided.
The debriefing session was lively,
with most students participating and
openly sharing their perspectives.

Table 2.
Level of Confidence for Performing Technical, Behavioral, and Cognitive Performance Measures With a Simulated Patient Who Is
Conscious, Stable, and Mechanically Ventilateda

Performance Measure
Pretest
(N�43)

Posttest
(N�43) P

Pretest-Posttest
Change

Effect
Size

Technical

Assessing bed mobility 2 (2–3) 3 (2–3) .044 0 (0–1) 0.31

Assessing pulmonary status 2 (2–2) 2 (2–3) �.0001 1 (0–1) 0.44

Behavioral

Interacting with a conscious, alert,
mechanically ventilated simulated patient

3 (2–3) 3 (3–3) �.003 1 (0–1) 0.47

Communicating with other health care
professionals

2 (2–3) 3 (2–3) .011 0 (0–1) 0.39

Cognitive

Identifying monitoring equipment used in
the ICU setting

2 (1–2) 3 (2–3) �.0001 1 (0–1) 0.70

Using ICU monitoring equipment to assess
patient status

2 (1–2) 3 (2–3) �.0001 1 (0–1) 0.72

Recognizing and implementing appropriate
procedures in the event of a status
change

2 (1–2) 2 (2–3) �.0001 1 (0–1) 0.63

a Values correspond to the median (interquartile range) of participant responses, where 1�“not confident,” 2�“somewhat confident,” 3�“confident,” and
4�“very confident.” Effect sizes (r) are interpreted as 0.10�small, 0.30�moderate, 0.50�large, and 0.70�very large.57 ICU�intensive care unit.
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Outcome Measures
We developed the survey to evaluate
student confidence and satisfaction
with the simulation experience. The
confidence portion of the survey,
administered before the simulation
and following the debriefing, con-
sisted of 7 items reflecting the tech-
nical, behavioral, and cognitive per-
formance measures of the simulation
scenario. Scores ranged from 1 (“not
confident”) to 4 (“very confident”),
with higher scores indicating higher
levels of confidence (see Tab. 2 for
survey content). The satisfaction
components of the survey were
administered only postsimulation
and included 7 items related to the
simulation as a method of learning
clinical skills and 5 items related to
simulation as an educational tool.
These items were scored from 1
(“strongly disagree”) to 5 (“strongly
agree”), with higher scores indicat-
ing higher levels of satisfaction
(see Tabs. 3 and 4 for survey con-
tent). The qualitative portion of the
survey consisted of a section request-
ing students to provide additional
comments about the simulation
experience.

Although the reliability and validity
of these survey instruments were not
evaluated, the content of the confi-
dence section of the surveys was
designed to reflect the participant’s
self-confidence in skill performance.
The content of the satisfaction sec-
tion of the survey was consistent
with the Satisfaction With Simulation
Experience Scale,24 which has been
shown to be valid and reliable.

Statistical Methods
Responses to the confidence survey
items were assessed for normality
using a Shapiro-Wilk W test. Data
were not normally distributed; thus,
data are presented as the median and
interquartile range (IQR), and non-
parametric statistical tests were used
for the data analysis. To identify the
impact of the simulation experience

on participant confidence levels, the
data for each individual performance
measure were analyzed using the
Wilcoxon matched pairs test. We
also calculated the change in confi-
dence level for each performance
measure and report the change as
median (IQR).

To assess whether participation in
the simulation experience resulted
in more students feeling “confident”
or “very confident” with the perfor-
mance measures, responses to the
confidence survey items were cate-
gorized as “high confidence” (levels
“confident” and “very confident”)
and “low confidence” (levels “not
confident” and “somewhat confi-
dent”). The frequencies and percent-
ages of participant responses for
these 2 categories were calculated.
To determine whether the numbers
of students reporting “high confi-
dence” changed following the simu-
lation experience, the reported fre-
quencies for “high confidence” were
compared prestimulation and post-
simulation with the reported fre-
quencies of “low confidence” using
chi-square statistics. The effect size
(r) was calculated for each confi-
dence survey item.

Survey data measuring participant
satisfaction with the simulation
experience are reported as fre-
quency and percentage of responses
for each of the 5 levels of satisfaction
(“strongly disagree” to “strongly
agree”). All statistical analyses were
performed using Statistica 6.1 soft-
ware (StatSoft Inc, Tulsa, Okla-
homa). Significance was set at
P�.05.

Student comments were reviewed
independently by 3 of the investiga-
tors (P.J.O., M.L., and R.S.), and each
comment was assigned a theme.
Themes assigned to each comment
by the individual investigators then
were compared, and differences in
theme assignment were resolved by

the investigators through discussion
and majority consensus.

Results
All presimulation and postsimulation
surveys (N�43) were complete.
Thirty-nine of the 43 participants
(91%) provided additional comments
on the postsimulation survey.

Impact of Simulation Experience
on Participant Confidence
Prior to the simulation experience,
the majority of the participants indi-
cated they felt “somewhat confi-
dent” with the technical, behavioral,
and cognitive performance measures
(Tab. 2). Following the simulation
experience, participant confidence
improved in all of the performance
measures (Tab. 2). The effect sizes
for the improvements in confidence
ranged from moderate for the tech-
nical and behavioral performance
measures to large or very large for
the cognitive-behavioral measures.

When the confidence data were cat-
egorized as “low confidence” or
“high confidence,” 5% to 51% of the
participants reported “high confi-
dence” for the technical, behavioral,
and cognitive performance measures
before the simulation experience
(Tab. 5). Following the simulation
experience, this figure rose to 35%
to 86% of the participants reporting
“high confidence” (Tab. 5). The
improvement in technical skill con-
fidence was due to an increase in the
number of students who reported
“high confidence” in being able to
assess bed mobility (33% versus 53%,
prestimulation versus postsimula-
tion; �2�3.84, df�1, P�.05) and
pulmonary status (9% versus 49%,
prestimulation versus postsimula-
tion; �2�16.30, df�1, P�.0001).
With respect to behavioral skills,
more participants reported “high
confidence” in communication with
a conscious, alert, mechanically
ventilated simulated patient (51%
versus 86%, prestimulation versus
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Table 3.
Participant Satisfaction With the Simulation Experience as a Method of Learning Clinical Skills

This simulation experience
helped me:

Strongly
Disagree

1
n (%)

Disagree
2

n (%)

Neutral
3

n (%)

Agree
4

n (%)

Strongly
Agree

5
n (%)

Technical

Gain skill in safely mobilizing a conscious,
stable simulated patient who is
mechanically ventilated to allow for
auscultation in a long-sitting position

0 (0%) 0 (0%) 7 (16%) 23 (53%) 13 (30%)

Behavioral

Feel more familiar with a critical care
environment

0 (0%) 0 (0%) 2 (5%) 26 (61%) 15 (34%)

Begin to develop communication skills
with a conscious, stable simulated
patient who is mechanically ventilated

0 (0%) 0 (0%) 2 (5%) 28 (65%) 13 (30%)

Begin to develop communication skills
with an ICUa nurse

0 (0%) 2 (5%) 8 (19%) 24 (56%) 9 (21%)

Cognitive

Use ICU monitoring equipment to assess
patient status

0 (0%) 0 (0%) 3 (7%) 30 (70%) 10 (23%)

Use vital signs to recognize a change in
patient status

0 (0%) 0 (0%) 3 (7%) 25 (58%) 15 (35%)

Implement appropriate procedures in
response to a change in patient status

0 (0%) 0 (0%) 10 (23%) 25 (58%) 8 (19%)

a ICU�intensive care unit.

Table 4.
Participant Satisfaction With Simulation Experience as a Method of Education

Please state your level of agreement
with the following statements:

Strongly
Disagree

1
n (%)

Disagree
2

n (%)

Neutral
3

n (%)

Agree
4

n (%)

Strongly
Agree

5
n (%)

This simulation experience helped reinforce
course content learned in the classroom

0 (0%) 0 (0%) 1 (2%) 24 (56%) 18 (42%)

Simulation is a helpful tool for educating
physical therapist students

0 (0%) 0 (0%) 1 (2%) 9 (21%) 33 (77%)

I would prefer more courses with a simulation
component

0 (0%) 0 (0%) 1 (2%) 11 (26%) 31 (72%)

This simulation experience should be a
permanent component of this course

0 (0%) 0 (0%) 1 (2%) 14 (33%) 28 (65%)

The debriefing session allowed me to reflect
upon the intensive care unit simulation
experience and facilitated the integration of
classroom knowledge with the knowledge
gained through the simulation experience

0 (0%) 0 (0%) 1 (2%) 21 (49%) 21 (49%)
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postsimulation; �2�12.15, df�1,
P�.0005). However, despite an
increase in confidence in communi-
cating with the ICU nurse, the fre-
quency of students reporting “high
confidence” did not change (44%
versus 63%, prestimulation versus
postsimulation; �2�2.99, df�1,
P�.08). The largest improvement in
confidence was seen in the cognitive
performance measures. The number
of participants reporting “high con-
fidence” increased for identifying
monitoring equipment used in the
ICU (9% versus 56%, prestimulation
versus postsimulation; �2�21.18,
df�1, P�.0001), using ICU monitor-
ing equipment to assess patient sta-
tus (12% versus 56%, presimulation
versus postsimulation; �2�18.78,
df�1, P�.0001), and recognizing
and implementing appropriate pro-
cedures in the event of a status
change (5% versus 35%, prestimula-
tion versus postsimulation; �2�12.39,
df�1, P�.0004).

Student Satisfaction With the
Critical Care Simulation
Experience as a Method for
Learning
Overall, students felt positively
about the critical care simulation
experience. More than 75% agreed
or strongly agreed the simulation
experience met its objectives
(Tab. 3). Students felt the simulation
experience helped them equally in
the technical, behavioral, and cogni-
tive performance measures (Tab. 3).

Student Satisfaction With
Simulation as a Method of
Education
Students overwhelmingly agreed
(98% agreed or strongly agreed) the
simulation experience was valuable
(Tab. 4). They felt the simulation
experience reinforced course con-
tent learned in the classroom (98%)
and is a useful tool for educating
physical therapist students (98%),
and they would prefer more courses

with a simulation component (98%).
All but one student felt the simulated
critical care experience should be a
permanent component of the
course. Students valued the debrief-
ing session, with 98% agreeing it
allowed them to reflect upon the
experience and facilitated integra-
tion of the classroom knowledge
with the knowledge gained through
the simulation experience.

Student Comments About the
Simulation Experience
Although the majority of comments
from the students echoed and sup-
ported the statements evaluated in
the survey, several novel themes
emerged. Some students would have
liked more preparation on interact-
ing with a ventilated patient (n�3)
and the role of an ICU nurse (n�6)
prior to the simulation. Although stu-
dents participated in a laboratory ses-
sion where they learned about and
handled equipment used in the ICU

Table 5.
Frequency of Participants Reporting “Low Confidence” (“Not Confident” or “Somewhat Confident”) and “High Confidence”
(“Confident” or “Very Confident”) for Performing Technical, Behavioral, and Cognitive Skills With a Simulated Patient Who Is
Conscious, Stable, and Mechanically Ventilateda

Performance Measure

Presimulation Postsimulation

Prestimulation-
Poststimulation

Confidence
�2 (P)Low Confidence High Confidence Low Confidence High Confidence

Technical

Assessing bed mobility 29 (67%) 14 (33%) 20 (47%) 23 (53%) .05

Assessing pulmonary status 39 (91%) 4 (9%) 22 (51%) 21 (49%) .0001

Behavioral

Interacting with a conscious, alert,
mechanically ventilated simulated patient

21 (49%) 22 (51%) 6 (14%) 37 (86%) .0005

Communicating with other health care
professionals

24 (56%) 19 (44%) 16 (37%) 27 (63%) .0837

Cognitive

Identifying monitoring equipment used in
the ICU setting

39 (91%) 4 (9%) 19 (44%) 24 (56%) �.0001

Using ICU monitoring equipment to assess
patient status

38 (88%) 5 (12%) 19 (44%) 24 (56%) �.0001

Recognizing and implementing appropriate
procedures in the event of a status change

41 (95%) 2 (5%) 28 (65%) 15 (35%) .0004

a Values correspond to the frequency (percentage) of the 43 participant responses in the categories of “low confidence” (survey responses of “not
confident” or “somewhat confident”) and “high confidence” (survey responses of “confident” or “very confident”). P values for the chi-square analyses are
shown. ICU�intensive care unit.
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and in this simulation experience
(chest tubes, Foley catheter, intrave-
nous line, arterial line, oxygen satu-
ration monitor, and ECG leads),
hands-on experience with ventila-
tors and video monitors was not
included in that session, and experi-
ence with this equipment was
requested (n�2). Some students
reported anxiety prior to entering
the ICU room (n�4) even though
the low-stakes format was reported
to decrease students’ nervousness
(n�3). The simulation experience
took about 15 minutes, and some
students felt this was not long
enough (n�6). Three students
wanted to repeat the simulation
experience after the debriefing so
they could apply what they learned.
Several students indicated they
would have preferred the debriefing
session immediately following the
simulation (n�4) and that more
guidelines and precautions for man-
aging a patient in this setting be pro-
vided during the debriefing (n�2).

Discussion
This is the first study to demonstrate
that physical therapist student confi-
dence in technical, behavioral, and
cognitive performance measures
increased following participation in
a simulated critical care patient treat-
ment session. Initially, more than
half of the students expressed low
confidence levels in the technical,
behavioral, and cognitive perfor-
mance measures examined. Follow-
ing the simulation experience, con-
fidence in all of these performance
measures increased, with the largest
improvements being made in the
cognitive performance measures, as
shown by the large and very large
effect sizes for the confidence level
change. Students viewed high-
fidelity simulation as a positive learn-
ing experience and a desirable edu-
cational tool for the physical therapy
curriculum, agreeing it reinforced
course content and facilitated inte-

gration of classroom knowledge and
clinical performance.

The results of this investigation con-
tribute to the literature regarding the
use of high-fidelity simulation to pre-
pare physical therapist students for
acute and critical care practice. The
aim of physical therapy education is
to ensure students attain the skills,
knowledge, attitudes, and behaviors
to enable solid clinical decision mak-
ing, resulting in safe, effective prac-
tice in all settings. Currently, physi-
cal therapist student clinical
education occurs in both academic
and clinical environments. The
objective of the simulation experi-
ence in this study was to provide
physical therapist students with an
opportunity to manage a simulated
patient in a simulated critical care
setting, an experience otherwise
impossible to obtain in the academic
setting and inconsistently available
during acute care clinical affiliations.
Simulation may have an important
role in providing learning opportuni-
ties for managing patients in the crit-
ical care environment, especially
considering the relatively limited
opportunities for exposure to this
practice area during physical thera-
pist student clinical affiliations. A
recent study of nursing students
showed that the substitution of sim-
ulation experiences for time spent in
clinical settings did not negatively
affect performance on examinations
or students’ perceptions of their
competence.37 This finding suggests
that judicious substitution of
scenario-based simulation for tradi-
tional clinical experiences may be a
useful strategy when specific clinical
experiences are limited.

Although there are limitations to the
realism of high-fidelity simulators,
most students considered simulation
an authentic learning experience.
Simulation provides an environment
where mistakes can be made and
learned from without risk of patient

harm. Opportunities to integrate
content knowledge, clinical skills,
and critical thinking in a realistic
but nonthreatening environment
abound with simulation. Further-
more, simulation presents rich
opportunities for the development
of the important nontechnical skills
of communication and teamwork in
a real-life situation.38 In this scenario,
safe mobilization of the simulated
patient from a supine to a sitting
position required interactions with
the patient and attending nurse,
teamwork among the students, and
clinical decision making.

Our findings are consistent with
those of other investigations of high-
fidelity simulation use in health care
education. In the only other report
of high-fidelity simulation use with
physical therapist students, informal
feedback from the students (no
quantitative or qualitative measure-
ments were performed) suggested
that participation in an ICU case sce-
nario positively affected their confi-
dence prior to entering an acute care
clinical experience.26 Similar effects
have been found for pharmacy stu-
dents39 and nursing students.40 The
increase in confidence in this study
of 219 nursing students40 was similar
in magnitude to that seen in the pres-
ent study, and they demonstrated a
very large effect size for this
response (Cohen d�1.7) compared
with the moderate to very large
effect sizes observed in the present
study with a smaller sample. Thus,
exposure to managing a patient in
a critical care environment using
high-fidelity simulation appears to
increase practitioner confidence.

In this study, we examined confi-
dence levels in technical, behavioral,
and cognitive skills and found
increased confidence in all perfor-
mance measures following the simu-
lation experience, demonstrating a
possible role for high-fidelity simula-
tion to improve confidence in both
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technical and nontechnical perfor-
mance measures. Simulation has
been used for the acquisition of tech-
nical skills in health care professions
for many years41 as a low-risk means
to ensure patient safety. Although
technical performance is important,
the significance of nontechnical
skills as major determinants of
successful patient management,
especially in a crisis, is emerging.28

Nontechnical skills encompass
behavioral or interpersonal skills,
such as exchanging information and
assertiveness, as well as cognitive
skills, including clinical decision
making and situation awareness.28

Consistent with this observation,
behavioral, interpersonal, and cogni-
tive skills, rather than technical skills
and knowledge, are considered hall-
marks of a good clinician.29 How-
ever, behavioral and cognitive skills
are not necessarily acquired through
routine clinical experiences and
may need to be specifically taught,42

and simulation appears to be one
method to develop these nontechni-
cal skills.43

In studies where performance has
been evaluated, high-fidelity simula-
tion experiences have improved
clinical knowledge acquisition of
both participants and observers,44

and it recently has been proposed
that high-fidelity simulation may be
an effective substitute for traditional
clinical experience, as shown in a
study of undergraduate nursing stu-
dents comparing participation in
high-fidelity simulation scenarios
with traditional clinical experi-
ence.45 On the other hand, there is
substantial evidence that simulation-
based medical education comple-
ments, but does not duplicate, edu-
cation involving real patients in
genuine settings.46,47 Thus, appropri-
ate use of simulation is important.
Finally, it is not yet clear the extent
to which technical, behavioral, and
cognitive performance learned
through participation in simulation

experiences carries over into clinical
practice.47,48

Satisfaction is an important compo-
nent of engaged and meaningful
learning experiences and facilitates
active and purposeful participation
in simulation experiences.49 Student
enthusiasm and confidence with sim-
ulation as an instructional tool
enhances student understanding of
material through increased motiva-
tion and effort.47 Given the very high
level of satisfaction with the simula-
tion experience expressed by this
group of physical therapist students,
it is very likely this simulation expe-
rience provided an environment
conducive to learning.

Recently, the Satisfaction With Sim-
ulation Experience (SSE) Scale was
published along with its reliability
and validity.24 Although this instru-
ment was not available at the time of
the present study, many components
of the SSE Scale were captured in our
survey of student satisfaction. Specif-
ically, student satisfaction with the
debriefing session in the present
study was consistent with that
assessed with the SSE Scale in a
group of Australian nursing students.
In the area of cognitive skills, the
satisfaction level of students in the
present study was similar to values
reported for the SSE Scale subsection
of clinical reasoning.24 These find-
ings indicate that the high level of
student satisfaction with simulation
found in the present study is consis-
tent with findings in other health
care disciplines and in other
countries.

Debriefing, defined as facilitated or
guided reflection in the cycle of
experiential learning,50 serves a crit-
ical role in simulation-based educa-
tion.46 In this regard, feedback is the
single most important feature of
simulation-based medical education
toward the goal of effective learn-
ing.46 Debriefing facilitators serve to

help learners identify and close gaps
in knowledge and skills through
active reflection and discussion;
thus, active participation of learners
is essential for meaningful learning
during a debriefing session.51 In the
present study, students engaged in a
facilitated debriefing session the day
following the simulation. Typically,
debriefing occurs immediately fol-
lowing the simulation experience,52

allowing for immediate reflection,
which can enhance learning.
Although 98% of the students were
satisfied with the debriefing session,
the opportunity for learning may
have been diminished due to the
time delay. Indeed, several of the stu-
dents felt a debriefing session imme-
diately following their simulation
experience would have been more
meaningful.

Several students expressed interest
in repeating the simulation experi-
ence to practice their newly
acquired knowledge, consistent
with the recognized importance of
repetition for clinical skill acquisi-
tion and maintenance.53 Repeating a
simulation following debriefing was
associated with improvements in
behavioral and cognitive skills.43

Interestingly, the same study demon-
strated that performing the same
simulation experience 1 month later
did not result in further improve-
ments in nontechnical skill perfor-
mance, despite participants scoring
below the highest performance lev-
els on these measures.43 This finding
suggests repeating a simulation
experience again at a later date may
have minimal impact on nontechni-
cal skills.

One of the current questions in the
field of simulation is whether learner
outcomes obtained through simula-
tion experiences justify the substan-
tial cost. Conducting a simulation
experience requires mannequins
(the cost of the mannequin used in
this study is approximately $35,000);
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substantial audio, video, and com-
puter technology and technical sup-
port; experienced, highly trained
support personnel; and a dedicated
facility. Many simulation centers
have a cost associated with facility
use, and how this cost is managed
must be a factor when deciding
to implement simulation into a
curriculum.

Given the substantial financial and
human investment associated with
simulation, it is important to con-
sider the objectives of the learning
experience and critically evaluate
whether high-fidelity simulation is
the most appropriate educational
tool to meet those objectives. It is
conceivable lower-cost alternatives
may be just as effective as high-
fidelity simulation. A recent study
examining the impact of low-fidelity
simulators compared with high-
fidelity simulators for neonatal resus-
citation training showed that the
simulator made no difference in
technical and nontechnical skill per-
formance between the groups.54 A
recent study compared the impact
on clinical reasoning, knowledge
acquisition, and student satisfaction
using medium- and high-fidelity
human patient simulators for a
20-minute simulation experience fol-
lowed by a 20-minute debriefing
session.25 No differences were
observed in knowledge acquisition
or satisfaction. However, clinical rea-
soning scores were twice as high
for high-fidelity (mean�SD score�
42�16) mannequin use compared
with medium-fidelity (mean�SD
score�19�11) mannequin use.25 A
cost-utility analysis showed that
high-fidelity simulator use was 5
times that of medium-fidelity simula-
tor use ($291 compared with $46),
suggesting that depending on the
learning objectives and actual sce-
nario, acceptable outcomes may be
more economically achieved with
medium-fidelity simulators.25

One of the limitations of high-fidelity
mannequin use in physical therapist
education is the inability for realistic
motion simulation. Despite state-of-
the-art technology permitting
moment-to-moment physiologic
responses of the mannequin to inter-
ventions, mannequins are, in
essence, a dead weight. Therefore,
when the learning objectives require
the student to engage in mobility
assessment and intervention, stan-
dardized patient use may be more
relevant than using high-fidelity
simulators.

With the increased recognition of
the importance of rehabilitation of
patients in the ICU,10 there is a grow-
ing demand for physical therapists to
practice in the critical care environ-
ment.4,12,13 Critical care simulation
experiences may serve to increase
student interest in practicing in this
clinical environment. This phenom-
enon has been observed with medi-
cal students who expressed an
increased interest in vascular surgery
following participation in an endo-
vascular training course using simu-
lation.55 Similarly, participation in
moderated simulation sessions
improved attitudes toward cardio-
thoracic surgery as a career choice
and correlated with a greater interest
in selecting thoracic surgery as a
third-year clerkship rotation.56 Thus,
exposing physical therapist students
to this practice area in a low-stress,
safe manner through the use of sim-
ulation may result in an increased
interest in pursuing acute and criti-
cal care practice.

Although the findings of this study
contribute to the literature on the
use of high-fidelity simulation in
physical therapist education, limita-
tions are present. This study had a
small sample size, data were col-
lected from one class of physical
therapist students at one higher edu-
cation institution, and the data were
self-reported perceptions and atti-

tudes. Despite these limitations, the
majority of the effect sizes for confi-
dence were moderate to very large,
suggesting the increases in physical
therapist student confidence follow-
ing participation in this simulation
experience may be of practical
significance.

Additionally, because participation
in the simulation experience was a
required component of a clinical
course, no control group was used.
The lack of a control group poses
threats to the internal validity of the
study; therefore, these results should
be interpreted with this caution in
mind.

The use of surveys with unknown
reliability and validity is another
drawback of this study. However,
our findings of confidence and satis-
faction were consistent with those
reported for other health profes-
sional students when using similar
survey instruments that are reliable
and valid. However, the preliminary
nature of these findings requires they
be considered cautiously.

It is possible that having the facilita-
tors observe the students from the
control room during the simulation
experience and conduct the debrief-
ing may have influenced the stu-
dents’ comments on the postsimula-
tion survey. However, we believe
this influence is unlikely. It is com-
mon practice that the facilitator
observes the learner’s performance
from the control room so the facili-
tator can adequately debrief the
learner with specific information
about the learner’s performance fol-
lowing the simulation experience.
Our procedures were consistent
with this usual practice.

Finally, there were no objective
assessments of participant perfor-
mance. Subsequent studies are
needed to determine objectively
whether high-fidelity simulation
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experience improves technical,
behavioral, and cognitive perfor-
mance of physical therapist students
when managing a patient in the crit-
ical care environment and whether
improvements in performance trans-
late into improved clinical practice.

Conclusions
This study explored the impact of
high-fidelity simulation on physical
therapist students’ confidence in
managing a patient in a critical care
setting. Incorporating a simulated,
interprofessional critical care experi-
ence into a required clinical course
improved student confidence in
technical, behavioral, and cognitive
performance measures and was asso-
ciated with high student satisfaction.
The high-fidelity simulation experi-
ence was viewed positively by the
students, and the majority agreed
that physical therapist education
would benefit from inclusion of sim-
ulation experiences in their clinical
courses. Using simulation, students
were introduced to the critical care
environment, which may increase
interest in working in this practice
area.
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