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� The purpose of this practice improvement project was to
improve RN competence and self-efficacy in pediatric
resuscitation scenarios using a low-fidelity simulation.

� The primary outcome of this practice improvement proj-
ect was increased RN competence and self-efficacy for
pediatric resuscitation scenarios as measured by a pre-
post confidence scale and clinical performance assess-
ment tool.

� Key implications for emergency nursing practice based
on this project are that in situ low-fidelity simulations
led by RNs can contribute to significant improvement
in adherence to resuscitation guidelines and staff confi-
dence.

Abstract

Problem: ED staff lack adequate exposure to critical pediatric
patients to develop competence and confidence in resuscitation
scenarios. Simulations of various designs have shown success
at increasing health care staff performance and self-efficacy.

Methods: We developed a nurse-led, low-fidelity in situ
simulation of a pediatric sepsis scenario. The primary goal
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was to improve staff adherence to resuscitation guidelines,
as measured by the Clinical Performance Tool, a set of check-
lists designed to measure adherence to Pediatric Advanced
Life Support algorithms by multidisciplinary teams during simu-
lations. The secondary goal was to improve staff confidence,
measured by the Confidence Scale, a 5-item Likert-type scale
that can measure any psychomotor skill.

Results: A total of 43 RNs participated in 12 simulations
over a period of 3 months. Mean Clinical Performance score
improved by 74%, from 5.3 to 9.2 (P < 0.001). Mean confi-
dence score for RNs improved by 56%, from 2.48 (standard
deviation [SD] 0.83) to 3.88 (SD 0.66) (P < 0.001). Several
systems issues were identified and addressed by multidisci-
plinary teams, such as increasing respiratory therapist
response to the emergency department and updating of the
Broselow cart.

Discussion: In situ low-fidelity simulations led by RNs
contributed to significant improvement in adherence to resusci-
tation guidelines and in staff confidence. The simulation design
had minimal impact on staffing and budget and enabled identi-
fication and correction of systems issues.
Key words: Pediatric resuscitation; Low-fidelity simulation; In
situ simulation; Nurse-led simulation; Emergency department

I n many settings, health care providers do not have en-
ough exposure to critically ill pediatric patients to
develop confidence and competence to care for these

patients. A national survey of 65 emergency medicine pro-
grams revealed that, on average, a graduating ED physician
participates in only 19 pediatric resuscitations, compared
with 107 adult resuscitations.1 Because of the low
frequency of these events, nursing staff also has low expo-
sure to critically ill pediatric patients. Without repeated
experiences of similar patient scenarios, procedures, and
equipment use, it is difficult for staff to build the compe-
tence and confidence needed to care for critically ill pedi-
atric patients in a timely manner.2
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Simulations are one approach to helping staff build
competence and confidence in various patient scenarios
and have been shown to lead to improvements in clinical
performance, staff confidence, teamwork, and hospital pre-
paredness.3-5 Decreased rates of medication errors,
decreased morbidity and mortality, and improved
survival in patients post-cardiac arrest have also been
shown after implementation of simulation-based educa-
tion.6-9 In situ simulations have been used as an
investigative methodology by bringing the scenario into
the clinical environment and assessing the teams and
real-world equipment and identifying systems issues.5 Par-
ticipants of both in situ and in-center simulations over-
whelmingly preferred in situ for realism and
effectiveness.10

Simulators of low, medium, and high fidelity are avail-
able. High-fidelity simulators (HFS) use computer-based
mannequins, cadavers, or animal tissue and can cost up
to $200,000 for a single mannequin, computers, and
initial training.11 Low-fidelity simulators (LFS) include
mannequins that do not have any automated or program-
mable responses to treatments or simulate body functions
such as heart or lung sounds.12 Nearly all studies that
compared HFS with LFS, in terms of gains in performance
and transfer to real patients, show no significant advantage
of HFS over LFS.13-16

In education and work environments, learning out-
comes are often measured with tests or through records
of training hours. Unfortunately, multiple choice testing
can only measure the most basic steps of learning, knowl-
edge, and comprehension.17 Competence of the learner is
more accurately assessed through their ability to apply
and analyze knowledge.17 Simulation enables the learner
to progress from knowledge and comprehension to appli-
cation and analysis.17 Simulations can also motivate
adults to learn by enhancing self-efficacy through
hands-on practice, increased competency, and auton-
omy.18 Previous studies comparing simulation to tradi-
tional instruction have shown significantly higher
performance gains, self-efficacy scores, and transfer to
real patients.13,19

Experienced pediatric transport nurses in our institu-
tion identified knowledge gaps and highlighted the need
for additional pediatric education for the ED staff members.
Staff nurses also said that they did not feel comfortable
caring for this patient group; some had never seen an actual
pediatric resuscitation. This is a review and evaluation of our
emergency department's practice improvement project to
provide the staff with the educational experience they
need, while incurring minimal burden on staffing, budget,
and patient care.
September 2019 VOLUME 45 � ISSUE 5
Methods

Our facility is a 450-bed teaching hospital with approxi-
mately 13,000 annual pediatric visits to the emergency
department. We set out to design a nurse-driven, in situ
low-fidelity pediatric simulation to increase staff exposure
to critical pediatric scenarios. We chose a septic shock sce-
nario because of its prevalence and the opportunity for
significant improvement in rates of mortality with increased
adherence to guidelines.20 We used a pediatric Advanced
Life Support (ALS) (Simulaids, Saugerties, NY) trainer
that accommodates procedures such as intravenous (IV)
and intraosseous (IO) insertion, bag valve mask ventilation,
oral or nasal intubation, 4-lead monitoring, brachial pulse
check, and external chest compressions.21

Designing of the simulation program followed Kolbs
Experiential LearningCycle.22 An initial simulation scenario
provided a concrete experience in which the staff could iden-
tify learning gaps. The first scenario was followed by debrief-
ing and the reflective observation period, which allows for
learners to reflect on the scenario and their performance.
In this stage, the learner identifies gaps and prepares to learn.
During abstract conceptualization, the learner uses the expe-
rience and reflection to facilitate bridging the newknowledge
to future experiences. A second simulation allows for active
thought experimentation, in which participants are able to
try out the new information immediately.17,22

The Clinical Performance Tool (CPT), a specific mea-
surement instrument, which has been previously validated
and used in several studies,3,23-25 was selected to measure
the nurses’ performance objectively. The CPT was
designed to measure adherence to Pediatric Advanced Life
Support (PALS) algorithms by multidisciplinary teams
during simulations.23 It uses 4 checklists that outline neces-
sary clinical tasks to be performed during common pediatric
resuscitation scenarios such as shock, respiratory failure, sup-
raventricular tachycardia (SVT), and asystole.24 The tool
contains tasks that are objective and straightforward to
rate; each task is either done within the time frame or not.
One point is given if a task is completed during the simula-
tion (SIM), and a second point is given if the task is
completed within a 60-second time frame. Thus, the CPT
can be analyzed either on a total point basis or dichotomized
to examine completed/not completed regardless of time
frame. Inter-rater reliability for the CPT is high, and we
chose to not re-establish that as part of our project
(Table 1).23,24 The simulation was developed as an
educational experience for the RNs, and the CPT was
scored based on their performance. When a doctor or
respiratory therapist (RT) was called in later into the
scenario, their inputwas used for system improvements only.
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TABLE 1
Shock clinical performance tool

Task 0 points 1 point 2 points

Pulse check Not done >30s <30s
Perfusion assessment Not done >60s <60s
NIBP Not done >60s <60s
IV/IO access Not done Peripheral IV (x1) Peripheral IV (x2) or IO
IVF bolus Not done Done without clinical assessment

of circulation
>60s

2 simultaneous IV boluses or bolus
via IV push

Dextrose check Not done >60s <60s

NIBP, non-invasive blood pressure; IV, intravenous; IO, intraosseous, IVF, intravenous fluid.
The shock clinical performance tool was developed by Levy et al.24
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Self-efficacy is defined as one’s belief in his or her own
ability to complete a task.25 Effective people are better pre-
pared to handle diverse conditions and meet new challenges.
Simulations have been shown to improve health care
workers’ self-efficacy.19 The Confidence Scale (C-Scale)
was developed to measure improvement in self-efficacy, as
the 2 terms have been used interchangeably.26 The
5-statement, Likert-type scale can measure any psychomo-
tor skill. Participants are instructed to select a response to
each item, ranging from 1 (lowest confidence) to 5 (highest
confidence). It has been validated and used to measure
improvement in self-efficacy in studies involving nursing
students and experienced nurses.26-28

Our pediatric simulation program was developed as a
collaborative effort among the clinical nurse specialist
(CNS), ED nurse educator, pediatric RNs, and the ED pe-
diatric director. The simulations were designed to last 45 to
60 minutes. Two scenarios were scripted and allowed to run
until all tasks were performed, or up to 15 minutes. A
debrief and hands-on period occurred after scenario 1. On
a day designated by the CNS based on scheduling availabil-
ity, the charge nurse was asked to assign 3 to 4 nurses to
participate in the simulation. Simulations were conducted
on weekly or biweekly bases during the day shift and at 6
am to accommodate the night staff. The nurses were
assigned based on their availability by the charge nurse,
simulating staff allocation in the event of a real resuscitation.
The only exclusion criterion was that all staff could not
participate in the simulation more than once. Participation
by the staff was voluntary. This was a performance improve-
ment project that did not meet the definition of human sub-
jects research and thus did not require internal review board
review.

RNs assigned to a simulation were instructed shortly
before the start of the scenario to report to a room in the
540 JOURNAL OF EMERGENCY NURSING
critical area of the emergency department. The CNS met
them there with the low-fidelity mannequin. The RNs
were asked to recall their last pediatric resuscitation and
complete a C-Scale based on the experience. Nurses who
had not yet participated in pediatric resuscitations were
asked to answer questions based on how they think they
would perform if they were called on to help in a pediatric
resuscitation. After completing the C-Scale, the RNs were
informed that they were assigned to respond to the simu-
lated critical pediatric scenario. They were instructed to treat
this as a real-life scenario, locating and using all the equip-
ment, resources, and staff as they would with an actual pa-
tient. The CNS presented the first simulation scenario of a
pediatric patient in septic shock, and the RNs proceeded
with patient evaluation and interventions. Nine of the 12
simulations were conducted without a provider. The RNs
said they would contact pediatricians, located in the pediat-
ric emergency department, and have them respond to the
acute area where critical adult and pediatric patients are
located. For all the simulations, the RNs, who are all
PALS trained, were expected to place the patient on the car-
diac monitor, obtain full set of vital signs and blood glucose,
check for a manual pulse, and verbalize anticipated orders to
place 2 peripheral IV lines, administer a rapid fluid bolus of
20 mL/kg, and initiate vasopressors when shock was unre-
sponsive to fluid resuscitation. The scenario ended when
the RNs completed all the clinical steps, or at 15 minutes.
RTs practiced placing the mannequins on noninvasive
and invasive ventilatory support. The physician completed
the steps of intubation and IO insertion with a focus of
ensuring that all supplies and equipment were easily located
and functioning properly.

The first simulation was followed by a debriefing and
hands-on skills practice of approximately 20 minutes. The
team and the CNS reviewed the scenario and clinical steps
VOLUME 45 � ISSUE 5 September 2019
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necessary for the resuscitation. RNs reviewed age-specific
vital signs and the definition of hypotension by age. Appro-
priate fluid resuscitation with weight-based formula and
administration via push-pull method was reviewed. The
team practiced locating the pediatric drug reference book,
which is kept with each Broselow cart (Armstrong Medical
Industries, Lincolnshire, IL). RNs practiced drawing up
weight-specific PALS drugs and initiation of vasopressors.
The team also located pediatric and neonatal resuscitation
supplies in the emergency department and in the Broselow
cart (Armstrong Medical Industries, Lincolnshire, IL), such
as different size blood pressure cuffs, IO drill, and Glide-
scope (Verathon, Seattle, WA) with appropriate size blades.

After completing the debriefing and hands-on portion
of the exercise, the RNs were asked to participate in another
scenario. The patients’ ages and chief complaints were
different, but an assessment revealed that the patients
were in shock, and the clinical steps expected were the
same. The RNs’ performances for each scenario were scored
by the CNS with the CPT. At the completion of the pro-
gram, the RNs were asked to reflect on the experience and
re-evaluate their confidence levels with the C-Scale.

Each simulation group was scored on the team’s overall
clinical performance for the first and second simulation.
Each participant completed a C-Scale pre- and postsimula-
tion. The C-Scales were anonymous, listing only date and
time of participation; however, the pre- and postsimulation
C-Scales could be linked without identifiers because they
were completed on the same sheet of paper, which the
participant retained after completing the presimulation
portion and handed in only after completing the post-
portion on the reverse side. The C-Scale and CPT data
were entered in REDCap (REDcap Consortium, Vander-
bilt University, Nashville, TN), a secure data-collection por-
tal.29 Scores for the C-Scale were computed as a summative
score, with a range of 1 to 5. Statistical analysis included
descriptive statistics as well as use of the Wilcoxon test to
assess changes from presimulation to postsimulation.
Reported P values are from the Wilcoxon test: however,
mean and standard deviations are reported to aid reader un-
derstanding. Statistical analysis was conducted in SPSS 25
(IBM Corp, Armonk, NY).
Results

Between August 1, 2017, and October 30, 2017, 12 low-
fidelity in situ pediatric sepsis simulations were conducted.
A total of 43 RNs participated. Five simulations occurred
at 6 am with the night staff. Seven simulations occurred
September 2019 VOLUME 45 � ISSUE 5
between 9 am and 11:30 am, accommodating the day and
mid-day nursing shifts. Teams were composed of 3 to 4
nurses. One group had 5 nurses. Respiratory therapy and
a provider participated in 3 simulations. Presimulation
mean confidence score for the RNs was 2.5 (SD 0.8). Post-
simulation intervention, the mean confidence score
increased to 3.9 (SD 0.6) (P < 0.001). Mean difference
for each confidence scale item pre- and postintervention
was 1.4 (95% CI, 1.2-1.6) (Table 2). Detailed results of
paired sample t-tests by confidence scale item are presented
in Supplementary Table 1. Three RTs completed confi-
dence scales. For RTs, presimulation mean confidence score
was 4.1 (SD 0.8), and postsimulation mean score was 4.8
(SD 0.3, data not shown). The providers did not complete
C-Scales (Table 2).

The total possible score for the CPT is 12, if the team
completes all 6 interventions within the predetermined
time. Mean CPT score was 5.3 (SD 0.9) for the first simu-
lation scenario. Mean CPT score increased to 9.2 (SD 0.6)
after the second simulation scenario. The most problem-
atic areas included pulse check and perfusion assessment,
initially completed (regardless of time frame) only 18%
and 55% of the time, respectively (data not shown). These
2 areas also had the most improvement in the second
simulation scenario, rising to 91% and 100%, respectively
(data not shown). Obtaining a blood-pressure reading and
IV access had 100% completion rates at both pre- and
postsimulation; however, initial ratings are lower because
the RNs did not mention the need for a second IV access
and did not perform a blood-pressure check consistently
within 60 seconds (therefore earning a score of 1 point
for these criteria instead of 2 points.) After the first simu-
lation and debriefing, the teams had 100% compliance
with early blood-pressure assessment and establishment
of 2 peripheral IV-line access on a patient with signs of
shock. Dextrose check (glucose assessment) was also incon-
sistently performed in the initial simulation and was
performed consistently in the second scenario but was
not consistently within the appropriate 60-second time
frame (Table 3).
Discussion

The CPT is a straightforward tool with scoring for a few
basic tasks, which can be administered easily by a trained
staff member conducting the simulations. The simulations
revealed several knowledge gaps, which were addressed in
the debriefing period. RNs had difficulty recognizing pedi-
atric hypotension or recalling the PALS formula for
WWW.JENONLINE.ORG 541
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TABLE 2
Confidence scale scores among nurses at pre- and postsimulation

Confidence scale item Presimulation Postsimulation Mean difference 95% CI Wilcoxon P value

Mean SD Mean SD

I am certain that my performance is correct. 2.5 0.8 3.9 0.7 1.4 1.2 1.6 <0.001
I feel that I perform the task without
hesitation.

2.4 0.9 3.8 0.6 1.4 1.2 1.6 <0.001

My performance would convince the
observer that I'm competent.

2.5 0.9 3.9 0.7 1.4 1.2 1.6 <0.001

I feel sure of myself as I perform the task. 2.5 0.9 3.9 0.7 1.4 1.2 1.6 <0.001
I feel satisfied with my performance. 2.4 0.8 3.9 0.7 1.4 1.2 1.6 <0.001
Overall mean 2.5 0.8 3.9 0.6 1.4 1.2 1.6 <0.001

CI, confidence interval; SD, standard deviation.

PRACTICE IMPROVEMENT/Saqe-Rockoff et al
minimum systolic blood pressure. There was also a pattern
of incorrect fluid-volume resuscitation and a tendency to
delay the recommended rapid-fluid resuscitation by placing
IV fluids on an IV pump to be delivered over an hour.
Manual pulse checks were infrequently done, with high reli-
ance on readings from monitoring devices. Blood-glucose
assessments were also inconsistent among the teams. In
the second scenario, only 1 intervention was omitted by 1
of the teams. Despite this, 100% compliance was not
achieved because CPT takes into account time frame of in-
terventions. The second simulation scenario was of an older,
more stable child with recognition of septic shock and
implementation of interventions not always meeting the
CPT timeframes. Timing of the simulation did not have a
significant effect on staff performance. Staff members
participating in the last hour of their shifts performed
slightly better, with an average CPT score of 5.8 versus
TABLE 3
Mean simulation scores at pre- and postsimulation

Simulation item Simulation 1

Mean SD

Pulse check 0.2 0.4
Perfusion assessment 0.5 0.5
NIBP 1.7 0.4
IV/IO access 1.3 0.4
IVF bolus 1.0 0.4
Dextrose check* 0.6 0.5
Total score (max of 12) 5.3 0.9

IO, intraosseous; IV, intravenous; IVF, intravenous fluid; NIBP, noninvasive blood pressure.
* This value is missing for one team.

542 JOURNAL OF EMERGENCY NURSING
5.2 for initial simulation and 9.4 versus 9.14 for the second
simulation.

Conducting the simulations in situ allowed the team to
identify several system issues that were brought to interdis-
ciplinary teams to rectify such as staff having knowledge of
and locating the pediatric resuscitation reference book. The
simulations allowed the staff to test their knowledge, acquire
new information, and practice a variety of skills in a safe
environment without any harm or delay to patients.

During an early simulation, and from previous anec-
dotal reports from nursing staff, it became evident that
ED respiratory therapy also lacked exposure and efficiency
with critically ill pediatric patients. Some nurses and RTs
were not aware that noninvasive ventilatory support, such
as bubble continuous positive airway pressure (CPAP),
was available for neonates and pediatric patients in the emer-
gency department. In collaboration with the respiratory
Simulation 2 Wilcoxon P value

Mean SD

1.2 0.6 0.005
1.3 0.4 0.011
2.0 0.0 0.083
2.0 0.0 0.005
1.9 0.3 0.004
1.0 0.0 0.046
9.2 0.6 0.004

VOLUME 45 � ISSUE 5 September 2019
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therapy department, several process improvements were
achieved. These improvements included reorganizing all pe-
diatric respiratory supplies in 1 location and a new process in
which the neonatal intensive care unit RT responds with the
ED RT when called to the emergency department for a pe-
diatric patient.

In situ simulations enabled identification of several sup-
ply concerns. The emergency department did not have a sup-
ply of neonatal nasal cannulas or face masks. These supplies
were ordered and a par level, a predetermined amount of sup-
plies, was set for the emergency department. The pediatric IV
cart located in the acute care area lacked supplies during a
simulation, and it was discovered that it was not on any of
the assignments for regular restocking. The Broselow cart
was noted to have supplies that were incompatible with
new equipment, the wrong size, or had necessary resuscitation
items missing. The emergency department reviewed the cur-
rent par list of the cart and aligned it with items from the
Broselow tape. Recommendation was made to replace some
of the prepackaged modules with supplies compatible with
hospital equipment. The par changes were presented and
approved by a multidisciplinary meeting with representatives
from all hospital units that have Broselow carts.

In situ simulations also eliminate the need for expensive
dedicated simulation space. All the supplies used for the
simulations are kept in a duffle bag and brought to any avail-
able room for the simulation. Staff travel time to the simu-
lation site is also minimal, allowing for more time to be
dedicated to the simulation, or to have the staff return
more quickly to their clinical areas. A concern with in situ
simulations is distractions. Support from management and
the staff is critical to allow assigned staff to complete the
simulation. The entire ED team has to acknowledge the
need for improvement in pediatric resuscitation and allocate
staffing and resources accordingly.
LIMITATIONS

This was a single-site practice improvement project. It did
not include randomization of participants. We did not mea-
sure retention of knowledge over time or transference to
actual patient care. Limitations related to the CPT include
lack of weight applied to any particular intervention and
not taking into account any potentially harmful interven-
tions. Possibility for expectation bias exists for participant
responses to the C-Scale. Several staff members rated their
confidence lower postintervention, perhaps after realizing
that their exposure to critical pediatric patients was limited.

In addition, our sample size of 12 simulations with 43
RNs participating was relatively small, so these results should
September 2019 VOLUME 45 � ISSUE 5
be considered preliminary and may be used to inform future
research in this area with larger samples. It should be noted
that we did not adjust P values for multiple comparisons in
this study, which can increase the risk of Type 1 error
(finding a false positive result), so P values for individual
comparisons between each survey item should be interpreted
with this awareness.30,31 However, despite the small sample
size, our results appear to be consistently indicative of a
positive effect of this approach; our primary results showed
a statistically significant difference of 1.4 points (95% CI,
1.2 to 1.6) on the confidence scale and a statistically
significant increase from 5.3 (SD 0.9) to 9.2 (SD 0.6, P ¼
0.004) on the simulation scale. These findings may be
confirmed and further explored in larger studies on the topic.
Implications for Emergency Nursing

ED nurses are challenged to face every imaginable patient
scenario. Some critical scenarios occur in low frequency
and do not allow enough opportunity for staff to develop
competence or confidence. Nurse-led simulations allow a
safe environment for staff to practice recognition and inter-
ventions for high-risk, low-volume scenarios. Progress
through performance improvement projects can be quanti-
fied through use of validated tools. Future simulation pro-
jects should assess different repetition times for optimal
skill retention: for example, 3, 6, or 12 months.
Conclusions

Simulations have been widely used by physicians and in
higher education settings with great success in improving
learning and patient outcomes. Our results suggest that pe-
diatric simulations can be used to improve nursing staff
confidence and adherence to resuscitation guidelines.
The low-fidelity in situ simulation placed minimal burden
on staffing and budget and enabled identification of sys-
tem issues within the department. Use of previously
published scoring tools allowed us to measure improve-
ments quantitatively.
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SUPPLEMENTARY TABLE 1
Results of paired samples t-test for confidence scale

Confidence Scale Item Mean Standard
Deviation

Standard
Error Mean

95% Confidence Interval
of the Difference

t df Sig (2-tailed)

Lower Upper

I am certain that my
performance is correct.

-1.3954 0.6597 0.1006 -1.5984 -1.1923 -13.8696 42 <0.001

I feel that I perform the task
without hesitation.

-1.4286 0.7034 0.1085 -1.6478 -1.2094 -13.1620 41 <0.001

My performance would
convince the observer that
I'm competent.

-1.3721 0.6909 0.1054 -1.5847 -1.1595 -13.0234 42 <0.001

I feel sure of myself as I
perform the task.

-1.3954 0.7603 0.1159 -1.6293 -1.1614 -12.0344 42 <0.001

I feel satisfied with my
performance.

-1.4186 0.6980 0.1065 -1.6334 -1.2038 -13.3264 42 <0.001
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