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Abstract

Background: Retention capacities are dependent on the learning context. The optimal interval between two learning sessions
to maintain a learner’s knowledge is often a subject of discussion, along with the methodology being used. Screen-based
simulation could represent an easy alternative for retraining in neonatal resuscitation.

Objective: The aim of the study was to evaluate the benefits of a 3-month recall session using high-fidelity simulation
or screen-based simulation, assessed 6 months after an initial neonatal resuscitation training session among anesthesia and
intensive care residents.

Methods: All participating anesthesia and intensive care residents were volunteers, and they underwent training in the same
session, which included a theoretical course and high-fidelity simulation. The attendees were then randomized into three
groups: one with no 3-month recall, one with a high-fidelity simulation recall, and one with a screen-based simulation recall.
To reassess the skills of each participant, a high-fidelity simulation was performed at 6 months. The primary outcomes
included expert assessment of technical skills using the Neonatal Resuscitation Performance Evaluation score and nontechnical
skills assessed by the Anesthesia Non-Technical Skills score. Secondary outcomes included a knowledge quiz and self-assess-
ment of confidence. We compared the results between groups and analyzed intragroup progressions.

Results: Twenty-eight participants were included in the study. No significant differences were observed between groups
at the 6-month evaluation. However, we observed a significant improvement in theoretical knowledge and self-confidence
among students over time. Regarding nontechnical skills, as evaluated by the Anesthesia Non-Technical Skills score, there
was significant improvement between the initial training and the 6-month session in both recall groups (16 vs 12.8, P=.01 in
the high-fidelity group; 16 vs 13.9, P=.05 in the simulation group; 14.7 vs 15.1, P=.50 in the control group). For technical
skills assessed by the Neonatal Resuscitation Performance Evaluation score, a nonsignificant trend toward improvement was
observed in the two recall groups, while a regression was observed in the control group (all Ps>.05). The increase in students’
self-confidence was significant across all groups but remained higher in the two 3-month recall groups.

Conclusions: Initial neonatal resuscitation training for anesthesia and intensive care residents leads to improved knowledge
and self-confidence that persist at 6 months. A 3-month recall session, whether through high-fidelity simulation or screen-
based simulation, improves nontechnical skills (eg, situation management and team communication) and technical skills.
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Screen-based simulation, which saves time and resources, appears to be an effective educational method for recall after initial
training. The study outcomes justify the need for further studies with larger sample sizes to confirm the promising role of

serious games in educational programs for medical students.
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Introduction

Neonatal resuscitation is a potentially critical situation that
requires training. Nearly 10% of newborns and 80% of infants
weighing less than 1500 g require resuscitation at birth, and
the quality of care provided during the first minute of life is
directly related to the prognosis [1-3]. Theoretical knowledge
based on current recommendations and practical training are
key for ensuring optimal neonatal resuscitation. Anesthesia
and intensive care physicians may need to intervene when
a pediatrician is not immediately available, for instance, to
assist with intubation. Therefore, we decided to train and
prepare our residents for such scenarios.

Screen-based simulation is an emerging simulation-based
training tool for health care professionals, ensuring compa-
rable learning effectiveness to traditional learning methods
[4]. Recent developments in computer science have allowed
the creation of highly realistic medical digital simulators,
improving the acquisition of both knowledge and nontechni-
cal skills, as well as technical skills [5,6]. A screen-based
simulator (NRP eSim), designed by Laerdal Medical in
collaboration with the American Academy of Pediatrics is
included in the Neonatal Resuscitation Program as one of the
six educational components of the 7th edition of the Neonatal
Resuscitation Program training program [7]. In the neona-
tal resuscitation context, technical skills refer to diagnostic
and therapeutic actions, whereas nontechnical skills include
leadership, teamwork, communication, and task management.

Few studies have already assessed knowledge retention
following screen-based simulation training. While results
are relatively positive when evaluated within one or two
months after simulation [8,9], they suggest lower effective-
ness compared to traditional learning methods when assessed
after 6 months [10].

The question of knowledge retention is still debated, and
the ideal interval for refresher training remains uncertain,
regardless of the method [11]. Recent studies indicate the
need for regular training for complex procedures, such as the
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management of cardiac arrest with intervals of 3 to 6 months
[12], or even monthly [13].

The objective of our study is to analyze the retention of
knowledge and skills at 6 months after an initial training
in neonatal resuscitation for anesthesia and intensive care
residents, with or without a 3-month recall training session
using either screen-based simulation or high-fidelity (HF)
simulation.

Methods

Ethical Considerations

This randomized controlled simulation study was conduc-
ted from February 2021 to November 2021 at the Univer-
sity Hospital of Reims, France. The study was approved
by the CERAR (Ethics Committee for Research in Anes-
thesia Resuscitation; approval number: 00010254-2021-048).
All students provided written informed consent (Multime-
dia Appendix 1). All data were anonymized using research
numbers. No compensation was provided to the residents who
volunteered to participate in the study. Consent was provided
for the video recording and analysis of primary and secon-
dary outcomes. The CONSORT-eHealth checklist is provided
(Checklist 1) [14].

Participants

Volunteer participants were recruited from third-, fourth-, and
fifth-year anesthesiology and intensive care residency classes
in Reims. None had previous courses or training in neona-
tal resuscitation. They were informed about the study via
email from the teaching supervisor (DM). To confirm their
participation, they had to ensure that they could be present at
all times during the study (ie, 3 and 6 months).

Design of the Study

The experimental design is summarized in Figure 1.
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Figure 1. Experimental design. ANTS: Anesthesia Non-Technical Skills; HF: high-fidelity; NRPE: Neonatal Resuscitation Performance Evaluation;

TO: time zero.
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Initial Training

The initial training was conducted by a pediatric intensiv-
ist and an anesthetist. It consisted of a 45-minute course
on the basics and essential knowledge required for neona-
tal resuscitation based on the International Liaison Com-
mittee on Resuscitation (ILCOR) 2020 recommendations
[15]. Subsequently, the interns practiced ventilation using a
low-fidelity mannequin using the Neopuff (Fisher & Paykel
Healthcare), intubation, and cardiac massage. Subsequently,
they individually participated in an HF simulation that
included a presentation of the material, briefing, scenario
execution, and debriefing (see scenario details in Multimedia
Appendix 2). The simulation was conducted in a real-life
delivery room setting at Reims University Hospital using the
SimNewBorn mannequin (Laerdal Medical). The simulation
sessions were recorded for later analysis.

Residents were randomized into three parallel groups
(randomization.com) in a 1:1:1 ratio. The control group did
not receive a recall session at 3 months. The two interven-
tion groups received a recall session at 3 months after the
initial session using either serious game (SG) screen-based
simulation or HF simulation.

Three-Month Recall

HF Simulation

Each participant individually participated in an HF simulation
using the SimNewBorn mannequin in the delivery room. The
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scenario is provided in Multimedia Appendix 2. The session
lasted approximately 45 minutes, including briefing, scenario
execution, and debriefing with one of the study trainers. The
material used was identical to that of the initial training,
and participants were given a 5-minute refresher before the
simulation.

Screen-Based Simulation

Each participant performed an individual screen-based
simulation consisting of a 10-minute tutorial explaining the
various possible actions and a scenario. The screen-based
simulation, PerinatSims, was designed by Medusims. It
features a 3D virtual environment of a delivery room, with
a newborn placed on a neonatal resuscitation table (Figure
2). The simulation used a point-and-click interface with a
first-person point of view.

The scenario was similar to that used for the HF group
(see Multimedia Appendix 2) and was followed by a digital
debriefing. The session lasted 45 minutes and was conducted
in the presence of a trainer to prevent technical issues from
affecting the research. Participants logged onto the digital
simulator on a computer at the hospital, with access granted
for the duration of the study.
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Figure 2. Screenshot of interface and virtual environment of the PerinatSims screen-based simulation.

Six-Month Evaluation

Overview

The final evaluation for each participant of the study involved
an HF simulation, initiated with a briefing and presentation
of the material, followed by scenario execution using the
SimNewBaby Mannequin, and debriefing. The evaluation
scenario is provided in Multimedia Appendix 2. Simulation
sessions were recorded for later analysis.

The potential exposure of each participant to real-life
neonatal resuscitation cases or additional training during the
6-month study period was controlled and monitored.

Primary End Points: Comparison of
Nontechnical and Technical Skills Retention

Two independent, blinded anesthetist raters retrospectively
evaluated the technical and nontechnical skills by analyzing
video recordings from the initial and final sessions.

Technical skills were assessed by the Neonatal Resusci-
tation Performance Evaluation (NRPE) scoring system (20
points) adapted for each scenario [16], and nontechnical skills
using the Anesthesia Non-Technical Skills (ANTS) observa-
tion system, which includes four categories (ie, situation
awareness, task management, team work, and decision-mak-
ing) [17]. ANTS is a validated tool used to assess nontech-
nical skills in various simulation situations, ranging from
emergency training for medical students [18] to neonatal
resuscitation for midwives using a specific modified ANTS
version [19]. The ANTS scores were recorded as the overall
category scores on a scale of 1-4 (poor performance: 1 to
good performance: 4). The global score (out of 16 points)
is presented as a 20-point scale in the Results section, as
described by the authors of the ANTS. Interrater reliability
calculations were performed.
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Secondary End Points

Comparison of Knowledge Retention

Knowledge was assessed by a validated questionnaire
containing 25 single or multiple-choice questions based on
ILCOR recommendations [15]. Assessments were performed
at Q1: beginning of the initial training; Q2: end of the initial
training; and Q3: beginning of the 6-month evaluation.

Comparison of the Self-Confidence Auto-
Evaluation

The self-confidence question assessed residents’ perception
of their performance, based on the question, “How much are
you confident in your capability to organize and execute a
neonatal resuscitation?” The responses were recorded using
a 6-point Likert scale, ranging from “not at all confident”
(scored as 0) to “very confident” (scored as 5) [20]. Self-con-
fidence was assessed at the end of the initial training and the
6-month evaluation session.

Data Collection

Data were collected directly on paper for the knowledge and
self-confidence questionnaires, as well as for clinical and
demographic information. The primary outcome measures
were assessed via expert evaluation of the video recordings
a posteriori.

Statistical Analysis

Based on a previous study, a baseline ANTS score of
approximately 12/20 was expected [21], with a target
improvement to 16/20 through recall interventions. With an
alpha risk of 5% and 80% power, the number of participants
required per group was 9.

The statistical hypothesis tested whether SG and HF
simulation were equivalent in reactivating skills and
knowledge, with both differing from the control group. Data
are presented as median (Q1-Q3) for continuous data, given
the small sample size. Interrater reliability calculations were
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performed for both evaluations, showing good agreement
between the two raters (kw>0.66; P=.01) [22]. The statisti-
cal analyses were conducted using the Friedman test and
Wilcoxon test for paired samples, and the Kruskal-Wallis
test for intergroup comparisons. All tests were two-tailed,
with statistical significance considered at P<.05. Statistical
analyses were performed using SPSS software (version 25.0;
IBM Corp).

Results

Participant Characteristics

Twenty-eight participants were included in the study; 10
were randomly assigned to the control group, 9 to the
HF simulation 6-month recall group (HF), and 9 to the
screen-based simulation 6-month recall group (SG). All were

Table 1. Baseline demographic and clinical characteristics of each group.

Louvel et al

anesthesiology and intensive care residents in their third,
fourth, or fifth year of a 5-year training program in France.
Seventeen participants (60%) were men, with a median age
of 28 years (IQR 27-31). Baseline demographic and clinical
characteristics are presented in Table 1. All participants
completed the study (CONSORT [Consolidated Standards of
Reporting Trials] flow diagram is provided) (Figure 3).

Seventy-five percent (21/28) of the participants had
previously participated in training involving simulation.
Twenty-one participants were familiar with HF simulation,
and 15 had prior experience with a SG, though none
had training in neonatal resuscitation. No participants had
encountered or participated in a real neonatal resuscitation
during the 6-month study period or benefited from other
training. The findings are presented in Table 2.

SGP group (n=9) Control group (n=10)

Variables HF? group (n=9)
Age (years), median (IQR) 27.5(27-29)
Year of anesthesia training (out of 5), median (IQR) 3.5 (3-5)
Sexes, n (%)

Female 5 (56)

Male 4 (44)
Previous experience in HF? simulation, n (%) 5 (56)
Previous experience in SGP simulation, n (%) 4 (44)

30 (29-31) 28 (27-32)
4.5 (3-5) 4(3-5)
2(22) 4 (40)
7(78) 6 (60)
8 (89) 8 (80)
5 (56) 6 (60)

3HF: High-fidelity.
bPSG: Serious game screen-based.

Figure 3. CONSORT flowchart of participant enrollment, allocation, follow up, and analysis. CONSORT: Consolidated Standards of Reporting

Trials; HF: high-fidelity; SG: serious games.
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Table 2. Comparison of the study parameters within groups using the Friedman and Wilcoxon tests for paired samples.

Participants and end points  Preinitial training, median (IQR) Postinitial training, median (IQR)  6-month evaluation, median (IQR) P value

Overall (N=28)

Quiz (20 points) 10 (8-11) 16 (14-16) 13.5 (11.25-15) 001
Confidence (5 points) 0 (0-1) 3(2-3) 2 (2-3) <.001
NRPE? (20 points) —b 14.6 (12.6-15.9) 144 (12.4-16) 86
ANTS® (20 points) —b 145 (12.8-15.7) 15.8 (14.6-17) 005
HFd group (n=9)
Quiz (20 points) 9 (7-11.5) 16 (15-17.5) 12.5 (11-14.75) 001
Confidence (5 points) 0 (0-1) 3(2-3.5) 3(2-3) 004
NRPE (20 points) — 13.3 (12.3-15.9) 149 (11.9-17.2) 50
ANTS (20 points) — 12.8 (11.9-15.6) 16 (14.8-17.7) 01
SG€ group (n=9)
Quiz (20 points) 9 (8-11) 16 (13.5-17.5) 13 (10.5-15) 001
Confidence (5 points) 0 (0-1.5) 3(1.5-3) 2.5(2-3.75) 002
NRPE (20 points) — 14.5 (12.1-15.3) 15 (14.1-15.9) 33
ANTS (20 points) — 13.9 (12.8-15.8) 16 (15.4-17.1) 05
Control group (n=10)
Quiz (20 points) 10 (8.75-11.25) 15 (14-15) 14 (13.25-14.75) 001
Confidence (5 points) 0 (0-1) 25(1-3) 2 (1-2.75) 003
NRPE (20 points) — 15.7 (14.7-16.5) 12.6 (11.9-13.9) 21
ANTS (20 points) — 15.1 (14.7-15.6) 14.7 (13.4-15.6) 50

4NRPE: Neonatal Resuscitation Performance Evaluation.
bNot applicable.

CANTS: Anesthesia Non-Technical Skills.

dHF: High-fidelity.

®SG: Serious game screen-based simulation.

Primary End Points: Comparison of
Technical and Nontechnical Skills
Retention

Nontechnical Skills (ANTS)

Nontechnical skills, assessed by the ANTS score, showed
a significant improvement between the initial training and
6-month session in the two groups that received recall
training session.

No significant differences were observed between the
groups (P=.15).
Technical Skills (NRPE)

Technical skills assessed by the NRPE score indicated a
nonsignificant trend toward improvement in the two recall
groups, whereas a decline was observed in the control group.

No significant differences were observed between the
groups (P=.19).

Secondary End Points

Comparison of Knowledge Retention

Knowledge scores improved across all groups between the
beginning of the study and the end of the initial training. At
6 months, knowledge decreased in all groups but remained
higher than the initial level.
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No significant differences were observed between the
groups (P=.12).

Comparison of Self-Confidence Evaluation

The increase in students’ self-confidence was significant in
all groups between the initial training and 6-month recall;
the increase was more pronounced in the two groups that
received a 3-month recall session.

Discussion

Principal Findings

This study highlights the benefits of a recall session 3 months
after an initial neonatal resuscitation training for novice
anesthesia and intensive care residents. Regardless of the
recall technique—whether an SG or HF simulation—learning
retention improved at 6 months.

The importance of knowledge and skill maintenance
has been demonstrated several times in medical education,
although no ideal interval or optimal method has been
defined. A significant loss of skills over time is observed in
the absence of continuous training [23,24]. Short, systematic,
and regularly repeated training sessions help to optimize the
retention of skills, as the consolidation of learning is based on
repetition [25,26]. Retention is a marker that is regularly used
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to assess the quality of learning. The literature demonstrates
a significant variability in the duration of retention depending
on the type of skills taught and the learner population. In
an HF simulation study on the cricothyroidotomy technique
involving already qualified anesthetists, retention lasted up
to a year after training [27]. This may be attributed to the
complexity of the taught task and the high expertise of the
learners. However, for a group of novices training in new
technical skills, retention can be significantly shorter [28].
Therefore, the teaching format, learners, and the type of skill
taught all have an impact on the duration of retention.

Screen-based simulation serves as an alternative to HF
simulation or an interesting addition to training programs,
as it represents an innovative contribution in line with the
expectations of newer generations. It offers flexibility in
terms of usage and learning methods—whether individual
or group-based, remote or in-person—while preserving a
safe environment for immersive and realistic training that
is conducive to making mistakes. Additionally, screen-based
simulation is less expensive than HF simulation [29]. A recent
study examined its implementation to facilitate the devel-
opment of medical teaching programs using screen-based
simulation [30].

Few studies have assessed retention of learning after
screen-based simulation training in the medical field. In
aviation, one study found better knowledge retention after
immersive digital simulator training compared to conven-
tional training tools after one week [31]. In a medical study,
the contribution of screen-based simulation was evaluated
in comparison to traditional teaching for head and neck
physiology and anatomy for second-year medical students.
Knowledge retention, assessed through a questionnaire at 6
months, was similar between groups; the traditional teaching
group showed progression over time, whereas the screen-
based simulation group did not [10]. Another study involv-
ing nursing students compared knowledge retention after a
45-minute course on managing respiratory distress, followed
by either screen-based simulation or low-fidelity simula-
tion. Screen-based simulation resulted in superior knowledge
retention at two months [32]. Additionally, a recent study
demonstrated the potential of an online SG as an effective
learning tool for improving and retaining knowledge related
to the diagnosis and treatment planning of oral lesions, with
good knowledge retention observed at one week [33].

Our study is the first to analyze the impact of a 3-month
recall session on the retention of learning at 6 months and

Louvel et al

to compare two recall techniques: screen-based simulation
and HF simulation. It is important to emphasize that both
recall groups benefitted from identical training durations at
3 months (45 min in total), allowing for a direct comparison
of the training methods. Our findings confirm the benefits
of a 3-month recall session, with improvement in learning in
both recall groups, unlike the control group without recall, in
which skills declined.

A 3-month recall appears to enable an improvement in
knowledge, particularly in technical and nontechnical skills
and participants’ self-confidence. The only element that
progressed similarly in the control group was the knowledge
questionnaire score, though this may be the least reliable
criterion, as learners had the opportunity to review the
ILCOR algorithm before participating in the 6-month session.
Assessing skills is a more discriminating measure of learning
retention.

Limitations of the Study

The main limitation of our study is the sample size. The study
involved voluntary third-, fourth-, and fifth-year anesthesia
and intensive care residents, resulting in a limited number of
eligible participants (28 out of 35), which corresponds to the
sample size calculation but did not allow us to detect any
differences between the groups. Notably, the baseline level of
the ANTS score was higher than expected, particularly in the
control group. However, our population was homogeneous,
consisting of neonatal resuscitation novices, and we were able
to follow them over the 6 months of the study.

Although this study is a good reflection of a typical
educational program, our findings remain to be confirmed
using larger cohorts. Additionally they should be validated
using other pedagogical themes to refine the role of screen-
based simulation in educational pathways and to assess the
effect of different methods on the long-term retention of
learning.

Conclusion

A 3-month recall after initial neonatal resuscitation training
for novice residents results in improved learning retention at 6
months, regardless of the teaching technique used —numerical
or HF simulation. While our findings should be confirmed by
future studies with larger sample sizes, they support the value
and feasibility of incorporating screen-based simulation into
training programs.
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