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Article abstract

Introduction: Healthcare organizations around the world have embraced
simulation to prepare healthcare professionals to the COVID-19 pandemic.
However, this pandemic implies additional educational challenges in rapidly
designing simulation activities, while remaining compliant with health and
safety measures to prevent the spread of the virus. The effect of
simulation-based education in this context remains to be evaluated. Objective:
The purpose of this systematic review was to describe the features and
evaluate the effect of simulation activities on the preparedness of healthcare
professionals and students to safely deliver care during the COVID-19
pandemic. Methods: Databases were searched up to November 2020 using
index terms and keywords related to healthcare professions, simulation, and
COVID-19. All learning outcomes were considered according to the Kirkpatrick
model adapted by Barr et al. (2020). Reference selection, data extraction, and
quality assessment were performed in pairs and independently. Results were
synthesized using meta-analytical methods and narrative summaries. Results:
22 studies were included, 21 of which were single-group studies and 14 of those
included pretest/posttest assessments. Simulation activities were mostly
implemented in clinical settings using manikins for training on the use of
personal protective equipment, hand hygiene, identification and management
of COVID-19 patients, and work processes and patient flow. Large
improvements in learning outcomes after simulation activities were reported
in all studies. Discussion and conclusion: Results should be interpreted
cautiously due to significant threats to the internal validity of studies and the
absence of control groups. However, these findings are coherent with the
overall evidence on the positive effect of simulation-based education. Future
studies should include control groups if feasible.
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Abstract

Introduction: Healthcare organizations around the world have embraced simulation to prepare
healthcare professionals to the COVID-19 pandemic. However, this pandemic implies additional
educational challenges in rapidly designing simulation activities, while remaining compliant with
health and safety measures to prevent the spread of the virus. The effect of simulation-based
education in this context remains to be evaluated. Objective: The purpose of this systematic
review was to describe the features and evaluate the effect of simulation activities on the
preparedness of healthcare professionals and students to safely deliver care during the COVID-
19 pandemic. Methods: Databases were searched up to November 2020 using index terms and
keywords related to healthcare professions, simulation, and COVID-19. All learning outcomes
were considered according to the Kirkpatrick model adapted by Barr et al. (2020). Reference
selection, data extraction, and quality assessment were performed in pairs and independently.
Results were synthesized using meta-analytical methods and narrative summaries. Results: 22
studies were included, 21 of which were single-group studies and 14 of those included
pretest/posttest assessments. Simulation activities were mostly implemented in clinical settings
using manikins for training on the use of personal protective equipment, hand hygiene,
identification and management of COVID-19 patients, and work processes and patient flow. Large
improvements in learning outcomes after simulation activities were reported in all studies.
Discussion and conclusion: Results should be interpreted cautiously due to significant threats to
the internal validity of studies and the absence of control groups. However, these findings are
coherent with the overall evidence on the positive effect of simulation-based education. Future
studies should include control groups if feasible.

Résumé = Mots-clés

Introduction : Les organisations de santé ont adopté la simulation pour préparer les professionnels
a la pandémie de COVID-19. La conception en accéléré de simulations tout en respectant les
mesures de prévention de la propagation du virus amene des défis. Dans ces conditions, I'efficacité
de la simulation reste a étre évaluée. Objectif : Décrire les caractéristiques et évaluer I'effet de
simulations sur la préparation des professionnels de la santé et des étudiants pour fournir des soins
sécuritaires pendant cette pandémie. Méthodes : Les bases de données ont été consultées jusqu’en
novembre 2020 en utilisant des descripteurs et des mots-clés relatifs aux professions de la santé, a
la simulation et a la COVID-19. Tous les résultats d’apprentissage ont été considérés. La sélection
des articles, I'extraction des données et I'évaluation de la qualité ont été effectuées par paires. Les
résultats ont été synthétisés par des méthodes méta-analytiques et des résumés narratifs.
Résultats : 22 études ont été incluses ; 21 a groupe unique et, parmi ces 21, 14 évaluations pré-
posttest. Les simulations ont principalement été déployées en milieux cliniques avec des
mannequins pour la formation a I'utilisation d’équipements de protection individuelle, au lavage
de mains, a l'identification et la prise en charge de patients atteints de la COVID-19 et a
I'implantation de procédés organisationnels. Toutes les études rapportent des apprentissages
importants apres les simulations. Discussion et conclusion : Malgré les limites de validité interne et
I’'absence de groupes de contréle, ces résultats sont cohérents avec I'état des connaissances sur les
effets positifs de la simulation. De futures études devraient inclure des groupes de contrdle si
possible.
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INTRODUCTION

The coronavirus disease (COVID-19) pandemic
represents a major challenge for healthcare
organizations around the world. New clinical
processes, guidelines, and protocols had to be
developed promptly to ensure that healthcare
professionals were prepared to deliver care
effectively while ensuring the safety of both
patients and healthcare providers. Indeed,
evidence suggests that healthcare professionals
are 3.4 times as likely to be diagnosed with COVID-
19 compared with the general population, even
after controlling for the difference in rates of
testing between these groups (Nguyen et al.,
2020). Areas of care associated with more risk
include endotracheal intubation, cardiopulmonary
resuscitation, patient flow, and isolation
procedures (Bhimraj et al.,, 2020; Chaplin et al.,
2020; Edelson et al., 2020; Nolan et al., 2020).

An increasing number of educators and
decision makers rely on simulation for the
education of healthcare professionals regarding
new processes and protocols (Dube et al., 2020).
Simulation is used to reproduce real clinical
situations that healthcare professionals can
experience and interact with, without
compromising patient safety (Gaba, 2004).
Simulation activities are generally composed of
three components: 1) a briefing to introduce
learners to the simulation environment, the
learning objectives and the scenario they are about
to experience, 2) a clinical scenario, which refers to
the simulated clinical situation, and 3) a debriefing
to reflect on their simulation experience and
receive feedback (Lopreiato, 2016). In the last
decades, simulation-based education has been
embraced by healthcare organizations to prepare
healthcare professionals to safely deliver care and
its effectiveness has been highlighted in several
systematic reviews (Alanazi et al., 2017; Beal et al.,
2017; Bracq et al., 2019; Hippe et al., 2020; Marion-
Martins et Pinho, 2020). Yet, the COVID-19
pandemic forced educators to quickly redesign and
deliver simulation activities that comply with
health and safety measures, while meeting the
needs of healthcare organizations. For example,
authors report that using personal protective

equipment (PPE) during simulation activities has
proven to be difficult due to shortages in many
healthcare organizations that had to prioritize its
use for clinical practice (Chaplin et al., 2020).
Concerns regarding the risk of contamination
between  healthcare  professionals  during
simulation activities have also been raised (Chiu et
al., 2020). To mitigate this risk, strategies such as
reducing group sizes and enforcing physical
distancing during simulation activities have been
implemented (Chaplin et al.). Additional concerns
included the increased stress of healthcare
professionals during the pandemic, which could
decrease their receptivity for learning, and the
presentation of unrealistic simulation scenarios
due to the limited amount of time that educators
had to design them, which could affect the
suspension of participant disbelief, i.e., their ability
to accept the simulation scenario as genuine (Chiu
et al.). As such, it is unclear if simulation activities
have reached their purpose to prepare healthcare
professionals to deliver care during the COVID-19
pandemic. To our knowledge and based on a
search in the International prospective register of
systematic reviews (PROSPERQO), no systematic
review has focused on the effect of simulation
activities on the preparedness of healthcare
professionals to safely deliver care during the
COVID-19 pandemic.

OBIJECTIVE

Considering that simulation activities are a
first-choice educational intervention for many
organizations, it is essential to evaluate if the
simulation activities designed and delivered during
the COVID-19 pandemic reached their purpose. As
such, this systematic review objective was to
describe the features and evaluate the effect of
simulation activities on the preparedness of
healthcare professionals for the COVID-19
pandemic.

METHODS

This systematic review was conducted
according to the Joanna Briggs Institute Reviewer’s
Manual: Systematic Reviews of Effectiveness



(Tufanaru, 2017). Reporting is based on the
Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines (Moher et
al., 2009). The review protocol was prospectively
registered in the PROSPERO database
[CRD42020210741].

ELIGIBILITY CRITERIA

We considered all experimental (i.e.,
randomized controlled trial), quasi-experimental
(i.e., non-randomized controlled trial,
pretest/posttest, and interrupted time-series
design), and observational studies (e.g., cross-
sectional, case control, cohort study) where the
effect of simulation activities on the preparedness
of healthcare professionals and students to deliver
care during the COVID-19 pandemic was assessed.
Preparedness was defined as the achievement of
learning outcomes related to the safety and
effective delivery of care during the COVID-19
pandemic.

POPULATION

We considered studies with healthcare
professionals and students at any level of practice
(pre- and post-licensure, undergraduate, and
postgraduate) and in any clinical context. Thus,
healthcare professionals and students are
identified as “participants” in this article, whereas
patients are identified as such.

INTERVENTIONS

We considered studies assessing the effect of
simulation activities. A simulation activity was
defined as the entire set of actions and events from
the beginning to the end of a simulated event for
educational purposes (e.g., briefing, scenario,
debriefing). All simulation modalities were
considered, including part-task trainers, simulated
patients (i.e., standardized patients), manikin-
based (low to high-fidelity), computer-based (i.e.,
screen-based simulation), and hybrid simulations
(i.e., combining two or more simulation modalities;
Chiniara et al., 2013). To be included in this review,
simulation activities had to involve learning
objectives related to the delivery of care to a
patient with a confirmed or suspected diagnosis of
COVID-19, or a change in clinical practice directly

related to the COVID-19 pandemic. Studies using
simulation solely to identify latent safety threats
(e.g., can a gurney be easily transported to a
resuscitation room) were excluded because their
primary objectives were not educational but aimed
at identifying and addressing issues in the
healthcare environment (Jee et al., 2020).

COMPARATORS

When available, comparators included any
other educational intervention.

OUTCOMES

The modified version of Kirkpatrick’s Levels of
Evaluation model (Barr et al., 2000), a model
frequently used in simulation-based education
(Blue et al., 2015; Reeves et al., 2015), was chosen
as the framework to categorize outcomes related
to the preparedness of healthcare professionals to
deliver care during the COVID-19 pandemic. This
model includes the following levels of educational
outcomes: 1) learners’ views and reaction to
simulation-based education, 2a) modification of
attitudes/perceptions, 2b) acquisition of
knowledge/skills, 3) behavioral change, 4a) change
in organizational practice, and 4b) benefits to
patients. Immediate acquisition (i.e., right after the
simulation) or retention (i.e., after a period without
simulation) of these outcomes were both of
interest.

SEARCH STRATEGY

On November 18, 2020, we searched four
databases—Cumulative Index to Nursing and Allied
Health Literature (EBSCO), Excerpta Medica
dataBASE (Ovid), Citation Index Expanded Medline
(Web of Science), and MEDLINE (Ovid)—using a
combination of controlled descriptors and
keywords related to the following concepts:
healthcare professionals and students, simulation,
and COVID-19. A sample of the MEDLINE search
strategy is available in Appendix 1. The search was
restricted to peer-reviewed papers published in
English or French since 2019 considering the first
documented COVID-19 cases (Shereen et al.,
2020). We also searched the Cochrane Central
Register of Controlled Trials (CENTRAL) for
additional records.



STUDY SELECTION

Titles and abstracts of citations retrieved from
the initial search were screened independently by
two of the authors (MAMC, AL, TM, or PL) using the
Covidence platform (Veritas Health Innovation Ltd,
2021). Full texts of eligible citations were retrieved
and assessed independently by two of the authors
(MAMC, AL, TM, or PL) based on the
inclusion/exclusion criteria mentioned above.
Disagreements at any stage of the selection
process were resolved with a third author.

DATA EXTRACTION AND SYNTHESIS

Data were extracted independently by two of
the authors (MAMC, AL, or GF) using a form
adapted from a previous systematic review
(Lapierre et al., 2021). Data items included general
study information (e.g., country in which the study
was conducted), methods (e.g., study aim and
design), simulation features (e.g., briefing,
scenario, debriefing), and outcomes (e.g., name
and definition, time points measured, descriptive
and inferential statistics). For pretest/posttest
studies, we used meta-analytical methods to
evaluate intra-group changes (i.e., change in
outcomes before and after participating in the
simulation activity) using a generic inverse variance
approach and random-effect models in RevMan
5.4.1. (The Cochrane Collaboration, 2020). To
account for correlations between timepoint
measures and considering that we did not have
access to individual participant data, we corrected
all effect sizes (Cohen’s D) by considering a
correlation of 0.6 for all pretest/posttest outcome
measures. Results are reported with 95%
confidence intervals (Cl). The statistical
significance level was set at 0.05.

For all studies, we synthesized posttest scores
using descriptive meta-analytical methods.
Although less common than meta-analyses of
efficacy and effectiveness, descriptive meta-
analyses are used to pool cross-sectional data from
similar studies and provide an overview of the
distribution of results (Bohannon, 2007; Vakili et
al., 2020). All scores were standardized to fit a scale
between zero (0) and a hundred (100), with higher
scores indicating positive educational outcomes
such as favorable reactions to the simulation
activity, better attitude/perceptions, and higher

levels of knowledge or skills. A narrative
description is also provided when quantitative
syntheses were not possible due to missing data or
unclear reporting.

METHODOLOGICAL QUALITY ASSESSMENT

The methodological quality of included
studies was assessed independently by two of the
authors (MAMC, AL, or GF) using the
Methodological Item for Non-Randomized Studies
(MINORS) tool (Slim et al., 2003). This tool consists
of 12 items to assess factors that may affect the
methodological quality of two-group non-
randomized studies—eight of these items also
apply to single-group studies according to the
authors of this tool. Although the evaluation of the
adequacy of statistical analyses is only suggested
for two-group studies, we also included this
evaluation for single-group studies. Each item is
scored on a three-point scale (0-information not
reported, 1-reported but inadequate, or 2-
reported and adequate) for a maximum possible
score of 18 points for single-group studies, or 24
points for two-group non-randomized studies. The
content validity of the MINORS tool was
determined by 10 clinical methodologists. The
MINORS tool showed a satisfactory level of internal
consistency (Cronbach’s alpha = 0.73) after
independent assessment in pairs of a sample of 80
non-randomized and single-group studies (Slim et
al.). Considering that authors of this tool report
that two-group non-randomized studies of good
methodological quality reached a mean score of
19.8/24.0 (82.5%), we used the following threshold
to dichotomize the methodological quality (poor or
adequate) of included studies: 15/18 for single-
group studies and 20/24 for two-group non-
randomized studies.

RESULTS

SEARCH RESULTS AND DESCRIPTIVE RESULTS

The initial database search yielded a total of
1,271 unique citations, and 22 studies met the
inclusion criteria. Study characteristics are
presented in Table 1. Study flowchart is available in
Appendix 2.



Table 1

Characteristics of the studies

Characteristics No. (%) of studies References

Geographic location

Asia 7(32) (1], [2], [3], (4], [5], [6], [7]

Europe 5(23) (8], [9], [10], [11], [12]

Middle East 3(14) [13], [14], [15]

North America 6 (27) [16], [17], [18], [19], [20], [21]

South America 1(4) [22]

Healthcare profession

Multidisciplinary 16 (73) [2], [3], [5], [7), [9], [10], [11], [12], [13],

[14], [15], [16], [17], [19], [21], [22]

Medicine 4 (18) [1], [4], [6], [20]

Nursing 1(4) (18]

Emergency medical personnel 1(4) (8]

Clinical setting

Emergency department 6(27) [7], [12], [15], [16], [17], [20]

Hospital (dept. not specified) 5(23) [1]1, [2], [4], [5], [10]

Intensive care unit 3(14) (6], [11], [21]

Multiple hospital departments 5(23) [3]1, [13], [14], [18], [22]

Operating room 1(4) [19]

Orthopedic department 1(4) [9]

Prehospital (mobile screening team) 1(4) (8]

Sample size

0-25 participants 2(9) (1], [19]

26-50 participants 9 (41) [2], [4], [5], [7], [8], [12], [16], [17], [18]

51-100 participants 6(27) [9], [10], [11], [15], [20], [22]

101-150 participants 4 (18) (6], [13], [14], [21]

+150 participants 1(4) (3]

Study design

Pretest/posttest single-group study 14 (64) [2%*], [2*], [4*], [5], [7*], [9%], [10], [12],

[15*], [17%*], [18], [19], [20], [22]

Posttest single-group study 7 (32) [6], [8], [11], [23], [24], [16], [21]

Posttest two-group nonrandomized study 1(4) [3]

Level of outcomes per the adapted Kirkpatrick model (Barr et al., 2000)

Level 1a—Reaction 8 (36) [1], [4], [6], [9], [11], [23], [16], [17]

Level 2a—Attitudes and perceptions 15 (68) [3], [4], [5], [9], [10], [12], [13], [24], [15],
[17], [18], [19], [20], [21], [22]

Level 2b—Knowledge and skills 11 (50) [1], [2], [4], [6], [7], [8], [13], [14], [15],

[18], [22]

Level 3—Behavior change 2(9) [6], [11]

Level 4a—Change in organizational practice 0(0)

Level 4b—Benefits to patients 1(5) [11]

Note. *Studies that used a pretest/posttest for some outcomes and only a posttest for others. [1] Shi et al., 2020, [2] Tan
et al., 2020, [3] Cheung et al., 2020, [4] Mouli et al., 2020, [5] Khan & Kiani, 2020, [6] Loh et al., 2020, [7] Shrestha et al.,
2020, [8] Mileder et al., 2020, [9] Jensen et al., 2020, [10] Wenlock et al., 2020, [11] Doussot et al., 2020, [12] Montauban
et al., 2020, [13] Sharara-Chami et al., 2020, [14] Lakissian et al., 2020, [15] Aljahany et al., 2020, [16] Dharamsi et al.,
2020, [17] Trembley et al., 2020, [18] Mark et al., 2020, [19] LoSavio et al., 2020, [20] Munzer et al., 2020, [21] Yuriditsky
et al.,, 2020, [22] Diaz-Guio et al., 2020.



METHODOLOGICAL QUALITY

All studies were judged to be of poor
methodological quality (see Table 2). The median
MINORS score of single-group studies (n=21) was
11/18 (Q1=10, Q3=12). The sole two-group study
scored 15/24. MINORS scores were mostly low
because: 1) sample sizes were not prospectively
calculated (n=22); 2) study protocols were not
published or prospectively registered, which made
it impossible to determine if data collection was
prospectively planned and if all collected data were
reported (n=22); 3) there were no long-term
follow-ups (n=21); 4) study aims were not clearly
stated (n=11); 5) inappropriate endpoints (i.e., no
pretest assessments were included; n=8).

FEATURES OF SIMULATION ACTIVITIES

Details regarding the features of simulation
activities are presented in Table 3 (Appendix 3). All
simulation activities included multiple learning
objectives concerning COVID-19 preparedness.
Learning objectives were related to: 1) infection
prevention and control (use of PPE, n=19; hand
hygiene, n=4), 2) identification and management of
COVID-19 (ventilation and airway management,
n=9; care of COVID-19 patients, n=7,
nasopharyngeal swabbing and other diagnostic
procedures, n=5; triage and early identification of
COVID-19 patients, n=4; prone positioning, n=1),
and 3) work processes and patient flow (transport
of COVID-19 patients, n=4; contamination zones,
n=3; biosafety and medical waste disposal, n=2).
Additional learning objectives revolved around
teamwork and communication (n=9), as well as the
pathophysiology and epidemiology of COVID-19
(n=3).

Most simulation activities were deployed in
clinical settings, either in situ (n=9) or on-site (n=3);
seven studies reported using a simulation lab. One
study combined in situ simulations with lab
simulations. The most frequent simulation

modality was manikin-based (n=9); two studies
employed standardized patients, and another used
a real patient who had been tested negative to the
SARS-CoV-2 to simulate a COVID-19 case. Two
other studies combined two simulation modalities
(standardized patients and manikins). In most
studies, simulation occurred in groups (n=18); two
studies involved simulations with individual
participants. Settings, simulators, and group or
individual participation were not reported in two,
eight, and two study, respectively.

A five to ten-minute briefing consisting of a
presentation of the simulation activity and
familiarization with the simulator and environment
was reported in seven studies. Simulation
scenarios were diverse but generally involved
caring for a patient with suspected or confirmed
COVID-19 diagnosis. A 15 to 40 min debriefing or
feedback session using various methods and
approaches was reported in most studies (n=20).
The length of simulation activities, from briefing to
debriefing, ranged from 20 min to 180 min;
however, 12 studies did not report on this feature.
In most studies (n=17), simulation activities were
complemented with additional educational
activities such as lectures, video demonstrations,
skills stations, or written material.

EFFECT OF SIMULATION ACTIVITIES

Pretest/Posttest Differences. Ten out of the
14 pretest/posttest studies provided enough data
to compute an effect size and combine their results
regarding the improvement of participants’
attitudes/perceptions (level 2a; n=6), knowledge
(level 2b; n=3), and skills (level 2b; n=2). Other
pretest/posttest results are presented narratively.

In studies assessing improvement of
attitudes/perceptions (n=6 studies; 305
participants), the pretest/posttest pooled effect
size was 2.0 [95% Cl: 1.0, 3.0]. Individual study
results are shown in Table 4.



Table 2

Methodological quality assessment

Loss to

Unbiased follow Prospective
Clearly Inclusion of Prospective Abpropriate assessment Follow-up u calculation Adequate Total
Studies stated consecutive  collection of PP p. of the period P of the statistical
. .. endpoints X less score
aim participants data study appropriate than study analyses
endpoint size

5%

Pretest/posttest and posttest single-group studies

Aljahany et al., 2020 2 2 0 2 2 1 0 0 2 11
Dharamsi et al., 2020 1 2 0 1 1 1 2 0 0 8
Diaz-Guio et al., 2020 2 2 0 2 2 1 2 0 0 11
Doussot et al., 2020 1 2 0 1 1 1 2 0 2 10
Jensen et al., 2020 1 2 0 2 1 1 2 0 2 11
Khan & Kiani, 2020 2 2 0 2 1 1 2 0 2 12
Lakissian et al., 2020 1 2 0 1 1 1 2 0 2 10
Loh et al., 2020 1 2 0 1 2 2 1 0 2 11
LoSavio et al., 2020 2 2 0 2 1 1 2 0 2 12
Mark et al., 2020 2 2 0 2 2 1 1 0 2 12
Mileder et al., 2020 2 2 0 1 2 1 2 0 2 12
Montauban et al., 2020 2 1 0 2 1 1 1 0 2 10
Mouli et al., 2020 1 2 0 2 2 1 2 0 2 12
Munzer et al., 2020 1 1 0 2 1 1 2 0 2 10
Sharara-Chami et al., 2020 2 2 0 1 2 1 2 0 2 12
Shi et al., 2020 2 2 0 2 2 1 2 0 2 13
Shrestha et al., 2020 1 2 0 2 2 1 2 0 2 12
Tan et al., 2020 1 0 0 2 2 1 2 0 2 10
Trembley et al., 2020 1 2 0 2 1 1 2 0 0 9
Wenlock et al., 2020 1 2 0 2 1 1 2 0 2 11
Yuriditsky et al., 2020 2 2 0 1 1 1 2 0 2 11

Posttest two-group nonrandomized study

Cheung 2020* 2 2 0 1 1 1 1 0 2 15
Note. Each item was rated as either adequate (2), inadequate (1), or not reported (0). The maximum score for single-group studies was 18 and for the two-group
study was 24. *Cheung 2020 was also rated adequate regarding having an adequate control group (2) that was contemporary (2). However, the baseline equivalence
of both groups was rated as inadequate (1).




Table 4

Effect sizes on attitude and perception outcomes in pretest-posttest studies

Reference Outcome

Cohen’s D (95% Cl)

Diaz-Guio et al., 2020
Khan & Kiani, 2020
LoSavio et al., 2020
Mark et al., 2020
Munzer et al., 2020
Wenlock et al., 2020

Performing tracheostomies

Donning and doffing of personal protective equipment
Complying with isolation measures

Performing nasopharyngeal swabs
Performing aerosol-generating procedures
Taking on different roles during emergency responses

4.1(3.6,4.7)
2.0(1.5,2.5)
1.4(0.7,2.1)
2.7(2.1,3.2)
1.2 (0.9, 1.6)
0.5(0.1,0.9)

Four other studies reported improvements in
participants’  attitudes/perceptions of their
preparedness for providing care. Montauban et al.
(2020) reported significant improvements in
participants’ (n=27) perception of preparedness
for all aspects of care delivery to COVID-19 patients
(e.g., donning and doffing of PPE, transfer to an
intensive care unit, and screening high-risk
patients). Trembley et al. (2020) reported
improvements in participants’ (n=48) confidence in
their role during intubation. Aljahany et al. (2020)
reported that although participants (n=54) felt
significantly more comfortable providing care to
unstable COVID-19 patients, they did not feel
significantly more comfortable performing airway
procedures, nor did they feel more knowledgeable
of the triage process after the simulation activity.
Finally, Jensen et al. (2020) reported that
participants (n=97) felt more comfortable using
PPE and providing care to COVID-19 patients after
participating in the simulation activity. In studies
assessing improvement in knowledge (n=3 studies;
61 participants), the pretest/posttest pooled effect
size was 2.8 [95% CI 1.7, 3.8]. These studies
showed significant improvements in participants’
knowledge regarding: 1) prevention, identification,
and treatment of COVID-19, as well as referral of
COVID-19 patients (Cohen’s D 2.0 [95% Cl 1.3, 2.7];
Shi et al., 2020), 2) triage of patients exhibiting
COVID-19 symptoms (Cohen’s D 2.4 [95% CI 1.7,
3.1]; Shrestha et al., 2020), and 3) ventilation of
COVID-19 patients (Cohen’s D 4.0 [95% Cl 3.0, 4.9];
Mouli et al., 2020). Furthermore, Mark et al. (2020)
mentioned an improvement in participants’
knowledge (n=45) of the nasopharyngeal swab but
did not report data supporting that claim. In
studies assessing improvement in skills (n=2
studies; 99 participants), the pretest/posttest

pooled effect size was 4.2 [95% CI 0.3, 8.0]. These
studies showed significant improvements in skills
regarding: 1) application of universal precautions
(Cohen’s D 2.2 [95% CI 1.6, 2.8]; Tan et al., 2020),
and 2) donning and doffing of PPE (Cohen’s D 6.2
[95% CI 5.3, 7.0]; Diaz-Guio et al., 2020).

Posttest scores. Seventeen studies provided
enough data to combine their results regarding the
posttest scores of participants’ reactions (level 1;
n=4), attitudes/perceptions (level 2a; n=12), skills
(level 2b; n=6), and knowledge (level 2b; n=4). In
studies of participants’ reactions (level 1; n=4
studies, 245 participants) to the simulation
activities (Jensen et al., 2020; Mouli et al., 2020;
Sharara-Chami et al., 2020; Shi et al., 2020),
satisfaction results normalized to a 0-100 scale
ranged from 84.6 to 96.7 with a median of 90.1
(Quartile 1 84.8, Quartile 3 96.3). It was found in
two studies that the vast majority of participants
would recommend the simulation activity to their
colleagues (Loh et al., 2021; Trembley et al., 2020).
In two studies, researchers report that 72.6% to
94.0% of participants (n=131) found the simulation
activities helpful to prepare them to deliver care
(Dharamsi et al., 2020; Doussot et al., 2020). Score
distributions in  studies of participants’
attitudes/perceptions (level 2a; n=12 studies,
1,973 participants) and skills (level 2b; n=6 studies,
423 participants) are illustrated in Figure 1. Median
scores were similar for both levels of outcomes;
their distribution lies in the upper third of the
range of possible scores.

In the sole two-group study (Cheung et al.,
2020), no statistically significant differences were
found between the effect of lab-based and in situ
simulation activities to improve participants’
confidence, control, and motivation to deliver care
during the COVID-19 pandemic.



Figure 1

Participants' attitudes/perceptions and skill assessment scores post-simulation activities
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In studies of participants’ knowledge (level 2b;
n=4 studies, 192 participants) after simulation
activities (Lakissian et al., 2020; Mouli et al., 2020;
Shi et al., 2020; Shrestha et al., 2020), results
normalized to a 0—100 scale ranged from 74.6 to
96.6 with a median of 87.4 (Quartile 1 77.2,
Quartile 3 94.9). Furthermore, Loh et al. (2021)
reported that 98.0% of 42 participants obtained at
least 16 out of 20 correct answers on a quiz on
aerosol-generating procedures, PPE, and airway
management. However, only 42.9% and 52.3% of
participants remembered the steps for PPE
donning and doffing, respectively.

Regarding behaviors and benefits to patients,
Doussot et al. (2020) reported that more than half
of participants (n=109/212; 51%) eventually
performed prone positioning to ICU patients that
had developed severe acute respiratory distress
syndrome (not specified if self-reported or
observed). For four patients, prone positioning had
to be stopped due to respiratory complications or
pressure ulcers. Also, Loh et al. (2021) shared that
participants (n=33) had self-reported at least one
change in their clinical practice following the

T 98.6

54.0

Skills assessment scores (n=6)

simulation activity (e.g., hand hygiene, use of PPE,
physical distancing).

DiscussION

This systematic review described the features
and evaluated the effect of simulation activities on
the preparedness of healthcare professionals to
deliver care during the COVID-19 pandemic. We
found significant and large improvements in
participants’ attitudes and perceptions,
knowledge, skills. We also found high posttest
scores regarding participants’ reactions, attitudes
and perceptions, knowledge, and skills following
simulation activities. However, almost all the
studies under review were of poor methodological
quality with significant threats to their internal
validity mostly due to the absence of control
groups. Furthermore, although healthcare
students are increasingly being called upon to
provide care in healthcare organizations (Bohsra,
2020; Goshua, 2020; Mensik, 2020), we could only
identify a single study with this population.



The most frequent purposes for using
simulation were to prepare healthcare
professionals for infection prevention and control
measures (e.g., PPE and hand hygiene),
identification and management of COVID-19
patients, and work processes and patient flow.
Overall, these efforts were driven by an imperative
to protect professionals from contracting COVID-
19 and a will to maintain or improve the efficiency
of healthcare delivery under rapidly changing
circumstances. Although results from this review
must be considered with caution, the outcomes of
these efforts appear to align with those of
simulation-based education in other contexts.
Specifically, it is widely acknowledged that
healthcare professionals are highly satisfied with
simulation and that their attitudes/perceptions,
knowledge, and skills tend to increase following
simulation-based education (Alanazi et al., 2017;
Beal et al., 2017; Bracq et al., 2019; Hippe et al.,
2020; Marion-Martins et Pinho, 2020). In this
review, we found statistically significant
improvements in all learning outcomes following
simulation activities. However, effect sizes were
large and imprecise due to their intragroup nature
(i.e., pre/post-intervention, pre-posttest effect
sizes are known to be affected by natural
modifications to variables after their measure at
baseline or by other uncontrolled variables, which
often leads to large pre-posttest effect sizes
(Cuijpers et al., 2017)) and the low number of
included studies. They should therefore be
interpreted with caution in light of these
limitations. Furthermore, evidence about higher-
level outcomes, such as changes in behaviors,
organizational practice, or benefits to patients was
scarcer (only three studies identified)—notably
because of the methodological challenges in
measuring  such  outcomes.  Nevertheless,
simulation-based education seems relevant to
improve health professionals’ perception of their
preparedness for the COVID-19 pandemic, a non-
negligible outcome considering the severe impacts
of the pandemic on their mental health (Chen et
al., 2020; Civantos et al.,, 2020; Dal’Bosco et al.,
2020; Lai et al., 2020; Luceno-Moreno et al., 2020;
Wang et al., 2020; Xiao et al., 2020).

In terms of simulation features, wide
variations were observed in the methods and

approaches to simulation-based education. In
addition, the reporting of important components
of simulation activities was often incomplete.
Nevertheless, most simulation activities were
implemented in situ, an increasingly popular
practice (Guise et Mladenovic, 2013; Patterson et
al.,, 2013). It is also a cost-effective solution for
clinical settings that do not have access to a
simulation laboratory and other resources for
simulation-based education (Villemure et al.,
2016). Despite its advantages, in situ simulation
comes with its own challenges, including high
cancelation rates because patient care takes
precedence over continuing education (Kurup et
al., 2017). Besides, this review did not reveal trends
in terms of the methods for briefings, scenarios, or
debriefings. As such, standards of best practice for
simulation-based education (Sittner et al., 2015)
appear as the most reliable source to guide
practices in that area.

Most studies used single-group designs and
more than a third used a posttest design. These
research designs are subject to significant internal
validity threats. As such, they are indicated when
researchers want to explore if a phenomenon
warrants further investigation before undertaking
more costly experiments or, in the case of a
posttest design, when it is irrelevant to assess the
outcome before an intervention is implemented
(Creswell, 2013). Considering the amount of
evidence from randomized trials that already
support the efficacy of simulation for healthcare
professional education (Alanazi et al., 2017; Beal et
al., 2017; Bracq et al., 2019; Hippe et al., 2020;
Marion-Martins & Pinho, 2020), the use of such
research design adds very little to our overall
understanding of the effect of simulation activities.

However, due to the state of crisis caused by
the COVID-19 pandemic in  healthcare
organizations, it seems hardly defensible from an
ethical standpoint to assign participants to a
control group. As such, if true experiments cannot
be conducted and researchers must rely on a
single-group design, to enhance the internal
validity of their results, researchers could adopt
interrupted time series or repeated-treatment
research designs or add nonequivalent outcome
variables (i.e., an outcome variable that is not
expected to be affected by the intervention) to
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their methods. Such strategies may help to address
maturation and historical threats that may affect
the internal validity of single-group studies (Bell,
2010). Strengths of this review include a literature
search in multiple databases and complemented
by a search in an online study registry, favoring the
odds that all potentially relevant studies were
identified. However, the search was limited to
studies published in English or French and may be
subject to a language bias as we did not have the
resource to consider other languages. Study
selection, data extraction, and quality assessment
processes were performed in pairs and
independently. This ensures the correct
application of eligibility criteria as well as data
integrity. Besides, current findings are limited by
internal validity threats due to the research designs
of the studies under review. As such, it cannot be
excluded that historical factors, the maturation of
study participants, the testing procedure, or the
Hawthorne effect (i.e., bias related to participants’
awareness that they are part of a study and are
being observed) may have affected individual
study findings. Finally, as we did not have access to
individual participant data, we corrected all
pre/posttest effect sizes by considering a
correlation of 0.6 (Cuijpers et al., 2017). However,
these effect size values may well be positively
biased.

CONCLUSION

Based on single-group pretest/posttest
studies, findings from this review suggest that
simulation activities have a positive effect on the
preparedness of healthcare professionals to
deliver care during the COVID-19 pandemic.
Importantly, this review contributes a systematic
description of the features of simulation activities
designed for this purpose. Such description has the
potential to inform the work of clinical educators
who wish to use simulation as an educational tool
for pandemic preparedness in various care
settings. However, the state of the evidence
prevents us from making recommendations as to
which simulation modalities is more effective than
others. In addition, as only a single study was
conducted among healthcare students, the extent

to which these results can be applied to this
population is limited. Furthermore, the validity of
these results is impeded by threats such as the
absence of control groups and overall poor
methodological quality.

Future studies should include a control group
if practically and ethically feasible. Other strategies
to improve the internal validity of single-group
studies have been suggested.
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Appendix 1

MEDLINE SEARCH STRATEGY

Concept # Search strategy
(Anesthet* or Audiolog* or Cardiolog* or Chiropract® or Clinic* or Dent* or Dietitian* or
Dermatolog* or Doctor$1 or Emergentolog* or Endocorinologist* or Ergotherap* or
Gastroenterolog* or Gynecolog* or 'Health personnel' or 'Health care personnel*' or
'Healthcare personnel*' 'Health profession*' or 'Health care profession*' or 'Healthcare
A 1 worker*' or 'Health care worker*' or Medic* or Midwi#fe* or Neurolog* or Nurs* or
Nutrition* or 'Occupation* therap*' or Optometr* or Patholog* or Paramedic* or
P?ediatric* or Pharmac* or Phlebotomist* or 'Physical therap*' or Physician* or Podiatr*
or Psychiatr* or Psychotherap* or Psycholog* or Radiolog* or Radiotherap* or
Surge*).ab,hw kf,ti.
exp Health Personnel/ or exp Students, Health Occupations/ or exp Clinical clerkship/ or
A 2 exp Education, Dental/ or exp Education, Medical/ or exp Education, Nursing/ or exp
Education, Pharmacy/ or exp Education, Public Health Professional/
((Anesthet* or Audiolog* or Cardiolog* or Chiropract* or Clinic* or Dent* or Dietitian* or
Dermatolog* or Doctor$1 or Emergentolog* or Endocorinologist* or Ergotherap* or
Gastroenterolog* or Gynecolog* or 'Health' or Medic* or Midwi#e* or Neurolog™* or Nurs*
A 3 or Nutrition* or 'Occupation* therap*' or Optometr* or Patholog* or Paramedic* or
P?ediatric* or Pharmac* or Phlebotomist* or Physician* or Podiatr* or Psychiatr* or
Psychotherap* or Psycholog* or Radiolog* or Radiotherap* or Surge*) adj2 (Student* or
Trainee* or Intern* or Residen* or 'clinical clerkship*')).ab,hw,kf,ti.
A 4 lor2or3
B 5 Simulat*.ab,hw,kf,ti.
B 6 exp Simulation Training/
B 7 50r6
C 8 coronavirus infections/ or severe acute respiratory syndrome/
C 9 Coronavirus/
C 10 (coronavirus* or 'sars cov 2' or 'sars-cov-2' or 'sars-cov2' or 'COVID-19' or 'COVID19' or
'2019 nCoV').ab,hw,kf,ti.
11 8or9or10
12 4and 7 and 11
13 2019-current, French or English

16



Identification ]

[

]

Eligibility Screening

Included

Appendix 2

PRISMA FLOW DIAGRAM

Records identified through
database searching
(n=1873)

Additional records identified
through other sources
(n=0)

Records after duplicates removed
(h=1271)

A 4

Records screened

(n=1271)

A4

Full-text articles assessed

Records excluded
(n=1096)

for eligibility
(n=175)

A 4

Studies included in
qualitative synthesis
(n=22)

A4

Studies included in
quantitative synthesis
(meta-analysis)
(n=17)

VhwnN e

Full-text articles excluded,
with reasons
(n= 153)

Wrong language (n=4)
Wrong source (n=121)
Wrong intervention (n=18)
Wrong outcome (n=3)
Duplicata (n=7)
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Appendix 3

Table 3

Features of simulation activities

Aljahany et HF manikin In situ (ED) Group NR Intubation of Reaction and NR NR
al., 2020 (SimMan® suspected COVID-19 Plus-Delta
3G) patient (20 min) (40 min)
Cheung et NR In situ (ED NR 5-min Various AGP in Discussion and 60 min Basic infection
al., 2020 and ICU) and familiarization suspected COVID-19 feedback on control training;
simulation with the patients (scenarios common pitfalls video on
lab environment tailored to ED, ICU, during AGP transportation of
isolation ward, and (40 min) critically ill patient;
general ward; 15 min) hospital guidelines
on transport

Dharamsi et  Manikin (NR) In situ (ED) Group NR AGP in Debriefing on NR Visualization of

al., 2020 hemodynamically latent safety phosphorescent
unstable patient with  threats (15 min) droplet secretions
suspected COVID-19 after simulation
and severe
respiratory distress

Diaz-Guio NR Simulation Group NR PPE for suspected Debriefing NR Workshop on PPE

et al., 2020 lab COVID-19 patient
(cough, fever, and
mental impairment in
the ED; respiratory
failure and septic
shock in the ICU)

Doussotet  NR Simulation Group Presentation of  Positioning of COVID-  Reflective 90 min Training on

al., 2020 lab the activity and 19 patients with analysis rationale, technical

a positioning
checklist

severe acute
respiratory distress
syndrome

aspect, and
complications of
positioning, and use
of PPE; positioning
checklist
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Jensen et NR In situ Group NR ABCDE approach with  Debriefing 60 min Multiple
al., 2020 (orthopedic COVID-19 patient educational
department) interventions (e.g.,

skills training,
lectures, readings)
on PPE, arterial
blood gas analysis,
delirium, oxygen
therapy, etc.

Khan et Hybrid On-site NR NR Transport, care, PPE, Debriefing NR Interactive

Kiani, 2020  (manikins and biosafety for classroom and

[NR] and SP) patients with acute practical session on
respiratory syndrome use of PPE
related to COVID-19

Lakissian et  HF manikins In situ (ICUs, Group Orientation to Care of COVID-19 Debriefing with NR NR

al., 2020 (HAL®, wards, ED, the simulator patients (scenarios good judgment

PediaSIM®, labor, and tailored to specialties, using modified

NOELLE®, delivery e.g., adult with severe  PEARLS for

OMNI®) suite) acute respiratory system
infection, woman in integration (30—
labor, pediatric 40 min)
patient; 15-20min)

Loh et al., Real patient  Insitu Group NR Urgent tracheostomy  Post-event NR PPE video,

2021 (hospital) for suspected COVID-  reflection and demonstration, and
19 patient, various analysis deliberate practice;
airway management transport practice;
scenarios airway

management
deliberate practice

LoSavio et NR Simulation Group Presentation of = Tracheostomy for NR 60 min Review of new

al., 2020 lab the purpose of COVID-19 patient tracheostomy

the activity

protocol; PPE
demonstration,
video, and practice
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Mark etal.,,  HF airway NR Group NR Nasopharyngeal Real-time 20 min Informational
2020 manikin (NR) swabbing for COVID-  feedback handout, lecture,
19 testing and demonstration
of nasopharyngeal
swabbing
Mileder et HF manikin Simulation Individual  NR Pre-hospital Peer feedback 90 min Lecture on COVID-
al., 2020 (NR) lab identification, based on 19 and hygiene;
nasopharyngeal checklist technical skills
swabbing, and evaluation training (hand
communication with hygiene, PPE,
COVID-19 patient swabbing)
Montauban  SP On-site Group NR Admission and Recap of NR NR
etal., 2020 preparation of scenario,
suspected COVID-19 highlighting key
patient for aspects related
emergency surgery to learning
objectives
Mouli et al.,, HF manikin NR Group NR Ventilatory Description, 60 min Lectures, audio-
2020 (NR) management of analysis, and video sessions, and
COVID-19 patient reflection, demonstration of
with pneumonia followed by arterial blood gases
feedback and ventilation
Munzer et NR In situ (ED) Group Revision of Intubation of Debriefing to NR Airway
al., 2020 airway decompensating reinforce critical management
management patient with COVID- actions algorithm
algorithm and 19
demonstration
of key elements
Sharara- HF manikins In situ (ICUs, Group Orientation to Assessment and Debriefing with NR NR
Chami et (HAL®, wards, ED) the simulator management of good judgment
al., 2020 PediaSIM®) severe acute using PEARLS

respiratory infection
due to COVID-19 (15—
20 min)

method (30-40

min)
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Shi et al., SP Simulation Group 10-min Management of Reaction, 60 min Handout describing
2020 lab presentation of  patient with fever and identification of simulation activity
the activity, cough, but without strengths and and objectives
roles, and difficulty breathing, weakness, and
purpose suspected COVID-19 review of critical
(20 min) actions against a
checklist
Shresthaet SP In situ (ED) Group NR Triage and allocation Discussion of NR Discussion of ED
al., 2020 LF manikin of patients arrivingat  group triage and
(NR) ED (various scenarios) performance protected
Intubation of COVID- intubation
19 patient with fever protocols
and shortness of
breath
Tanetal., NR Simulation Individual NR Completion of PPE Feedback NR Lecture and
2020 lab workflow (no patient demonstration on
involved) PPE workflow
Trembley et  LF manikin In situ (ED) Group NR Intubation of Debriefing to 60 min Intubation
al., 2020 (NR) suspected COVID-19 ensure algorithm
patient participant
understanding
and solicit input
Wenlock et LF manikin On-site Group NR Management of Debriefing of NR NR
al., 2020 (NR) medical emergency procedural
and cardiac arrest in issues and soft
suspected COVID-19 skills, feedback
patient
Yuriditsky NR Simulation Group NR Management of a NR 180 min  Review of
etal., 2021 lab critically ill COVID-19 fundamentals of

patient in the ICU

critical care support
lectures from the
SCCM

Note. ! Content, methods, and length are reported if available. AGP: Aerosol generated procedures; ED: Emergency department; HF: High-fidelity; ICU: Intensive
care unit; LF: Low-fidelity; NR: Not reported; PPE: Personal protective equipment; SCCM: Society of Critical Care Medicine; SP: Standardized patient.
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