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ABSTRACT
Objectives: to identify the available evidence regarding stress levels experienced by 
participants in education based on a realistic simulation. Methods: systematic review that 
included randomized clinic trials on electronic databases: Cumulative Index to Nursing 
and Allied Health Literature, Cochrane Library, Latin-American and Caribbean Literature in 
Health Sciences, LIVIVO, PubMed, Scopus, and Web of Science. The additional search was 
performed on Google Scholar and OpenGrey. All searches occurred on September 24, 2020. 
The methodologic quality of the results was evaluated by the Cochrane Collaboration Risk of 
Bias Tool. Results: eighteen studies were included, which evaluated the participants’ stress 
using physiologic, self-reported measures, or the combination of both. Stress as experienced 
in a high level in simulated scenarios. Conclusions: evidence of the study included in this 
systematic review suggest that stress is experienced in a high level in simulated scenarios. 
Descriptors: Simulation Training; Stress, Psychological; Patient Simulation; Systematic 
Review; Education.

RESUMO
Objetivos: identificar as evidências disponíveis sobre o nível de estresse experimentado 
por participantes em educação baseada em simulação. Métodos: revisão sistemática que 
incluiu ensaios clínicos randomizados nas bases eletrônicas: Cumulative Index to Nursing 
and Allied Health Literature, Cochrane Library, Literatura Latino-Americana e do Caribe em 
Ciências da Saúde, LIVIVO, PubMed, Scopus e Web of Science. A busca adicional foi realizada 
no Google Scholar e OpenGrey. Todas as buscas ocorreram no dia 24 de setembro de 2020. 
A qualidade metodológica dos estudos foi avaliada pelo Cochrane Collaboration Risk of Bias 
Tool. Resultados: foram incluídos 18 estudos, os quais avaliaram o estresse dos participantes 
por meio de medidas fisiológicas, autorreferidas ou combinação de ambas. O estresse foi 
experimentado em nível elevado em cenários simulados. Conclusões: as evidências dos 
estudos incluídos nesta revisão sistemática sugerem que o estresse é experimentado em 
nível elevado em cenários simulados.
Descritores: Simulação; Estresse Psicológico; Simulação de Paciente; Revisão Sistemática; 
Educação.

RESUMEN
Objetivos: identificar evidencias disponibles sobre el nivel de estrés experimentado por 
participantes en educación basada en simulación. Métodos: revisión sistemática que incluyó 
ensayos clínicos randomizados en las bases electrónicas: Cumulative Index to Nursing and 
Lallied Health Literature, Cochrane Library, Literatura Latinoamericana y de Caribe en Ciencias 
de la Salud, LIVIVO, PubMed, Scopus y Web of Science. Búsqueda adicional fue realizada en el 
Google Scholar y OpenGrey. Todas las búsquedas ocurrieron en el día 24 de septiembre de 
2020. La calidad metodológica de los estudios fue evaluada por el Cochrane Collaboration 
Risk of Bias Tool. Resultados: fueron incluidos 18 estudios, los cuales evaluaran el estrés de los 
participantes por medio de medidas fisiológicas, autoinformados o combinación de ambos. 
El estrés fue experimentado en nivel elevado en escenarios simulados. Conclusiones: las 
evidencias de los estudios incluidos en esta revisión sistemática sugieren que el estrés es 
experimentado en nivel elevado en escenarios simulados. 
Descriptores: Simulación; Estrés Psicológico; Simulación de Paciente; Revisión Sistemática; 
Educación.
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INTRODUCTION

The realistic simulation has become a training pattern in graduate 
and postgraduate courses, in different health scenarios. The gains 
are related to safety, competence, teamwork, clinical reasoning, 
knowledge retention, satisfaction and development of technical, 
and non-technical skills(1-4).

However, the confidence and proficiency level acquired by the 
participants is variable(5-9), since such experiences may be stressful 
and negatively impact their performance making the environment 
unfavorable to learning and development of clinical skills. We dis-
cuss that this scenario may distance from the objective of inspiring 
confidence, generate learning, and conduct a positive self-criticism 
in the long run(10).

Any intrinsic or extrinsic stimulus that evokes a biological answer 
is known as stress(11). Recent studies observed that, in simulated sce-
narios, it was detrimental to the performance of the participants(6,12), 
while other studies did not show a negative impact(13-14). Thus, the fact 
that it is harmful or beneficial, or if it is even experienced, is still low 
since there is also the hypothesis that the stress and anxiety evoked 
are educational tools(10,15). 

Studies reviews conducted both with animals and human be-
ings showed that the hormonal alteration involved in stress may 
influence learning and memory in different ways, depending on 
time and hormonal release profile(11-16). Primary studies have already 
identified that increased plasma cortisol after prolonged stress has a 
decrease in memory, which improves when the plasma cortisol level 
decreases(17). On the other hand, under specific conditions, stress may 
improve memory over a period of time(18).

It can be analyzed through psychologic measures, such as vali-
dated scales of self-perception; and physiological, such as heart rate 
variability, salivary cortisol and salivary amylase(19-21).

When perceived stress is evaluated in students, the answer may 
be the decrease of self-confidence when they are experiencing the 
first clinical experience(22). In contrast, high anxiety, added to other 
emotional stress agents, has been described as having a positive cor-
relation with performance improvement, even though the training 
took place many months before(23). When analyzing studies related to 
the students’ emotional state, clinical performance, and self-confidence 
is possible to verify inconsistency and lack of clarity regarding the 
presence of stress and its association with performance(24-25).

Therefore, knowing that simulation strategy is widely used in health 
teaching, there is a need to investigate the stress experienced during 
its application. Thus, it is relevant to identify if there is an increase in 
the stress level during a simulation session and if there is an improve-
ment or worsening in the participants’ performance. 

OBJECTIVES

To identify pieces of evidence available about the stress level 
experienced by participants in education based on simulation.

METHODS

Protocol and register

This systematic review was conducted according to the items 
of the Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses – PRISMA(26). The protocol was registered in the 
International Prospective Register of Systematic Reviews under 
the number CRD42019136297.

Eligibility criteria

The question was guided by the PICO process, considering “P” 
(patient or problem) as participants in simulation; “I” (interven-
tion) as a realistic simulation; “C” (control) was not applied; and 
“O” (outcome), stress level. Thus, the question was: What was 
the stress level experienced by participants in education based 
on the simulation?

In this systematic review, the following studies that evaluated 
the stress were included: (1) through the design of a random-
ized clinical trial (RCT); (2) in realistic simulations performed 
with students from different health areas (medicine, nursing, 
physiotherapy, paramedic); (3) in simulations for the train-
ing of medical resident professionals; (4) in simulations that 
included graduated health professionals; (5) in simulations in 
institutional laboratories — hospital scenario, in situ, and low, 
medium and high fidelity simulation; (6) by subjective and/or 
objective measures. 

The studies were excluded by the following criteria: (1) they did 
not evaluate the stress during the simulation, but other factors 
that could interfere such as the influence of a training seminar 
on the stress change in the simulation, the connection between 
the improved learning tests and the response to cortisol, and the 
addition of acute stressors to simulated scenarios on impact on 
clinical performance; (2) not an RCT; (3) not a realistic simulation; 
(4) not virtual simulation; (5) focused on evaluating anxiety.

Databases and search strategy

The studies were identified using a search strategy for each of 
the following electronic databases: Cumulative Index to Nursing 
and Allied Health Literature (CINAHL), Cochrane Library, Latin-
American and Caribbean Literature in Health Sciences (LILACS), 
LIVIVO, PubMed, Scopus, and Web of Science. The reference list 
of the selected studies was analyzed manually to identify those 
potentially relevant that could have been lost in electronic searches 
in the databases. Furthermore, we performed a search in the 
grey literature using Google Scholar and OpenGrey. Duplicated 
references were removed using the EndNote. All searches on 
electronic databases occurred on September 24, 2020, which 
processes are showed in Chart 1.

Selection of studies

The selection of studies occurred in two stages through the 
online application Rayyan (Qatar Computing Research Institute). 
In the first stage, researchers independently examined titles and 
abstracts of all studies recovered on the database and identified 
those that seemed to meet the inclusion criteria. In the second 
stage, the same researchers independently read the complete 
text of all works selected and excluded those that did not meet 
the inclusion criteria. Any differences in this stage were resolved 
by discussion and consensus between the three reviewers.
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Summary of results

Heterogeneity among studies was evaluated considering the 
methodologic characteristics (the type of intervention, groups of 
participants, and risk of bias) and statistics (outcome measures). 
Therefore, due to the heterogeneity among the included studies, 
the quantitative synthesis was not held. In line with the objectives 
of the review, we analyzed the studies’ outcomes and reports 
included according to the characteristics of the simulation and 
type of evaluation of stress.

RESULTS

The initial bibliographic search identified 4,946 studies in 7 
electronic databases. The search on Google Scholar selected 
the first 100 references found for reading titles and abstracts, 
and the search on OpenGrey returned a total of 43 references. 
After a complete reading, 18 studies met all the eligibility criteria 
and were included in this systematic review. Figure 1 shows the 
identification process, screening, and inclusion of studies. 

All works included are RCT, in which 15 used some physiologic 
pattern in the evaluation of the stress and, among them, only 4 in-
cluded measures to minimize gauging or reported the exclusion of a 
participant for not adopting measures that could alter the physiologic 
parameters. Among the measures and care, we had measurement of 
progesterone and estrogen in salivary samples(27), guidance on food, 
alcohol, caffeine, and nicotine consumption half an hour before the 
evaluation and not exercising 24 hours before collection(28), past ill-
nesses that could induce related changes or even worsen due to stress, 
previous psychiatric illness, if patients were not under treatment, use of 
hormones like steroids or hormone replacement therapy, verification 
if any participant worked the night shift the day before the simula-
tion and if the participants had been faced with a stressful event the 
day before or the day of the simulation(29), exclusion of students with 
a history of beta-blocker use and a history of recent antidepressant 
use(30), exclusion of those who used beta-agonist inhalers, steroids, oral 
contraceptive pill, and caffeine(31). Of the studies found, 13 were in the 
medical field, and only 2 surveys carried out the study with a team from 
different areas, like doctors, nurses, paramedics and ambulance driv-
ers(29), and medical and nursing students(24). Six studies evaluated the 
stress in the simulation with practitioners who graduated in medicine 
and nursing(24,27-29,32-33), and 11 studies were carried out with nursing 
undergraduate students and Medicine(30-31,34-42).

In self-perceived stress, one study identified the simulation signifi-
cantly increasing stressors factors(34). In another study, a scenario in 
which there was death was more stressful than a survival scenario(27). 

The perception of stress significantly increased in obstetric 
scenarios comparing the baseline level and the post-simulation 
(p < 0.0001). There was a significant negative correlation between 
the general perception of stress/overload, and the time of execu-
tion (r = -0.18, p < 0.05), indicating that more stress/overload was 
associated with less practice time in scenarios with or without 
previous instruction to deal with stress(32). 

In the case the students received theoretical instructions in 
expository class to deal with stress, there were reports with sig-
nificantly fewer cases of stress/overload perceived, compared to 
the group that did not receive instructions (difference in perceived 

Data collection process

Two researchers independently collected data from the stud-
ies that included the characteristics of the participants (groups, 
samples, student or practitioners), characteristics of the study 
(authors, Country, year of publication, objective, design, and 
randomization, intervention (a type of simulation, simulator, 
area of skill), collection (instrument or measure for collection of 
the stress), and characteristics of the results (main results and 
main inclusions). Any differences were solved and discussed in 
mutual agreement. A third author was involved when we needed 
to take a final decision. If the requested data was not complete, 
we contacted the authors to obtain any relevant information.

Risk of study bias 

Two researchers independently conducted the risk of bias 
evaluation of the studies included in this systematic review. Again, 
any differences were solved and discussed in mutual agreement. A 
third author was involved when we needed to take a final decision.

We used the Cochrane Collaboration Risk of Bias Tool (RoB 2 
tool) to evaluate the risk of bias in the included studies, which 
allows us to evaluate the process of generating sequences, hiding 
allocation, hiding participants, staff and evaluators, incomplete 
results data, and selective reports. 

Chart 1 – Search strategies on electronic databases, Brasilia, Distrito Fed-
eral, Brazil, 2020

Databases Key words

PubMed

(“Students”[Mesh] OR “Students, Nursing”[Mesh] 
OR “Nursing”[Mesh] OR “Undergraduate Nursing 
Students”[All Fields] OR “Physicians”[Mesh] OR 
“Students, Medical”[Mesh] OR “Medical Students”[All 
Fields] OR “Trainee”[All Fields] OR “Multidisciplinar 
Team”[All Fields] OR “Multidisciplinary Team”[All Fields]) 
AND (“Patient Simulation”[Mesh] OR “Simulation 
Training”[Mesh] OR “High Fidelity Simulation”[All 
Fields] OR “High Fidelity Simulation Training”[Mesh] OR 
“Education, Medical”[Mesh] OR “Education, Medical, 
Undergraduate”[Mesh] OR “Education, Nursing”[Mesh] OR 
“Post Graduate Medical Education”[All Fields] OR “High-
Fidelity Manekin Education”[All Fields]) AND (“Stress, 
Psychological”[Mesh] OR “Stress, Physiological”[Mesh] 
OR “Stress Response”[All Fields] OR “Heart Rate”[Mesh] 
OR “Hydrocortisone”[Mesh] OR “Cortisol”[All Fields] OR 
“Salivary Cortisol”[All Fields])

LILACS (tw:(estudantes OR estudiantes OR students)) AND 
(tw:(simulação OR simulación OR simulation))

Cochrane 
Library, 
CINAHL,
LIVIVO,
Scopus,
Web of 
Science.

(“Students” OR “Students, Nursing” OR “Nursing” OR 
“Undergraduate Nursing Students” OR “Physicians” OR 
“Students, Medical” OR “Medical Students” OR “Trainee” 
OR “Multidisciplinar Team” OR “Multidisciplinary Team”) 
AND (“Patient Simulation” OR “Simulation Training” OR 
“High Fidelity Simulation” OR “High Fidelity Simulation 
Training” OR “Education, Medical” OR “Education, Medical, 
Undergraduate” OR “Education, Nursing” OR “Post 
Graduate Medical Education” OR “High-Fidelity Manekin 
Education”) AND (“Stress, Psychological” OR “Stress, 
Physiological” OR “Stress Response” OR “Heart Rate” OR 
“Hydrocortisone” OR “Cortisol” OR “Salivary Cortisol”)

Google 
Scholar, 

OpenGrey.
(“students” AND “simulation”)
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tension, p = 0.04)(38). A study evaluated the perceived skills of an 
individual in dealing with the stressor during the simulation, which 
value increased when compared the moment immediately before 
to the moment immediately after the end of the scenario(36). 

The relationship between stress and participants’ performance 
was investigated in eight studies. There was no significant difference 
in the performance when the participants were observed by one 
or five observers (p = 0,14)(30). There was not a significant difference 
in the performance during the evaluation of stress between the 
clinic simulation and in situ simulation (p = 0.36)(32) nor concern-
ing the stress of low and high fidelity scenarios (p = 0.17)(36); we 
also did not observe a significant difference in the performance 
between participants that received instruction with an expositive 
class to deal with the stress and those that received (no p value 
described in the study): although stress decreased with instruction, 
performance did not improve(38).

In postpartum neonatal resuscitation scenarios with death or 
survival, performance was similar, and we did not see 
any significant difference between medical residents 
of the 1st. and 2nd. years compared to those of 3rd. or 
4th. years (death scenario, p = 0.23; survival scenario, 
p = 0.33)(27). Participants that received a previous 
instruction in suture had a higher performance than 
the control-group (p < 0.001)(40). There was not a 
significant difference between the performance of 
the group in the scenario with a standardized patient 
(a person trained to present illness in a standardized 
manner) and the group that used the simulator (p = 
0.744), though, in the participant’s self-perception, a 
standardized patient adds higher stress(41). 

In a laparoscopic training session, participants had 
a better performance with instructions than without 
previous instructions (p < 0.001), which was correlated 
with the increase of heart rate(42). Participants with a 
better performance expose elevation in heart rate that 
is associated with greater self-efficacy and satisfaction(40).

The main characteristics of the included studies 
are presented in Chart 2.

Summary of the data

All analyzed studies evaluated the stress of the 
participants using physiologic self-reported measures 
or a combination of both. The risk of bias in the studies 
was evaluated as low, high, or a little unclear (Figure 
2). Based on its objectives, the stress investigation 
occurred in simulations of different areas (pediatrics, 
neonatology, obstetrics, clinic simulation, emergency, 
surgical, death scenarios, and communication of 
adverse news) and distinct professions and teams. 

Two studies compared the simulation with other 
learning strategies such as the practice in the labo-
ratory(34) and learning interactive sessions(24). Two 
other studies evaluated scenarios with death and 
survival, showing that the scenarios with death did 
not significantly increased the stress compared to 
the survival scenario(27,35). 

The other studies evaluated simulation with another aspect 
within the simulation itself, such as go under more trainings or 
not(29), have the presence of one or five observers(30), have an 
instructor before the simulation or not(42), go under repeated 
sessions of simulation or not(1), simulation in situ and clinic 
simulation(32), use of standardized patient or simulator(41), have 
training on communication or not(28), have a previous training on 
how to deal with stress or not(38), high or low fidelity simulation(36), 
previous training on suture or not(40), be leader of member of the 
simulation team(33), be criticized during the scenarios or not(37), 
high or low-stress scenario(39), silent or noisy simulation(31).

Using different ways to measure the physiologic stress, heart 
rate and cortisol levels show patterns of change over time, which 
increase and decrease differently, suggesting that, when we in-
terpret these patterns, the analysis should be separated(28). Two 
studies identified that the stress results were similar when mea-
suring with salivary cortisol and with validated instruments(32,36).

Figure 1 – Flowchart of the search process in the literature and selection criteria of the 
studies (adapted from Preferred Reporting Items for Systematic Reviews and Meta-
Analyses – PRISMA), Brasília, Distrito Federal, Brazil, 2020
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were more stressful than in real scenarios. Besides, salivary cortisol 
was already high before the simulation started and increased 
even more after the simulation(27). Another study concluded 
that the change in salivary cortisol levels reflects a physiologic 
excitation related to the cognitive and emotional activation 
that arises even before doing the task, indicating a preparation. 
When the participants do not have a preparation, they present 
low cognitive and emotional activation, for handling the task in 
a way that they would normally deal with(28). 

During the transition of a simulator to the operating room, 
there was an increased heart rate. Thus, an increased workload 
increases the stress, especially if the participant still has little 
experience and he does not have the ability and attention skills 
to deal with the growing demands of the tasks that arise(40).

 

To be continued

Compared to other teaching strategies, simulation brought 
the participant greater concern with factors such as competence 
in interpersonal relationships with the patient and the team(34). 
When participants act in different roles, everyone benefits from 
the simulated scenario in terms of learning(33).

Participants’ anxiety regarding their good performance may 
generate undue stress that will influence the performance nega-
tively. Factors such as higher work overload, difficulty to accom-
plish tasks, and anxiety associated with good performance are 
the factors that may contribute to increased stress levels. Thus, 
the increased heart rate in the moment before the simulation 
is related to the exposition of an unknown and stressful task(40). 

We also identified the anticipated stress in a study, though 
measured by survey and salivary cortisol. In this study, simulations 

Chart 2 - Characterization of the articles selected for analysis according to year, author, country, groups, sample, objective, stress measurement, area 
and conclusions - Brasilia, Brazil, 20200

Year, author, 
country Groups N Objective of the Study Stress 

Measurement Area Main conclusions

2018, 
Bensouda
et al.(30) 
Canada

IG: 1 observer during 
simulation
CG: 5 observers during 
simulation

IG: 24
CG: 25 

Obtain evidence that interns are 
adversely affected by the presence 
of a large audience during neonatal 
endotracheal intubation.

Heart rate Medicine

The presence of the external 
public did not negatively affect 
the period of the simulated 
intubation, but the presence of 
observers not belonging to the 
scenario was stressful.

2010,
Bong
et al.(24) 
United States

IG: training based on 
high fidelity simulation 
(HFS)
CG: interactive 
educational training 
session

IG: 13
CG: 14

Measure and compare physical and 
biochemical markers of stress in 
participants undergoing simulation 
with those undergoing teaching 
sessions/tutorials.

Salivary 
cortisol, heart 
rate

Medicine and 
Nursing

Regardless of the role of 
participants in the simulation, 
all showed high levels of 
physiological stress.

2018,
Boostel
et al.(34) Brazil

IG: class followed by 
simulation
CG: class followed by 
laboratory practice

IG: 27
CG: 25

Evaluate the perception of 
students’ stressors before and 
after the clinical simulation or the 
conventional practical class in the 
laboratory.

Questionary Nursing

The simulation increased the 
perception of stressors related 
to the lack of competence and 
the interpersonal relationship 
when acting in front of the 
patient, multidisciplinary team, 
and colleagues compared to the 
conventional practical class in the 
laboratory.

2016,
Demaria
et al.(35)  
United States

IG: simulation group 
with death
CG: simulation group 
with survival

IG: 13
CG: 14

Describe the physiological and 
biochemical stress response in 
students during the simulation of a 
patient death compared to a group 
whose patient is programmed to 
survive.

Salivary 
cortisol, DHEA 
hormone and 
heart rate

Medicine

Students experienced stress 
during high fidelity simulation; 
there was not a negative 
response of a scenario with death 
compared to a survival scenario.

2012,
Finan
et al.(36) 
Canada

IG: HFS simulation
CG: low fidelity 
simulation (LFS)

IG: 8
CG: 8

Compare the effects of HFS versus 
LFS on stress measurements in a 
group of neonatology interns.

Survey and 
salivary 
cortisol 

Medicine

The use of HFS and LFS 
technology increased subjective 
and objective stress measures. 
HFS did not offer additional 
benefits in terms of stress 
modification.

2015,
Flinn
et al.(37) 
United States

CG: control group
OG: observed group 
EG: encouraged group
CGi: criticized group

CG: 10
OG: 10
EG: 10
CGi: 10

Compare the effects of the LFS 
simulator versus HFS technology 
on performance levels, objective 
and subjective measures of stress in 
neonatology interns.

MBP, heart 
rate, skin 
conductance, 
basal cortisol 
and Anxiety 
Inventory

Medicine

The criticized group had higher 
levels of stress compared to the 
control group. The presence of an 
expert evaluator produced higher 
levels of stress for participants.

2019,
Ghazali
et al.(29) 
France

IG: 9 simulations for 
1 year
CG: 3 simulations for 
1 year

IG: 24
CG: 24

Analyze physiological stress 
according to the frequency of 
repetition of simulations.

Heart rate 
variability

Medicine, 
nursing, 

paramedic, 
ambulance 

driver

Stress is recurrent in repeated 
high-fidelity simulation sessions 
in life-threatening events and 
decreases over 24 hours.
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To be continued

Chart 2

Year, author, 
country Groups N Objective of the Study Stress 

Measurement Area Main conclusions

2009,
Girzadas
et al.(33) 
United States

IG: team leader in 
simulation
CG: member in 
simulation

38 

Measure heart rates and stress and 
learning perceived by participants 
in two simulation scenarios, 
in addition to evaluating their 
responses to questions at the end 
of the experiment.

Heart rate, 
survey

Students 
and medical 

residents

The participants’ heart rate 
increased from the pre-procedure 
to the critical intervention. 
Self-reported learning values   
increased with self-reported 
stress levels.

2020, 
Hardenberg, 
Rana, Tori(1) 
Australia

IG: repeated simulation 
sessions
CG: a single simulation 
session

IG: 7
CG: 7

Investigate whether repeated 
exposure to a challenging clinical 
scenario leads to a reduction in 
stress levels.

Heart rate Nursing
Repeated simulation exposure 
did not reduce stress levels 
measured by heart rate.

2013,
Hunziker
et al.(38) 
Switzerland

IG: with previous 
instructions on how to 
deal with stress
CG: no previous 
instructions on how to 
deal with stress

IG: 62
CG: 62

Describe stress patterns during 
a simulation and investigate 
perceived stress and its association 
with coping and performance 
strategy.

Survey Medicine

A brief stress coping strategy 
moderately decreased perceived 
stress without significantly 
affecting performance in a CPR 
scenario.

2015,
Ignacio
et al.(41) 
Singapore

IG: use of standardized 
patient in the 
simulation
CG: use of mannequin 
in the simulation

IG: 29
CG: 28

Compare the effects of using a 
standardized patient and high-
fidelity mannequin on students’ 
stress levels and performance.

Salivary alpha-
amylase and 
focus group

Nursing

Performance and stress during 
training did not differ with or 
without a standardized patient. 
However, in the focus group, we 
noticed that using standardized 
patients in the simulation had 
advantages over the mannequin.

2017,
Lizotte
et al.(27) 
Canada

IG: simulation with 
death
CG: simulation with 
survival

IG: 21
CG: 21

Evaluate the impact of simulations 
on stress and performance both 
during a simulation with survivors 
and in simulated death.

Survey, 
salivary 
cortisol

Medicine

The simulation caused stress 
without interfering with 
performance. Having a “dead” 
mannequin during the simulation 
did not increase objective stress 
or interfere with performance.

2013,
Meunier
et al.(28) 
Belgium

IG: with previous 
training on 
communication
CG: no previous 
training on 
communication

 IG: 50
 CG: 48

Evaluate the effect of 
communication training on 
physiological arousal during an 
adverse communication simulation.

Heart rate, 
salivary 
cortisol and 
survey

Medicine

Communication skills training 
affects physiological arousal 
in a simulated adverse 
communication task.

2013,
Pottier
et al.(39) 
France

IG: high stress scenario
CG: low stress scenario

IG: 21
CG:20

Assess the impact of subjective 
and physiological stress on 
student decision-making and 
communication skills in an 
outpatient setting.

Scales, 
cognitive 
evaluation, 
Anxiety 
Inventory, 
salivary 
cortisol

Medicine

The simulated high-stress 
outpatient consultation is a 
negative impact situation for 
students, leading to failures in 
clinical reasoning and diagnostic 
errors.

2010, Prabhu 
et al.(40) 
United States

IG: previous suture 
training
CG: no previous suture 
training

IG: 13
CG: 07

Examine the trainees’ stress level 
during the transition from the 
simulator to the operating room 
and its impact on performance.

Survey, heart 
rate, and heart 
rate variability

Medicine

The improper transition from the 
simulator to the operating room 
involving the acquired skills may 
be a consequence of increased 
stress and anxiety. Heart rate 
was a better measure of stress 
compared to heart rate variability.

2017, 
Sorensen 
et al.(32) 
Denmark

IG: in situ simulation
CG: clinic simulation

IG: 48
CG: 49

Investigate the effect of simulation 
in situ versus clinical simulation 
on knowledge, safety, stress, 
motivation, perception of 
simulation, team performance, 
and organizational impact among 
multidisciplinary teams of obstetric 
anesthesia.

Survey, 
salivary 
cortisol

Medicine and 
nursing

There was no finding that 
education based on simulation 
conducted in situ compared to 
clinical simulation led to different 
results evaluated in stress.

2018,
Timberlake, 
Stefanidis 
and 
Gardner(42) 
United States

IG: laparoscopic suture 
training with video and 
instructor practice
CG: laparoscopic suture 
training with video and 
practice without an 
instructor

IG: 12
CG: 12

Examine the impact of a specific 
teaching technique on skill 
acquisition and physiological stress.

Heart rate, 
heart rate 
variability, 
respiratory 
rate

Medicine

Students who receive surgical 
training exhibit greater 
performance gains compared 
to those who do it self-directed. 
Improvements in skill acquisition 
correlated with increases in heart 
rate variability.
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Chart 2 (concluded)

Year, author, 
country Groups N Objective of the Study Stress 

Measurement Area Main conclusions

2016,
Waterland 
et al.(31) 
England

IG: simulation with 80 
dB noises.
CG: simulation in 
silence

IG: 35
CG: 35

Determine the effect of 
environmental noise on the 
psychological and physiological 
response to stress in students 
during simulated laparoscopic 
surgery.

Anxiety 
Inventory, 
heart rate

Medicine

Environmental noises 
generated an increase in the 
participants’ stress response in 
simulated laparoscopic surgery 
environments.

Note: IG – intervention group; GC – control group; EG – encouraged group; OG – observed group; GCi – criticized group; HFS – high fidelity simulation; LFS – low fidelity simulation; DHEA – Dehydro-
epiandrosterone; MBP – medium blood pressure; RCP – cardiopulmonary resuscitation.
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Bensouda et al 2018 _ _ + + _ !
Bong et al 2010 + + + + + +

Boostel et al 2018 + + + ? + !
Demaria et al 2016 + + + + + +

Finan et al 2011 ? + + + + !
Flinn et al 2015 + + + _ + _

Ghazali et al 2019 ? + + + + !
Girzadas et al 2009 + ? + _ + !

Hardenberg, Rana and Tori 2020 ? ? + + + !
Hunziker et al 2013 + + + + + +

Ignacio et al 2015 + + + + + +

Lizotte et al 2017 ? + + ? + !
Meunier et al 2013 ? ? + ? + !

Sorensen et al 2017 + + + ? + +

Pottier et al 2013 ? + + + + !
Prabhu et al 2015 _ + + + + _

Timberlake, Stefanidis and Gardner 2018 + ? + + + !
Waterland et al 2016 ? + + + + !

Figure 2 – Methodologic evaluation of the studies included based on the 
tool Cochrane Collaboration Risk of Bias, Brasilia, Distrito Federal, Brazil, 2020

DISCUSSION

Summary of the evidences

This is a systematic review about the available signs regarding 
the stress experienced by the participants in a realistic simulation. 

A total of 12 RCTs were included and identified that the stress is 
present in training in different realistic scenarios. However, the 
beneficial level for learning and performance is still uncertain.

There is no difference in the participant’s stress between the 
clinic and in situ simulations. Changes in simulation fidelity and 
scenario settings do not necessarily translate into learning. Noises 
do not significantly alter the stress(31). The evaluation through 
scales and stress physiological parameters had similar values in 
some studies(32-33); while in another, this behavior was different(38). 

One of the included studies measured the stress by the sali-
vary amylase and suggested that the levels were not captured 
at their peak because some participants may take longer to 
produce sufficient amounts of saliva(41). Thus, it is important a 
deepen study in this aspect since stress determined objectively 
and/or subjectively can result in an improvement or worsening 
in performance(15,43-44).

It is important to evaluate the previous experiences, since 
factors like fear, anger, anxiety, and the strategies to face them 
will reflect in the level of stress of the participants during the 
simulation and, consequently, on their performance. The main 
stressors factors identified by the participants are the lack of 
competence and relationship difficulties(34). 

Some studies recommend the stress factors reduction in simu-
lation(34,40), confirming other studies that identified the negative 
influence of performance stress during the simulation in trauma 
emergency scenarios(43-45). Other investigations identified that the 
stressor factor is important for learning in adverse communica-
tion, neonatal emergency, trauma, and surgery scenarios(27-28,33,42), 
and it does not affect the participants’ performance in neonatal 
resuscitation, outpatient consultation, and trauma scenarios(36,39,43). 
One of the studies with surgical simulations indicates that the 
performance is increased with stress until a certain level, con-
sidering that after such level, performance decreases, i.e., it is 
beneficial to a certain extent(42).

A study showed that low or moderate anxiety levels are associ-
ated with better performance, while high anxiety levels probably 
have deleterious effects on performance(40). On the other hand, 
people with activated autonomic state have an improvement 
in memorizing events(46), and when they get more experienced, 
there is less change in the physiological and psychological mea-
sures of stress(47-48). 

High cortisol levels before, during, and after a simulation 
reflect the physiologic excitation related to cognitive and emo-
tional activation that properly prepare the participant to respond 
positively to the task(28).

The mental stress may impair performance as far as the re-
sources are added to the scene so that the cognitive system 
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runs the risk of becoming overloaded. In a stressful situation, the 
attention may be directed only to the selected tasks, neglecting 
other potentially relevant information(38).

Simulations reveal that, in emergencies, the leader experiences 
higher stress than the other team members(36). It is also possible 
to confirm that the social involvement in the communication 
with the patient generates stress that emotionally prepares the 
participant for this type of task. In these cases, the use of stan-
dardized patients is more suitable for the acquisition of skills(41).

In a simulated scenario, we still do not completely know which 
factor may affect the parameters related to the stress since a dif-
ficult task leads to increased workload, and increases the likelihood 
that the performance level will be lower and thus generate more 
malpractices(29,40). In another instance, while encouraging does 
not improve performance, criticism can be harmful(37).

When there are frequent repetitions in the simulation, the stress 
experienced in the sessions remains(1) however, the Autonomic 
Nervous System activity decreases during the day in such a way 
that the participants are less nervous about the simulation. On 
the other hand, when there is a repetition of simulation only 
once a semester, this autonomic habituation does not happen(29).

The presence of external people watching the execution 
of the task is a stressor factor. Thus, teachers need to under-
stand the mechanisms of stress and provide resources for their 
management(30).

Study limitations

The methodologic limitations of the studies included in this 
systematic revision should be taken into consideration. The main 
limitation is related to the blinding of participants that most of 
the studies did not use for intervention, a difficult fact to man-
age since the scenarios are repeated in distinct groups, and also 

participants usually be in the same group of studies or work. 
This aspect could be minimized by the blinding of the evalu-
ator. Although simulations are designed to have a high reality, 
only one trial made the transition from the simulation to a real 
scenario in the stress assessment. Also, not all studies address the 
participant’s previous experience with the simulation. Therefore, 
further surveys are necessary aiming to identify the stress effect 
during the simulations.

Contributions to the Area

The present revision showed that the student experiences high 
stress in simulation sessions, which we identified through different 
measures. Teachers who instruct students or health professionals 
during the simulation understand that the process needs to be 
planed carefully to make the stress generates learning instead 
of trauma. The study fills a gap in the knowledge in the area of   
simulation to understand the stress and directs new researches.

CONCLUSIONS

The studies’ indications included in this systematic revision 
suggest that the stress is experienced at a high level in simulated 
scenarios. In some studies, it was beneficial for the learning pro-
cess, whereas, in others, there was an indication to try to minimize 
whenever possible since it is recommended up to a certain level. 
Thus, the real benefit of the stress in simulated scenarios is uncertain 
since the variation of stress is imprecise in scenarios of different 
areas and complexities explored in the studies. There was a wide 
variation of the methodologic quality of the included studies. At 
last, more randomized clinical trials should be performed to identify 
the different ways to measure the stress and the academic and 
professional impacts related to learning.
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