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1 | INTRODUCTION
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Abstract

Aim: Simulation-based education establishes a specific learning environment capa-
ble of activating emotions before, during and after the task. Research has identified
stress and anxiety related to simulation. However, the role of various emotional ex-
periences in a simulation that favour learning is still unclear. This review describes,
interprets and synthesizes the current research findings on health professional stu-
dents' experience of emotions and the effects on student learning in simulations.
Design: This study design was guided by integrative review method.

Methods: Databases were systematically searched for articles. 9,323 records were
screened and 16 studies met the inclusion criteria. The study protocol was reported
in Prospero.

Results: Three themes emerged from the analysis: (a) simulation as a fearful and
stressful situation, (b) variability in emotions experienced during simulation as a roll-
ercoaster of emotions and (c) emotions wide-ranging effects on students' learning in

the simulation.
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environment is simulated in the laboratory. Simulation has attracted

attention in health-care education and is an important method for

Emotions can influence memory, attention, cognitive and meta-
cognitive thinking strategies, judgement, decision-making, cogni-
tive resources and both intrinsic and extrinsic motivation (Artino
et al., 2012; Gluck et al., 2016). Research into how emotions affect
learning has increased in the past decade (Pekrun, 2019; Pekrun &
Linnenbrink-Garcia, 2014). However, the ability of the context and
learning activities to sway students' emotions have not been inves-
tigated thoroughly, especially for simulated learning. Simulation-
based education (SBE) is a learning activity in which the clinical work

teaching clinical skills in a safe learning environment (Campbell &
Daley, 2018; Levine et al., 2013; Motola et al., 2013). Education in
nursing, medicine, pharmacology, physiotherapy, dentistry and oc-
cupational therapy are some of the health areas currently using SBE
(Bethea et al., 2014; Blackstock & Jull, 2007; Harder, 2010; Hattingh
etal.,, 2018; Perry et al., 2015).

By working in teams during SBE, students learn to manage
patient situations in a realistic environment but away from real
patients (Campbell & Daley, 2018; Jeffries, 2020). The benefits
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for health professional students are the opportunity to prac-
tise in a safe environment and make mistakes without harming
patients. Teachers can adapt the situations to achieve specific
learning outcomes. In an academic situation, emotions are often
provoked by the learning environment itself, and research has
shown that emotions can impact learning (Pekrun & Linnenbrink-
Garcia, 2014). Because students are highly activated both men-
tally and physically, SBE is a specific learning environment that
can lead to the activation of emotions before, during and after
the task.

Historically, research on cognition and emotions has been con-
ducted separately, although there has been a shift towards a more
integrative approach to provide a holistic understanding of students'
learning processes. Studies have focused on student learning and
reflection during simulation (Cant & Cooper, 2010, 2017; Hegland
etal., 2017; Husebo et al., 2013). Student learning outcomes include
acquisition of patient care skills and clinical competency in addition
to improved knowledge, consider alternative solutions to a clinical
problem and critical thinking abilities. SBE has been found to boost
student self-confidence and satisfaction (Cant & Cooper, 2010;
Issenberg et al., 2005; Olaussen et al., 2020). However, despite these
learning outcomes and student satisfaction, students participating in
SBE also report anxiety and stress (Al-Ghareeb et al., 2017; Cantrell
etal., 2017).

There is a need to study the role of emotions in different con-
texts to understand how emotions can affect student learning
(Artino et al., 2012; Pekrun, 2019). Health education has ignored
the important role emotional experiences have for learning (LeBlanc
et al., 2015). Given the current importance of SBE for health profes-
sional students, a greater understanding of the importance of emo-
tions to learning in this context is needed.

This review describes, interprets and synthesizes the current re-
search findings on health professional students' experience of emo-

tions and the effects on student learning in simulations.

1.1 | Background
1.1.1 | Simulation-based education

Simulation-based educationusually followsatemplate (Jeffries, 2020)
starting with a briefing session which students are informed about
the patient's situation and learning goals and are allowed to become
comfortable with the equipment. In second session, the scenario
unfolds, and students become engaged and active in solving the pa-
tient's problems. Finally, a debriefing session provides the opportu-
nity for students to reflect on and discuss their actions. Debrief has
been identified as the aspect in which most learning occurs (Dufrene
& Young, 2014; Levett-Jones & Lapkin, 2014). Debriefing provides
the opportunity for complex learning by identifying problems that
occurred during the simulation and how these were solved, making
comparisons and explaining their actions as a way to demonstrate

their learning.
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FIGURE 1 Avrepresentation of the circumplex model of affect.
The horizontal axis representing the valence dimension and the
vertical axis representing arousal (Barrett & Russell, 2014)

1.1.2 | Learningin SBE

Students add new information to their already existing knowl-
edge while learning. This reconstruction of knowledge takes place
through the interplay between cognition, emotions and social di-
mensions (Biggs & Collis, 2014; llleris, 2015). This process is also
relevant to SBE. During simulation, students are asked to apply their
existing knowledge and skills in a new setting. To do so students
create new connections with varied solutions and dilemmas, and this
process challenge them to learn on a deeper level. The intention of
SBE is to facilitate the extension of the current understanding into
new contexts, in this case, health professional practice. Through this
process, learning is extended to more abstract and complex levels
(Biggs & Collis, 2014).

1.1.3 | Academic emotions in SBE

Participating in SBE can activate students both mentally and physi-
cally. This activation can trigger academic emotions before, during
and after SBE. Academic emotions are those that can arise in differ-
ent academic settings, and emotions reflect a heterogeneous experi-
ence that encompasses a wide variety of psychological phenomena
(Barrett, 2004). Emotions are explored and expressed widely, and
can be categorized as positive emotions, such as happiness, hope,
joy and satisfaction, or negative emotions such as fear, anxiety, sad-
ness, shame and disgust (Pekrun & Linnenbrink-Garcia, 2014). The
circumplex model (CM) of affect classifies emotions into two dimen-
sions: valance and arousal (Posner et al., 2005) (Figure 1). Valence
is the experience of a situation as either positive and pleasant or
negative and unpleasant. Arousal is the human experience of being
either physiologically activated or deactivated in a situation (Barrett
& Russell, 2014).

In any given learning situation, valence and arousal dimensions

occur in combinations (Roth & Walshaw, 2019). High arousal activates
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the brain and this improves attention and memory. Valence has a com-
plex impact on learning; that is, positive emotions can broaden atten-
tion and cognition, and negative emotions can promote deeper analytic
processes and sharpen and detailed memory (LeBlanc et al., 2015).

A range of emotions is essential for engaging and completing an
academic task. Emotions can influence the learning process in many
ways by impacting cognitive resources, long-term memory, cognitive
and metacognitive thinking strategies, and motivational processes
(Artino et al., 2012). Emotions are related to the perceptions associ-
ated with academic activity (e.g. anxiety, joy or boredom) and to the
feeling of success or failure after completion of an academic activity
(e.g. pride or shame).

Emotions can be activated when students experience cognitive
incongruity, for example, when students discover they are unable to
solve a learning task problem and thereby experience surprise, frustra-
tion or confusion. Such emotions can have a positive effect on knowl-
edge acquisition (Vogl et al., 2019). Emotions can also be elicited by
the content within learning material, such as being sad if the manikin
in the simulation dies. Because learning activities take place in a social
setting, students can experience social achievement emotions such
as shame, for example, if they demonstrate their lack of knowledge in
front of their peers and teachers (Pekrun & Linnenbrink-Garcia, 2014).

Negative emotions such as stress and anxiety occur frequently
in simulation settings and are thought to interfere with learning (Al-
Ghareeb et al., 2017; LeBlanc et al., 2015). Limited research has iden-
tified positive emotions in simulation settings. One study explored
students' emotional experiences during a simulation in continuing
education and found that the students experienced mainly positive
emotions such as interest, enjoyment of learning and cheerfulness
both before and after the simulation (Keskitalo & Ruokamo, 2017).

Because emotions can be triggered by activity and social interac-
tions, it is assumed that students can experience varied and multiple
emotions during SBE. It has been found that emotional experiences
can both inhibit and promote learning (Pekrun & Linnenbrink-
Garcia, 2014). Previous research in SBE has focused mainly on the
presence of student's anxiety (Al-Ghareeb et al., 2017). For educa-
tors to develop and deliver comprehensive SBE, further understand-
ing of students' emotions and their effect on learning is needed. This
integrative review was performed to summarize the current state of
knowledge of emotions and emotions' effects on health professional

students' learning SBE.

2 | METHODS

Briefly, this review followed the integrative review methodology
described by Whittemore and Knafl (2005). A multidimensional ap-
proach for searching the research literature by synthesizing quan-
titative and qualitative findings (Noyes et al., 2019). The approach
included four phases to provide a full and comprehensive under-
standing of current research on students' emotions and learning in
SBE.

Thestudy protocolwasreportedin Prospero(CRD42018107758).
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2.1 | Study design

The review was performed following the four stages of Whittemore
and Knafl (2005): problem identification, systematic search of the

literature, evaluation and analysis of data.

2.2 | Search

The main electronic search was conducted in June 2018, using
databases included in the Cumulative Index to Nursing and
Allied Health Literature, Education Source, MEDLINE, SveMed+,
Psycinfo, Science Direct and Educational Resources Information
Center. The search terms included words related to emotions
found in the CM combined with words related to different
health students' professions. The main search terms used were
Simulation, Scenario-based simulation, Simulation-based educa-
tion, Emotions, Academic emotions, Occupational therapy, Dental,
Medical, Nursing, Pharmacy and Public health students. The last
updated search was conducted in April 2021. The researchers (AM,
HSS, IH and KR) discussed these terms to ensure the correct terms
were used and combined. Because of the integrative review, no
limitations regarding study design or methods were imposed in the
searches (Whittemore & Knafl, 2005). The searches also had no
limitations regarding languages.

The first author (AM) performed hand searches of articles pub-
lished in relevant journals and the references included in full-text
articles. To ensure as extensive a search as possible, integrative re-
views often perform searches of multiple sources rather than relying
only on electronic databases.

The inclusion and exclusion criteria (Table 1) were compiled after
first considering the aim of this review; these criteria guided the final
decision about inclusion in the review.

2.3 | Data evaluation and results of the search

The search results were imported from EndNote to the screening
tool Rayyan. Four researchers were engaged in the screening pro-
cess. We used the following process for quality assurance of the
screening process. The research group had a common understanding
of the study aim and the inclusion and exclusion criteria. All four re-
searchers screened 10 untargeted abstracts for calibration. AM, KR,
HSS and IH independently screened 200 abstracts each. Rayyan was
opened for double blinding of the 800 abstracts. The research team
discussed disagreements and discrepancies in meetings. Inclusion
and exclusion criteria were compiled by all researchers. First author
screened the remaining 8,523 abstracts and titles alone. There was
no disagreement about full-text inclusion. Ninety-three full-text
articles and dissertations were assessed for eligibility. All four re-
searchers read the full-text material and independently included or
excluded articles. After discussion, 16 studies were included in the

analysis.
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Inclusion Exclusion

Health profession students, all professions

TABLE 1
criteria

Inclusion and exclusion

Young adults under age 18 years

Professional health workers

Simulation-based learning
Scenario-based learning
Simulation-based education

Emotions, learning and simulation Self-efficacy

Virtual and gaming simulation

Anxiety and stress measuring
Simulation as stress a reducer in practice

Adult education
Published after 1999
English and Scandinavian languages

Peer- reviewed articles
Dissertations
Short papers
Grey literature
Reports
Editorials
Reviews

Figure 2 describes the screening process using a PRISMA flow
chart.

2.4 | Data analysis

Three authors (AM, KR and HSS) conducted the analyses individu-
ally. All authors met to discuss the data to ensure their credibility
and to obtain consensus about the interpretation of the individual
themes that emerged during analysis. The analytic process focused
on identifying common and unusual patterns, variations, com-
parisons and relationships. This process allowed us to conduct the
analysis to meet the aim of this review regardless of the research
methodology or study design (Whittemore & Knafl, 2005).

We obtained comprehensive insights into the data using the fol-
lowing phases. First, reading the studies and especially the results
provided us with an overall impression of the data and a sense of
the whole. Second, the data were open coded and clustered the-
matically. We next compared the themes within studies to contrast
patterns within each study. Finally, the themes were compared
and contrasted between studies in an integrative matrix synthesis
(Noyes et al., 2019; Whittemore & Knafl, 2005).

2.5 | Critical Appraisal Skills Programme

The Critical Appraisal Skills Programme (CASP, 2013) was used to
appraise the methodological quality of the included articles system-
atically. To minimize bias, three researchers were involved (AM, KR
and HSS). To perform an in-depth appraisal and to adhere to the
methodological appraisals, two summary matrices were utilized:
CASP for quantitative studies and CASP for qualitative studies

(Tables 2 and 3 respectively). The studies were evaluated according

Books and book chapters
Conference proceedings

to their presentation of the design, methods, ethical quality, analyses
and discussion. The quality of the studies was evaluated to identify

the invalid and highly valid studies.

3 | RESULTS

Table 4 describes the purpose, sample, methods and design used to
report emotions and learning in addition to the study findings from
the included studies.

The academic emotions described in the results were evoked
by the simulation learning task itself. Emotions vary during the
learning activity and were found to unfold from negatively to pos-
itively loaded. Three themes emerged from the analysis: (a) simu-
lation as a fearful and stressful situation, (b) variability in emotions
experienced during simulation as a rollercoaster of emotions and
(c) emotions wide-ranging effects on students' learning in the
simulation.

The research findings are presented in detail in the following

sections.

3.1 | Theme 1: Simulation as a fearful and
stressful situation

Our analysis showed that negatively loaded emotions were men-
tioned frequently in the literature. Nine studies investigated anxi-
ety (Al-Ghareeb et al., 2019; Behrens et al., 2019; Beischel, 2013;
Cato, 2013; Fraser et al, 2012; Fraser & McLaughlin, 2018;
Holt, 2017; Najjar et al., 2015; Walton et al., 2011). Four studies
investigated stress (Demaria et al., 2010, 2016; Groot et al., 2020;
Tremblay et al., 2017). Students have reported feeling anxious, dis-

appointed, uncomfortable, confused, nervous, fearful, devastated
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FIGURE 2 Flowchart
= Records identified through database Additional records identified through other
° searching sources
ﬁ (n=12813) -Manual searches in journals
q‘:’ - Manual search in articles citations
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(7]
=
—
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[-14)
=
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[}
[J]
S
a
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(n=9323) \ Records excluded, based on
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-
(n=9222)
M) |
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a (n=101) (n=85)
20
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Studies included in qualitative learning
synthesis n=18
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- Studies included in quantitative meeting clinical
synthesis practice
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and angry during the simulation (Holt, 2017; Ko & Choi, 2020; Najjar
et al., 2015; Walton et al., 2011).

Several studies highlighted the reasons for anxiety and stress
associated with simulations (Beischel, 2013; Cato, 2013; Groot
etal., 2020; Holt, 2017; Ko & Choi, 2020; Najjar et al., 2015; Tremblay
etal., 2017; Walton et al., 2011). Fear of the unknown and being eval-
uated, uncertainty about treatment options and feeling unprepared
for the simulation setting are important explanations. Inexperience,
self-doubt, fear of performing in front of peers and teachers, fear of
being on camera and anxiety about potential for making mistakes are

triggers. Several studies also examined anxiety about the high-fidelity

- Discussed how
different scenarios
influenced students’
emotions n =11

- Wrong methodical
approach; not
empirical research
n=11

- Others; concerning
learning style, learning
environment and self
efficacy in simulation
n=17

unfamiliar environment, stress related to the equipment not working
as intended and the manikin's death. (Demaria et al., 2010, 2016;
Fraser et al., 2014; Tremblay et al., 2017; Walton et al., 2011).

The students' different roles in a simulation setting trigger neg-
atively loaded emotions. The active leading student role or being a
team leader generates more stress, anxiety and cognitive overload
than having an observer role (Beischel, 2013; Cato, 2013; Fraser
et al.,, 2012; Schlairet et al.,, 2015; Tremblay et al., 2017, Walton
et al., 2011) because students are put on the spot, must perform in
front of teachers and peers, and are anxious about receiving feed-

back in the debriefing.
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1 2 8 4 5 6 7 8 9 10

Al-Ghareeb et al. (2019) * * * *
Beischel (2013) * * * * *
Cato (2013) * *
Fraser et al. (2012) * * * * * * *
Fraser et al. (2014) * * * *
DeMaria et al. (2010) * * * *
DeMaria et al. (2016) * * * *
Fraser and McLaughlin * * L 2 *

(2018)
Schlairet et al. (2015) * * * *
Tremblay et al. (2017) * * *

Note: (1) Design, purpose/aim and background.
(2) Methods, sufficiently described, location and dates of data collection.

(3) Data analysis, description of methods used for data analysis, verifying data, calculating the
response rate.

(4) Sample selection, sample size calculation, representativeness.

(5) Research tool development, description of the population.

(6) Administration of tool, who approached potential participants, number of contacts provided.
(7) Ethical quality, approval, consent.

(8) Results, response rate reported, respondents accounted for, results clearly presented.

(9) Discussion, results summarized, strengths and limitations, the generalizability of results
discussed.

(10) Overall rating: high quality, medium quality, low quality, exclusion.
@ = High, all/almost all criteria met.

= Medium, some of the criteria are not met or not satisfactorily describe.
@ = Low, few or no criteria are met or satisfactorily described.

1 2 3 4 5 6 8 9 10 11 12
Behrens et al. (2019) * * * * * * * * * *
Holt (2017) * L 4 * L 2 L 4 L 2 * L 4 *
Groot et al. (2020) * * * * * * * . . *
Ko and Choi (2020) * * * * * * * * *
Najjar et al. (2015) * * * . *
Walton et al. (2011) * * * * *

Note: (1) A clear statement of the aim.
(2) Was a qualitative methodology appropriate?
(3) Is it worth continuing?
(4) Was the design appropriate to address the aims of the research?
(5) Was the recruitment strategy appropriate?
(6) Were the data collected in a way that addressed the research issue?
(7) Has the relationship between the researcher and participants been addressed?
(8) Have ethical issues been taken into consideration?
(9) Was the analysis sufficient?
(10) Is there a clear statement of findings?
(11) How valuable is the research?
(12) Overall rating: high quality, medium quality, low quality, exclusion.
@ = High, all/almost all criteria met.
= Medium, some of the criteria are not met or not satisfactorily describe.
@ = Low, few or no criteria are met or satisfactorily described.

TABLE 2 CASP Quantitaive

TABLE 3 CASP qualitative
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3.2 | Theme 2: Variability in emotions experienced
during simulation as a rollercoaster of emotions

Emotions vary before, during and after the simulation (Tremblay
et al., 2017; Walton et al., 2011). Anxiety, being alert, feeling inse-
cure or disorganized and joking to mask fear are predominant at
the beginning of a simulation. Stress, embarrassment, confusion,
enjoyment and pride are evident during the unfolding of the sce-
nario. The various reported emotional outcomes after the end of the
simulation range from fear, anxiety, shame, frustration, confidence,
calm, nervousness, disappointment, surprise and worry, to enjoy-
ment, excitement, happiness, pride and feeling challenged (Behrens
et al., 2019; Fraser et al., 2012; Fraser & McLaughlin, 2018; Groot
et al., 2020; Holt, 2017; Ko & Choi, 2020; Schlairet et al., 2015;
Walton et al., 2011). Students also report feeling a “sigh of relief”
after the scenario has ended (Holt, 2017; Walton et al., 2011).

The research also described tranquillity and invigoration (Fraser
et al., 2012; Fraser & MclLaughlin, 2018; Schlairet et al., 2015).
Invigoration was predominant and suggests that students can ex-
perience simulation as a pleasant and activating learning activity.
Fraser and McLaughlin (2018) found that tranquillity seems to in-
crease during the debriefing, which suggest that students feel com-

fortable and relaxed during the debriefing.

3.3 | Theme 3: Emotions wide-ranging effects on
students' learning in the simulation

Results were ambiguous concerning how emotions affected stu-
dents' learning. Studies that focused on the learning process show
how emotion can impact students' cognitive load and that stress and
a high cognitive load can influence students' ability to learn (Fraser
et al., 2012, 2014; Fraser & McLaughlin, 2018; Schlairet et al., 2015;
Tremblay et al., 2017). Students who experience high cognitive load
may miss important clinical observations (Schlairet et al., 2015).
Stress limits their ability to focus and make it difficult to think and
do at the same time; for example, students report forgetting new
knowledge and memory loss as a result of stress during simulations.

The literature show that stress and anxiety can negatively influ-
ence learning outcomes (Cato, 2013; Fraser et al., 2012; Fraser &
McLaughlin, 2018; Tremblay et al., 2017; Walton et al., 2011); for
example, by impairing performance and the development of com-
petency. However, stress and anxiety can also benefit learning
outcomes. For example, Demaria et al. (2010, 2016) found that stu-
dents exposed to emotionally challenging scenarios (e.g. by letting
the manikin die) achieved greater practical competence than those
who were not exposed to this scenario. Several studies found that
moderate anxiety is experienced by students as a driver of learning
(Al-Ghareeb et al., 2019; Behrens et al., 2019; Groot et al., 2020; Ko
& Choi, 2020). Five studies identified compound learning outcomes
such as confidence and feeling more secure, despite the students
being emotionally aroused. Students have reported that they gain

experience by practising clinical reasoning and critical thinking, and

by learning to identify errors, and that the simulation experience
seems to motivate them to improve and to direct their own learning
(Groot et al., 2020; Holt, 2017; Ko & Choi, 2020; Najjar et al., 2015;
Tremblay et al., 2017; Walton et al., 2011). For example, during a
simulation, students learn to analyse the patient's situation and to
prioritize and implement interventions (Walton et al., 2011). Holt
(2017) described complex affective learning outcomes, such as em-
pathy and confronting ethical issues.

Ambiguous results were found in the mixed-methods study by
Beischel (2013). The quantitative aspect of their study found that
anxiety does not influence the learning process, whereas the qual-
itative aspect found that anxiety prevents learning. Experience of
anxiety causes slower thinking and has a negative effect on stu-
dents' ability to think clearly. Walton et al. (2011) found that stress
and anxiety can hinder the learning process even though the stu-

dents reported complex learning outcomes.

4 | DISCUSSION

Interestingly, our findings show that there is a lack of detailed
knowledge about students' emotions during SBE. Our analysis
showed that studies have focused mainly on students' reactions to
the simulated learning experience, for example, anxiety about their
performance in SBE. Emotional activation triggered by cognitive in-
congruity, SBE content and social interactions is rarely described in
the literature. One of the most important findings of our analyses
was that stress and anxiety are the predominant emotions reported
in the literature and that these affect academic outcomes mainly in
an obstructive way. However, experienced emotions are important
for learning regardless of whether the experiences are pleasant or
unpleasant.

4.1 | The emotional rollercoaster during SBE

Learning situations foster intertwined mixed emotions (Shuman
et al,, 2013) and this also occurs in the simulation context. Our
analysis showed that during simulation students express emotions
ranging from fear to excitement, enjoyment and pride. Students
have reported feeling confident, calm, surprised, shamed, frustrated,
proud and happy at the end of a simulation (Behrens et al., 2019;
Tremblay et al., 2017; Walton et al., 2011). These findings support
the idea that emotions are dynamic and that students can experi-
ence both positive and negative emotions in the same educational
context (D'Mello & Graesser, 2012; Shuman et al., 2013).

In the debriefing phase where learning mainly occurs, negative
emotions can shift to positive if students are given the opportunity
to reflect on the scenario situation - what worked, what did not
work - and to obtain supportive feedback (Dufrene & Young, 2014).
Such an emotional change can play an important role in students
developing confidence about the skills needed to become a profes-

sional health-care worker.



MADSGAARD ET AL.

Our analysis also show that students can experience emotional
overload during SBE. In our analysis overload was defined as a high
cognitive load. A high cognitive load has been found to affect working
memory capacity by limiting the processing of novel information and
working memory (Van Merrienboer & Sweller, 2005). Studies have
identified that high cognitive load during simulation can reduce perfor-
mance and memory months after the simulation (Fraser et al., 2012;
Fraser & McLaughlin, 2018; Schlairet et al., 2015) which suggest that

a higher cognitive load can also impact learning outcomes.

4.2 | Negative emotions are more than a barrier

Studies of emotions in education are dominated by studies of anxi-
ety and stress (Pekrun & Linnenbrink-Garcia, 2014). This is also the
case in the literature examined in this review because several of
the included studies described a one-sided focus on simulation as a
nerve-wracking experience that is loaded with stress, fear, discom-
fort and anxiety. Such emotions are categorized as negative and un-
pleasant according to the CM.

Most of the studies in this review reported anxiety and stress
as hampering learning (Cato, 2013; Fraser et al., 2012; Fraser &
McLaughlin, 2018; Tremblay et al., 2017; Walton et al., 2011). In
academic situations, anxiety is perceived as the most problem-
atic emotion for academic success. Anxiety impacts the learn-
er's ability to focus, which negatively impacts working memory.
Research on anxiety in test situations supports the idea that nega-
tively loaded experiences adversely influence cognitive processes
by requiring use of the available cognitive resources to cope
with anxiety, leaving few resources for memorizing, interpreting
and solving complex tasks (Pekrun & Linnenbrink-Garcia, 2014;
Valiente et al., 2012). This is supported by the findings of our re-
view, in which stress and anxiety were found to increase memory
loss, decreased the ability to focus on the task, and hinder thinking
(Cato, 2013; Walton et al., 2011). However, our results also found
that moderate stress and anxiety have a positive effect and can
facilitate students' learning because the anxiety associated with
SBE improves students' preparedness (Behrens et al., 2019; Ko
& Choi, 2020). Demaria et al. (2010) and Al-Ghareeb et al. (2019)
also found that moderate stress and low-level anxiety were associ-
ated with greater practical competency and optimal performance.
Incorporating some tension before a simulation, for example by
requiring students to prepare in advanced, is supported by the
simulation framework (Jeffries, 2020).

Walton et al. (2011), Behrens et al. (2019) and Holt (2017) found
that students can feel confused and frustrated during the simula-
tion. Students face confusion and frustration when experiencing
incongruity between cognitive capacity and performance and when
their existing knowledge is inconsistent with new information (Vogl
et al., 2019). However, such unpleasant emotions can benefit learn-
ing. Most learners want to overcome the feeling of confusion, and to
do so, they engage and seek knowledge to resolve the feeling of in-

congruity. Therefore, confusion can increase students' deeper level
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of understanding (Lehman et al., 2012). In particular the opportunity
to resolve their confusion during a simulation activity broadens the
potential for learning (Fredrickson, 2001). Through the debriefing
phase, learners are given the opportunity to explore and discuss
problems experienced in the simulation scenario.

Our analysis also showed that, despite the students' anxi-
ety, stress and discomfort, complex learning outcomes do occur
(Al-Ghareeb et al., 2019; Demaria et al., 2010; Groot et al., 2020;
Holt, 2017; Najjar et al., 2015; Walton et al., 2011). Students gain
confidence and understanding, learn to analyse the patient's situa-
tion and increase their practical competency. According to the CM,
both negative and positive emotions can activate students, and this
activation can benefit the learning process by increasing attention,
alertness, concentration and engagement in the learning task (Ainley
et al.,, 2002). The results of our analysis show that students are highly
emotionally activated during a simulation. Arousal can play a crucial
role in students' learning and learning outcomes beyond the potential

for pleasant or unpleasant emotions to interrupt the learning process.

4.3 | Enjoyment and relaxation foster learning in
a simulation

Students' positive emotions include excitement, pride and enjoy-
ment (Behrens et al., 2019; Groot et al., 2020; Holt, 2017; Schlairet
et al.,, 2015). These are defined as activated emotions in the CM
(Posner et al., 2005). Positive activated emotions can foster interest,
and the motivation to study, and can contribute to the desire for stu-
dents to make the effort to explore new knowledge. Interest helps
students to maintain attention in the academic setting. Sharpened
attention, increased effort and interest are beneficial in the learning
process (Fredrickson, 2001). By being in a positive state, students
can feel free to think critically and solve problems in flexible and
creative ways (Pekrun et al., 2002). Solving problems and seeking
understanding are important in a simulation. These actions are re-
lated to metacognition and deep learning approaches, which are
associated with higher achievement scores (Pekrun & Linnenbrink-
Garcia, 2014; Trigwell et al., 2012).

Students also described positive deactivated emotions, such
as a “sigh of relief” and calmness after the scenario has ended
(Fraser et al., 2012; Groot et al., 2020; Najjar et al., 2015; Schlairet
et al., 2015), and these emotions are most prominent during debrief-
ing (Fraser & McLaughlin, 2018). Students can benefit from being
in a low-arousal state before entering the debriefing phase. Being
relieved and calm can make the space needed for cognition and re-
flection, which are important for understanding and learning during
a simulation (Neill & Wotton, 2011).

4.4 | Strengths and limitations

To ensure validity of our analysis, the research process involved

four researchers, including a senior librarian for quality assurance
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of the database search. Our analysis was strengthened by the
broad search conducted and the updated search to include the lat-
est research.

Despite the common aims used in many studies, research on
emotions and learning encompasses a complex field, and emotions
have been investigated in various dimensions. Learning has been
defined as an outcome or process, which meant that comparison
between studies was problematic and complicated our conclusions.
Many of the studies included were conducted with a small number
of participants, thus, it may be premature to draw conclusions about

the topic.

4.5 | Relevance to educational practice

The usual recommendation for simulations is to reduce stress to in-
crease the learning experiences (Al-Ghareeb et al., 2017; Cantrell
et al., 2017). Our findings indicate a more complex and nuanced pic-
ture; that is, there is a wider spectrum of emotions occurring in simu-
lation than simply students' stress and anxiety. The black-and-white
perspective that students' stress and anxiety can have a negative
effect on learning may be misleading. Our analysis shows that simu-
lation can trigger multiple and changing emotions. Educators should
consider the full range of students' emotions when planning and per-
forming SBE. The need to establish a psychologically safe learning
environment is relevant to SBE theory and is important for reducing
student's anxiety (Kolbe et al., 2020). However, educators should
also consider using SBE to trigger comprehensive emotions that can
benefit students' learning such as curiosity, interest and confusion.
The emotional rollercoaster that students experience during simula-
tions highlights the importance of time for reflection and clarifica-
tion during debriefing. Not including adequate debriefing can mean
that students leave the simulation with unresolved frustration and
confusion. Therefore, debriefing should be considered as an essen-
tial part of SBE.

5 | CONCLUSION

The main findings of our analysis were the strong focus on stress
and anxiety in the literature and the broader spectrum of students'
emotions uncovered. This review did not identify unilaterally em-
pirical proof for promoting positively or negatively loaded emotions
limiting students' learning during SBE. The role of arousal in learning
needs further clarification. The benefits of experiencing a range of
emotions during a simulation should not be overlooked because the
change in students' emotions from fear and stress to enjoyment and
less arousal can help to facilitate their sense of amazement and in-
vestigation. Students should be allowed the opportunity to express
frustration and to resolve their confusion. This opportunity is best
given during debriefing, which supports the idea that debriefing is

essential for learning during SBE.

Our results disclosed that little attention has focused on the
effects of positive emotions on learning. This coincides with re-
search about academic emotions overall (Pekrun & Linnenbrink-
Garcia, 2014). The reasons for the lack of research may be that
students often are unaware of their enjoyment of learning and the
difficulties observing and measuring positive emotions.

Because emotions are a highly subjective experience, future re-
search should include more qualitative research to understand more
fully students' learning during simulation. Research on the impact of
emotions on learning during simulation should focus on how emo-
tions change throughout the simulation, how activated emotions
affect learning and how to scaffold and implement simulation sce-
narios to trigger academic emotions such as curiosity, frustration
and surprise.
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