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ABSTRACT

ARTICLE HISTORY

The increased curricular integration of simulation-based training (SBT) in medical education is
accompanied by researchers’ calls to examine the effectiveness of SBT. We address conflicting
results regarding effects of an added stressor on learning outcomes. In an experimental setting,
one group of medical students (N ¼ 20) performed cardiopulmonary resuscitation on a patient
simulator. For a second group (N ¼ 21) the scenario differed in that they encountered a defect
defibrillator. We found participants of both groups to show increased biological stress-levels,
independent of group allocation. Paradoxically, participants who encountered the equipment
failure subjectively reported less stress. We discuss the implications of the comparable high
stress levels in both groups with regards to future studies. We further discuss the result regarding subjective stress levels within the framework of attribution theory.
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Practitioner summary: The results of our experimental study underline the need for evidencebased choices of additional stressors for the design of simulation scenarios. We describe the
choice of stimuli and setting in detail to maximise practical value for the construction of simulation-based medical trainings.
Abbreviations: SBT: simulation-based training interventions; ERC: European Resuscitation
Council Guidelines for Resuscitation; ROSC: return of spontaneous circulation; sAA: alpha-amylase; OSCE: Objective Structured Clinical Examination; ECG: electrocardiogram

Introduction
Simulation-based training interventions (SBT) are ubiquitous in many high reliability environments (Horn
et al. 2015; Saborit et al. 2010) and are increasingly
implemented in medical education (Levine 2013). SBT
is used for technical skills training, e.g. knowledge
acquisition and retention (Ackermann 2009; Anderson
and Warren 2011; Cotard and Michinov 2018; Rauen
2004; Rezmer et al. 2011), and non-technical skills training, e.g. teamwork skills (Hagemann et al. 2017; Merry
2007). In both cases, the interaction of the simulation
environment with physiological and psychological
characteristics of the learner constitutes a crucial issue
regarding the effectiveness of the tool (Bradley 2006;
Issenberg et al. 2011). The call for ‘further research
elucidating what works, for whom, under what circumstances’ (Cook et al. 2013) has stimulated valuable
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investigations on a multitude of factors, relating to characteristics of the learner (Clarke 2018), or to characteristics of the simulation environment (Hamstra et al. 2014)
and their impact on the effectiveness of medical SBT.
Concerning the latter, one issue that is
still controversially discussed concerns the optimal
design of the simulation environment regarding (additional) stressors.
Stressors are internal or external demands imposed
on or inherent to the learner; widely recognised stimuli in the research domain concern personal factors,
characteristics of the simulation environment or the
confederate, technical factors, events or distractions
(Arora et al. 2010; DeMaria & Levine 2013; Wetzel
et al. 2006). For examples, see Table 1. On the one
hand, researchers argue that as medical professionals
work in high-stress environments, high-stress during
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Table 1. Summary of possible additional stressors during SBT
Category
Intrinsic to all immersive simulation

Participants/Personal factors

Technical factors
Confederates/team factors

Events

Distractions

Stressor
public demonstration of performance
managing rare events
managing life-threatening events
public justification of actions and performance shortcomings
time compressed simulations/time pressured
treating the simulator/simulation as if it were real embarrassing
watching and listening to one's self on video
complexity of case out of proportion to participant level of training
learning new techniques
taking a leadership role
taking a team membership role
relying on people during a critical event who you never worked with before
errors and mistakes/failure
fatigue, tiredness
personal issues, personal problems
hunger
illness
physical discomfort
unfamiliar equipment
failing devices
backup devices unavailable
dismissive colleagues
less than helpful support staff,
flack of support
confrontation with patient, family, other practitioners, senior faculty
anxious, nervous, screaming confederates (patient, family, other healthcare providers)
supervising uncooperative, poorly performing, or generally obstructive and unhelpful subordinates
inexperienced, incompetent staff
staff paying no attention
interpersonal problems
language problems
rapidly deteriorating vital signs
being rushed
bad outcome, patient injury or demise
ineffective therapeutic interventions
unanticipated difficulties
diagnostic dilemmas
bleeding
unexpected anatomy
procedure not going according to plan
complications
immediate decision making
complex procedure
high-risk patients
difficulties finding the source of a problem
no progress
interruptions
noise/radio, bleeps
Performance pressure
multitasking, triaging, and managing multiple patients simultaneously/multiple demands
people walking in and out
phone calls

Source
A
A
A
A
A
A
A
A
B
A
A
A
A
B; C
B; C
C
C
C
A
A
A
A
B; A
A
A
A
B; C
C
C
C
A
A
A
A
A
A
B
B
B
B
C
C
C
C
C
B
B; C
B
B; A
C
C

Note. Source A = DeMaria & Levine, 2013 ; B = Arora et al., 2009 ; C = Wetzel et al., 2006.
Stressors printed in italics were included in the piloting; stressors printed in bold were included in the present study.

SBT is ideal for skills transfer (Andreatta, Hillard, and
Krain 2010). This assumption is supported by research
that found stress to increase participants’ performance
and memory after SBT (DeMaria et al. 2010; DeMaria &
Levine 2013). Consequently, multiple ways to enhance
stress during SBT through additional stimuli are proposed (Andreatta, Hillard, and Krain 2010; DeMaria
et al. 2010; DeMaria & Levine 2013; Wetzel et al. 2006).
On the other hand, studies found increased stress to
deteriorate participants performance, knowledge

retrieval and skills transfer (Hunziker et al. 2011;
Prabhu et al. 2010; Valentin et al. 2015). These studies
question the educational value of highly stressful simulations and consequently the use and value of additional stressors (Keitel et al. 2011; Piquette et al.
2014). Broadly summarised, studies propagating different stressors, like interruptions or lack of support, to
enrich the simulation environment are at odds with
controversial evidence on the (enhanced) usefulness
of such ‘enriched’ scenarios.
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Our study targeted the question of how to design SBT
regarding stressfulness of the learning environment. We
address conflicting results regarding the design of SBT by
investigating the effects of an added stimuli serving as a
stressors on learning outcomes. We will precisely elaborate on the choice of the stimuli below, to maximise practical value regarding the design of SBT within
medical education.
However, to delineate substantial hypotheses
regarding the effects of stress on meaningful learning
and performance outcomes, we find it inevitable to
draw on fundamental research concerning stress and
memory processes, as stress has been shown to influence multiple learning systems in various ways
(Schwabe and Wolf 2013). First, stress was found to
have positive effects on memory encoding (the creation of new memories) and consolidation (Wolf
2017). Second, stress is suggested to cause a shift
from a flexible, declarative form of learning (i.e. cognitive learning) towards habit based (procedural) learning: the higher the stress, the more rigid the form of
learning (DeMaria & Levine 2013; Schwabe and Wolf
2013). Third, stress impairs memory retrieval.
Retrieving important information during stressful episodes is hindered by stress (Kluge et al. 2019;
Wolf 2017).
Cardiopulmonary resuscitation has been taught and
€ller
studied within SBT before (Hunziker et al. 2011; Mu
et al. 2009), we thus chose it as the educational case
for our scenario. One group of students attended a
scenario without manipulation of the stimuli
(‘functioning equipment’), the second group attended
the same scenario but with manipulated stimuli, i.e.
equipment (see methods section for choice of stressor)
(‘equipment failure’).
Hypothesis (1): Participants of the two groups show
increased biological stress levels directly after the
simulation, compared to before the simulation.
Hypothesis (2): Participants of the ‘equipment failure’
group show higher biological and subjective stress
levels after the simulation, compared to participants
of the ‘functioning equipment’ group.

Drawing on fundamental research reported above,
we expect the following:
Hypothesis (3). Compared to the ‘functioning
equipment’ group, the ‘equipment failure’ group
should a) perform worse during the simulation
(retrieval), b) show less declarative learning
achievements on the subject of resuscitation procedure
(declarative vs. procedural knowledge acquisition), and
at the same time c) score better at an episodic memory
test (encoding and consolidation).

Materials and methods
Sampling and study procedure
Medical students (human medicine) in their 7th to 9th
semester were recruited using posters and mailing lists
of the Ruhr University Bochum (standard period of
study in Germany are 10 semesters). Due to their
known influences on cortisol levels, exclusion criteria
consisted of a history of neurological or psychiatric
conditions, prescription of drugs influencing the central nervous system or corticosteroids, regular shift
work or substance abuse. To minimise confounding
influences, people with a professional background in
emergency medicine were excluded. Participation was
voluntarily. Participants received 30 Euro remuneration.
The ethical committee of the Ruhr University Bochum
(medical faculty) approved the study (registration
number: 15-5570). We followed a single-blind design
and assigned participants randomly and concealed to
one of the two groups by drawing lots (see Figure 1
for trial flow).
The study took place on two consecutive days.
Before the first testing day, participants received an
obligatory electronic invitation to refresh their knowledge on the European Resuscitation Council
Guidelines for Resuscitation (ERC) on an onlinelearning platform (Soar et al. 2015). The first testing
day took place at the ‘Bergmannsheil’ hospital in
Bochum. Participants answered demographic questionnaires, the knowledge test on the ERC guidelines (Soar
et al. 2015), completed a hands-on training and the
actual simulation (see below). On day two, participants
again completed the knowledge test on the ERC
guidelines and an episodic memory test (see below).
They received written debriefing information a week
after completing the study. Figure 1 displays the
detailed study procedure.

Choice of stressor
We first summarised possible stimuli that have been
described as additional stressors, see Table 1. We chose
one stimuli per category, not including the categories
‘intrinsic to all immersive simulation’ and ‘participants/
personal factors’. As a ‘failing technical device’ we
included a defect defibrillator, as a ‘confederate/team’factor the accompanying nurse was instructed to
induce verbal pressure (see below), as ‘unanticipated
difficulties’ the tongue of the mannequin was programmed to swell during the procedure, and as a
‘distraction’ loud background noises were included.

ERGONOMICS

41 medical students
Funconing Equipment Group
N = 20

randomizaon

Female n = 17
Male
n = 03

Female n = 17
Male
n = 04

Agemean = 23.55 (2.37)

Agemean = 23.33 (1.8)
Agesemester= 8.05 (1.02)

Agesemester= 7.6 (1.14)

Before tesng day

Equipment Failure Group
N = 21

Informed consent

Informed consent

(Obligatory) electronic invitaon to refresh knowledge
on ERC Guidelines

Knowledge test on ERC
Guidelines

Knowledge test on ERC
Guidelines

Demographic quesonnaire

Demographic quesonnaire

First tesng day

Hands-on training (approx. 2 h)
T1: saliva sample

Simulaon Training

Second tesng
day

Scenario with
operaonal deﬁbrillator

T1: saliva sample

Behavioral observaons
(performance; OSCE)

Scenario with defect
deﬁbrillator

T2: saliva sample

T2: saliva sample

Fidelity quesonaire

Fidelity quesonaire

T3: saliva sample

T3: saliva sample

Episodic memory test

Episodic memory test

Knowledge test on ERC
Guidelines

Knowledge test on ERC
Guidelines

Remuneraon

One week
later

Simulaon Training

Wrien debrieﬁng

Figure 1. Trial flow and graphical overview of the chronical study procedure.

Remuneraon

Wrien debrieﬁng
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We conducted five pilot runs including the four
stimuli. Ten assistant doctors (two doctors performing
one simulation together) completed the pilots. As an
evaluation criterion we relied on subjective reports.
The assistant doctors reported that they found the
scenario very difficult and extremely stressful. As our
targeted participants were less experienced (medical
students), we decided to reduce the stimuli from four
to two.
We chose the defect defibrillator as our main added
stimuli due to the following reasons: First, it holds a
key position within the algorithm (see below for
detailed description of scenario), with a specific time
point and its use does not offer alternatives. We could
therefore make sure that the scenario was identical for
the two groups before and after the stimuli. Second,
the defibrillator has incremental importance for the
survival of the patient. Third, the stimuli is easily controllable; we were able to intervene by ‘finding the
cause’ of the problem (missing batteries) and thus
proceed with the simulation if participants did not recognise the cause after 2 min. This ensured maximal
comparability between the groups. Fifth, it was impossible for participants to not recognise the stimuli. We
decided to also include verbal pressure by the accompanying nurse as a second stimuli, as it narratively
made sense within the scenario (see below).
We completed two pilot runs including these two
stimuli. Four medical students within their practical
year completed the scenario. They reported that they
found the scenario to be appropriate concerning procedure, levels of stress and difficulty.

be helpful, to not initiate any actions until they got
instructions from the participant and to perform tasks
conscientiously. The patient simulator (Resusci Anne
SimulatorV, ‘Laerdal Medical’) was placed in a supine
position on the floor; an emergency cart was standing
nearby. No monitoring was installed; the patient had
vascular access. The simulator was programmed to
show neither respiration, nor cardio-circulation.
Participants were expected to start mechanical cardiopulmonary resuscitation. The simulator was programmed to show ventricular fibrillation, prompting the
participants to follow the Algorithm of Advanced Life
Support (ERC) and thus use the defibrillator (Soar et al.
2015). The simulator was programmed to indicate asystole after the first shock, prompting participants to continue with medicinal treatment. The scenario ended
with the return of spontaneous circulation (ROSC) after
approximately 10 min.
The scenarios only differed in that the ‘equipment
failure’ group additionally encountered a defective
defibrillator, whereas in the ‘functioning equipment’
group the defibrillator was operational. Alongside, the
script for the nurses only differed in that they were
instructed to induce verbal pressure on the participants of the ‘equipment failure’ group when the failing defibrillator became apparent (e.g. ‘what do we do
now? We have to do something!’). Furthermore, they
were instructed to find the cause for the failing defibrillator (missing batteries) after 2 min. if the participant
had not offered any solutions up to that point. The
nurse then went to get batteries so that participants
were able to perform the next steps.

Simulation scenario

Material

The scenario was designed by a certificated simulation-instructor with experiences in clinical emergency medicine.
Participants received a verbal standardised
introduction:

Demographic questions included age, gender, weight,
and height. Questions on the medical history of the
participant and their experiences with SBT and emergency medicine were asked with regards to the exclusion criteria mentioned above. Internal consistencies
(a) are reported for this study in the following.
As biological markers of stress, we used salivary
cortisol and alpha-amylase (sAA). The two markers
relate to the two primary stress-response systems.
Cortisol is a widely used indicator of the ‘slow’ stress
response via the hypothalamus-pituitary-adrenal axis
(DeMaria & Levine 2013; Schwabe and Wolf 2013); sAA
is assumed to be a reliable indicator of the ‘rapid’
stress response via the autonomic nervous system
(Nater and Rohleder 2009). The assay of the salivary
samples followed the procedure described in Herten
et al. (2016).

You are playing an assistant physician in this hospital.
Together with the intensive-care nurse you are the
appointed emergency team of the hospital for the
night. It is 11 pm, the night shift has just taken over
when a nurse pages you to the casualty ward that is
close to your location. Once you open the door, you
arrive at the ward, here is your emergency kit.

Participants entered the scenario with the nurse, to
meet the nurse who paged them. Two of three student
assistants took turn in playing the nurses, they were
instructed beforehand which script to follow (from
which group condition). The nurses were instructed to

R
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Five items previously designed and validated by
one of the authors were used to measure subjective
stress, e.g. ‘Looking back at the simulation scenario,
I felt overwhelmed’ (a ¼ .72) (Hagemann et al. 2017).
Participants responded on a four-point Likert-scale,
anchored by ‘disagree’ to ‘agree’.
The authors applied the six-item presence scale to
assess fidelity of the scenario (Frank and Kluge 2014).
Participants answered on a Likert-Scale, ranging from
‘not true at all’ to ‘very true’ (e.g. ‘I felt like I was part
of the simulation scenario’; a ¼ .72).
To assess participants’ performance during the
simulation, we designed a checklist following the
‘Objective Structured Clinical Examination’ (Harden
and Gleeson 1979). OSCE has been shown to have
fewer psychometric problems compared to conventional performance-based assessments (Scalese and
Hatala 2013). Participants’ performance was rated by a
research assistant during the simulation on key actions
concerning basic and advanced life support.
Deviations and delays in time by the participant during the scenario were counted as errors. Afterwards, a
total OSCE score was computed; the maximum were
21 points. To avoid confounding the performance
measure with the effect of the defect defibrillator, performance was deliberately not evaluated for the 2 min.
of troubleshooting for the ‘equipment failure’ group.
Please see supplemental material 1 for the
detailed OSCE.
On the first and second testing day declarative
knowledge of the ERC Guidelines was assessed (see
Figure 1). The contents of the knowledge test related
directly to the processes and procedures that needed
to be used and applied – und thus held the chance to
be acquainted – during the scenario. The test followed
the design of medical exams at the Ruhr University
Bochum, so that participants would be familiar with
the outline. It consisted of 24 multiple-choice questions concerning basic life support, advanced life support, defibrillation and ECG, ventilation and securing
breathing, return of spontaneous circulation and
reversible causes. The answers were aggregated into a
knowledge index for each participant; the maximum
score was 120. Higher scores signified greater knowledge. For the pre simulation test, item difficulties fell
between pi ¼ 33.2–99; post simulation, difficulties
ranged from pi ¼ 41.4–99. Generally, items showed
lower difficulties post simulation, yet the range can be
considered balanced for the two measurements. The
supplemental material 2 displays the item analysis for
the items.
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To assess episodic memories, we designed questions relating to our specific scenario. Participants
were asked 28 multiple choice questions, some referring to the situation (e.g. ‘the patient was lying in a
supine position on the floor’); some referring to the
actions of the participant (e.g. ‘how often did you
inject 1 mg of adrenalin?’). To assess the average
memory performance, answers were aggregated; the
maximum score was 53 points. Item difficulties fell
between pi ¼ 23–95; the test was therefore balanced
regarding item difficulty (see supplemental material 3
for item analysis).

Statistical analysis
We based the sample size calculation on the analysis
of mixed variance with repeated measures (planned
effect size of f ¼ 0.25, alpha ¼ 0.05, power ¼ 0.95). The
software GPower calculated a minimum sample size
of 18 subjects per group.
For the analysis of between and within group
effects of cortisol and sAA levels, mixed design analysis of variance with repeated measures were conducted. Subjective stress levels were compared using
independent t-test. Declarative knowledge scores were
compared prior and after simulation between the
groups with mixed analysis of variance to observe
between- and within-effects. The analyses concerning
performance and memory scores were focussed on
posterior between-group effects, thus independent ttests were computed.
As cortisol and sAA data do not follow normal distributions (Rohleder and Nater 2009), we first normalised the data (loge). We found one outlier concerning
cortisol levels; further inspections revealed that cortisol
levels lay around 3.5 to 4 SD above the mean. Values
> 3 SD above the mean probably reflect sample contamination or an unreported disease; the data for this
participant was removed for the cortisol analysis.

Results
Preliminary analysis
We first analysed the groups regarding prior experience with SBT and their prior declarative knowledge
to exclude confounded results based on group differences. The groups neither differed regarding experience with SBT, v2(1) ¼ 2.47, p ¼ .12, nor regarding
mean scores on the prior knowledge test t(39) ¼ .40,
p ¼ .69. We further analysed the effects of group membership on perceived fidelity (presence scale) of the
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scenario. There was no significant difference in the ratings between the two groups, t(39) ¼ .60, p ¼ .55.

"functioning equipment" group
"equipment failure" group

18

15.35

16

Cortisol concentration in nmol/l

Descriptively, cortisol and sAA levels followed the
same pattern (Figure 2 and 3). For the two groups levels increased from the first time of measurement
(before SBT (T1)) to the second time of measurement
(after SBT (T2)) and went down again towards the end
of the testing day (T3).
Hypothesis (1). Inferentially, there was a significant
effect of time on cortisol levels, F(1.45, 54.91) ¼ 34.36,
p < .001, g2 ¼ .48. Tests of within-subject contrasts
revealed a significant difference between before (T1)
and after the simulation (T2), F(1, 38) ¼ 39.05, p < .001,
g2 ¼ .51. The difference between T2 and T3 was not
statistically significant, F(1, 38) ¼ 0.71, p ¼ .41.
Additionally, there was a significant effect of time on
sAA levels, F(2, 76) ¼ 42.74, p < .001, g2 ¼ .53. The differences between T1 and T2 (F(1, 38) ¼ 77.89, p ¼ .001,
g2 ¼ .24) and between T2 and T3 (F(1, 38) ¼ 90.24, p <
.001, g2 ¼ .70) were significant. Thus, the SBT lead to
significantly higher stress levels in both groups in
spite of the added stimuli.
Hypothesis (2). There was neither a significant interaction between group membership and time on cortisol levels (F(1.45, 54.91) ¼ .66, p ¼ .47), nor on sAA
levels (F(2, 76) ¼ .86, p ¼ .43). The experimental
manipulation did not cause differential responses in
physiological stress markers.
Participants within the ‘functioning equipment’ condition reported higher perceived subjective stress during the simulation (M ¼ 3.05, SD ¼ 0.56) than
participants within the ‘equipment failure’ condition
(M ¼ 2.68, SD ¼ 0.56). This difference was statistically
significant, t(39) ¼ 2.15, p < .05, r ¼ .33.
Hypothesis (3). Analysis of variance showed a significant effect of time on knowledge, F(1, 39) ¼ 101.67, p
< .001, g2 ¼ .72. The interaction between group and
time was not statistically significant, F(1, 39) ¼ .21,
p ¼ .65. Participants of the two groups equally reached
higher scores post simulation (‘functioning equipment’
SDpr€a ¼ 8.61,
Mpost ¼ 87.9,
group:
Mpr€a ¼ 75.5,
SDpost ¼ 8.00; ‘equipment failure’ group: Mpr€a ¼ 77.33,
SDpr€a ¼ 10.84, Mpost ¼ 88.67, SDpost ¼ 8.22).
The difference between OSCE scores of the
‘functioning equipment’ group (M ¼ 15.58, SD ¼ 2.27)
and the ‘equipment failure’ group (M ¼ 16.52,
SD ¼ 2.87)
was
not
statistically
significant,
t(39) ¼ 1.17, p ¼ .25, r ¼ .18.

13.90
14
14.08

12
10

11.42

8.90

8
8.24
6
4
2
0
T1

T2

T3

Figure 2. Cortisol level for the two groups before the simulation-based training (T1), right after the training (T2) and
30 min after the training (T3).

400
344.04
350
300

sAA concentration in U/ml

Hypotheses testing

254.56

317.55

250
253.82

179.30

200

178.90

150
100

"functioning equipment" group
"equipment failure" group

50
0
T1

T2

T3

Figure 3. Alpha-amylase level for the two groups before the
simulation-based training (T1), right after the training (T2) and
30 min after the training (T3).

Regarding episodic memory, participants within the
‘functioning equipment’ group reached an average of
30.8 points (SD ¼ 4.60), compared to an average of
30.0 points (SD ¼ 3.08) for the ‘equipment failure’
group (the maximum score would have been 53
points). This difference was not statistically significant,
t(39) ¼ .61, p ¼ .55, r ¼ .10.
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Discussion
The purpose of this study was to investigate effects of
added stressors on different learning outcomes, i.e.
performance, declarative learning and episodic memory. The methodological design included a randomised experimental setting; one group of medical
students performed cardiopulmonary resuscitation on
a patient simulator, the second group encountered a
defect defibrillator (added stimuli) in the otherwise
identical scenario. As expected, SBT lead to significant
increases in biological stress markers for all participants, which supports studies that emphasise the
stressful nature of SBT in medical settings (Hagemann
€ller et al. 2009).
et al. 2017; Keitel et al. 2011; Mu
Beyond, we did not find the failed equipment to lead
to enhanced stress levels: participants of both groups
showed increased biological stress-levels independent
of group allocation. Paradoxically, participants who
encountered the added stimuli (equipment failure)
subjectively reported less stress.
We first want to address the result of nonsignificant differences in physiological stress levels, as
it signifies a failed experimental manipulation. This
entails and prohibits answering our subsequent
hypothesis on the effects of stress on learning and performance, which substantially comprises the interpretation of our study. The result constitutes a major
limitation and we discuss it explicitly in the ‘limitations’
section (see below). Yet, we are convinced that the
result of the failed manipulation is in itself conclusive
and of merit – especially combined with the paradoxical finding regarding subjective stress levels. That is,
although we must refrain from any conclusions regarding the effects of stress on performance and learning,
we want to offer a discussion on the results regarding
physiological and subjective stress levels, which we
believe to be of value for future studies.
Regarding physiological stress levels, the hypothesis
was not supported in that there were no group differences. Yet the result did not occur because there was
no increase in stress, on the contrary, both groups
showed significant increases in stress levels. We want
to suggest the possibility of a ‘ceiling effect’ for our
targeted population. Dickerson and Kemeny (2004)
reported in their meta-analysis of acute stressors and
cortisol response an overall mean effect size of
d ¼ 0.31. The highest effect sizes are reported for tasks
including public speaking/cognitive task combinations
(d ¼ 0.87). Effect sizes for other type of tasks fell
between d ¼ 0.20–0.39. Following the same calculation
reported in the meta-analysis, we find an effect size of
d ¼ 0.84 for our cortisol data. It is conceivable that the
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added stimuli (equipment failure) did not lead to the
desired effect, because stress levels were already high
and thus did not allow much room to rise. This would
be in line with research hinting at the ‘inherently’
stressful nature of simulations (Keitel et al. 2011;
€ller et al. 2009). It also adds another dimension to
Mu
the question regarding the failed manipulation for the
experimental group: following our explanation of a
ceiling effect, the question might not (only) be why
the stimuli did not provoke enough stress in the
experimental group, it might also be whether low
stress conditions for the control group and thus targeted sample exist.
The result of the high physiological stress levels is
especially intriguing combined with the result on subjective stress levels: participants of the ‘functioning
equipment’ group reported to have experienced
greater stress compared to the ‘equipment failure’
group. We draw on attribution theories to explain this
paradox. Attribution theories differentiate if people
trace their failures or successes back to their own personal acts or abilities or to external reasons (Davis and
Davis 1972). In the context of our study, it is possible
that – especially because we assessed subjective stress
retrospectively – participants within the ‘equipment
failure’ group were able to attribute their struggles
and stress to the failing device. Participants of the
‘functioning equipment’ group in contrast were not
‘offered’ an external cause. They did not have the
chance of attributing their stress to anything else but
their skills and actions, which in turn might have led
to a bigger subjective perception of stress. DeMaria
and Levine (2013) discussed that high stress during
simulations might motivate students to study harder
after SBT. They therefore suggest adding stressors to
the simulation to support this ‘motivational boost’.
Our study adds concern to this argumentation, as it
hints at the possibility of ‘attributional excuses’ for students. If the simulation scenario offers students a possibility to trace back their struggles to anything else
rather than their own skills, it might reduce educational value.

Limitations
We want to address limitations of the present study to
facilitate adequate integration of our research. First,
our experimental manipulation did not elicit different
stress levels, making the interpretation of our last
hypothesis based on group differences meaningless. As
described above, we did not rely on stimuli for which
previous studies demonstrated significant effects (e.g.
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DeMaria et al. 2016; Dias and Scalabrini-Neto 2016,
2017). The selection of the stimuli was initially based
on various enumerations of possible stressors proposed
by Arora et al. (2010), DeMaria and Levine (2013) and
Wetzel et al. (2006). For the piloting we then relied on
subjective reporting of assistant doctors. While we are
convinced that the field benefits from the empirical
investigation of different stimuli serving as stressors,
the choice proved not to be helpful with regards to
answering our last hypothesis. On the one hand, this
underlines the need for accumulative empirical evidence on the interaction of the simulation environment with the characteristics of certain subgroups of
learners (Issenberg et al. 2011), as it demonstrates that
only because a certain condition is listed as a theoretical stressor, is does not necessarily have to be a stressor in a specific setting for a specific population.
Future empirical research on this is needed, especially
with regards to advices for practitioners (Cook et al.
2013). On the other hand, the results underline the
need to include physiological measures of stress in the
piloting of new simulation scenarios. Although we
acknowledge the exact replication of a simulation
scenario as extremely difficult, we believe the replication of the piloting with the added measure of physiological data to be worthwhile. First, this can help to
elaborate on the above discussed idea of whether it
was for the stimuli to not elicit enough stress or rather
for the ‘functioning equipment’ condition to produce
too much stress. Second, a replication study can then
answer our initial hypothesis regarding effects of stress
on learning outcomes and performance.
Third, we want to address the objective of investigating declarative knowledge acquisition. As the participants were familiar with the theories beforehand,
we expected the simulation to be useful in order to
consolidate and thus enhance their declarative knowledge, as described in previous studies (Anderson and
Warren 2011). In accordance with these assumptions,
our results demonstrate declarative knowledge acquisition for both groups, independent of stress levels.
However, there are numerous studies that emphasise
the usefulness of SBT for the acquisition of procedural
rather than declarative knowledge (Alinier 2007).
Within this context, simulation is aimed at improving
implementation of knowledge, not knowledge per se.
Against this background, the comparison of procedural and declarative knowledge acquisition would be
another interesting research realm for future studies.
Fourth, a convenience sample was used; it is perceivable that only highly motivated students took part,
leading to self-selection bias. Fifths, Wetzel et al.

(2006) point at the importance of experience for performances in stressful environments. Our results are
only applicable for medical students and cannot be
generalised to medical staff or professionals.

Implications and conclusion
Taken together, the results of our study first and foremost stress the importance of considering specific
characteristics of the learners (e.g. experience) when
designing (non-) stressful simulation environments.
Our results highlight the need for future studies on
different proposed stressors for different target populations, to further elaborate on the question what
works for whom (Cook et al. 2013). In this context our
study underlines the need to include physiological
measures of stress in the piloting of different simulation scenarios – or to rely on already validated stressors when addressing a specific hypothesis that
necessitates group differences. The result of the high
stress levels in both groups combined with the high
effect sizes call for research on the question of
whether low stress conditions for inexperienced medical students exist. Combined with the paradox regarding subjective stress ratings, it also raises the question,
if additional stimuli exhibit an unwanted effect regarding attribution of performance. We propose the
exploration of attributional consequences on longterm learning as an interesting research realm.
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