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Abstract
Objective: The present study explored how challenge and threat responses to stress
relate to performance, anxiety, confidence, team identity and team characteristics (time
spent training and postgraduate experience) in a team-based medical simulation competition.
Design: Cross-sectional data were collected prior to three days of competition.
Setting: The study was conducted during a national simulation-based training event for
residents, the SIMCUP Italia 2018. SIMCUP is a simulation competition where teams of four
compete in simulated, medical emergency scenarios.
Subjects: 95 participants from 24 teams.
Measurements and Main Results: Each day prior to the competition, participants completed
brief self-report measures which assessed demands and resources (which underpin challenge
and threat responses to stress), cognitive and somatic anxiety, self-confidence and team
identification. Participants also reported time (hours) spent practicing as a team and years of
postgraduate experience. A team of referees judged each scenario for performance and
assigned a score. We built a linear mixed model using demands and resources to model
performance. The data showed that both demands and resources have a positive effect on
performance (31 [11 - 50.3] p<0.01 and 54 [25 - 83.3], p<0.01 percentage points increase for
unitary increases of demands and resources respectively), which however is balanced by a
negative interaction between the two [demands * resources interaction coefficient = -10 [-16
- -4.2]. A high level of resources is associated with better performance until very high
demands. Cognitive and somatic anxieties were found to be correlated with demands
(Pearson’s r=0.51, p<0.01 and 0.48, p<0.01 respectively). Time spent training was associated
with greater perceptions of resources (Pearson's r=0.36, p<0.01).
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Conclusions: We describe a model of challenge and threat that allows estimation of
performance according to the perceived demands, resources and the interaction between the
two. Higher levels of resources and lower demands were associated with better performance.
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Introduction
Medical teams work in demanding situations that are often uncertain, changeable and
require accurate decision-making, skilled movement and co-ordinated action. How teams
perform matters for patient outcomes (1). In addition to medical expertise, how individuals
and the team collectively respond and manage the psychological stress of the situation has a
significant impact on performance (2, 3). One approach, which attempts to explain the
facilitating and debilitating effects stress can have on performance is the biopsychosocial
(BPS) model of challenge and threat (4).
A challenge state occurs when personal resources meet or exceed situational
demands, whereas threat occurs when demands exceed resources (4). To illustrate, consider
an unexpected cannot-ventilate cannot-intubate situation: in a challenge state, an individual
perceives sufficient resources to cope with the demands of the situation, but the converse is
true in a threat state. Challenge states have been consistently associated with improved
performance in a range of environments and activities (5, 6). These include word search tasks
(7), mental arithmetic tasks (8), pattern-recognition and number-categorisation tasks (9) and
in high-pressure sport performance (10). Challenge and threat states have also been
associated with performance in medical settings, with a challenge state associated with better
performance (11). The challenge state represents an attempt to mobilize energy for action,
whereas the threat state is a “distress system”, associated with perceptions of actual or
physical harm. In a challenge state it is proposed that performance is improved as a result of
increased task engagement, improved decision-making, decreased likelihood of conscious
control (often called ‘paralysis by analysis’) over skilled motor movements that are typically
better performed automatically (12).
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Of interest in stressful situations is the emotional response of participants. In
particular anxiety which is characterized by feelings of apprehension and tension along with
activation or arousal of the autonomic nervous system (13). In competitive environments,
such as sport, research has considered how the cognitive (e.g., feelings of apprehension) and
physiological (e.g., increased activation of the autonomic nervous system) aspects of anxiety
relate to performance differently. For example, the Multidimensional Theory of Competitive
State Anxiety (MAT)(14) proposes that cognitive anxiety (psychological) has a negative linear
relationship with performance while somatic anxiety (physiological) has an inverted-U
relationship with performance. Self-confidence, considered to be orthogonal to cognitive
anxiety, is proposed to have a positive linear relationship with performance and also forms
part of MAT. Theoretically it has been proposed that emotional responses in challenge and
threat states can be similar, although when challenged anxiety is seen as a helpful stimulus
for performance (12). There is some support for this proposition (15) although there is also
data showing challenge states being similar to threat states on anxiety and perceptions of
helpfulness of anxiety (16), while in some studies challenge states have also been associated
with both lower levels of anxiety and more facilitative interpretations of anxiety (17).
While individual resources are important in determining the nature of the stress
response, social aspects also matter. In particular responses to stress may be influenced by
how connected a person feels to their team and leader. To illustrate, participants receiving
instructions from a person prior to a demanding task that they see as being from an out-group
(i.e. not like them) responded with a threat response (18). This illustrates the importance of
leaders having a strong relational identity with their team. In addition to the leader, responses
may also be influenced by how connected a person feels with their team, organisation or
profession more broadly. Group membership not only provides a sense of belonging but says
6

something about who we are; it provides us with a social identity. Social identity, such as
membership of a team (team identity) is proposed to be positively associated with
performance in a number of ways including increased discretionary effort, such as greater
practice time(19, 20). Social identity has also been shown to impact challenge and threat
responses in stressful situations(21).
The present paper reports an exploration of the psychological factors associated with
performance in teams participating in a medical simulation competition. The primary aim of
the study is to explore how challenge and threat states link to performance. Secondary aims
addressed in the paper include exploring how psychological variables, specifically cognitive
anxiety, somatic anxiety, self-confidence and team identity, and team characteristics,
specifically time spent training and years of postgraduate experience, link to challenge and
threat. Simulation competitions generate stress in participants (22) and provide a controlled
environment in which to assess psychological responses, team functioning and overall
performance. Thus, such competitions provide a unique environment to explore predictors
of team performance, which may have implications for refining and optimising the training of
medical emergency teams.
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Materials and Methods
Participants
Participants were recruited during a national simulation-based event for residents, the
SIMCUP Italia 2018. SIMCUP Italia was open to residents from any Italian residency program
and from any level of training. Four residents composed each team (except for one team of
three due to a participant drop-out) and multidisciplinary teams were encouraged. The study
protocol was reviewed by the relevant institutional ethical board (Comitato Etico
Interaziendale Novara) who granted an exemption letter (protocol n. CE 41/18). Participation
in the study was on a voluntary basis; all participants provided informed consent prior to
study enrolment.
Procedure
Participating teams were involved in a consecutive series of simulations, involving
clinical, psychomotor and relational skills. Day 1 (D1) was a preliminary qualification round
and each team participated in three simulation scenarios, Day 2 (D2) was a qualification round
and each qualified team participated in seven simulation scenarios and Day 3 (D3) was the
final, where each qualified team participated in one scenario. First and second days were
structured using an Objective Structured Clinical Examination (OSCE)-like system. At the end
of D1 which consisted of 3 different simulations per team (N=95 participants, 24 teams), the
ten highest ranking teams moved on to D2 (7 simulations per team, n=40 participants, 10
teams). After the second day the six highest ranking teams moved on to the finals, D3 (one
simulation per team, n=24 participants, 6 teams). Finals were held using a classical SimWars
style (23) . The finalists performed their simulation in front of the audience consisting of those
teams who did not qualify for the finals, the faculty, and the judges. At the start of each day,
before competing, participants were asked to complete a questionnaire that included brief
8

measures of challenge and threat (assessed by self-reported appraisals of demand and
resources), cognitive anxiety, somatic anxiety, self-confidence and team identity. On the first
day, participants also reported the amount of time they had practiced for the competition as
a team (in hours) as well as their post-graduate year. All measures were translated into Italian
by one of the authors (LC).
Measures
Performance. Each scenario was rated for technical and non-technical skills. The case
designers developed a technical skill scoring tool for each simulation scenario with a
predetermined maximum score. These scoring sheets were checklists scored as 0 (no), 2 (yes),
or 1 (yes, but incomplete). Non-technical skills were measured using the Italian version of the
Ottawa global rating scale (GRS), which includes six items ranging from 0 to 7 with a maximum
possible score of 42 (24). The final score is the average of all scores obtained in each station,
weighted evenly for the two tools and expressed as percentage. All raters were experts in
critical and emergency care. Each station was rated by a minimum of two to a maximum of
three raters per assessment tool (one team dedicated to technical skills and one for the nontechnical skills). The group of raters had to arrive at an agreement before providing one single
assessment sheet per tool per team after each scenario. All raters were simulation instructors,
with technical content and non-technical skills experience, familiar users of the assessment
tools and all participated in a pre-event briefing regarding assessment procedures. A more indepth description of the principles of the format, its educational rationale and the assessment
tools used can be found in Ingrassia et al (25), the full list of simulation stations and scenarios
can be found in the supplementary appendix. All scoring during SIMCUP was collected and
processed using the STAT59 system (www.stat59.com, Edmonton, Canada).
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Challenge and Threat. Participants completed the Demands and Resources Evaluation Scale
(DRES) which has been commonly used to assess challenge and threat (26). A challenge state
occurs when resources meet or exceed situational demands, whereas threat occurs when
demands exceed resource. Demand evaluations were assessed by asking “How demanding
do you expect the competition to be?” and resource evaluations by asking “How able are you
to cope with the demands of the competition?” The items were rated using a 6-point Likert
scale from 1 (not at all) to 6 (extremely). In the past, researchers have used the scores from
these items to create a discrepancy value (27) in which positive scores indicate challenge and
negative scores indicate threat (DRESd), or have created a ratio (28) in which scores greater
than 1 reflect threat and scores less than 1 reflect challenge (DRESr). We calculated both of
these scores for the analyses in this study. The DRES has been shown to predict performance
in medical tasks, albeit with novice participants (11).
Anxiety and Self-Confidence. The Mental Readiness Form-Likert (29) was used to measure
state anxiety on 2 bipolar scales corresponding to cognitive anxiety and somatic anxiety. It
was chosen as it is a brief measure and assesses the three components of MAT. To assess
cognitive anxiety participants rated the extent to which they felt worried (1 = not worried to
11 = worried), and to assess somatic anxiety participants rated the extent to which they felt
tense (1 = not tense to 11 = tense). Self-confidence was also self-reported using a bipolar scale
from 1 (confident) to 11 (scared). The Mental Readiness Form-Likert was chosen as it is a brief
measure, comprising three single items, to assess the three components of MAT. The
Competitive State Anxiety Inventory-2 (CSAI-2) (14) was originally used to assess the
components of MAT and (29) revealed correlations between the Mental Readiness FormLikert and the CSAI-2 subscales of .76 for cognitive anxiety, .69 for somatic anxiety and -.68
for self-confidence (The negative correlation reflects that high scores on CSAI-2 confidence
10

and low scores on the MRF confidence subscales both reflect high confidence). The MRFLikert has been linked to fluctuations in competitive sport performance(30).
Team Identity. Participants’ self-reported identity with the team (31) over four items related
to feelings of being part of a group. Participants were required to respond to statements such
as “I identify with other members of this group” and “I am pleased to be a member of this
group” on a 7-point Likert scale from “Do not agree at all” to “Completely agree”. Responses
were averaged across the four items to create a team identity scale. This measure has
demonstrated strong internal consistency reliability (0.93 in the work of van Dick et al)(32).
In terms of validity, measures of team identity have been positively associated with greater
personal and collective effort exerted by team members(33). In the present study the internal
consistency reliability of the scale, measured using Cronbach’s alpha was good across all three
timepoints (D1 = .89; D2 = 0.92; D3 = 0.88). A copy of the complete study questionnaire is
available in the supplementary appendix.
Statistical Analysis
All psychometric evaluations were performed using data from the scales which have been
treated as quantitative real values. Categorical variables were reported as a proportion and
percentile. Continuous variables were reported as a mean ± standard deviation (SD) and
compared using unpaired t test.
As our primary analysis, we used a linear mixed effect regression to analyze the impact of
cognitive appraisal on performance over the competition days, with fixed effects of demands,
resources and the interaction between demands and resources. Since performance was
evaluated at a team level, this analysis was carried out with team level values averaging the
demands and resources of all team members to create a team level value.
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Secondary exploratory analyses of DRES indexes and other psychological variables were
performed by means of simple correlation for measures taken at day 1 and repeated
measures correlation for measures taken over the whole event (34). Since psychological
evaluation was performed individually, this analysis was carried out with individual level
values. All statistical analysis has been performed using R 3.6.1, [R Core Team (2019). R: A
language and environment for statistical computing. R Foundation for Statistical Computing,
Vienna, Austria.] A p value < 0.05 was considered significant.
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Results
Ninety-five participants from 24 teams were included in the study. Participants were,
on average, 29.9 years of age (SD=2.1), and the majority (62%) were female. Demographic
details including post-graduate experience are presented in table 1. The distribution of
participants by post-graduate year per team is presented in graphical form in the
supplementary appendix.
Challenge, threat and team performance
Cognitive appraisal of psychological resources was consistently higher in teams who were
successful during the various steps of the event, while demands were perceived to be similarly
high in both groups. DRES indexes (both discrepancy and ratio) showed a trend moving
towards a challenge perception of the events for those teams qualifying to the next level of
the event during each day of the competition, with a statistically significant difference only
during day 2. Details about demands, resources, DRES discrepancy and ratio, as well as overall
performance results, technical and non-technical skill assessment and other cognitive and
psychological variables are presented in Table 2.
Using a linear mixed model, a significant effect of both demands (coefficient = 31 [11 - 50.3],
p<0.01) and resources (coefficient = 54 [25 - 83.3], p<0.01) on performance was found. The
interaction between demands and resources (coefficient = -10 [-16 - -4.2], p<0.01) was also
significant. Equation 1 describe the model results in a mathematical form.
𝑝𝑒𝑟𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒
= −99 + 31 ∗ 𝑑𝑒𝑚𝑎𝑛𝑑𝑠 + 54 ∗ 𝑟𝑒𝑠𝑜𝑢𝑟𝑐𝑒𝑠 − 10 ∗ (𝑑𝑒𝑚𝑎𝑛𝑑𝑠 ∗ 𝑟𝑒𝑠𝑜𝑢𝑟𝑐𝑒𝑠)
Coefficients should be interpreted as follows: a unitary increase of the dependent variable
(demands or resources) will lead to a change in performance equal to the coefficient. As an
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example, a one-point increase in demands should lead to a 31 points increase in performance
(i.e. 31 percentage points). Usually coefficients are independent (i.e. the 31 points increase in
performance due to a single point increase in demands is valid at every levels of resources).
The presence of the interaction term, however, ties together the effects of both demands and
resources. Hence, the effect of a one-point increase in demands will lead to (31 -10 *
resources) change in performance.
A graphical representation of the model, with the predicted performance for different levels
of demands given a very high, or very low, level of resources is presented in figure 1.
The relationship between challenge and threat and cognitive anxiety, somatic anxiety, selfconfidence, training, postgraduate experience and team identity over the competition.
As for the secondary aim of the study, on day 1 we found a moderate correlation between
cognitive anxiety and demands (Pearson's r 0.51, <0.01) but not with resources (Pearson's r
0.18, p=0.08). The same was found regarding somatic anxiety and demands (Pearson's r 0.48,
p<0.01) but not with resources (Pearson's r 0.03, p=0.76). Confidence was weakly correlated
with demands (Pearson's r 0.23, p=0.03) and moderately correlated, in a negative fashion,
with resources (Pearson's r -0.42, p <0.01) and DRES indexes (DRESd Pearson's r -0.47, p <0.01,
DRESr Pearson's r 0.48 p <0.01). This negative relationship is due to the nature of the tool
used to measure confidence, where the strongest confidence was expressed with the lowest
value on the scale. Team identity of day 1 was not correlated with cognitive appraisal (DRESd
Pearson's r 0.07, p=0.48). Finally, training was weakly correlated with resources (Pearson's r
0.36, p<0.01) as well as with DRES indexes (DRESd Pearson's r 0.25 p=0.0137, DRESr Pearson's
r -0.29 p=<0.01) but not with demands (Pearson's r 0.06, p=0.53) and post-graduate
experience was weakly correlated with resources (Pearson's r -0.22, p=0.02) but not with
14

demands (Pearson's r -0.11, p=0.27) nor the DRES indexes (DRESd Pearson's r -0.11 p=0.26,
DRESr Pearson's r 0.06 p=0.58).
For repeated measures over the competition there was no correlation between cognitive
anxiety, somatic anxiety or confidence and demands, resources or DRESd and DRESr. A
moderate correlation was found between team identity and demands (repeated measures r
0.43, p=<0.01) and resources (repeated measures r 0.40, p=<0.01) but not with the relative
DRES indexes. The full correlation coefficients are presented in table 3.
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Discussion
The present study is the first to explore the relationship between challenge and threat
responses, team identity, anxiety, self-confidence and team performance in a team based
medical simulation competition.
The main findings of the present study are contained in the mixed linear model.
Using the direct measurements of demands and resources instead of one of the more
commonly used indexes (DRESd, DRESr) permitted us to explore how demands and resources
influence performance in a more nuanced way than by simple subtraction or ratio, as the
model suggest that having high resources or low demands is not enough to predict
performance. The model showed that both demands and resources have a positive effect
(positive coefficients) on performance; however, performance is also mediated by the
interaction of the two variables, which in the model has a negative effect.
The presence of the interaction term in the model means that the effect of one
independent variable (demands or resources) on performance depends on the values of the
other independent variable. This important result implies that an increase in resources has a
different effect on performance on different levels of demands and vice versa.
A high level of resources is associated with better performance until very high
demands. At this stage performance is unrelated to perceived resources, and it is at this stage
that we would expect to see skill breakdown. This happens when resources are at a similar
level to demands and suggests that, in this medical simulation competition at least, personal
resources need to exceed, not just meet demand for performance benefits.
The relationship between demands and resources supports previous research
comprising interviews with intensive care members in which team members faced a situation
where the resources were less than expected, and when the demands on them were
16

increasing, individual distress was detected and contagious. Collective distress was then
perceived as disruptive for team work (35). It is worth noting that the ability to manipulate
demands and resources which underpin challenge and threat states could affect team
performance and thus could have an impact in team training. For example, designing specific
training to allow individuals and teams to modify their cognitive appraisal might translate in
improved performance(28).
For educators this information could aid in the design of the simulation experience,
avoiding (or deliberately planning, according to the specific learning goal) situations of
excessive demands which could hinder the effect of perceived resources on performance.
As for the secondary outcome our aim was to perform a simple exploration of which
factors might be associated with the participants’ cognitive appraisals, to provide thoughts
for future experimental studies aiming at explaining a causal relationship between them.
While higher confidence was associated with a higher challenge (greater score on the DRES
index), there was no relationship between anxiety levels or team identity and perceptions of
challenge or threat. Greater levels of training were associated with greater perceptions of
challenge.
It is not surprising that confidence was positively associated with challenge, and that
anxiety was not associated with challenge or threat, as both are in line with theory(12). It is
particularly interesting that the intensity of the emotional response to a competition did not
differ even though for some teams the competition was seen as more of a challenge and this
is line with some previous research (15, 16). It is hypothesised that anxiety states may be seen
as more helpful in those who appraise a scenario as challenging but in our study we did not
collect data on participants’ perceptions of emotional states.
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That training plays a role in challenge responses under stress supports previous
literature. In a recent study, where medical teams were randomised to pre-event planning
versus no planning before a high stakes medical simulation, although there were no
differences in perceived level of anxiety among the two groups, cognitive appraisal ratios
shifted from threat towards challenge for those who were allowed a pre-event planning time.
The authors concluded that this shift might have influenced clinical performance in the
simulated scenarios (36).
Historically team performance has been investigated with respect to two aspects of
performance: team perspective and centrality of authority (2). Previous research, although
describing underlying processes of effective teams, did not provide insights into factors that
enhance or impair the development of a shared mental model or of the aspects that influence
the performance a team under pressure (37). The implications of the present study are that
medical team training programs aiming at developing and improving healthcare team work
and performance in high stake environments could consider interventions aimed at
measuring and modifying team-members perception of demands and resources. Potential
interventions that can act on cognitive appraisal in high-stakes environment are those that
will enhance the individual’s ability to interpret demanding events as challenges rather than
threats. One can impact cognitive appraisal by changing the perceived demands of the task
or by altering the actual or perceived demands resources of the individuals (38). Future
research could investigate which aspects of team training has a direct effect in modifying the
resource pathways and perceived demands that underpin challenge and threat states. The
interaction between these two appraisals is key and, at least in a simulated medical
competition, high resources and low demands is associated with better performance.
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Understanding if similar relationships transfer to actual medical care is a focus for future
research.
Limitations
Our study has a number of important limitations that should be considered.
Participants were post-graduate trainees (residents), and although many of them were of high
seniority, resuscitation teams are often led, or composed of, attending physicians. It is difficult
to predict if these results would apply to attending physicians. However, residents and fellows
do represent a significant population among medical providers and do play an important role
within these teams. The same applies to the fact that most teams are interprofessional, while
our teams were composed exclusively of physicians.
We averaged each team member individual cognitive appraisal to an arithmetic mean
cognitive appraisal, representing the team and allowing analysis on a team level. This might
not fully be representative of the individual perception of team members and should be
considered when interpreting the present results. We do not think however it is an
unreasonable approach to consider that the final result of a team taking part in a task is the
composition of the strength and weaknesses of all team members.
We explored correlations between demands and resources and other psychological
variables but did not explore nor build any causal models of the effect that other psychological
variables or demographics could have on performance. This was not the objective of the
present study and will be explored in future works.
The psychological data were comprised solely of self-report data and future research
could augment these data with physiological data to give a more rounded view of the stress
response (39, 40). Further it is also worth noting that while the DRES is considered by
researchers to reflect demands vs. resources, it could be argued that item two of the DRES
19

indicates coping rather than resource dominance. Contemporary challenge and threat theory
(4, 15) does not include coping (emotion focused and problem focused) as outlined by Lazarus
(41) and as such theorists should more closely consider the role of coping in challenge and
threat states. While the link between training and a challenge state was interesting it is also
worth noting that team training was not investigated in-depth, and we do not know the
nature of the training or whether a mentor was involved in guiding the training.
It is also worth noting that for our measures, this was the first time they had been
used with medical professionals, although the DRES has been shown to predict performance
in a simulated medical task (laparoscopic surgery) albeit with novice participants (11). As such
the validity of these instruments in this population has not been confirmed.
A final limitation resides in the nature of the competition itself: we could only collect
repeated measurements of successful teams. This could potentially have led to selection bias.
Conclusion
This was an exploratory study assessing the relationship between challenge and threat
states, prior training, team identity, anxiety responses and performance in a team based
medical simulation competition. We provide a model that described how demands and
resources interact to provide performance, in a simulated stressful environment. We found
that both demands and resources have a positive effect on performance, but that the
interaction between the two is significant and has a negative effect. Further research should
build on this work and explore if similar relationships are observed in actual care, aim to
develop evidence-based individual and team-based interventions to improve critical care
team performance, and to ultimately improve patient outcomes.
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Figure Legend
Figure 1.
Graphical representation of the linear mixed model. Performance predictions according to
varying level of demands at a sample very high and very low resources level.
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