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Abstract

Perceived control is a crucial factor in overall wellbeing. It can act as a protective
factor against stress, improve life expectancy in the elderly, and positively impact
mental health. While resilience is generally considered a protective factor against
stress, its effects on the response to acute stress are mixed, as noted by several
studies. Therefore, investigating the impact of a loss of control on stress levels can
enhance our understanding of resilience. In this study, 24 participants played a
browser game over 16 rounds and experienced increasing levels of loss of control.
The participants' stress levels were measured using subjective stress questions and
heart rate during the game. The German version of the Brief Resilience Scale (BRS)
was used to determine the resilience of the participants. The study found that
subjective stress levels were higher when participants experienced a greater loss of
control. In contrast, heart rate and heart rate variability did not show this effect.
Additionally, BRS scores did not influence heart rate or heart rate variability but did
influence perceived stress. These results suggest that participants felt subjective
stress but did not exhibit a physiological response to stress. BRS scores also did not

influence participants attribution of the outcome of the game.



Contents

ADSIFACT ... bbb a e 2
INEFOAUCTION ...ttt b et b e bt b e s b se e b et e e e e eseenea 4
(T T TP RP TP TR PPN 4
SrESS RESIHIENCE ... ittt b et e e s bt e e s abbe e e e e anbe e e e sanreeee e 5
Autonomic Nervous System as @ Measure of StreSS .........ooccviiiiiie e 6
FEeling Of CONTION ... e st e e e s e e et e e e e s s bre e e e aanes 6
Learned HelPIESSNESS ......ccooo i, 8
F L 01U (T A I AT (= PRSPPI 9
HYPONESIS ..ttt et e e bt e e s b bt e e e s ba e e e e sbbe e e e sbe e e e e anreeeeaa 10
IMIEBENOMAS. ... bbbttt s bt bt st b ettt et ne bt e nen 10
OVEBIVIBW ...ttt ettt ettt e h oo b et oo h bt e ea bt ok e e e Sa b et ekt e e abb e e eabe e e sabeesabeeebeeesnbeeenneeas 10
SharkBite GaME ...ttt sttt s b e e e et e e e ne e e e e anneeas 12
Self-assessment QUESHIONNAINE...........cuii i naee e 14
Brief RESIENCE SCalE..........cooiiiiii ettt e e st e e s naeeee e 15
Heart Rate and Heart Rate Variability ..., 15
P A CIPANTS ..o 16
StAtISICAl ANGIYSIS ...ttt ettt et e s ne e e anneeas 16
RESUIES ...ttt a e bbbttt et et b e ae b e nen 17
BRS SCOMES ...ttt et ea e e e e e e 17
ManIPUIBLION CRECK ...ttt ettt e ettt e e e rate e e e s rnte e e e sneeeeeeas 18
The Effect of Resilience on Subjective StresSsS...... .o 20
The Effect of Resilience on Heart Rate and Heart Rate Variability ...........coccocoiiiii 21
The Effect of Resilience on AHIDULION.........c..uiiiiii e 24
DHSCUSSION......eeiiiiititee ettt bbbttt b e bt b e e e et ebe bt ene e nes 25
4011 = (1] o 1T PO PP PPPPRPPPRPN 28
REFEIENCE ...ttt sttt e s 29
LISt Of FIQUIES ...ttt sttt ettt e s te st et et et e e eneeneeaeseenan 36
LISt OF TADIES.....c..cviniieciee bbb 36
Y o] 011 T [ OSSP 37



Introduction

In our daily life, the concept of control holds a central place. Whether it is as
small as deciding what to eat for lunch or as big as how to live ones live. Being able
to control our actions is a core aspect of feeling a certain freedom of choice. A lack of
it is often used as a punishment in society. The ability to influence our environment,

make choices, and navigate life’s challenges can mitigate our well-being.

Stress

Stress and its effect on the human body is something we experience daily in
various situations and, to some extent learnt to cope with. The strategies how we
cope might vary from person to person. The term “stress” can have different
meanings, but in a psychological context, commonly is used to describe a negative
affect which can have different emotions alongside it, such as frustration, anxiety, or
anger (McEwen & Karatsoreos, 2011). In a psychological context, there are different
definitions of stress and its effects. One of them suggests that stress stems from
situations that are unpredictable und uncontrollable, and therefore create an
uncomfortable state of stress in a person (Seligman, 1972; Koolhaas et al., 2011).

Generally, differences between acute stress and chronic stress are made in
stress research. The former described an acute stress response to a specific
situation, the latter describes the cumulative effect of acute stress over a longer
period of time (Epel et al., 2018). An acute stress response leads to changes in the
autonomic nervous system and hormonal balance within the body. These changes
can be measured and are used as biomarkers of stress in research. Cortisol levels,

heart rate and heart rate variability are such commonly used biomarkers.

The consequences of stress on health and well-being are various. Brain
imaging of healthy adults who have experienced stress in their early life shows
morphological changes compared to adults who did not face early childhood stress
(De Bellis, 2005). A study by Spinelly et al. (2009) carried out on rhesus monkeys,
has compared juvenile brains before and after early life stress and found significant
differences in various brain regions compared to primates which have not faced
stressors. Furthermore, stress has been identified as a risk factor for various

diseases like infectious or cardiovascular diseases (Cohen et al., 2007).



However, not all stress is necessarily negative for our wellbeing. According to
a study conducted with veterans (Karlsen et al., 2006), coping with stress in a
problem-focused manner can mediate its effects and even have a positive impact on
subjective wellbeing. This shows the importance of understanding in which way
people cope with stress and especially why some people can grow as a person when
facing stress. The concept of stress resilience is one aspect to take into consideration

and is discussed in further detail in the below.

Stress Resilience

Not everyone is experiencing stress and its negative outcome in the same
way, as individuals react and cope differently with it and therefore have different
stress resilience (Mancini & Bonnano, 2009). Generally, stress resilience is the ability
to adapt and overcome stressful situations or events while also maintaining
functionality in a psychological and physical sense. (Wu et al. 2013). In its most basic
definition, stress resilience is often referred to as the ability to bounce back from
stress (Smith et al. 2008). The underlying mechanisms of resilience are believed to
be sourced from a wide variety of factors including genetic, psychological,
developmental, and neurochemical (Rutten et al., 2013; Wu et al. 2013). Early
childhood experiences can have lasting effects on adult behaviour in stressful
situations and their coping strategies.

Some of the defined characteristics of resilience from Wu et al. (2013) include
optimism, active coping, self-confidence, and a strong social network among others,
showing the complexity and multidimensionality of resilience.

In terms of how resilience is influencing our well-being, a meta-analysis by Hu
& Wang (2015) showed that as a trait, resilience is negatively correlated with
depression and anxiety. In other words, people with lower resilience showed higher
levels of the aforementioned negative mental health outcomes. Resilience was also
shown to be a protective factor against negative life events, thus playing an important
role in dealing with stress factors in our lives.

Findings regarding the relationship of resilience and stress response in acute
stressful situations are rather mixed. Some studies have found no relation between
resilience and cortisol levels during a stress test (Garcia-Leo6n et al., 2019, Zapater-

Fajari et al., 2021), whilst others have found that participants who scored higher in



stress resilience had a lower cortisol activity in a stress test than participants with
lower levels of stress resilience (Mikolajczak et al., 2008, Ruiz-Robledillo et al.,
2016). This strongly suggests further research is needed regarding the protective
qualities of resilience against acute stress are needed.

It should be noted that there are multiple definitions of resilience, and there is
a lack of longitudinal studies making it difficult to identify characteristics of resilience
that have a lasting effect on mental health after a stressful situation (Kalisch et al.,
2017).

Autonomic Nervous System as a Measure of Stress

To understand heart rate (HR) and heart rate variability (HRV) as a way to
measure stress response, it is important to comprehend the nature of the autonomic
nervous system (ANS). The ANS can be seen as a three-component system
including the parasympathetic (PNS), the sympathetic (SNS) and enteric nervous
system (lversen et al., 2000; ten Donkelaar, 2020), with the former two being
discussed in greater detail below. The PNS generally keeps the homeostatic heart
frequency and has inhibitory effects on the heart rate, whereas the SNS functions to
increase the heart rate, which can also be seen in response to a stressor (Ernst,
2013, Ernst 2017). HRV can depict changes in the ANS, more specifically between
the PNS and SNS (Kim et al., 2018), as it measures changes in heart rate from beat
to beat, and therefore the time between consecutive heartbeats. A higher HRV
describes a healthier response of the body to stress on a cardiovascular level. These
HRV changes can be seen as a stress response in participants in different studies,
as shown in a meta-analysis by Kim et al. (2018). A meta-analysis by Castaldo et al.
(2015) showed most of examined studies came to the conclusion that HRV does
indeed show a shift to sympathetic activation of the ANS during acute stress tasks.
Studies showed the use of electrocardiogram (ECG) as a valid measurement for
stress induced HR and HRV changes (Berkaya et al., 2018; Karthikeyan et al., 2013)

Feeling of Control
Perceived control, the subjective feeling of control a person has in a situation,
has two elements: (1) Perception that a situation can be controlled and (2) taking the

correct action is an option (Steptoe & Poole, 2016). In some cases, individuals may
6



experience a sense of control, but struggle to take action due to a lack of necessary
skills. This can hinder their ability to act in the given situation and create a sense of

loss of control.

Control can have a significant effect on the general wellbeing of people. It was
shown that people who experience anxiety at the dentist, feel less stressed if they are
told that a hand signal stops all procedures. Even if the hand signal is never used,
the levels of stress and even pain are reduced during the procedure (Steptoe &
Poole, 2016). Langer & Rodin (1976) designed a study to show the effects of control
on elderly nursing home residents. To facilitate a higher feeling of control, one group
in the nursing home were given a speech by the medical administrator which
emphasised their responsibility for themselves, whereas the control group were
informed that the staff had responsibility for its residents. Moreover, residents in both
groups were given a plant. Residents with high responsibility were taking care of this
plant by themselves, whereas in the control group the plant was watered by the staff.
It was found that residents who were given a greater sense of control and
responsibility, scored higher in health and activity patterns and had a lower mortality
rate than the group with low control. These effects were still noticeable 18 months
after the intervention.

Similarly Steptoe & Willemsen (2004) found that individuals who had a low feeling of
control in their job (e.g. how frequently they can take breaks on their own terms) had
a higher systolic and diastolic blood pressure compared to the high job control group.
This correlation was not observed between blood pressure and job strain.
Additionally, they also had a higher subjective feeling of stress throughout the
workday, than peers with higher perceived control.

A high locus of control — the feeling of control in life choices — has also been
shown to be a protective factor from acute myocardial infarction in a study with cases
from 52 countries (Rosengren et al., 2004). Corresponding with these discoveries,
individuals with asthma who reported a heightened perceived control over their
condition exhibited improvements not solely in their physical well-being but also in
their mental health. This manifested as a reduction in depressive symptoms and an

enhanced perception of overall quality of life (Calfee et al., 2006).

A study about the effect of control on the unlearning of fear response by
Hartley et al. (2014) showed, that participants who faced inescapable stress (IS) then
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had a harder time to unlearn a fear response. Participants in this condition first got
mild unescapable electric shocks and then were conditioned to fear a certain shape,
because it also meant that they got electric shocks. Fear expression was higher than
a control group that did face escapable stress (ES) previously, even when no electric
shocks were administered for the feared shape. ES participants' performance was
modulated by the subjective belief of control a participant thought they had in the
task, but also how much they thought salient life events were controllable in general.
Participants that scored higher in control were more successful in unlearning the fear

response.

A feeling of control seems to have an important role in our health, as it can not
only affect stress levels, life expectancy, and learning behaviour but also act as a

protective factor against psychological disorders.

Learned Helplessness

The concept of Learned Helplessness was introduced by Seligman (1967). He
tested the effect of control and loss of it on dogs. In a shuttle box the dogs could
escape electric shocks if they learned to jump over a barrier to the side of the box
that is devoid of electric shock. Around 94% of dogs learned this behaviour. If the
dogs were previously given uncontrollable electric shocks, the majority of them were
unable to learn the avoidance behaviour and instead passively accepted the shocks.
Even if these dogs crossed over the barrier occasionally, they did not consistently
show this pain avoidance. Seligman called this behaviour Learned Helplessness, a
concept that postulates when an individual encounters uncontrollable trauma, they
will also feel helpless in traumatic situations in the future, even if those situations are
controllable. Seligman saw Learned Helplessness as a key element of depression.
Seligman (1972) saw three effects that take place after uncontrollable trauma: (1)
passivity when faced with traumatic events; (2) difficulties in learning avoidance
behaviour when facing traumatic events, even if it is possible; (3) higher levels of

stress when facing uncontrollable traumatic events.

A study by Diener & Dweck (1979) categorised children as either helpless or
mastery-oriented in order to investigate the reactions of failure in both groups.

Children were put in the helpless group if they scored low in the Intellectual



Responsibility Scale (IAR), which determines the attribution of a situation to either
external or internal responsibility, and as a subscale also the attribution of failure due
to a lack of effort. In this scale the children were given situations with either positive
or negative outcome regarding achievements. The child then must attribute the
outcome either to external or internal responsibility. After this the children faced eight
solvable problems and four unsolvable problems to determine their reaction to failure.
In order to do that the children were questioned about their performance after the
tasks. The results showed that firstly, success was not a buffer for negative effects of
failure for children in the helpless group. Secondly these children also underestimate
the amount of success they had in the task compared to the control group. They also
overestimated the success and performance of other children, compared to the
control group. Interestingly, success was also not attributed to their own abilities and

was re-evaluated after failure in regard to the predictability of future success.

The cause of Learned Helplessness was later specified, as the feeling of
losing in one specific situation is not automatically transferred to different situations.
Alloy et al. (1984) proposed that the causal attributions (global vs. specific) a person
makes, and similarity of situations have a key influence on whether the person will
feel helpless again. The study showed that having a global attribution style for
negative outcomes was an indicator for transferring Learned Helplessness to similar

and dissimilar situations.

Attribution Style

The role of attribution was first discussed by Heider (1958) and is still a well used
concept in psychology. Heider introduced dispositional attribution and situational
attribution. The former is used when people explain a certain causality due to
individual’s internal factors whereas situational attribution searches explanation
outside of the person (e.g. circumstances).

Later on, the terms of internal and external attribution were introduced by
Abramson et al. (1978) and were connected to causal failure and success attribution.
A person could therefore attribute the outcome of an event either internally, as in the
outcome's cause was mostly due to themselves, or externally, as in the outcome's
cause was mostly due to circumstances outside of their own responsibility. The

authors also suggested that if a person consistently attributes failure internally and



success externally, it could be a sign of depression, especially if this internal
attribution is also stable and global in the face of failure. This attribution style was
later called depressive attribution style by Seligman et al. (1979). In this case,
attribution for success is also attributed to external, specific, and unstable factors in
addition.

The correlation between depression and this depressive attribution style as
described by Seligman et al. (1979) was later shown in various studies (Sweeney et
al., 1986, Tiangiang et al., 2015). However, it is not clear which one needs to be

present first in order to cause the other.

Hypothesis

From these previous findings the following hypotheses were investigated in

this study:

H1a: Participants that score high in resilience are overall less stressed over a game

that induces loss of control, compared to participants who score low in resilience.

H1o: Participants that score high in resilience have a higher heart rate variability and
a lower heart rate over a game that induces loss of control, compared to participants

who score low in resilience.

H2: Participants that score high in resilience feel overall less internal attribution when

losing in a game that induces loss of control.

Methods

Overview

Participants were able to register by themselves via an online study recruiting
platform and were given 10€ for participating in the study but could increase their pay
further by gaining treasures during the game. The duration of the experiment was
approximately one hour per person and took place at the University of Vienna.

Participants were tested individually due to the use of an ECG device.

Participants were provided with an initial overview of the study design and

their required tasks. They were then asked to review and sign a consent form. After
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answering any open questions, participants were instructed to apply the ECG device
electrodes themselves. Written and verbal instructions were provided to them in order
to guide them through the application. Participants were given privacy during the
application of electrodes. Every step afterwards was done on a computer.
Participants started by completing a questionnaire which included the Brief
Resilience Scale and general demographic questions. After completing the
questionnaire, participants played the tutorial of the SharkBite game, after successful
completion of which the main game of 16 rounds was started. Following each round,
participants provided feedback on various aspects of the game using a sliding scale.
More information on these questions can be found in the 'SharkBite Game' section. A
debriefing session followed, and participants filled in a payment form to receive their

compensation.

Figure 1

Experiment Protocol

Brief :
Resilience Srg::nBéte 16x Questionnaire
Scale

|
ECG measurement

Note. This shows the study procedure. Starting with the Brief Resilience Scale, then the
SharkBite Game over 16 rounds. After each round a question regarding attribution and stress

is asked. The ECG measures are taken during the whole time period.
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SharkBite Game

The objective of the game is to evade a shark while playing as a windsurfer.
The surfer can either go to an island with a treasure that is far away, or an island
without treasure that is closer to the starting point of the surfer. Movement is advised
only when the shark is submerged, as it will otherwise move quickly in the direction of
the player. If the shark is underwater, it moves towards the player slowly and the
player is now able to make a move in the most efficient way. The shark will then
reappear, and the player must wait again for the shark to go underwater. Sometimes
winds will push the surfer in a random direction when they make their movement. The
player is told that adjusting the sail will give them more control over the random
winds. This is indeed not correct, as the sails have no influence on the winds, as their
strength and appearance are predetermined by the game, and identical for all

players. The probability of being pushed by wind on a move per round is visualised in
Figure 2.

Figure 2

Probability of Wind per Round

difficulty
2 ;
0
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Trial

Difficulty
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Before participants started the game, the study coordinator explained to them
that they needed to get at least 8 treasures by the end of the game, in order to
ensure the data evaluation was sufficient. This was solely done to put more pressure
on participants as the number of treasures was not relevant to the data analysis.
Additionally, they were told, that every treasure they kept at the end of the game
would give them a bonus of 50 cents, with the aim to future motivate participants.
Participants all played a tutorial of the game first to introduce the rules and controls. It
also ensured that participants understood the mechanics of the game, as they were
otherwise unable to proceed.

In the game, participants now tried not to get eaten by the shark, as that lead
to losing a treasure. Movement was done by using the arrow keys on a standard
keyboard and the sail was adjusted with the keys “T” and “G”.

To summarise, reaching the faraway treasure island added one treasure to the
participant’s score, getting caught by the shark reduced the treasure score by one.
Reaching the close island was neither added nor reduced the treasure score. It is
never possible to have fewer than zero treasures at any point in the game.

Sixteen rounds of the game are played, and one round ends when either an island is

reached or the player is caught by the shark.
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Figure 3
Screenshot of the SharkBiteGame

Island with
the Treasure

Adjust your
sail, when
there is wind

You,ona
% surfboard

The Shark
Island without
the Treasure

Note. The screenshot shows the surfer and the shark underwater in the middle.
Additionally, there is an island with treasure in the top left corner and an island
without treasure in the bottom right corner. The bar on the right indicates the sail

adjustment.

Self-assessment Questionnaire

After each round the participants are asked to answer five questions about
their previous round experience regarding enjoyment, stress level, level of control in
the round, whether the outcome was luck or performance, and if they thought the sail
had an effect. For this part of the study, only the question regarding the outcome
(“Was the outcome of the game more dependent on chance or your performance?”
with a slider ranging between “Chance (Luck)” to “Performance”) and stress level
(“How stressed do you feel right now?” with a slider ranging between “not at all” to

“very much”) were looked at.
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Brief Resilience Scale

The Brief Resilience Scale (BRS) is a six-item questionnaire, which tests the
ability to bounce back from stress (Smith et al. 2008). Each question is answered on
a 5-point Likert scale that ranges from 1 “Strongly disagree” to 5 “Strongly agree”.
The questionnaire showed a strong correlation with optimistic characteristics, a sense
of purpose in life, positive reframing coping strategies, active coping, and acceptance
of the situation. Conversely, amongst other things it exhibited a negative correlation
with symptoms of depression and anxiety, denial of the situation, and general
pessimism.

Internal consistency of the items was between .80-.92 (Cronbach’s alpha). The ICC
was indicated as .69, which would be defined as moderate by guidelines defined by
Koo & Li (2016); however, due to the lack of reported information on the exact testing
procedure, it should be noted that the interpretation of the ICC should be done with

caution.

For this study the German version (Chmitorz et al., 2018) of the BRS was
used. It was validated on two large population-based samples (ns = 1481; n2 = 1128).
Similar to the study of Smith et al. (2008) discriminant validity was determined by its
correlation with coping style, mental health, general wellbeing, social support and
optimism. It was expected that these aspects positively correlate with the BRS. The
study confirmed these expectations.
Reliability of the German version was good with a = .85 (Cronbach’s a) in both
samples. For convergent validity Average Variance Extracted (AVE) was calculated
and deemed acceptable with a score of .55. indicating that on average 55% of the

variance of each indicator is explained by the latent variable.

Heart Rate and Heart Rate Variability

Heart Rate was measured during the questionnaire and the SharkBite Game
with a sample rate of 1000Hz with a Bittium Faros 180 ECG device. This device uses
three electrodes for monitoring heartbeat. The time during the questionnaire was
used as the baseline. Heartbeat annotations were calculated in Matlab with the
HRVTool by Marcus Vollmer (2015, 2019) and then later in Rstudio (2024). The
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statistical analysis used the average heart rate per round for each participant, and
the standard deviation of normal-to-normal intervals (SDNN) as a measurement for

heart rate variability per round for each participant.

Participants

Participants were recruited via the paid study option on Vienna CogSciHub, an
online platform for study participation.

In the end data from 24 participants (n = 17 female, n = 6 male, n = 1 non-
binary) was analysed. Participants age ranged between 19 years and 40 years with
an average age of 26 years. 16 participants (66%) were 24 years or younger. 4 ECG
datasets were corrupted and could therefore not be used, resulting in n = 20 for ECG

analyses.

It has to be noted that data collection for the overall study is still ongoing, and
this study describes the sample size at the point the data was analysed. Participants
were able to withdraw from the study at any given time and the study underwent

approval by the ethics committee of the University of Vienna.

Statistical Analysis
The analysis was done in RStudio (RStudio Team, 2024 ) with the Im4 library

used for calculating mixed models (Bates et al., 2015).

First, BRS scores were calculated following the instruction from Smith et al.
(2023), by first reverse coding the items that were worded negatively (ltem 2, 4, and
6) and then calculating the means for each participant. This was then used to
calculate z-scores for standardization.

Secondly, a manipulation check was done to ensure participants were
stressed when they encountered more loss of control and when they were eaten by
the shark compared to having more control and not being eaten. Linear mixed
models were used to analyse this data. The probability of encountering wind is
defined as the amount of loss of control participants encountered and therefore
referred to as 'difficulty’ in the following. With subjective stress as the dependent
variable, predictor variables were difficulty and being eaten by the shark.

In order to investigate the effect of the two predictor variables, difficulty and

16



resilience (BRS scores) on the subjective stress levels and heart rate over repeated
measurements, once again linear mixed models were used. Three models were
fitted: the first with the difficulty as a fixed effect, the second added BRS scores as a
fixed and random effect and the third also added an interaction term between the two
predictor variables. It was also investigated if getting eaten by the shark had an effect
on these results when added as an interacting variable. This all was done to find the
best model fit. In order to answer whether resilience and difficulty have an influence
on heart rate and heart rate variability, the same was done with heart rate and heart

rate variability as dependent variables.

Finally, the same was done with attribution score used as the dependent
variable in order to answer whether attribution changes with different resilience
scores and getting eaten added as a fixed and random effect. In all models, random
intercepts and slopes for difficulty and being eaten were incorporated to account for

variability across different participants.

Results

BRS Scores

Mean scores ranged from 1.66 (z = -2.27) to 4.5 (z = 1.85) with a mean of 3.23
(z=0) and a standard deviation of 0.68 (z = 1). Comparing the results to the
validation study of the German version of the BRS (Chmitorz et al., 2018),
participant’s scores in both Sample 1 (M = 3.58, SD = 0.76) and Sample 2 (M = 3.37,
SD = 0.95) were higher in the validation study than in this one. Results in the original
validation of the English version by Smith et al. (2008) for 4 samples (Sample 1: M =
3.53, SD = 0.68; Sample 2: M = 3.57, SD = 0.76; Sample 3: M = 3.98, SD = 0.68;
Sample 4: M = 3.61, SD = 0.85) were all slightly higher as well. Distribution of scores

can be seen in Figure 3
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Figure 4
Distribution of BRS z-sores

6

Frequency

-3 2 -1 0 1 2
BRS Z-scores

Manipulation Check

Subjective stress levels were compared round per round with the difficulty
(Loss of Control) encountered per round using generalized linear mixed models. The
results indicate a significant effect of difficulty on the subjective stress (8 = 0.16, SE =
0.73, t=2.22, p = .03) suggesting that for every 1% increase in difficulty, subjective
stress levels increased by an estimated 0.16 points, with a 95% confidence interval
(CI) ranging from 0.02 to 0.30. Additionally, there were significant effects of being
eaten by the shark (8= 0.46, SE =0.09, t =5.1, p <.001) with a 95% confidence
interval between 0.28 and 0.64. These results indicated that increased difficulty (loss
of control) and being eaten by the shark are associated with self-reported stress,

suggesting a successful stress induction.
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Figure 5
Effects of Difficulty on Subjective Stress
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Table 1. Effects on Subjective Stress
Predictor Estimates () SE t-value p
difficulty 0.16 0.73 2.22 .03*
eaten 0.46 0.09 510 < .001***
BRS score -0.27 0.12 -2.30 .03*

Note. Significance codes: * p < 0.05; ** p < 0.01; *** p < 0.001

The effects of difficulty on participant’s heart rate were not significant (8 = -
0.19, SE=0.37, t=-0.52, p = .60) with a Cl ranging from -0.97 to 0.51. Secondly,
there was also no significant effect on participants' heart rate when being eaten by
the shark (8 = 0.40, SE = 0.47, t = - 0.85, p = .40) with the Cl ranging from -0.52 to

1.29.

Difficulty (8 =-0.11, SE =1.31, t = 0.08, p = .93) with a Cl ranging from -2.50
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to 2.70 and getting eaten by the shark (8 =-2.30, SE = 1.74, t = -1.32, p = .20) with a
Cl ranging from -5.79 to 1.08 also did not influence HRV. These results indicate that

on a biological level, participants showed no sign of a stress response.

The Effect of Resilience on Subjective Stress

BRS scores (resilience) showed a significant effect on subjective stress levels
of participants (8 = -0.27, SE =0.12, t = - 2.30, p = .03) with a Cl ranging from -0.51
to -0.04. These findings show a negative correlation between BRS scores and
subjective stress, suggesting that participants with more resilience reported less
stress.

Adding being eaten to the model, showed that difficulty (8 = 0.16, SE = 0.73, ¢
= 2.22, p = .03) with an Cl ranging from 0.02 to 0.30 and being eaten (8 = 0.45, SE =
0.08, t =5.08, p <.001) with an CI ranging from 0.28 to 0.62 have a significant effect
on the subjective stress of participants, whereas BRS scores (8 =-0.22, SE=0.12, t
=-1.80, p = .08) with an ClI ranging from -0.48 to 0.04 have not.

The interaction between BRS scores and difficulty (8 = -0.25, SE=0.07, t = -
0.34, p = .73) with an Cl ranging from -0.16 to 0.11, and BRS scores and getting
eaten by the shark (8 =-0.01, SE=0.09, t =-0.01, p = .98) with an Cl ranging from -
0.18 to 0.11, were both not significant in their effects on subjective stress. This
suggests that the effect of BRS scores on subjective stress is not changing with

regard to difficulty and in the event of being eaten.
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Figure 6

Effect of Resilience on Subjective Stress
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As seen in Table 2, for the effects of BRS scores on participant’s heart rate (8

=0.63, SE=2.17,t=-0.29, p =.77) with a Cl from -3.9 to 5.13 and in Table 3 for
participants heart rate variability (8 = -0.69, SE = 2.55, t =-0.24, p = .81) with a CI

ranging from -5.63 to 4.32, both showed to be non-significant. This indicates that

participant’s resilience score had no influence on the heart rate or heart rate

variability during the game.

Adding the event of getting eaten by the shark to the model as a variable

shows also a non-significant effect of BRS scores on heart rate (8 = 0.33, SE = 2.29,
t=0.15, p = .89) with a Cl from -4.14 to 4.81 and heart rate variability (8 = -2.56, SE

=2.23, t=-1.14, p = .26) with a Cl ranging between -6.93 to 1.82. The interaction

between BRS scores and difficulty on average HR (8 =-0.09, SE = 0.34, t =-0.26, p

=.79) with a Cl ranging between -0.79 to 0.57 and HRV (8 =-0.21, SE=1.19, t = -
0.18, p = .85) with a Cl ranging between -2.60 to 2.10, are both non-significant as

well, indicating that BRS scores did not influence the effect of difficulty on the
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biological stress response. The same was found for the interaction between BRS
scores and getting eaten on HR (8 =0.60, SE = 0.43, t=1.39, p = .17) with a ClI
ranging between -0.24 to 1.44. A significant interaction between BRS scores and
getting eaten on HRV was found (8 = 3.26, SE = 1.58, t = 2.06, p = .048) with a ClI
ranging between 0.18 to 6.54. These results suggest that the influence of BRS

scores on HRV is higher when participants are being eaten by the shark.

Table 2. Effects on Heart Rate (HR)

Predictor Estimates (8) SE t-value p
difficulty -0.19 0.37 -0.52 .60
eaten 0.40 0.47 0.85 40
BRS score 0.63 217 0.29 T7

Note. Significance codes: * p < 0.05; ** p < 0.01; *** p < 0.001

Table 3. Effects on Heart Rate Variability (SDNN)

Predictor Estimates () SE t-value p
difficulty 0.11 1.31 0.08 .93
eaten -2.3 1.74 -1.32 .20
BRS score -0.62 2.55 -0.24 .81

Note. Significance codes: * p < 0.05; ** p < 0.01; *** p < 0.001
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Figure 7

Effects of Resilience on HR
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Effects of Resilience on HRV
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The Effect of Resilience on Attribution

Results showed to be non-significant in regard to the effect of resilience on
participant’s reported attribution (8 =-0.01, SE = 0.13, t =-0.02, p = .98) with a ClI
ranging from -0.24 to 0.24. Resilience therefore seems to have not influenced
participants attribution. On the other hand, difficulty (8 =-0.34, SE = 0.07, t=-4.86, p
<.001) CI ranging from -0.46 to -0.20, and being eaten by the shark (8 = -0.40, SE =
0.13, t=-3.07, p < .01) Cl ranging from -0.65 to 0.15both showed a significant effect
on attributing the outcome, indicating that the higher the difficulty the more
participants tended to attribute the outcome to luck instead of performance, as they
did if they were eaten by the shark. The results showed a significant interaction
between difficulty and being eaten (8 = 0.20, SE = 0.09, t = 2.2, p = 0.03) in relation
to attribution. This suggests that the effect of difficulty is stronger on attribution when
participants were also eaten by the shark.

The interaction between BRS scores and difficulty (8 =-0.01, SE=0.07, t = -
0.05, p = .95) Cl ranging from -0.16 to 0.14 on attribution was non-significant,
indicating resilience does not have an impact on attribution based on the difficulty of
the game. Similarly, the interaction between BRS scores and being eaten by the
shark (8=-0.1, SE=0.13,t=-0.74, p = .47) Cl ranging from -0.36 to 0.15 was also
non-significant. This suggests that the effect of resilience on attribution is not
influenced whether or not participants were eaten by the shark. Adding these
interactions, difficulty (8 =-0.34, SE=0.07,t=-4.74, p < .001) Cl ranging from -0.49
to 0.18 and being eaten by the shark (8 =-0.39, SE =0.13, t =-2.89, p =.01) Cl
ranging from -0.65 to -0.12 still has a significant effect on attribution, while BRS
scores (8 =0.04, SE=0.1,t=0.31, p =.76) Cl ranging from -0.25 to 0.31 stay non-
significant. However, the interaction between difficulty and being eaten (8 = 0.20, SE
=0.94,t=2.2, p=.05) Cl ranging from 0.01 to 0.40 is no longer significant. This
suggests that the effect of difficulty on attribution is not influenced by the event of

being eaten by the shark.
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Table 4. Effects on Attribution

Predictor Estimates (8) SE t-value p
difficulty -0.34 0.13 -3.07 <.001***
eaten -0.40 0.13 -3.07 <.01*
BRS score -0.01 0.13 -0.02 .98
difficulty*eaten 0.20 0.09 2.2 .03*

Note. Significance codes: * p < 0.05; ** p < 0.01; *** p < 0.001

Figure 9

Effect of Resilience on Attribution
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Discussion

In this thesis, the influence of resilience on stress response after experiencing
a loss of control was investigated. The Brief Resilience Scale (BRS) was used to test
the participants' stress resilience and its effect during acute stressful situations while
playing a game. Furthermore, the influence of resilience on attribution style regarding
the outcome of the game was investigated.

Participants reported higher levels of stress when facing a higher difficulty or
being eaten by the shark during the game. However, biological measurements of
stress, such as heart rate and heart rate variability, did not yield significant results,
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indicating no biological stress response in these situations. Notably, the inclusion of
being eaten by the shark in the model revealed that resilience no longer influenced
participants' subjective stress. However, the study found no significant interactions
between resilience and difficulty or resilience and being eaten on subjective stress.
This suggests that the effect of resilience on subjective stress remains consistent
regardless of changes in difficulty or being eaten by the shark. It is possible that
resilience may not buffer the effect of stress when being eaten by the shark, which

was reported to be a strong stressor for participants. However, this study only

examined the effects of resilience on subjective stress in the context of the game and

further research is needed to determine its generalizability to other situations.
Regarding resilience, the results indicate that participants who showed more

stress resilience also felt less stress if asked to self-report. However, resilience did

not affect the biological stress response, as evidenced by no significant changes in

heart rate or heart rate variability. Results did not change when the event of being

eaten by the shark was included. Interestingly the interaction between resilience and

getting eaten was significant in their effect on heart rate variability, suggesting that
resilience had a stronger influence on HRV when participants were getting eaten.
Combined with the lack of a significant effect of resilience on HRV, this could be an
indicator for resilience having a modulating effect on HRV in extreme stressful
situations like being eaten by the shark. This is in contrast to the findings regarding
HR where resilience showed no such effect.

It was also examined if participants resilience had an influence on the
attribution of the outcome of the game (“was the outcome influence by luck or
performance?”). The results showed no significant effect of resilience on attribution,
indicating that people's attribution style did not differ between different levels of
resilience. Whereas if participants encountered a higher difficulty and were more
often eaten by the shark, they attributed the outcome more towards luck than
performance. Indicating that participants overall did not have an attribution bias
where they attributed a negative outcome towards their own performance.
Interestingly, the addition of the interaction between resilience and difficulty, as well
as resilience and being eaten by the shark, was not significant in itself. However, it
led to a non-significant result of the interaction between difficulty and being eaten.
Additionally, resilience did not influence how participants attributed the outcome in

the event of failure or based on the difficulty they encountered. The interaction
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between these factors on attribution appears to be complex and requires further
investigation.

This rather mixed result, especially regarding the stress measurements,
suggests that further studies with a higher sample size would be necessary and
highly recommended to get more in-depth answers. For instance, to the question of
whether resilience influences how we experience stress in the moment or if it is
merely an indicator of how people deal with stress after they encounter it. This is
recommended as finding no stress response on a physiological level could merely be
an issue of not having enough power due to the sample size. Dickerson & Kemeny
(2004) suggested that not all stress results in a physiological response, and
especially studies with uncontrollable stress seem to have mixed results, with some
studies finding no connection (Bohlin et al., 1986; Meine et al., 2021; Steptoe et al.,
1993), while others do (Isowa et al., 2006; Peters et al., 1998).

Finding no link between internal attribution and resilience could be another hint
towards the theory that resilience is a process that takes place after facing a stressor
and not during it. However, some studies have found a correlation between resilience
and a task-oriented or active coping style (Campbell-Sills et al., 2006; Smith et al.,
2008), suggesting that resilience is linked to actively dealing with stressful situations.
These findings are somewhat consistent with other studies which found no significant
relationship between cortisol levels (Garcia-Ledn et al., 2019; Simeon et al., 2007,
Zapater-Fajari et al., 2021) and resilience during a stress task. However, it should be
noted that the methods of measuring stress on a biological level differed from those
used in this study.

The use of a computer game to induce stress in participants could be a
promising way to ensure motivation during a stressful game and a way to test
multiple participants at the same time in an economical way, as an interaction with
the study coordinator is not necessary, unlike the Trier Social Stress Test (TSST,
Kirschbaum et al, 1993; Allen et al., 2016), where this is often the case. Nonetheless
this testing methodology would be highly recommended to also activate the biological
stress response in order to rely on it as a stress-inducing method. Further studies
regarding the activation of the HPA axis during the SharkBite game, could shed more
light on its effects. This could be done by measuring cortisol levels during the stress
game (Spencer & Deak, 2017).
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Limitations

It has to be taken into account that the sample size in this study is not
sufficiently large and therefore works as a limitation of this study as it is likely that the
study does not have enough power (Button et al., 2013). To get a more definite
answer about the relationship between stress and resilience during a stress test,
studies with a larger sample size are advised. There is also the issue of little data in
regards to the extremes of the BRS scale, since the small sample size lacked
participants in the higher and lower extremes of resilience.

Additionally research suggests a difference in heart rate variability based on
gender (Evans et al., 2011), which suggests that women tend to have a dominant
parasympathetic influence on their heart rate, while men have a sympathetic
influence on it. Due to this a balanced sample would be recommended, which is not
the case in this study but should be taken into account for further research.

Another possible limitation could be, that the tutorial of the game was in
English, and as the testing took place in a country with a different native language,
some participants may have had difficulties understanding the instructions. It has to
be noted though, that the tutorial was built in a way that made it impossible to
proceed if the basic mechanics were not understood. Nevertheless, a translation of

the game instructions might be necessary for further testing.

28



Reference

Abramson, L. Y., Seligman, M. E., & Teasdale, J. D. (1978). Learned helplessness in
humans: Critique and reformulation. Journal of Abnormal Psychology, 87(1),
49-74. https://doi.org/10.1037/0021-843X.87.1.49

Allen, A. P., Kennedy, P. J., Dockray, S., Cryan, J. F., Dinan, T. G., & Clarke, G.
(2017). The Trier Social Stress Test: Principles and practice. Neurobiology of
Stress, 6, 113—-126. https://doi.org/10.1016/j.ynstr.2016.11.001

Alloy, L. B., Peterson, C., Abramson, L. Y., & Seligman, M. E [M. E.]. (1984).
Attributional style and the generality of learned helplessness (Vol. 46).
https://psycnet.apa.org/record/1984-16954-001 https://doi.org/10.1037/0022-
3514.46.3.681

Bates, D., Machler, M., Bolker, B., & Walker, S. (2015). Fitting Linear Mixed-Effects
Models Using Ime4. Journal of Statistical Software, 67(1), 1-48.
https://doi.org/10.18637/jss.v067.i01

Bellis, M. D. de (2005). The psychobiology of neglect. Child Maltreatment, 10(2),
150-172. https://doi.org/10.1177/1077559505275116

Berkaya, S. K., Uysal, A. K., Gunal, E. $., Ergin, S., Gunal, S., & Gllmezoglu, M. B.
(2018). A survey on ECG analysis. Biomedical Signal Processing and Control,
43, 216-235. https://doi.org/10.1016/j.bspc.2018.03.003

Calfee, C. S., Katz, P. P., Yelin, E. H., Iribarren, C., & Eisner, M. D. (2006). The
influence of perceived control of asthma on health outcomes. Chest, 130(5),
1312-1318. https://doi.org/10.1378/chest.130.5.1312

Campbell-Sills, L., Cohan, S. L., & Stein, M. B. (2006). Relationship of resilience to
personality, coping, and psychiatric symptoms in young adults. Behaviour
Research and Therapy, 44(4), 585-599.
https://doi.org/10.1016/j.brat.2005.05.001

29


https://doi.org/10.1037/0021-843X.87.1.49
https://doi.org/10.1016/j.ynstr.2016.11.001
https://doi.org/10.1037/0022-3514.46.3.681
https://doi.org/10.1037/0022-3514.46.3.681
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.1177/1077559505275116
https://doi.org/10.1016/j.bspc.2018.03.003
https://doi.org/10.1378/chest.130.5.1312
https://doi.org/10.1016/j.brat.2005.05.001

Castaldo, R., Melillo, P., Bracale, U., Caserta, M., Triassi, M., & Pecchia, L. (2015).
Acute mental stress assessment via short term HRV analysis in healthy adults:
A systematic review with meta-analysis. Biomedical Signal Processing and
Control, 18, 370-377. https://doi.org/10.1016/j.bspc.2015.02.012

Chmitorz, A., Wenzel, M., Stieglitz, R.-D., Kunzler, A., Bagusat, C., Helmreich, I.,
Gerlicher, A., Kampa, M., Kubiak, T., Kalisch, R., Lieb, K., & Tuscher, O.
(2018). Population-based validation of a German version of the Brief
Resilience Scale. PloS One, 13(2), e0192761.
https://doi.org/10.1371/journal.pone.0192761

Cohen, S., Janicki-Deverts, D., & Miller, G. E. (2007). Psychological stress and
disease. JAMA, 298(14), 1685—-1687.
https://doi.org/10.1001/jama.298.14.1685

Dickerson, S. S., & Kemeny, M. E. (2004). Acute stressors and cortisol responses: A
theoretical integration and synthesis of laboratory research. Psychological
Bulletin, 130(3), 355-391. https://doi.org/10.1037/0033-2909.130.3.355

Diener, C. I, & Dweck, C. S. (1980). An analysis of learned helplessness: li. The
processing of success (Vol. 39). https://psycnet.apa.org/record/1981-27859-
001 https://doi.org/10.1037/0022-3514.39.5.940

Epel, E. S., Crosswell, A. D., Mayer, S. E., Prather, A. A., Slavich, G. M.,
Puterman, E., & Mendes, W. B. (2018). More than a feeling: A unified view of
stress measurement for population science. Frontiers in Neuroendocrinology,
49, 146-169. https://doi.org/10.1016/j.yfrne.2018.03.001

Ernst, G. The Autonomic Nervous System. In (pp. 27—49).
https://doi.org/10.1007/978-1-4471-4309-3 3

Evans, J. M., Ziegler, M. G., Patwardhan, A. R., Ott, J. B., Kim, C. S., Leonelli, F. M.,

& Knapp, C. F. (2001). Gender differences in autonomic cardiovascular

30


https://doi.org/10.1016/j.bspc.2015.02.012
https://doi.org/10.1371/journal.pone.0192761
https://doi.org/10.1001/jama.298.14.1685
https://doi.org/10.1037/0033-2909.130.3.355
https://doi.org/10.1037/0022-3514.39.5.940
https://doi.org/10.1016/j.yfrne.2018.03.001
https://doi.org/10.1007/978-1-4471-4309-3_3

regulation: Spectral, hormonal, and hemodynamic indexes. Journal of Applied
Physiology (Bethesda, Md.: 1985), 91(6), 2611-2618.
https://doi.org/10.1152/jappl.2001.91.6.2611

Garcia-Ledn, M. A., Pérez-Marmol, J. M., Gonzalez-Pérez, R., Del Garcia-
Rios, M. C., & Peralta-Ramirez, M. |. (2019). Relationship between resilience
and stress: Perceived stress, stressful life events, HPA axis response during a
stressful task and hair cortisol. Physiology & Behavior, 202, 87-93.
https://doi.org/10.1016/j.physbeh.2019.02.001

Hartley, C. A., Gorun, A., Reddan, M. C., Ramirez, F., & Phelps, E. A. (2014).
Stressor controllability modulates fear extinction in humans. Neurobiology of
Learning and Memory, 113, 149-156.
https://doi.org/10.1016/j.nIm.2013.12.003

Heider, F. (1958). The psychology of interpersonal relations. John Wiley & Sons Inc.
https://doi.org/10.1037/10628-000

Hu, T., Zhang, D., & Wang, J. (2015). A meta-analysis of the trait resilience and
mental health. Personality and Individual Differences, 76, 18-27.
https://doi.org/10.1016/j.paid.2014.11.039

Hu, T., Zhang, D., & Yang, Z. (2015). The Relationship Between Attributional Style
for Negative Outcomes and Depression: A Meta-Analysis. Journal of Social
and Clinical Psychology, 34(4), 304—-321.
https://doi.org/10.1521/jscp.2015.34.4.304

Isowa, T., Ohira, H., & Murashima, S. (2006). Immune, endocrine and cardiovascular
responses to controllable and uncontrollable acute stress. Biological
Psychology, 71(2), 202-213. https://doi.org/10.1016/j.biopsycho.2005.04.002

Iversen S, Iversen L, Spaer C. The autonomous nervous system and the
hypothalamus. In: Kandel E, Schwartz J, Jessell T, editors. Principles of
Neural Sciences. 5th ed. New York: McGraw Hill (2000). p. 960-81. (2000).

31


https://doi.org/10.1152/jappl.2001.91.6.2611
https://doi.org/10.1016/j.physbeh.2019.02.001
https://doi.org/10.1016/j.nlm.2013.12.003
https://doi.org/10.1037/10628-000
https://doi.org/10.1016/j.paid.2014.11.039
https://doi.org/10.1521/jscp.2015.34.4.304
https://doi.org/10.1016/j.biopsycho.2005.04.002

Karthikeyan, P., Murugappan, M., & Yaacob, S. (2013). DETECTION OF HUMAN
STRESS USING SHORT-TERM ECG AND HRV SIGNALS. Journal of
Mechanics in Medicine and Biology, 13(02), 1350038.
https://doi.org/10.1142/s0219519413500383

Kim, H.-G., Cheon, E.-J., Bai, D.-S., Lee, Y. H., & Koo, B.-H. (2018). Stress and
Heart Rate Variability: A Meta-Analysis and Review of the Literature.
Psychiatry Investigation, 15(3), 235-245.
https://doi.org/10.30773/pi.2017.08.17

Kirschbaum, C., Pirke, K. M., & Hellhammer, D. H. (1993). The 'Trier Social Stress
Test'--a tool for investigating psychobiological stress responses in a laboratory
setting. Neuropsychobiology, 28(1-2), 76—81.
https://doi.org/10.1159/000119004

Koolhaas, J. M., Bartolomucci, A., Buwalda, B., De Boer, S. F., Fligge, G., Korte, S.
M., Meerlo, P., Murison, R., Olivier, B., Palanza, P., Richter-Levin, G., Sgoifo,
A., Steimer, T., Stiedl, O., Van Dijk, G., Wéhr, M., & Fuchs, E. (2011). Stress
revisited: A critical evaluation of the stress concept. Neuroscience and
Biobehavioral Reviews, 35(5), 1291-1301.
https://doi.org/10.1016/j.neubiorev.2011.02.003

M. Zapater-Fajari, |. Crespo-Sanmiguel, M. Pulopulos, V. Hidalgo, & A. Salvador
(2021). Resilience and Psychobiological Response to Stress in Older People:

The Mediating Role of Coping Strategies. Frontiers in Aging Neuroscience.

Mancini, A. D., & Bonanno, G. A. (2009). Predictors and parameters of resilience to
loss: Toward an individual differences model. Journal of Personality, 77(6),
1805-1832. https://doi.org/10.1111/j.1467-6494.2009.00601.x

McEwen, B. S., & Karatsoreos, I. N. (2011). What Is Stress? In A. Chouker (Ed.),

Stress Challenges and Immunity in Space: From Mechanisms to Monitoring

32


https://doi.org/10.1142/s0219519413500383
https://doi.org/10.30773/pi.2017.08.17
https://doi.org/10.1159/000119004
https://doi.org/10.1016/j.neubiorev.2011.02.003
https://doi.org/10.1111/j.1467-6494.2009.00601.x

and Preventive Strategies (pp. 11-29). Springer Berlin Heidelberg.
https://doi.org/10.1007/978-3-642-22272-6 3

Meine, L. E., Meier, J., Meyer, B., & Wessa, M. (2021). Don't stress, it's under
control: Neural correlates of stressor controllability in humans. Neurolmage,
245, 118701. https://doi.org/10.1016/j.neurcimage.2021.118701

Mikolajczak, M., Roy, E., Luminet, O., & Timary, P. de (2008). Resilience and
hypothalamic-pituitary-adrenal axis reactivity under acute stress in young men.
Stress (Amsterdam, Netherlands), 11(6), 477-482.
https://doi.org/10.1080/10253890701850262

Peters, M. L., Godaert, G. L., Ballieux, R. E., van Vliet, M., Willemsen, J. J.,
Sweep, F. C., & Heijnen, C. J. (1998). Cardiovascular and endocrine
responses to experimental stress: Effects of mental effort and controllability.
Psychoneuroendocrinology, 23(1), 1-17. https://doi.org/10.1016/s0306-
4530(97)00082-6

Rodin, J., & Langer, E. J. (1977). Long-term effects of a control-relevant intervention
with the institutionalized aged. Journal of Personality and Social Psychology,
35(12), 897-902. https://doi.org/10.1037/0022-3514.35.12.897

Rosengren, A., Hawken, S., Ounpuu, S., Sliwa, K., Zubaid, M., Aimahmeed, W. A.,
Blackett, K. N., Sitthi-amorn, C., Sato, H., & Yusuf, S. (2004). Association of
psychosocial risk factors with risk of acute myocardial infarction in 11119
cases and 13648 controls from 52 countries (the INTERHEART study): Case-
control study. Lancet (London, England), 364(9438), 953—-962.
https://doi.org/10.1016/S0140-6736(04)17019-0

Ruiz-Robledillo, N., Romero-Martinez, A., & Moya-Albiol, L. (2017). Lower cortisol
response in high-resilient caregivers of people with autism: The role of anger.
Stress and Health : Journal of the International Society for the Investigation of
Stress, 33(4), 370-377. https://doi.org/10.1002/smi.2713

33


https://doi.org/10.1007/978-3-642-22272-6_3
https://doi.org/10.1016/j.neuroimage.2021.118701
https://doi.org/10.1080/10253890701850262
https://doi.org/10.1016/s0306-4530(97)00082-6
https://doi.org/10.1016/s0306-4530(97)00082-6
https://doi.org/10.1037/0022-3514.35.12.897
https://doi.org/10.1016/S0140-6736(04)17019-0
https://doi.org/10.1002/smi.2713

Rutten, B. P. F., Hammels, C., Geschwind, N., Menne-Lothmann, C., Pishva, E.,
Schruers, K., van den Hove, D., Kenis, G., van Os, J., & Wichers, M. (2013).
Resilience in mental health: Linking psychological and neurobiological
perspectives. Acta Psychiatrica Scandinavica, 128(1), 3—20.
https://doi.org/10.1111/acps.12095

Seligman, M. E., Abramson, L. Y., Semmel, A., & Baeyer, C. von (1979). Depressive
attributional style. Journal of Abnormal Psychology, 88(3), 242—-247.
https://doi.org/10.1037//0021-843x.88.3.242

Seligman, M. E., & Beagley, G. (1975). Learned helplessness in the rat. Journal of
Comparative and Physiological Psychology, 88(2), 534-541.
https://doi.org/10.1037/h0076430

Seligman, M. E., & Maier, S. F. (1967). Failure to escape traumatic shock. Journal of
Experimental Psychology, 74(1), 1-9. https://doi.org/10.1037/h0024514

Simeon, D., Yehuda, R., Cunill, R., Knutelska, M., Putnam, F. W., & Smith, L. M.
(2007). Factors associated with resilience in healthy adults.
Psychoneuroendocrinology, 32(8-10), 1149—1152.
https://doi.org/10.1016/j.psyneuen.2007.08.005

Smith, B. W.,Tooley, E. M., Christopher, P. J., & Kay, V. S. (2010). Resilience as the
ability to bounce back from stress: A neglected personal resource? The
Journal of Positive Psychology, 5(3), 166—176.
https://doi.org/10.1080/17439760.2010.482186

Smith, B. W., deCruz-Dixon, N., Schodt, K., & Torres, F. (2023). Brief Resilience
Scale (BRS). In Handbook of Assessment in Mindfulness Research (pp. 1—
19). Springer, Cham. https://doi.org/10.1007/978-3-030-77644-2 92-1

Steptoe, A., Fieldman, G., Evans, O., & Perry, L. (1993). Control over work pace, job

strain and cardiovascular responses in middle-aged men. Journal of

34


https://doi.org/10.1111/acps.12095
https://doi.org/10.1037/0021-843x.88.3.242
https://doi.org/10.1037/h0076430
https://doi.org/10.1037/h0024514
https://doi.org/10.1016/j.psyneuen.2007.08.005
https://doi.org/10.1080/17439760.2010.482186
https://doi.org/10.1007/978-3-030-77644-2_92-1

Hypertension, 11(7), 751-759. https://doi.org/10.1097/00004872-199307000-
00011

Steptoe, A., & Poole, L. (2016). Control and Stress. In G. Fink (Ed.), Handbook of
stress: volume 1. Stress: Concepts and cognition, emotion, and behavior
(pp- 73-80). Elsevier AP. https://doi.org/10.1016/B978-0-12-800951-2.00008-
X

Steptoe, A [Andrew], & Willemsen, G. (2004). The influence of low job control on
ambulatory blood pressure and perceived stress over the working day in men
and women from the Whitehall || cohort. Journal of Hypertension, 22(5), 915—
920. https://doi.org/10.1097/00004872-200405000-00012

Sweeney, P. D., Anderson, K., & Bailey, S. (1986). Attributional style in depression: A
meta-analytic review. Journal of Personality and Social Psychology, 50(5),
974-991. https://doi.org/10.1037//0022-3514.50.5.974

ten Donkelaar, H.J., Némcova, V., Lammens, M., Overeem, S. (2020). The
Autonomic Nervous System. In: Clinical Neuroanatomy. Springer, Cham.
https://doi.org/10.1007/978-3-030-41878-6_12

Vollmer, M. (2019) HRVTool - an Open-Source Matlab Toolbox for Analyzing Heart
Rate Variability. Computing in Cardiology, 46.
https://doi.org/10.22489/CinC.2019.032

Vollmer, M. (2015). A robust, simple and reliable measure of heart rate variability
using relative RR intervals. Computing in Cardiology Conference, 609-612.
https://doi.org/10.1109/C1C.2015.7410984

Wu, G., Feder, A., Cohen, H., Kim, J. J., Calderon, S., Charney, D. S., & Mathé, A. A.
(2013). Understanding resilience. Frontiers in Behavioral Neuroscience, 7, 10.
https://doi.org/10.3389/fnbeh.2013.00010

35


https://doi.org/10.1097/00004872-199307000-00011
https://doi.org/10.1097/00004872-199307000-00011
https://doi.org/10.1016/B978-0-12-800951-2.00008-X
https://doi.org/10.1016/B978-0-12-800951-2.00008-X
https://doi.org/10.1097/00004872-200405000-00012
https://doi.org/10.1037/0022-3514.50.5.974
https://doi.org/10.1007/978-3-030-41878-6_12
https://doi.org/10.22489/CinC.2019.032
https://doi.org/10.1109/CIC.2015.7410984
https://doi.org/10.3389/fnbeh.2013.00010

List of Figures

Figure 1 EXperiment PrOtOCOI ... 11
Figure 2 Probability of Wind per ROUNQ ... 12
Figure 3 Screenshot of the SharkBiteGame.....................uuuuuuiuiiiiiiiiiiee 14
Figure 4 Distribution Of BRS Z-SOIES............uuuuuuiiii e 18
Figure 5 Effects of Difficulty on Subjective SIreSS ............cccoeuuuuiieiiiieieiceeee e 19
Figure 6 Effect of Resilience on SUbjective SIreSS...........cccoovviiieiiiiiiiiiiiiieee e 21
Figure 7 Effects of ReSIlIENCE 0N HR ..........c...coooooeuiiieeii et 23
Figure 8 Effects of ReSIlIenCce 0N HRYV .............cooooeiiiiii ettt 23
Figure 9 Effect of Resilience on ArIDULION ..................uuuuiuiiiiiiiiiieee 25
List of Tables

Table 1 Effects 0N SUDJECHIVE SIrESS ...........ouuuuuceiiieiiiicee e 19
Table 2 Effects 0n Heart Rate (HR) ............oouuuuueiii et 22
Table 3 Effects on Heart Rate Variability (SDNN).............oouuuueeeieeiieiiiiiee et 22
Table 4 Effects 0N AftrIDULION................ooooeiieeeeeeeeeeeeeeeeeeee e 25

36



Appendix

Effects on subjective stress

Model 1 including difficulty

REML criterion at convergence: 846.3
scaled residuals:

Min 10 Median 30 M ax
-3.4744294103 -0, 5478904327 0.0132687996 0.57202853980 3.1773780183

Random effects:

Groups Mame variance std. Dev. corr

ID (Intercept) 0.448291589952 0. 009534580870
subjective_difficulty_s 0.009153882551 0.09567592461 0.98939238

Residual 0.491068505473 0. 70076280257

Number of obs: 365, groups: ID, 24

Fixed effects:

Estimate std. Erraor df t value pPri=|t|)
{Intercept) 0.02555004660 0.14151345357 22.95820012969 O.18055 0.B8583063
subjective_difficulty_s 0.13035431211 0.04278314517 22.83852288539 3.04686 0.0057528 #*#

signif. codes:z 'O '***' Qo001 '**' Q.01 %7 Q.05 .7 @1 1

Model 2 including difficulty and BRS scores
REML criterion at convergence: 843.7
scaled residuals:
Min 10 Median 30 Max
-3.5302465094 -0.5444119885 0.0201705065 0.5548105526 3.1331469378

Random effects:

Groups  MName variance Std.Dev. corr

Io {(Intercept) 0,40054369684 0. 6328852162
subjective_difficulty_s 0.01120780156 0.1058669050 1.00000000

Residual 0.48872933743 0.6990917947

Mumber of obs: 365, groups: ID, 24

Fixed effects:

Estimate std. Error df t© wvalue Pri=|t|)
{Intercept) 0.02616520450 (Q,134275357212 22.26965040975 (Q.19486 0.8472678
subjective_difficulty_s 0.13549744133 0.04376582822 4B8.91722681696 3.09596 0.0032432 **
BRS_ZsCore -0.27382545273 0.11863480157 24. 38810983309 -2.30814 0.0297723 =
signif. codes: 0 "##+* g 001 ‘#=' 0.01 '*' Q.05 '." 0.1 ' " 1
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Model 3 including difficulty, BRS scores and interaction term

REML criterion at convergence: 848

scaled residuals:
Min 10
-3.5423995499 -0. 5570799400

Max
3.0962153329

Median
0.0193472907

3q
0.5528317320

rRandom effects:

Groups Name variance std. Dev. corr

ID (Intercept) 0.40451540397 0.6360152545
subjective_difficulty_s 0.01197209042 0.1094170481 0,9999938%2

Residual 0.48957599389 0.06990970744

Number of obs: 3653, groups: 1ID, 24

Fixed effects:

Estimate std. Error df t walue pri=iti)
(Intercept) 0.02634326219 0.13489949617 21.95609970494 0.19528 0.B84696591
subjective_difficulty_s 0.13745901519 0.04437638186 47.62237920125 3.09757 0.0032681 ==
BRS_Zscore -0.24742647153 0.13509054979 21.96588651832 -1.83156 0.0806141 .
subjective_difficulty_s:BRS_zscore 0.01837236431 0.04443116321 47.47952173532 0.41350 0. 6811008
sigmit. codes:; 0 *=92 Qugal frm 0301 ' 00050t 0L A
Effects on subjective stress including getting eaten by the shark
Model 1 including difficulty and getting eaten and interaction term
REML criterion at convergence: 8§12
scaled residuals:
Min iq Median 30 Max
-4.0697252083 -0.4532362984 0.02353BY7869 0.5727769668 3.2771758269
Random effects:
Groups Name variance std. Dev. corr
ip (Intercept) 0.41790488489 0.6464556326
subjective_difficulty_s 0.02050781111 0.1432054856 0. 31878370
eatenTRUE 0.05262476409 0.2294008B08 0.04520435 0.98125834
subjective_difficulty_s:eatenTRUE 0.02008523744 0.1417223957 0.41527709 -0.72984967 -0. 88998716
Residual 0.42472110872 0.6517063056
Number of obs: 365, groups: ID, 24
Fixed effects:
Estimate std. Error df t value Pr{=Itl)
{Intercept) -0.20010257971 0.14262435411 22,91536347411 -1.40300 0.174020
subjective_difficulty_s 0.16069543182 ©0.072338p7105 32.347B4585996 2.22143 D.033439 =
eatenTRUE 0.46158026469 0.09053881375 23.37776546632 5.09815 3.4923e-05 #«=
subjective_difficulty_s:eatenTRUE -0.10232985150 0.08434990360 47.78423478607 -1.21316 0.231032

Signif. codes: O “#%**' g, 001 ***' 0,01 **' 0,05 *." 0.1 * " 1
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Model 2 including difficulty, getting eaten, BRS Score and interaction term

REML criterion at conwvergence: 811.3
scaled residuals:

Min 10 Median 30 Max
-4,1173560316 -0.4665448265 0.0179472749 0.5716874949 3,2612563295

Random effects:

Groups Name variance Std.Dev. corr
ID (Intercept) $.37592369931 0.6131261692
subjective_difficulty_s 0.02172228846 0.1473848312 0. 26916069
eatenTRUE 0.04391321750 0.2095548079 0.10893278 0.98666046
subjective_difficulty_s:eatenTRUE 0.01900665721 0.1378646336 0.47851453 -0.71687606 -0. 82071495
rResidual 0.42517162781 0.6520518598
Number of obs: 365, groups: 1ID, 24
Fixed effects:
Estimate std. Error df t value Pr{=iti)
(Intercept) -0,19418920304 ©.13631691303 21.90390519878 -1.424534 D.168382
subjective_difficulty_s 0.16163200774 ©.07285933833 28. 04304679779 2.21841 0.034795
eatenTRUE 0.45025357096 ©.08858481739 24.18343698636 5.08274 3.3001le-05 wu**
BRS_zscore -0.21728290144 ©.12053044039 22. 68583528719 -1.80272 0.084734 .

subjective difficulty_s:eatenTRUE -0.09504085205 0.08446335833 46.97491122018 -1.12523 D.266207

sSignif. todes: 0 S¥eed 0007 et gog] SR O0eS T B0t A

Model 3 including difficulty, getting eaten, BRS Score and interaction terms

REML criterion at convergence: 821.7
scaled residuals:

Min 10 Median 30 Max
-4.1116062382 -0.4646380815 0.0213869861 0.5772306752 3.2759982147

random effects:

Groups Name variance std. Dev. corr
ID (Intercept) 0.38129352592 0.6174896970

subjective_difficulty_s 0.02487543896 0.1577194946 0.24939880

eatenTRUE 0.05141199944 0.2267421431 0.07902373 0.8B036923

subjective_difficulty_s:eatenTRUE 0.02191630083 0.1480415510 0.47847973 -0.72958273 -0.76431213
Residual 0.42639825043 0.6531448924
NMumber of obs: 365, groups: ID, 24
Fixed effects:

Estimate std. Error df t walue Pri=|tl])

(Intercept) -$.194722871036 0.137423693566 21.289187273330 -1.41695 0.170965
subjective_difficulty_s 0.161469017624 0.074222527892 16.441910487254 2.17547 0. 044501
BRS_zscore -0. 220265004272 0.136706508110 20.840183956190 -1.61123 0.122173
eatenTRUE 0.450272235169 0.091073836570 21.800353276985 4.94403 6.1832e-05
subjective difficulty_s:BRS_zscore -0,024890848690 0.071964831163 15.970467526390 -0, 34588 0.7330951
subjective_difficulty_s:eatenTRUE -. 094493428633 0.086211531548 34.029322618178 -1.09606 0. 280747
BRS_ZsCore:eatenTRUE -.001403341176 0.090398258376 21.798889448453 -0.01552 0.987755
subjective_difficulty_s:BRS_zscore:eatenTRUE ©.028060692019 0.085055377689 36.068042636156 0.32991 0.743376

signif. codes: 0 *#=*! Q.001 "#**' Q.01 **' 0.05% *.' 0.1 °* ' 1

Effects on heart rate (mean HR)

Model 1 including difficulty
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REML criterien at cenvergence: 1706.7
scaled residuals:

Min 10 median Elo] Max
-3.6199035646 -0.5508464112 -0.0772B58880 0.4900587637 5.4613128231

random effects:

Groups Name variance std. Dev. corr

ID (Intercept) 112.8983241973 10.6253623090
subjective_difficulty_s Q.1084228003 0.32582761763 1.00000000

Residual 11.5049297239% 3.3918917618

Mumber of obs: 305, groups: ID, 20

Fixed effects:

Estimate std. Error df t walue pPri=[t])
{(Intercept) F78.069494732228 2.38384497368 19.00268063250 33.01177 < Ze-1lg ¥#%*
subjective_difficulty_s 0©0.08413695018 0.21207837758 64.61887885581 0.39673 0.69288

signif. codes: 0O "#=*=% Q. 001 “=*» Q.01 *#*7 0,05 *,7 0.1 ' > 1

Model 2 including difficulty and BRS Score
REML criterien at convergence: 1703.2
scaled residuals:
Min 1q Median 3Q Max

-3. 6248080772 -0.53526157672 -0.0842565893 0.48533001715 5.4617476898

rRandom effects:

Groups Name Variance std. Dev. corr

ID (Intercept) 117. 9747951724 10.8616202830
subjective_difficulty_s 0.1020165383  0.3194002791 1. 00000000

Rresidual 11. 5093574281 3.3925443885

Mumber of obs: 303, groups: ID, 20

Fixed effects:

Estimate std. Error df t wvalue Pri=|t|)
(Intercept) 78.72212533425 2.43815618861 18.21073456438 32. 28736 <« 2e-lp #=%%
subjective_difficulty_s 0.0B8198068782 0.21153360240 66.65330301506 0.38735 0.69958
BRZ_ZsCoOre 0.63352057879 2.17385065413 18.43722832677 0.29143 77398
signif. codes: 0O '##*¥' 0. Q01 '**' Q.01 "% 0.05 .7 0.1 ' 1

Model 3 including difficulty, BRS Score and interaction term
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REML criterion at convergence: 1704.6

scaled resjduals:

Min 10 Median 30 Max
-3. 6099064151 -0.55312427021 -0.0845092458 (.4847072761 5.4531624611
rRandom effects:
Groups Name variance std. Dev. corr
ID (Intercept) 118. 7124045987 10.8955222270

subjective_difficulty_s 0.1128068938 0.3358673754 1.00000000
Residual 11. 5452544991 3.3978308520
Mumber of obs: 305, groups: 1ID, 20
Fixed effects:

Estimate std. Error df t© wvalue Pr{=|t|)

(Intercept) FE.7207356869046 2.4460600483774 18.0024229872050 32.18267 <« 2e-16
subjective_difficulty_s 0.08120095706308 0.2161378154431 63.3092892589862 0.37573 0.70837
BRS_ZscCore 0.6234170340116 2.3102149103407 18.0031410066514 0.26985 0.79034
subjective_difficulty_s:BRS_zscore -0.0004270802082 0.2055595919730 64. 8304705546917 -0.00208 0.99835
signif. codes: 0O *#**'" 0,001 “**' Q.01 =" 0.05 ‘.' 0.1 * " 1

Effects on heart rate (mean HR) including getting eaten

Model 1 including difficulty and getting eaten and interaction term

REML criterion at convergence: 1700.2

scaled residuals:
Min 1qQ Median
-3.3896081511 -0.3223482725 -0.0583076713

3q
0.4840644348

random effects:

Max

5.4988207349

Groups Name variance std. Dev. corr
ID (Intercept) 109, 5495939373 10.48665941900
subjective_difficulty_s 0. 2083072093 0.4564068463 -0. 98860887
eatenTRUE 0.6410859694 0.8006784432 0.12041677
subjective_difficulty_s:eatenTRUE  1.1206614929 1.0586130043 ©0.96704013
rResidual 11.1971112965 3.3462084957
Number of obs: 305, groups: 1ID, 20
Fixed effects:
Estimate std. Error df t value
(Intercept) 78.4341864807 2.36039B88162 18.8660082378 33.22921
subjective_difficulty_s -0.1978905037 0.3747873517 81.5BB08E0151 -0.32801
eatenTRUE 0.3996032599 (.4752551264 23.5104856592 ©O.84082
subjective_difficulty_s:eatenTRUE 0.3377903575 0.4971626254 38.6928457899 0.67944
Signif. codes: 0 *#=%%’ Q.001 °“##’ 0.01 **' 0.05 '." 0.1 ° 1

0.03036627
-0.99434708 -0.13632333

pri=tl)
< Ze-16 ®ww
0.59893
0.40892
0. 50091

Model 2 including difficulty, getting eaten, BRS Score and interaction term
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REML criterion at convergence: 1897

scaled residuals:
Min 1Q Median 30
-3. 3870396681 -0.5203925314 -0.0535919777 0.4B74678556

Max
5.4978139503

Random effects:

Groups Name variance std. Dev. corr
ID {Intercept)} 114, 3128914867 10.6917206981

subjective_difficulty_s 0.1848373550 0.4299271508 -1.00000000

BATENTRUE 0.6231669305 0.7894092288 (.08418155 -0.08418155

subjective_difficulty_s:eatenTRUE 1.0287452758 1.0142708099 (.97770135 -0.97770135 -0.12695033
Rasidual 11.2145147354 3.3488079574
Number of obs: 305, groups: 1ID, 20
Fixed effects:

Estimate std. Error df t value pr(>|tl)

(Intercept) 78.4510837542 2.4116249471 18.2435721441 32.53038 <« 2e-16 **®¥%
subjective_difficulty_s -0.1952417716 ©0.3735632114 89.01283998B6 -0.52265 0,60252
eatenTRUE 0.4047487016 0.4753747544 22.771B698728 0.83143 0.40340
BRS_Zscore 0.3738200832 2.0174417123 18.6188401627 ©.18529 0.85500
subjective_difficulty_s:eatenTRUE 0.3313515556 0.4940822775 40.5499465146 0.67064 0.50825
signif. codes: O “*®¥' Q0. 001 “**' D.01 “*' Q.05 '." 0.1 " ' 1

Model 3 including difficulty, getting eaten, BRS Score and additional interaction
terms

REML criterion at convergence: 1696

scaled residuals:

min 10 Median 30
-3.3347312679 -0, 5388089937 -0.0592946809 (0,53152243411

Max
5. 5134102501

Random effects:

Groups Name variance std. Dev. corr
iD (Intercept) 115,5367626140 10,7488028456

subjective_difficulty_s 0.2199792047 0.4690194076 -1.00000000

eatenTRUE 0.4216440696 0.6493412582 0.11526606 -0.11526606

subjective_difficulty_s:eatenTRUE 1.1620041057 1.0779629426 0.97806450 -0.97806450 -0.09417617
Residual 11. 2809736443 3. 3587160708
Number of obs: 305, groups: ID, 20
Fixed effects:

Estimate std. Error df t value pPri=|t|)

(Intercept) 78.30174970759 2.42516043457 17.87540081591 32.36971 < 2e-1f #"#**
subjective_difficulty_s -0, 21144245975 0,37703234987 75.87013082348 -0.56081 0.57658
BRS_ZsCore 0.33317225785 2.28B45673989 17.81380327089 0.14559 0.BB588
eatTenTRUE 0.38329706447 0.46732296720 24.74408575383 0.81985 0.42013
subjective_difficulty_s:BRS_zscore -0, 00276224572  0.34423678922 69.16046705307 -0.26947 0.7BB37
subjective_difficulty_s:eatenTRUE 0. 32080309626 0.530645757662 37.16772043606 0.63343 0.533033
BRS_Zscore:eatenTRUE 0.60301368622 0.43383402B805 24.59751561466 1.3899¢ 0.17699
subjective_difficulty_s:BRS_zscore:eatenTRUE 0,08166338298 0.47176635710 35.61337376417 0.17310 0.86355
Signif. codes: G.01 *®h0.05 Y. UQTE Y EDL

Effects on heart rate variability (SDNN)

Model 1 including difficulty
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REML criterion at convergence: 2441.8
scaled residuals:

Min 1q Median 3q Max
-4,9737072441 -0.4461187668 0.0177724558 0.4975957781 3.8408456457

rRandom effects:

Groups Name variance Std. Dev. caorr

ID {(Intercept) 128. 729845067 11. 345917551
subjective_difficulty_s 6. 654501554 2.579632058 -0.09695873

residual 146.176516751 12.090348082

Number of obs: 303, groups: ID, 20

Fixed effects:

Estimate std. Error df t value Pri=|tl)
{(Intercept) 62. 2409040886 2.6321627003 18.9224846728 23.64630 1.6379e-15 #=#*
subjective_difficulty_s 0.8271581509 0.9261850777 19.0621706990 (.89308 0. 38295

signif: ‘codes: O REestogogel fEelogled SETUOLEs U7 gl o1

Model 2 including difficulty and BRS Score

REML criterien at convergence: 2438.1
scaled residuals:

Min 1a mMedian 30 Max
-4.9755206668 -0.4475487288 0.0204634796 0.4980410333 3.8418333584

Random effects:

Groups KName variance Std. Dev. corr

in (Intercept) 135.864803053 11. 656105827
subjective_difficulty_s 6. 6604065327 2.5B0776342 -0.0B587863

Residual 146.173876726 12. 090238903

Number of obs: 305, groups: 1ID, 20

Fixed effects:

Estimate std. Error df t wvalue Pri=|t|)
{Intercept) 62.2167010177 2.7011921204 17.9268381495 23.03308 9.1047e-15 #*%*
subjective_difficulty_s 0.8338037678 0.9264683474 19.0725538725 0.89998 0.37935
BRS_ZscCore -0.6161190715 2.54B0733653 17.9570332062 -0. 24180 0.81168

Signif. codes: © *#*®%' Q.0p01 “#=° 0.01 “*" 0.05 “." 0.1 * ' 1

Model 3 including difficulty, BRS Score and interaction term
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REML criterion at convergence: 2436.3
scaled residuals:

Min 1g Median Els] Max
-4.977B477756 -0.4456103364 0.0297261102 0.5022193731 3.8227736864

Random effects:

Groups Name variance Std.Dev. corr

ID {(Intercept) 135. 398793840 11. 636098738
subjective_difficulty_s 7.362739348 2.713436815 -0.09659310

residual 146G, 263545988 12.093946667

Mumber of obs: 305, groups: ID, 20

Fixed effects:

Estimate std. Error df t value Pri=Iiti)

{Intercept) 62.2177559648 2.6970371137 17.91B0657681 23.06893 B.9601le-15 #+=*
subjective_difficulty_s 0.8833078129 O.9525353912 18.B790006514 (.92732 0. 36548
BRS_ZscCore -0.6665010841 2.5470509039 17.9130444747 -0.26170 0.794654
0. 9029983367 19. 2B81464113 0.40050 0.69319

subjective_difficulty_s:BRS_zscore 0.3616495262

Signif. codes: 0 ‘#%=' p,001 “®*° 0.01 *#*' 0.05 '.' 0.1 " " 1

Effects on heart rate variability (SDNN) including being eaten
Model 1 including difficulty and getting eaten and interaction term

REML criterion at convergence: 2423.4
Scaled residuals:

Min 1q mMedian 30 Max
-4,8992657308 -0.4718494234 -0.0271325010 0.5161004408 3.52841968591

random effects:

Groups Name variance std. Dev. corr
D (Intercept) 99,137813204 9,956797337
subjective_difficulty_s 2.203300911 1.484354038 -0.995336407
eatenTRUE 4,.310660549 2.076213031 0.83784120 -0.78145285
subjective_difficulty_s:eatenTRUE 24.475108269 4.947232385 0.34425311 -0.43295563 -0.22411648
Residual 138.165070085 11.754363874

Number of obs: 305, groups: ID, 20

Fixed effects:

Estimate std. Error df t value Pri{=It])
(Intercept) 63.2431477197 2.46816066425 16.4701110785 25.69182 1.0086e-14 *%*
subjective_difficulty_s 0.1303269135 1.3042428715 B9.4889824015 (.09993 0.92063
eatenTRUE -2.1990068650 1.6231075675 54.3908545348 -1.35481 0.18108
subjective_difficulty_s:eatenTRUE 1.7002091792 1,9331153338 30.1340874342 0.87952 0. 38608

Signif. codes: 0O **%£% g,001 '#*' Q.01 *** 0005 %7 0.1 ' %

Model 2 including difficulty, getting eaten, BRS Score and interaction term
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REML criterion at convergence: 2418.5
scaled residuals:

Min 1q Median 3Q Max
-4,9206469866 -0.4798343853 -0.0205549164 0.5138449738 3.5373357497

Random effects:

Groups Name variance std. Dev. corr
ID {(Intercept) 91.718478378 9.576976474
subjective_difficulty_s 2.503699528 1.582308291 -0.98784893
eatenTRUE 12.2538210341 3.501172709 (.92673244 -0.85707801
subjective_difficulty_s:eatenTRUE 24.106790099 4.909866607 0.34753858 -0.48904495 -0.03022631
Residual 137.602984391 11.730429847

Number of obs: 305, groups: 1ID, 20

Fixed effects:

Estimate std. Error df t wvalue Pri{=itl)
(Intercept) 63.2628245473 2.3812530151 15.7124801418 26.56703 1.7541e-14 ¥%*=%
subjective_difficulty_s 0.1101018526 1.3063399318 79.9797389962 0.08428 0.93304
eatenTRUE -2.2948110098 1.7363088788 24.2579189591 -1.32166 0.19861
BRS_Zscore -3.0742990829 2.1904635047 14.3331740207 -1.40349 0.18176
subjective_difficulty_s:eatenTRUE 1.6445674071 1.9250646218 30.1773197283 0.83429 0.39967

Signif. codes: 0 *##¥° g.Q01 '*%° p.od ‘¢ 0,05 .7 0.1 °F ' 1

Model 3 including difficulty, getting eaten, BRS Score and additional interaction
terms

REML criterion at ceonvergence: 2406.5
Scaled residuals:
Min 10 Median 30 Max

-4.9165456857 -0.4920853422 0.0053612970 0.5151427265 3.5220388589

Random effects:

Groups Name variance std. Dev. corr
D (Intercept) 91. 810363186 9.581772445
subjective_difficulty_s 2.517792356 1.586755292 -0.98439977
eatenTRUE 10.136464256 3.183781440 0.88767636 -0.79281133
subjective_difficulty_s:eatenTRUE 24.3519958186 4.951763139 0.30750608 -0.47012931 -0.16519036
Residual 136, 879482553 11.699550545

Number of obs: 3053, groups: 1ID, 20

Fixed effects:

Estimate std. Error df t wvalue Pri=|t|)
(Intercept) 63.49412262621 2.3B528271367 15.93675825698 26.61912 1.22B7e-14 &
subjective_difficulty_s 0.04782548856 1.30513652580 76.72756221359 0.03664 0.970864
BRS_zscore -2.56139155266 2.23091900626 15.38734774998 -1,14813 0.268451
eatenTRUE -2.37494044475 1.71175238006 30.92387535347 -1,38743 0.175228
subjective_difficulty_s:BRS_zscore -0.21332207141 1.18044B860427 72.37558187719 -0.17935 0.858168
subjective_difficulty_s:eatenTRUE 1.58851909627 1.94021191464 29.16279812243 0.81E73 0.419578
BRS_Zscore:eatenTRUE 3.26418297679 1.58211843061 28.93094110004 2.06317 0.048172 *
subjective_difficulty_s:BRS_zscore:eatenTRUE 0. 359844719599 1.79811003614 26.96874496255 0.33282 0.741844

signif. codes: © ‘f**=! Q,001 *®=! @g.01 ‘'*' 0.05 *.' 0.1 ' °

[y
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Effects on attribution including getting eaten

Model 1 including difficulty and getting eaten and interaction term

REML criterion at convergence: B823.4

scaled residuals:
Min 10 median Elo]
-2.82742004963 -0.3911856714 -0.0021153182 Q.5357702799

Max
3.6883525090

Random effects:

Groups Name variance std. Dev. corr
b (Intercept) 0.38260779185 0.6185529822

subjective_difficulty_s 0.01797880486 0.1340850657 -0. 34638357

eatenTRUE 0.25387376563 0.5038588747 -0, 28246943 -0.41947767

subjective_difficulty_s:eatenTRUE 0.03697529790 0.1922896199 {.37018704 0.55267083 -0.04978953
Residual 0.40064873033 0.6329681906
Number of obs: 365, groups: 1ID, 24
Fixed effects:

Estimate std. Error df t value Pr(>ltl)

(Intercept) 0.24317204924 ©.13837645840 14.18979525849 1.75732 0.100408
subjective_difficulty_s -0.33912208859 0.07007871891 39.174297426533 -4.83916 2.059e-05 #*#**
eatenTRUE -0.39726425511 0.13016292928 18.06411456760 -3.05205 0.006841 **
subjective_difficulty_s:eatenTRUE 0.20077053515 0.09%207984355 44.45840090968 2.18040 0.034563 *
signif. codes: 0 *#®*x! 0,001 "**! Q.01 "*' 0.05 '.' 01 1

Model 2 including difficulty, getting eaten, BRS Score and interaction term

REML criterion at convergence: 825.6

scaled residuals:

Min 1q Median 30 Max
-2.B268832895 -0.3896856433 0.0016278757 0.5366782710 3.6918982134
Random effects:
Groups Mame variance std. Dev. corr
iD (Intercept) 0.41093234187 0.6410400470
subjective_difficulty_s 0.01730249904 0.1315389640 -0.32142854
eatenTRUE 0.25012771167 0.5001276%954 -0.28818284 -0.42101167
subjective_difficulty_s:eatenTRUE ©.03616208607 0.1901633142 0.35133983 0.59590311 -0.06353060
Residual 0.40065816827 0.6329750459
Number of obs: 365, groups: 1ID, 24
Fixed effects:
Estimate std. Error df t value Pr{=|t|)
(Intercept) D.244740818262 0.142663826149 13.454655337738 1.71551 0.1091766
subjective_difficulty_s -0.339763819861 (.069889328583 40.534207649007 -4.86145 1.7904e-05 *%*
eatenTRUE -0.398694798955 (.129734170550 18.165733433137 -3.07317 0.0065011 =#*
BRS_zZsCore -0.002909322208 0.130006327757 15.592308677811 -0.02238 0.9824301
subjective_difficulty_s:eatenTRUE 0.201408152005 0.091907425855 45.120144909305 2.19142 0.0336242 *
signif. codes: O “*=#*' 0.001 “=*' Q.01 '*" ¢.05 ‘." 0.1 " "1

Model 3 including difficulty, getting eaten, BRS Score and additional interaction

terms
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REML criterion at convergence: 833.8
scaled residuals:

Min 1q Median
-2.8226685275 -0.53710948338 -0.0076010367

rRandom effects:

Groups  MName variance Std. Dev. corr
ID (Intercept) 0. 39604806759 0.6293235000
subjective_difficulty_s 0.02201019667 0.1483583387 -0.29912270
eatenTRUE 0.27203985455 0,5215743998 -0.28366464 -0.43773408
subjective_difficulty_s:eatenTRUE 0.04420897236 0.2102592979 0.33936897
Residual 0.40051675760 0.6328639329
Number of obs: 365, groups: 1ID, 24
Fixed effects:
Estimate std. Error df t
{Intercept) 0.236980465431 0.140702218935 13.782471924270 1
subjective_difficulty_s -0.339741568522 0.071721577024 13.200312466311 -4,
BRS_zZscore 0.042917146110 0.139587940489 13.423045784216 O
eatenTRUE -0. 385818553769 0.1332656346103 17.319950026627 -2
subjective_difficulty_s:BRS_zscore -0.003686503416 0.069549525123 12.973581812961 -0
subjective_difficulty_s:eatenTRUE 0.1985e4666263 0.094535507786 17.404261233347 2
BRS_zZscore:eatenTRUE -0.098275791923 0.131955753398 16.674373085421 -0.
subjective_difficulty_s:BRS_zscore:eatenTRUE -0.037621305040 0.090578118796 15.020773109881 -0.
signif. codes: 0 '**%’ 0,001 ***' Q.01 **' Q.05 '." 0.1 * " 1

3q

Max

0.5430844030 3.6640261511

value

. 68427

73695

]
0
.30746 0
. BEBGGS 0.
. 05301 0
.10042 O
0

0]

74476
41535
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D.39680014 -0.08968982

Pr=|tl)

.11462998
. 00037273
. 76321475

01010664

. 953853507
. 05055433
46678291

. 68376060

st



German Abstract

Die subjektiv wahrgenommene Kontrolle ist ein entscheidender Faktor fur das
Wohlbefinden. Sie kann als Schutzfaktor gegen Stress wirken, die Lebenserwartung
alterer Menschen erhéhen und sich positiv auf die psychische Gesundheit auswirken.
Wahrend Resilienz im Allgemeinen als Schutzfaktor gegen Stress angesehen wird,
lieferte dessen Auswirkungen auf akute Stresssituationen uneinheitliche
Studienergebnisse. Die Untersuchung der Auswirkungen von Kontrollverlust auf das
Stressniveau kann unser Verstandnis von Resilienz verbessern. In dieser Studie
spielten 24 Teilnehmende ein Browserspiel uber 16 Runden und erlebten einen
zunehmenden Kontrollverlust. Wahrend des Spiels wurde das Stressniveau der
Teilnehmenden anhand von Fragebdgen zu subjektivem Stress, sowie einer
Herzfrequenz-Messung festgestellt. Zur Bestimmung der Resilienz der
Teilnehmenden wurde die deutsche Version der Brief Resilience Scale (BRS)
verwendet. Die Studie ergab, dass das subjektive Stressniveau der Teilnehmenden
hoher war, wenn sie einen groReren Kontrollverlust erlebten. Der Effekt zeigte sich
jedoch weder bei der Herzfrequenz noch bei der Herzfrequenzvariabilitat. AuRerdem
hatten die BRS-Werte keinen Einfluss auf die Herzfrequenz oder die
Herzfrequenzvariabilitat, sondern nur auf das subjektive Stressempfinden. Diese
Ergebnisse deuten darauf hin, dass die Teilnehmenden subjektiven Stress
empfanden, aber keine physiologische Reaktion auf diesen Stress zeigten. Die BRS-
Werte hatten ebenfalls keinen Einfluss auf die Attribution des Spielergebnisses durch

die Teilnehmenden.
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