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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. 
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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).
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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 (García-León et al., 2019, Zapater-

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



7

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 
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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 
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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, Tianqiang 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.

H1b: 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

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. 

ECG measurement
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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
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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

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 (n1 = 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 α = .85 (Cronbach’s α) 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 lm4 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 (Item 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 
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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

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 (β = 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 (β = 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 

 The effects of difficulty on participant’s heart rate were not significant (β = -

0.19, SE = 0.37, t = -0.52, p = .60) with a CI ranging from -0.97 to 0.51. Secondly, 

there was also no significant effect on participants' heart rate when being eaten by 

the shark (β = 0.40, SE = 0.47, t = - 0.85, p = .40) with the CI ranging from -0.52 to 

1.29. 

Difficulty (β = -0.11, SE = 1.31, t = 0.08, p = .93) with a CI ranging from -2.50 

Table 1. Effects on Subjective Stress

Predictor Estimates (β) SE t-value p

difficulty 0.16 0.73 2.22 .03*

eaten 0.46 0.09 5.10 < .001***

BRS score -0.27 0.12 -2.30 .03*

Note. Significance codes: * p < 0.05; ** p < 0.01; *** p < 0.001
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to 2.70 and getting eaten by the shark (β = -2.30, SE = 1.74, t = -1.32, p = .20) with a 

CI 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 (β = -0.27, SE = 0.12, t = - 2.30, p = .03) with a CI 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 (β = 0.16, SE = 0.73, t 

= 2.22, p = .03) with an CI ranging from 0.02 to 0.30 and being eaten (β = 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 (β = -0.22, SE = 0.12, t 

= -1.80, p = .08) with an CI ranging from -0.48 to 0.04 have not. 

The interaction between BRS scores and difficulty (β = -0.25, SE = 0.07, t = -

0.34, p = .73) with an CI ranging from -0.16 to 0.11, and BRS scores and getting 

eaten by the shark (β = -0.01, SE = 0.09, t = -0.01, p = .98) with an CI 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. 



21

Figure 6

Effect of Resilience on Subjective Stress

The Effect of Resilience on Heart Rate and Heart Rate 
Variability
As seen in Table 2, for the effects of BRS scores on participant’s heart rate (β 

= 0.63, SE = 2.17, t = - 0.29, p = .77)  with a CI from -3.9 to 5.13 and in Table 3 for 

participants heart rate variability (β = -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 (β = 0.33, SE = 2.29, 

t = 0.15, p = .89) with a CI from -4.14 to 4.81 and heart rate variability (β = -2.56, SE 

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

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

= .79) with a CI ranging between -0.79 to 0.57 and HRV (β = -0.21, SE = 1.19, t = - 

0.18, p = .85) with a CI 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 (β = 0.60, SE = 0.43, t = 1.39, p = .17) with a CI 

ranging between -0.24 to 1.44. A significant interaction between BRS scores and 

getting eaten on HRV was found (β = 3.26, SE = 1.58, t = 2.06, p = .048) with a CI 

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 (β) SE t-value p

difficulty -0.19 0.37 -0.52 .60

eaten 0.40 0.47 0.85 .40

BRS score 0.63 2.17 0.29 .77

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

Table 3. Effects on Heart Rate Variability (SDNN)

Predictor Estimates (β) 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

Figure 8

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 (β = -0.01, SE = 0.13, t = -0.02, p = .98) with a CI 

ranging from -0.24 to 0.24. Resilience therefore seems to have not influenced 

participants attribution. On the other hand, difficulty (β = -0.34, SE = 0.07, t = -4.86, p 

< .001) CI ranging from -0.46 to -0.20, and being eaten by the shark (β = -0.40, SE = 

0.13, t = -3.07, p < .01) CI 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 (β = 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 (β = -0.01, SE = 0.07, t = -

0.05, p = .95) CI 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 (β = -0.1, SE = 0.13, t = -0.74, p = .47) CI 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 (β = -0.34, SE = 0.07, t = -4.74, p < .001) CI ranging from -0.49 

to 0.18 and being eaten by the shark (β = -0.39, SE = 0.13, t = -2.89, p = .01) CI 

ranging from -0.65 to -0.12  still has a significant effect on attribution, while BRS 

scores (β = 0.04, SE = 0.1, t = 0.31, p = .76) CI ranging from -0.25 to 0.31 stay non-

significant. However, the interaction between difficulty and being eaten (β = 0.20, SE 

= 0.94, t = 2.2, p = .05) CI 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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Figure 9

Effect of Resilience on Attribution

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, 

Table 4. Effects on Attribution 

Predictor Estimates (β) 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
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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 (García-León et al., 2019; Simeon et al., 2007; 

Zapater-Fajarí 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. 
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Appendix 

Effects on subjective stress 
Model 1 including difficulty

Model 2 including difficulty and BRS scores
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Model 3 including difficulty, BRS scores and interaction term

Effects on subjective stress including getting eaten by the shark
Model 1 including difficulty and getting eaten and interaction term
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Model 2 including difficulty, getting eaten, BRS Score and interaction term

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

Effects on heart rate (mean HR)
Model 1 including difficulty 
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Model 2 including difficulty and BRS Score 

Model 3 including difficulty, BRS Score and interaction term
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Effects on heart rate (mean HR) including getting eaten
Model 1 including difficulty and getting eaten and interaction term

Model 2 including difficulty, getting eaten, BRS Score and interaction term
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Model 3 including difficulty, getting eaten, BRS Score and additional interaction 
terms

Effects on heart rate variability (SDNN) 
Model 1 including difficulty 
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Model 2 including difficulty and BRS Score 

Model 3 including difficulty, BRS Score and interaction term
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Effects on heart rate variability (SDNN) including being eaten
Model 1 including difficulty and getting eaten and interaction term

Model 2 including difficulty, getting eaten, BRS Score and interaction term
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Model 3 including difficulty, getting eaten, BRS Score and additional interaction 
terms
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Effects on attribution including getting eaten
Model 1 including difficulty and getting eaten and interaction term

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

Model 3 including difficulty, getting eaten, BRS Score and additional interaction 
terms
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German Abstract
Die subjektiv wahrgenommene Kontrolle ist ein entscheidender Faktor für das 

Wohlbefinden. Sie kann als Schutzfaktor gegen Stress wirken, die Lebenserwartung 

älterer Menschen erhöhen und sich positiv auf die psychische Gesundheit auswirken. 

Während 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 Verständnis von Resilienz verbessern. In dieser Studie 

spielten 24 Teilnehmende ein Browserspiel über 16 Runden und erlebten einen 

zunehmenden Kontrollverlust. Während des Spiels wurde das Stressniveau der 

Teilnehmenden anhand von Fragebögen 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 

höher war, wenn sie einen größeren Kontrollverlust erlebten. Der Effekt zeigte sich 

jedoch weder bei der Herzfrequenz noch bei der Herzfrequenzvariabilität. Außerdem 

hatten die BRS-Werte keinen Einfluss auf die Herzfrequenz oder die 

Herzfrequenzvariabilität, 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. 


