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Abstract  

This thesis is focused on the experimental investigation of human behavior under the 

effects of stress. The first part presents the essential facts about stress for social 

scientists, with a review of current literature experimentally manipulating stress levels 

and measuring behavioral outcomes. The second part presents the example of an 

empirical experimental investigation of the stress effects on financial speculation and 

cooperation with a focus on the role of mediating factors, including strategic beliefs, 

risk-preferences and automatically measured emotions. 
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Abstrakt  

Tato práce se zabývá experimenálním vyšetřováním efektů stresu na lidské chování. 

První část prezentuje fakta nezbytná pro studium stresu pro sociální vědce, a take 

přináší přehled současné literatury, kde je experimentálně manipulována hladina stresu 

a zároveň měřeny nějaké aspekty chování Druhá část přináší jako ukázku empirické 

experimentální vyšetřování vlivu akutního stresu na finanční spekulace a spolupráci, 

přičemž je důraz kladen na vyšetřování zprostředkujících faktorů, včetně strategických 

očekávání, rizikových preferencí a automaticky měřených emocí. 
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4. Introduction 

Thesis Summary  

Stress reaction in humans is now considered to be a reflexive response to demanding 

situations, especially when they threaten to major individual goals, like the survival of physical 

body or social identity. This thesis offers in the first part an introduction into the experimental 

study of the causal effects of acute stress on economic behavior and the overview of published 

results, and in the second part several practical empirical examples are presented in detail. The 

main purpose of this thesis is to be an overview of literature covering current practices and 

empirical results created predominantly for scientists using experiments to study human 

economic behavior with the empirical part serving as a show-case example of an empirical 

study.  

The scientific contribution of the first part stems from the fact that the literature has 

been missing a thorough review of empirical studies on the stress effects focusing only on 

economic behavior, and a useful introduction into the field standards for the prospective 

practitioners. The contribution of the second, empirical part rests upon the fact that the two 

main topics of investigation, financial speculations and cooperation, have so far been 

completely omitted, and here also the channels of the behavioral change are investigated in a 

very complex but clean design on large sample of volunteers. 

In the remainder of this introductory section it is argued for the importance of studying 

stress, drawing upon evidence from several domains that are of a relevance especially for 

economists: the health relevance, inequality and poverty, labor market, stability of preferences, 

and the advancement of economic models, because there will certainly be many scientists 

sceptical to the general significance of this phenomenon. It is important to note right at the 

beginning that this thesis is focusing on acute stress and even though chronic stress is frequently 

mentioned and discussed, it is not its main aim.  

The essential facts about the stress reaction are then presented in chapter one. This 

chapter starts with a brief overview of the history of the research on stress, because 

understanding the development of the study of stress clarifies the contemporary understanding 
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of the definitions and the general concept of stress, stressor and related phenomena. The stress 

reaction comprises psychological and behavioral components, but its integral part are also the 

physiological effects on human body, which are introduced with a necessarily simplified 

approach in another section of this chapter, since not every behavioral scientist may be 

interested in all the details of the stress-related processes in the body. After that, the most 

common approaches to the measurement of the stress reaction are presented, with an overview 

of the general types of stressors and the prominent stressing stimuli investigated in the 

laboratory and field empirical studies. Most of the empirical studies have been conducted by 

psychologists, therefore also a brief summary of the differences in the experimental practices 

between psychologists and economists is also mentioned, because it may bring important 

differences in results.  

Chapter two offers a thorough review of current experimental literature examining the 

effects of stress on economic behavior, mostly originating in psychology and economics. The 

author of this thesis has already published three articles and presents them in a complete picture 

of (not only) related studies. The experimental literature on the effects of stress on economic 

behavior can be broadly divided into several categories, covering areas of the complexity of 

thinking, productivity and choking under pressure, risk-preferences, time-preferences, 

individual competitiveness and confidence, pro-social preferences, and other related concepts. 

The area of risk-preferences has generally attracted the most of attention, while the area of the 

inter-temporal discounting the least, even though it is intuitively most compelling. After 

discussing the most important papers in each of the domains in detail, a table with the crucial 

attributes of the studies in the major domains is presented so that the reader can easily compare 

them. Interestingly, despite the growing body of literature, the researchers are far from forming 

a consensus about the general stress effects in any of the mentioned domains.  

The prevailing impression from the results of the published studies is that the behavioral 

effects of acute stress may depend on several crucial experimental design elements. First, it is 

the nature of the stressor, be it a e.g. psychological or physical stress, that may influence the 

behavioral results, since the physical stress most commonly does not include the psychological 

dimension of the stress reaction due to the subjective appraisal of the stressor, which in one line 

of literature creates its core (Lazarus, 1990; Lazarus & Folkman, 1984). Second, the timing of 

the behavioral measurement with respect to the exposure to the stressor seems to matter, since 

the stress hormones are released into the bloodstream at different concentrations and time, and 

different hormones may influence behavior differently. Third, the results seem to also depend 
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on the type of subject pool participating in the experiment, since there is a large heterogeneity 

in individual reactivity to different stimuli, as e.g. poorer people may react to standardized 

stressors differently (Haushofer, Cornelisse, Joels, Kalenscher, & Fehr, 2011).  

Probably because the field has been dominated by social psychologists and the 

economists started to contribute only recently, and only by empirical studies, there is a lack of 

theoretical models of stress in the literature. The standard psychological models usually 

embody the broad reasoning of the evolutionary purpose of the stress reaction and form stylized 

implications in various domains, while the empirical support for even the most fundamental 

links of the models still seem to be weak. Here the problem of the discipline materializes, since 

the researchers’ incentives in social psychology favor creation of new models over 

standardization of practices and continuation of work, which makes the field also diverse and 

incomprehensible for an outsider (Muthukrishna & Henrich, 2019).  

The only proper economic formal dynamic model currently in the literature is presented 

in chapter three, in an abbreviated version from the published one (Wälde, 2015). The main 

principle this approach builds on is that stressful situations contribute to an accumulation of 

stock of stress/cognitive load in humans, that may be decreased by proper coping strategies. 

When crossing a certain threshold, the stock of stress may become excessive and result in an 

emotional outburst which may serve as a coping mechanism and decrease the stock of stress, 

but even in a nervous breakdown and subsequent inability to work. Several extensions of the 

model based on the prevailing empirical results are briefly suggested, such as incorporating that 

the risk-attitudes may endogenously depend on the amount of accumulated stress, or the 

potentially harmful effects of the emotional outburst that may result in the serious conditions 

like the post-traumatic stress disorder. 

The second part of the thesis presents an example of an empirical experimental 

investigation of the effects of acute stress on two separate types of economic behavior that 

surprisingly have not been covered in the published literature: financial speculation and 

cooperation, which is appended by smaller related studies. The main experiment was conducted 

with 416 participants out of which 208 were exposed to either a standardized stress or a control 

procedure and made decisions first in the financial speculation task and second in the 

cooperation task. The design allows for tracking not only of the change in behavior, but also of 

the potential channels of behavioral change, which makes it exceptional compared to standard 

published studies.  
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The investigated topics are moreover of a stark importance for economists. Financial 

speculation is particularly known in the field of behavioral finance as a potential driver of 

market bubbles, which may eventually spill over and affect commodity prices around the world. 

In order to increase the external validity of our results, we measured several personality traits 

of real commodity traders from a large energy company in a supplementary experiment. 

Cooperativeness is on the other hand a large area of inquiry where different fields overlap, be 

it social psychology, economics, evolutionary sciences or biology. We also recorded the faces 

of subjects during the decision-making parts and analyzed their emotions using the 

FacereaderTM software. 

The main results show that stress causes large significant gender-specific effect on 

financial speculations: women exposed to stress become less willing to speculate while men 

become more. The tracked channels do not fully explain the behavioral change, when the only 

plausible channel seems to be the physical stress. In the cooperativeness domain, the results go 

against the hypothesized increase in parochial inclinations, which expected an increase in 

cooperation with in-group members and a decrease in cooperation with outgroup members. On 

the contrary, men (but not women) due to the exposure to acute stress reduce their rate of 

cooperation towards in-group members. The in-group out-group gap in cooperation observed 

in the control group disappears in the group exposed to the stressors, mainly due to the decisions 

of women. As we don’t observe similar patterns in beliefs or decisions on conditional 

cooperation, we conclude that the change in behavior is again preference-based.  

 The automatically analyzed emotions also surprisingly do not significantly differ 

between the control group and the group exposed to the stressor, nor when analyzed for men 

and women separately. When added into the main specifications from the financial speculations 

and cooperativeness parts, the negative emotions seem to however play a role. We have to note 

that because many subjects kept hands in front of their faces, we lost about a third of 

observations, which was fortunately equally distributed across the treatment groups, and several 

tests found no differences in behavior between the subjects who were included in the analysis 

and who were not.  
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4.1. Why is it important for economists to study stress? 

In the today’s world, many aspects of our lives are affected by the presence of stress, 

including economic choices. It is almost everywhere – people employed in most professions 

must deal with stress in various forms. It may stem from the uncertain, demanding nature of 

their jobs, uneasy interaction with others, and/or tension in their family environments. 

Moreover, almost everybody must face important and potentially stressful decisions with 

serious consequences for their lives, like asking for promotion and attending job-interviews. 

Let me mention for instance stress at the workplace caused by persistent excessive demand on 

productivity and time pressure (Buckert, Oechssler, & Schwieren, 2017; Lundberg, 1993), 

challenging work conditions, no or limited health-insurance (Chemin & Haushofer, 2016), 

shift-work, job insecurity, job control and unemployment, long working hours (Goh, Pfeffer, 

& Zenios, 2015), unequal gender composition (Elwér, Harryson, Bolin, & Hammarström, 

2013) unfair treatment (Feige, 2005), and competitive environment (Fletcher, Major, & Davis, 

2008). Apart from work-conditions, uneasy family situations may contribute to the long-term 

strain, including conflicts, a break-up from a long-term relationship, divorce, and loss of a 

family member (Booth & Amato, 1991). Another area of experiences that generate severe stress 

are violence, conflicts and poverty (Chemin, Laat, & Haushofer, 2013; Haushofer & Fehr, 

2014; Haushofer & Shapiro, 2013). Stress is unambiguously a part of our life, it most likely 

imposes serious effects on our decisions, nonetheless only very little is known about its 

behavioral effects, partly because it is notoriously difficult to study.   

What is stress? 

Although precise definitions vary across the literature, stress can be characterized as a 

complex physiological, psychological and usually also a behavioral response of an organism to 

and uncontrollable perceived threat (a stressor) to their major goals (Dickerson & Kemeny, 

2004). The stress reaction that is hypothesized to have evolved in order to help animals 

minimize the dangerous effects of encountering the stressor. In short, the psychological 

research suggests that the acute stress reaction stimulates the body, including responses of 

nervous, hormonal, immune and metabolic systems, in order to maximize the chances of 

successful coping with the stressor, e.g. survival. The long-term physiological processes like 

digestion, growth, and immunity are temporarily suppressed while short-term coping strategies 

are enhanced. In the long run this may be however very costly for the organism, since body 

sooner or later runs out of its energy reserves and the stimulating effects of acute stress fade 
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away, whereas the long-term functions keep being out of order which eventually may lead to 

certain health problems (McEwen, 2012). The behavioral effects of stress may thus also 

seriously differ in the short-term and long-term, and with respect to the nature and severity of 

the stressor. Moreover, the individual stress response is a highly subjective process already 

from reactivity all the way to coping, therefore it is not easy to automatically generalize the 

research findings.  

What is not stress? 

There have been tendencies to oversimplify the analysis of stress effects on human 

behavior by reducing the stress reaction to a sole hormone, for example cortisol or adrenaline, 

then administering it directly to the body. These dominant hormones are certainly present, but 

so are many other hormones that are operating throughout the whole body in a concerted action. 

Administering a sole hormone is therefore taking its effects out of the whole context of the 

stress reaction where the hormone may interact with other hormones or organs and result in a 

completely different behavior. Another frequent simplification is to label as stress similar 

concepts although they do not necessarily have to be always stressful, like time-pressure, 

reduction of working memory, or negative emotions. It is true that time pressure may act as a 

stressor for some (Buckert, Oechssler, et al., 2017), but for others it may just be a reason to 

work faster without triggering the stress reaction. Reducing working memory by e.g. the Stroop 

test (Stroop, 1935) makes people distracted and tired rather than stressed. Negative emotion 

induction also usually does not trigger the stress reaction (Dickerson & Kemeny, 2004) and 

seems to be not associated with the laboratory stress induction (Campbell & Ehlert, 2012). The 

importance of these factors in human economic behavior should not be diminished, but the 

findings and methods should also not be misinterpreted. 

Health relevance 

A relatively well-known dimension of the stress effects on the society are the health-

effects and associated costs (Ganster & Rosen, 2013). They are large; let us mention alone that 

the amount of disability directly and indirectly caused by stress is estimated to be as large as 

the disability caused by workplace accidents or common diseases like hypertension and 

diabetes (Kalia, 2002). Stress currently causes almost a half of all working days lost in Europe 

and ranks the second among the most commonly reported work-related health problems in 

Europe (Eurofound & EU-OSHA, 2014). In the USA, 120.000 deaths p.a. are caused by the 10 

most common workplace stressors and proper management of the workforce could save 
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approximately 5-8% of annual health-care costs (Goh et al., 2015). Next, acute stress has been 

shown to increase the chance of a relapse of risky behaviors, such as smoking, drug abuse or 

alcoholism, which creates further costs for the society (Arnsten, 2009; Sinha, 2001, 2008). 

Stress is also tightly linked to obesity and excessive eating (Tomiyama, 2019). 

Inequality and poverty 

Stress therefore generates health inequalities that in turn may imply also socio-

economic outcomes; it can thus be named as one of the main sources of social inequalities 

(Aizer & Currie, 2014; Currie, 2011). Extreme poverty, which can be defined as the lack of 

resources for meeting the basic human needs, acts as a chronic stressor that has been shown to 

shift the decision making of the poor toward the short-sighted, less efficient decisions that make 

it more difficult to escape the vicious circle of poverty (Haushofer & Fehr, 2014). One 

important mechanism behind seems to be the decline in cognitive abilities due to chronic stress 

(Mani, Mullainathan, Shafir, & Zhao, 2013; Schilbach, Schofield, & Mullainathan, 2016). 

Moreover, if children are raised in a stressful environment, they seem to have worse cognitive 

abilities than children from a normal environment (Blair et al., 2011), which makes the poverty 

trap even stronger and intergenerational.  

Labor-market relevance 

Many people often try to completely avoid stressful situations. Stressful situations 

however often happen to be situations of abnormal importance which are almost impossible to 

avoid in individual careers, like performing in a job-interview, completing university entrance 

exams, or asking for promotion, thus their avoidance and neglect may reduce the individual 

career prospects. It has been shown that women shy away from competitive environment as 

compared to men (Niederle & Vesterlund, 2007, 2011) with implications in the real labor 

market situations as it seems to be partially driving the persistent gender wage gap (Buser, 

Niederle, & Oosterbeek, 2014; Buser, Peter, & Wolter, 2017; Flory, Leibbrandt, & List, 2015). 

Several laboratory studies point to the role of stress as an important factor further reducing the 

individual willingness to enter the competition (Buser, Dreber, & Mollerstrom, 2017; Esopo, 

Haushofer, Kleppin, & Skarpeid, 2019; Halko & Sääksvuori, 2017; Zhong, Shalev, Koh, 

Ebstein, & Chew, 2018). Cahlíková, Cingl & Levely (2019) further show that for women, the 

decline in competitiveness can for women be explained by a decrease in their performance 

under simultaneous presence of stress and competition, while for men they agree with the 

literature on pure change in preferences. This implies that management practices overly 



  19 

19 

 

combining stress and competitive incentives may have detrimental effect on the performance 

of women, which may eventually drive them out of and prevent from entering certain positions, 

like the trading industry. 

Stability of preferences and adverse life experience 

Another dimension of the importance of stress is its role in the (in)stability of 

preferences. Majority of theories in economics and finance models assume stable individual 

preferences and thanks to this assumption, they can create sophisticated, elegant models. 

However, the stability of preferences over time has recently been put into question as a growing 

number of studies show that preferences may fluctuate or even shift in a long-term horizon 

(Schildberg-Hörisch, 2018), particularly due to adverse life experience. The economic crises 

seem to change behavior of people particularly hit by them: the 2008 crisis seems to have 

induced a persistently more risk-averse financial behavior of Italian bank’s clients, possibly 

through fear (Guiso, Sapienza, & Zingales, 2018), and the Americans that experienced crisis 

exhibit more selfishness and more emphasis on efficiency than on equality (Fisman, Jakiela, & 

Kariv, 2015). The generation that experienced the Great depression and low stock-market 

returns differ from the rest by making more risk-avoiding choices in their further real-life 

investment behavior (Malmendier & Nagel, 2011).  

Trauma: conflicts and violence, natural disasters 

Violent conflicts such as long-standing insurgencies and civil wars undoubtedly leave 

the affected population changed for the rest of their lives in many ways due to endured trauma 

and stress. Several studies investigated their effects on risk-preferences using the lab-in-the-

field experimental methodology (Harrison & List, 2004). The impact of a civil war in Burundi 

was found to make people that were exposed to violence more risk-seeking, more altruistic 

toward neighbors and their time discount rates increased (Voors et al., 2012). Another study 

looked at the impact of insurgent attacks on risk-taking behavior of people in Afghanistan and 

found a stronger preference for certainty (Callen, Long, & Sprenger, 2014). In Kenya, the post-

election crisis in 2008 sharply increased risk-aversion and impacted also trust, social capital, 

and beliefs about the development of the economy (Jakiela et al., 2019). In Indonesia, 

experiencing floods or earthquake has led to greater risk-aversion and fewer risk-taking 

choices; and in Thailand, the 2004 tsunami made affected people more risk-averse, more 

trusting, and more impatient (Cassar, Healy, & von Kessler, 2017). The 2011 Great East Japan 

Earthquake made exposed men persistently more risk-tolerant (Hanaoka, Shigeoka, & 
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Watanabe, 2018). Palestinian students in the West Bank exposed to more conflict were less 

likely to pass exams (Brück, Di Maio, & Miaari, 2019). Certain extreme traumatic experiences 

seem to even transmit to the following generations, like in the case of Holocaust (Bowers & 

Yehuda, 2015).  

Trauma prevalence 

A counterargument against the importance of the traumatic events may be that people 

in the Western world do not experience such events that frequently. However, having 

experienced a traumatic event in life is far more common than one would  expect: the life-time 

prevalence in Europe and Japan is estimated to be 54-64 %, but in South Africa the prevalence 

is almost 74 % (Atwoli, Stein, Koenen, & Mclaughlin, 2015). In the US the prevalence of the 

most severe stress-related disorder PTSD in some point in life is estimated to be 5-6 % for men 

and 10-14 % for women (Yehuda, 2002). The prevalence of currently experiencing PTDS varies 

across countries where Japan seems to have the lowest (1.3 %) and Northern Ireland the highest 

prevalence with 8.8 % (Atwoli et al., 2015). 

Simulations of adverse experience 

Rather than studying the aftermath of the real-world hardships, it is possible to simulate 

the difficult environment by various means in the controlled setting. Studies using this approach 

provide results remarkably consistent with what has been found in the observational studies. 

The financial professionals behaved more risk-averse after having been exposed to a priming 

of a scenario of a financial markets collapse compared  to the scenario of a boom (Cohn, 

Engelmann, Fehr, & Maréchal, 2015). In a double-blind placebo controlled study, the 

exogenous administration of cortisol over eight days induced a more risk-averse behavior in 

the study participants (Kandasamy et al., 2014). Acute stress caused a shift in risk-preferences 

toward the more risk-averse behavior in a laboratory study (Cahlíková & Cingl, 2017) which 

happened also to contestants in the TV game shows (Post, Van Den Assem, Baltussen, & 

Thaler, 2008). Professional traders react to the major events in their markets with moderate 

stress, so if stress generates a higher risk-aversion, it may have profound effects on the world 

markets during market crises (Coates & Herbert, 2008).  

Advancing economic models 

As argued above, risk preferences are just one from the spectrum of preferences that 

may be influenced by stress. I fully explore the current state of the arts of what has been known 
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about the behavioral effects of stress in one of the latter sections, but it is safe to say that despite 

the growing body of literature, the economic research is only starting to uncover the full array 

of stress effects on human behavior. The main point I would like to communicate is that the 

elegant models developed in economics and finance may suddenly stop giving accurate 

predictions once a highly stressful period occurs, like the depressions of the 1930’s and the 

2008. Uncovering the behavioral effects of stress may be therefore beneficial for a wide 

spectrum of economists, financial professionals and managers alike. New models may 

incorporate the endogeneity of preferences being a function of aging, exogenous shocks, self-

control, stress, and emotions, and  not stick to the prevailing view that they are carved in stone 

(Schildberg-Hörisch, 2018). 

Experimental stress research as part of neuroeconomics 

It is worth mentioning that due to its inherent interdisciplinary nature and the fact it is 

studying also the biological underpinnings underlying the individual decision making, the 

experimental study of stress may be considered as a subfield of neuroeconomics. 

Neuroeconomics is a relatively young discipline advancing thanks to new methods from 

different fields that allow the investigation of the different biological micro-foundations of 

behavior in humans. The ultimate aim of neuroeconomics is opening the “black-box” of the 

human mind and establishing how the decisions are made, similarly as this happened with firm 

in the 1970’s (Camerer, 2007; Camerer, Loewenstein, & Prelec, 2004). Neuroeconomists can 

either directly observe the biological processes, for example the brain activations can be tracked 

using methods including the functional magnetic resonance imaging, positron-emission 

tomography or electro-encephalography; or they can indirectly measure the biological 

processes using certain secondary markers, for example the heightened skin-conductivity 

during arousal (Camerer, Cohen, Fehr, Glimcher, & Laibson, 2016). Since a part of stress 

reaction directly influences physiological process in the body, many researchers measure also 

the markers of stress, such as levels of hormones cortisol and alpha-amylase, heart-rate, heart-

rate variability, and blood pressure (Allen, Kennedy, Cryan, Dinan, & Clarke, 2014). 

 

  



  22 

22 

 

5. Chapter one: Stress Essentials 

The following text deepens the knowledge of the essential facts about stress that matter 

for economists and experimental social scientists in general, covering a brief history of stress 

that explains the present fuzziness of the concept, what currently is considered the stress 

reaction in more detail, what are the attributes of stressors that trigger the stress reaction, and 

more. Since the details of the physiological effects of stress may not be of a central concern to 

economists, only the most important features are mentioned since they may help with 

implications for some of the resulting differences in behavior.  

5.1. Brief history of concepts of stress 

The first researcher to formulate a detailed concept of the stress response and possible 

underlying biological mechanism was Walter Cannon, in particular he found adrenaline and 

nor-adrenaline release during stress, and he also suspected the role of psychological factors 

when he proposed the “fight-or-flight” model of acute stress (Cannon, 1932). In this concept 

the stress reaction helps to stimulate the body resources in order to be better at coping with the 

stressor, e.g. a predator. Cannon also first presented the concept of homeostasis, the tendency 

of organism to preserve and return to a “steady state”, as a basic response to stress, building on 

the work of Bernard (1878). He demonstrated that one of the mechanisms keeping the 

homeostasis is the sympatho-adrenal system.  

The founder of the modern stress research is considered to be Hans Selye, who was born 

in Hungary, studied chemistry and medicine at Charles University in Prague and his productive 

life spent in Canada at McGill (Yip, 2018). He focused more on the “maladaptation” of 

organism and physiological aspects rather than adaptation as his predecessors, today we would 

label his main subject of interest “distress”. He popularized the term “stress” (already used by 

Cannon) under which he meant the similar symptoms that he observed in animals exposed to 

different adverse stimuli. Having a single illness as a response to different stimuli was 

remarkable at the time when each pathogen was considered to produce unique symptoms. He 

defined stress as a non-specific reaction to any environmental demand on the body (Selye, 

1936) and linked to coping with stressors the second fundamental response pathway, the 

hypothalamic-pituitary-adrenal axis, in addition to sympatho-adrenal system. He further 
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extended the stress response description from the sole acute stress to a concept “General 

adaptation syndrome (GAS)”, which consists of three stages of coping with stress: the alarm, 

resistance and exhaustion. Unfortunately, he used the term stress both for the stimulus and the 

reaction to it. To correct for that, he started using the word stressor for the stimulus and stress 

for the reaction. Stress and strain in physics should according to his later correction correspond 

to stressor and stress in biology and medicine. He also distinguished between excessive, 

debilitating destructive stress distress and a motivating, positive force eustress (Le Moal, 2007; 

Selye, 1956).  

The later development in medicine focused more on the role of society and civilization 

as the risk-factors and/or causes of diseases, including many individual and psychobiological 

programs, acting through many filters and feedbacks. The research studies focused primarily 

only on one of the two identified biological mechanisms (e.g. measuring cortisol or adrenaline 

in response to different stressors, like work overtime periods or type of social situation), which 

led to conclusion that the type of the stressor determined the nature of the stress reaction, 

actually contradicting the non-specificity of Selye’s concept (Mason, 1971). Another line of 

research emphasized the role of cognitive factors and coping strategies, shifting focus of 

researchers from glands to brain. The need for cognitive appraisal of the stressor as threatening 

was central and it was acknowledged that different individual may use different coping 

strategies, which led to almost ignoring of the biogenic stressors (Lazarus & Folkman, 1984). 

Together with various inconsistencies of the Selye’s non-specificity concept, like the 

incompatibility of the GAS phases with actual levels of hormones and the concept of 

homeostasis itself, the new field of neuroendocrinology started to study the link between brain 

and hormones, especially psychological assessment of various stimuli (Le Moal, 2007). The 

next discovery was the system regulating individual specificity of the stress response, the 

balance of the corticosteroid receptors in the brain that is controlled by altered gene expression  

(De Kloet, Oitzl, & Joëls, 1999), which completed the picture of the physiological processes 

the stress reaction is composed of. The scientists also looked more at the role of environmental 

factors, like the quality of environment in prenatal and neonatal period of a child, may influence 

the stress reactivity and vulnerability to disease and  risky  behavior (Koehl et al., 2002), which 

may be in extreme cases transmitted to the next generation (Bowers & Yehuda, 2015). The 

concept of homeostasis as a long-term equilibrium was deemed to be unrealistic since 

organisms continuously adapt to a new situation that brings new demands, and the new concept 

of allostasis was put forward (McEwen & Wingfield, 2003, 2010). Here, the organisms are 
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assumed to permanently actively adjust to new events, and the cumulative costs this adaptation 

requires was labeled as allostatic load, or overload when the costs become excessive. 

5.2. Methods of investigation: laboratory, field, and 
observational studies 

There are generally three main methodological approaches to the empirical study of 

stress: from the observational studies, or from the experimental investigation in the controlled 

laboratory or field experiments. The selection of the method should be dictated by the type of 

a problem studied by the researcher as all of them have its pros and cons and their results should 

be considered complementary. The main advantage of experimental research is the possibility 

of constructing an approximately proper counterfactual scenario by randomly assigning 

participants into either a control or a treatment group which makes them on average comparable 

except for the treatment intervention. 

Experimental research of stress is moreover affected by the restriction of necessity of 

compliance to ethics standards and approval by an ethics authority or committee, since subjects 

of improperly designed experiments may suffer lasting psychological consequences in their 

later life, as has been the case of the infamous Milgram experiments (Herrera, 2001). In this 

experiment, participants were exposed to the task of complying to an order of the experimenter 

to push a button that they believed led to an electric shock to a person in another room. Even 

though subjects during the debriefing learned that the person getting shocks was an actor and 

pushing the button did not hurt this person, subjects suffered lasting psychological 

consequences. In case of experimental research of stress, if the participants are exposed to 

stressor, the amount of endured stress should not be excessive, should not harm their 

psychological wellbeing, and they should be free to leave anytime they feel uncomfortable. To 

study the effects of an excessive amount of stress, such as of extreme poverty, researchers, 

rather than imposing, reduce the assumed level of stress, e.g. by elevating people from poverty 

(Haushofer & Shapiro, 2016).  

Observational studies provide the most robust evidence for the effects of real-life 

occurring events, ideally if they occur in a quasi-natural experimental setting. However, such 

events happen rather scarcely, the data on the behavior of affected people is rarely for the 

disposal of a researcher, and such studies are then driven rather by the data availability than the 

general research focus. Since clean quasi-natural experiments occur very rarely, a realistic 
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scenario is that the data is plagued by many problems complicating the isolation of causality 

due to e.g. self-selection of subjects, reverse-causal relationships, or omitted variables. A proper 

control group is seldom available. Researchers have therefore created a set of econometrical 

methods that allow for the extraction of causal channels from the data, but they are still highly 

limiting (Angrist & Pischke, 2010).  

The field research allows for the study of the behavior of participants in their natural 

conditions, with the influence of the naturally occurring factors. It usually provides a more 

representative sample of population than can be studied in the lab, and therefore its results have 

a broader external validity. However, it is also much more expensive and the control of a 

researcher over potential confounds is rather weak, since the real world is a noisy and 

distracting place. These enter the total variance and make it more difficult for researchers to 

detect any systematic relationships. Stress field research usually consist of sampling 

physiological and/or self-report measures in an ambulatory setting and these are then correlated. 

Natural field experiments are arguably most suitable for the study of behavioral changes 

because unlike in the standard experiments, participants are not aware of being in an experiment 

and data collection, however also most difficult for implementation (Al-Ubaydli & List, 2012; 

Harrison & List, 2004). 

Laboratory experiments are done mostly with student population because it is readily 

available for researcher, the participation costs are comparatively low and the sample 

homogenous. Participants are “forced” to confront the stressor under investigation and then 

they usually make decisions from a limited set of options in the cognitive and behavioral tasks. 

In real world of course, people dispose of strategies that allow them to avoid the stressor, or at 

least decrease its situational demands. In a laboratory setting, the sampling of measures is easier 

than in the field setting and the behavioral or cognitive tasks can usually be more complex. 

Laboratory experiments are thus suitable for a more qualitative way of examination of the 

phenomena, while field experiments then allow for more quantitative and generalizable 

insights, together creating a set of complementary tools (Levitt & List, 2007). 

Between vs. within subject experimental designs 

Most of the experimental studies apply the between-subject protocol, when the 

participants are randomly allocated into the control and treatment groups and the once executed 

treatment intervention (exposure to stressor) is the only reason for the observed differences 

between the groups, allowing for the identification of the causal effect. Many behavioral and 
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cognitive tasks show problems if administered on the same people repeatedly, e.g. due to 

anchoring effect, and the first exposure to a stressor may create long-term carry-over effects 

that may spoil the later measurements, even when counterbalancing the order of measurement. 

Moreover, there may be also a problem of attrition from sample after experiencing the stress 

procedure, and habituation to the stress procedure and to experimental environment in general. 

However, a within subject design is often preferable since it allows for keeping constant also 

the unobserved characteristics of participants that may induce problems in the between-subject 

design (Gerin, 2010).   

Psychology vs economic standards of experiments 

The practices of experimental research studying human behavior differ between 

different disciplines, most notably between experimental economists and social psychologists. 

The potential implications for findings was first pointed at in 2001, among other things 

discussing the role of deception of subjects, using precise set of instructions, monetary decision- 

or performance-based incentives, anonymity and reputation effects, and repeating decisions 

(Hertwig & Ortmann, 2001). Since then several researchers called for more dialogue between 

the disciplines with pointing to challenges on both sides of the barricade, with the goal of 

revealing more efficient and realistic methods that would allow for more precise predictions of 

human behavior (Ariely & Norton, 2007), e.g. in case of searching for a unified theory of 

decision-making under risk (Erev, Ert, Plonsky, Cohen, & Cohen, 2017; Erev & Roth, 2014).  

The practices of psychologists were among other things criticized for a wide flexibility 

in the data analysis and the design creation, including small samples (Simmons, Nelson, & 

Simonsohn, 2011) and unnecessary use of deception, which may result in perturbed motivation 

of subjects when used repeatedly. An example is the case of the epileptic seizure pretended by 

a confederate that was frequently used in psychological experiments for the study of 

spontaneous helping behavior, but when the seizure occurred for real in another experiment, 

other students did not help because they thought it was another variation of the known paradigm 

(MacCoun & Kerr, 1987). Another concern relates to the lack of unified theory in social 

psychology, in contrast to economics, that should guide a systematic research (Muthukrishna 

& Henrich, 2019).1 The career incentives in social psychology are set in a way that for 

 

1 The lack of proper theoretical foundations is also the source of criticism of behavioral economics, for 

the discussion, see Spiegler (2019) 
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professors rather create their own theoretical frameworks that are often based on personal 

intuitions and folk theories rather than building on previous work, which results in a huge 

fragmentation of the field, and a high rate of false-positive findings. This is further amplified 

by a huge publication bias in the field (Yong, 2012) and the prevalence of questionable research 

practices (John, Loewenstein, & Prelec, 2012). 

The differences in practices were further exposed after the replication studies that 

showed psychology experiments have much lower chance to be replicated than the economic 

experiments, although even the economic experiments were far from the ideal 95 % rate 

(Camerer, Dreber, et al., 2016; Camerer et al., 2018; Open Science Collaboration, 2015). The 

field of social psychology has been introducing new standards since 2014, when the journal 

Psychological Science released new guidelines for submissions, concerning among others more 

elaborate statistical methods than only p-values, encouraging pre-registration of experiments, 

publishing data sets (Eich, 2014). A reader is anyway encouraged to be sceptical to the 

conclusions of experimental findings unless they repeatedly replicate. 

5.3. Physiological effects of stress 

The currently prevailing perspective on stress postulates that the individual stress 

reaction comprises usually psychological, physiological and behavioral responses that are 

triggered once the environmental stimulus is threatening the organism (Everly & Lating, 2013; 

McEwen & Wingfield, 2003). The physiological processes at work (not only) during the acute 

stress response are the two major distinct pathways: the neural and neuro-endocrine axis, and 

the endocrine axis. Recently also the change in gene transcription caused by the released 

corticosteroids has been added. Apart from the two major axes, there are many more subtle 

pathways activated, but the most of attention has been out on these two.2 A more detailed 

description is important in order to understand which of the processes may be responsible for 

the observed certain behavioral changes and for their administration and measurement. For 

 

2 For more details, the reader is advised to following reviews: stress and the effect on HPA axis (Lovallo 

& Thomas, 2000; Sapolsky et al., 2000), the brain activity (Godoy et al., 2018), and stress and the effects on the 

immune system  (Dhabhar, 2010; Steptoe, Hamer, & Chida, 2007). It is also worthwhile to note that this paper 

deals with the research carried out on healthy subjects only, since the presence of various pathophysiological 

problems may generate completely different behavioral reactions to stress. Readers interested in that are advised 

to a recent review (Allen et al., 2014). 
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example, a standard experimental approach in the laboratory exists due to the fact that cortisol 

remains elevated more than half an hour after the stressor is removed, and the carry-over effect 

allows researchers to study the stress effects if the task of interest is administered in this time-

window after the exposure to stressor. Moreover, having a clearer picture about the 

physiological stress effects is good for an illustration of the sheer complexity of the stress 

reaction, as some researchers tend to reduce it only to the release of cortisol, which is an 

important but small part of the whole process. For example, the different timing of the three 

physiological reactions of the acute stress suggests that there may be time-dependent behavioral 

effects of stress (Pabst, Brand, & Wolf, 2013a; Vinkers et al., 2013).  

After being set-off in the “triggering complex” or “stress system” in the brain (Dedovic 

et al., 2005), the stress response continues first through the neural axis, working mostly through 

the autonomic nervous system (ANS). Through the sympathetic and parasympathetic parts, the 

ANS provides in the matter of seconds a rapid response where the signal first goes to the 

hypothalamus, then to spinal cord regions, and through parasympathetic nerves to the end 

organs which leads to a general arousal, the “ergotropic” response. The neuroendocrine axis 

closely follows and mobilizes the body to deal with the threat. The signal is propagated from 

amygdala through hypothalamus to spinal cord, and finally to adrenal medulla. The nervous 

impulse causes in the adrenal medulla an inflow of adrenaline and nor-adrenaline into the 

bloodstream, and that in turn increases heartrate and blood pressure by exciting the 

cardiovascular system. The effect is basically similar as the direct stimulation of the 

sympathetic innervation, it just appears 20-30s later and displays a ten-fold increase in duration. 

This “active-coping” system is sometimes labeled as the “sympatho-adreno-medullary” system 

(SAM). It quickly starts but it also quickly stops once the stressor stops being a threat. 

The second major process starts in the matter of minutes is the activation of the 

endocrine axis, the hypothalamus-pituitary-adrenal (HPA) axis. It is initiated in hypothalamus 

where vasopressin and corticotropin-releasing hormone (CRH) are first released. CRH then 

stimulates the pituitary to release another hormone, adreno-corticotropin hormone. This 

hormone then triggers a mild release of testosterone and other androgenic hormones, and a 

massive release of corticosterone and cortisol in the adrenal cortex. Apart from these, there are 

other endocrine axes activated in response to stress but are not central to this topic. 

Behaviorally, this HPA axis seems to be activated mainly when active coping strategies are not 

available, is connected to uncontrollability of the situation, hopelessness, and passivity and is 

sometimes labeled “passive coping system”.(Everly & Lating, 2013; Godoy, Rossignoli, 
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Delfino-pereira, Garcia-Cairasco, & de Lima Umeoka, 2018; Kemeny, 2003; McEwen, 2007; 

Ulrich-Lai & Herman, 2009).  

Cortisol is what brings "fuel" to the veins, particularly in the form of increase of glucose 

levels, which helps the organism cover the requirements of all the highly energy-demanding 

processes encompassing the stress reaction. Besides that, cortisol also works as a regulator of 

other physiological systems: it inhibits many aspects of the immune system and it has 

permissive effect on the proper functioning of other systems. The reaction of the HPA axis 

starts also immediately with the  perception of the stressor and the hormones are  released, but 

the processing of the whole axis takes a little more time, and therefore the level of cortisol is 

usually elevated 14-20 minutes after the onset, peaks about 10-15 minutes after the stressor is 

avoided and lasts 20-40 minutes more. (Kemeny, 2003; McEwen, 2007).  

The last, even slower mode of stress reaction comes into charge 60-90 minutes after the 

avoiding the stressor. It generally promotes adaptation and recovery. The gene-mediated 

corticosteroid effects gradually take over through the transcriptional regulation of specific sets 

of genes by receptors (among others, mineralocorticoid and glucocorticoid) which mediate the 

finely balanced mechanism between often opposing molecular and cellular changes. This 

affects the function of the cells that carry these receptors. These receptors then mediate actions 

that are eventually responsible for the maintenance of the stress-related neural circuits, appraisal 

of sensory information, normalization of homeostasis and the storage of information in 

preparation for future use (de Kloet, Joëls, & Holsboer, 2005). 

Long-run (chronic) effects 

If the stressor persists, body thanks to the elevated levels of cortisol depletes all the 

energy (glucose) resources and the organism gets exhausted. The immunity system is 

suppressed and thus the body exposed to pathogens has a higher chance of getting various 

diseases. The persistently high HPA activity also reduces the capability of organism to activate 

the stress reaction when a new stressor appears since it is already activated and therefore the 

chronically stressed organism cannot benefit from the normally stimulating effects of the acute 

stress. Prolonged increased HPA activity has been correlated with depressive symptoms, worse 

functioning immune system, has adverse effects on memory, and may advance the progression 

of certain chronic diseases, like diabetes and hypertension (Dhabhar, 2010; Dickerson & 

Kemeny, 2004; Goldstein & McEwen, 2002; McEwen, 2007; McEwen & Wingfield, 2003; 
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Peters & McEwen, 2015). Chronic stress causes also profound and hardly reversible changes 

in the brain structure, which has been shown in the animal models (Arnsten, 2009; de Kloet et 

al., 2005; McEwen & Wingfield, 2003). Investigation on this topic in humans is rather scarce; 

one study found reversible changes in brain structure. Students exposed to a one-month period 

of exams and thus stress showed changes in the pre-frontal cortex (PFC) functions compared 

to controls, but after one moth of reduced stress, there were no differences to control (Liston, 

McEwen, & Casey, 2009). It is important to note that a repeated stress is not the same as a 

chronic stress: if an organism reacts to a stressor and has a chance and time to recover, the next 

encounter with the stressor may elicit the typical (or smaller, due to habituation) stress reaction. 

On the contrary, being under constant stress (or having no possibility for recovery) brings all 

the adverse effects described earlier.  

5.4. Stress measures 

Since stress reaction manifests with multiple facets where each effect individually can 

be a result of a different reason than stress, it is generally advised to combine more than one 

measure to make sure the treatment manipulation indeed induced stress in the subjects. 

Particularly, Clow (2001) points to the fact that increases in the measures of SAM response 

may be linked to other events than stress, such as pleasurable stimuli, ingestion of coffee, 

tobacco and alcohol, arousal, physical activity, effort and not (di)stress. HPA axis is harder to 

accidentally activate and therefore its activation is a little more reliable marker of endured 

stress. Generally, it is advised that the measures of psychological, physiological and resulting 

behavioral nature should be collected all together (Baum, Grunberg, & Singer, 1982).  

Researcher should be also aware that the sampling rate and its complexity (compare 

blood samples with a simple question) may influence the overall experimental design. It is 

generally open as for the sampling number and between-sample interval, and the researcher 

should decide according to the reason the samples are taken; e.g. if the cortisol samples are 

taken as a manipulation check that the stress procedure was effective, it is advised to minimally 

take three samples (baseline and two after exposure) due to cortisol pulsatility (Young, Abelson, 

& Lightman, 2004). If a researcher is interested in the magnitude and dynamics of the stress 

response, the standard number of samples is between six and nine (Gerin, 2010).  
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Self-reports – stressor scales 

The easiest way to get information is to ask subjects: either directly if they feel like 

being under stress or indirectly whether they experience any of the stress symptoms or mood 

change, which is however plagued with standard issues related to the elicitation of stated 

preferences, such as image-bias, pleasing experimenter bias, hypothetical bias, recall bias etc. 

(Hertwig & Ortmann, 2001). Despite all these methodological weaknesses and due to low 

administration cost, self-reports are commonly used. The standard approach to measure acute 

stress with self-reports is to use the visual analogue scale for the measurement of subjective 

perception of certain qualities of the stressor (Ursin, 1998) and combine it with commonly used 

validated psychological scales. The inventories used in practice are the State Trait Anxiety 

inventory (STAI, Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983), Positive and negative 

affect scale (PANAS, Watson, Clark, & Tellegen, 1988), perceived stress scale (Cohen, 

Kamarck, & Mermelstein, 1983), and Multi-dimensional Mood Questionnaire (MDMQ Steyer, 

Schwenkmezger, Notz, & Eid, 1997). 

To measure chronic stress, it is possible to ask subjects if they have recently gone 

through any serious situation that is normally associated with stress, such as divorce, change of 

a workplace or death in family, in a check-list manner. It can be administered either by the 

respondent alone or as a structured interview led by a researcher. The number of questions and 

the rating varies across the literature, with the common aim to give more weight to more severe 

life experiences. The foundation of this approach was the Schedule of Recent Experience 

inventory (Hawkins, Davies, & Holmes, 1957), which was then expanded to a Social 

Readjustment Rating Scale (Holmes & Rahe, 1967)by assigning more weight to more severe 

experiences. These two served as a basis for most of the currently used approaches (Anderson, 

Wethington, & Kamarck, 2010). A commonly used scale are for example the Trier chronic 

stress inventory (TICS, Schultz & Schlotz, 1999) and Daily Inventory of Stressful Events 

(DISE, Almeida, Wethington, & Kessler, 2002).  

Physiological measures: cardiovascular and neuroendocrine 

The activation of SAM causes an inflow of adrenaline and nor-adrenaline (and other 

hormones known as catecholamines) into the bloodstream which in turn increases cardio-

vascular activity. These primary symptoms can be measured by increases in heartrate, heart-

rate variability, blood pressure, respiration rate, but also sweating (skin-conductance) and a 
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slight reduction of the body temperature, all of which can be measured non-invasively by using 

appropriate appliances. Measurement of heartrate, heartrate variability and skin conductance 

provide a continuous measure of the physiological state of the participant and allows for 

creating a clearer picture of the immediate reaction to events while the neuroendocrine samples 

provide rather several point-measures. The hormones adrenaline and nor-adrenaline can be 

found in samples of blood plasma, urine and saliva. Assessing hormones from plasma is 

considered to be the most accurate method, but also the most problematic one. Apart from 

providing all proper medical assistance that significantly increases costs, taking blood samples 

is an invasive process which alone may act as a stressor. Moreover, there are rapid artefact 

fluctuations in plasma concentrations also due to simple movement of body, and the half-life 

of adrenaline and nor-adrenaline in plasma is less than a minute. Urine samples provide a useful 

measure of chronic stress since the contained adrenaline and nor-adrenaline are more stable 

over the course of a day, which makes it unsuitable for the measurement of immediate increases 

(Baum et al., 1982). Besides that, adrenaline and nor-adrenaline in saliva are not a good proxy 

for the activation of SAM, because the concentration of nor-adrenaline in saliva comes both 

from bloodstream and sympathetic nerves, and the diffusion from blood to saliva takes about 1 

hour (Kennedy, Dillon, Mills, & Ziegler, 2001). Instead, it is possible to measure salivary 

enzyme alpha-amylase which is released in response to increased activity of ANS axis due to 

stress and has become used as one of the favorite measures of stress complementary to salivary 

cortisol (Nater & Rohleder, 2009).  

The activation of HPA axis creates as the final product cortisol, which can easily be 

measured in blood plasma or saliva. Assessing cortisol from plasma is considered the most 

accurate method, but as already explained, also the most problematic one. Salivary cortisol is 

more or less stable and its concentrations are highly correlated to the plasma cortisol which 

makes it a good proxy for the activation of HPA axis (D. H. Hellhammer, Wüst, & Kudielka, 

2009; Kirschbaum & Hellhammer, 2000). Low administration cost and a relative comfort 

during sampling for the subjects makes it an ideal candidate for the most commonly used 

indicator in measuring stress. However, there are many factors that may confound its 

measurement and the activity HPA axis in general and thus need to be controlled.3 Cortisol 

concentration follows an intra-day pattern that starts with high levels in the morning hours and 

 

3 Guidelines for a proper measurement of cortisol can be found e.g. in Nicolson (2007). 
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continuously decreases over the day. The speed of the decrease is much lower in the afternoon 

hours and thus the experimental procedures inducing stress should begin after 3PM in order not 

to have the measurement confounded (Kudielka, Schommer, Hellhammer, & Kirschbaum, 

2004). The cortisol secretion is also highly influenced by intrinsic rhythm of the HPA axis 

which increases the inter-individual variation in its levels. Therefore, it is advised to collect 

more than one sample of cortisol for the assessment of momentary stress (Young et al., 2004).  

Saliva samples should be frozen immediately after sampling since there may be an 

unpleasant odor developing soon, but the cortisol molecules seem to be stable over shorter time 

periods (days) even at a room temperature, or in a fridge temperature they are stable up to three 

months. Over longer time periods, the cortisol levels decrease by about 10% per month when 

stored at a room temperature, but at low storage temperatures (-20 to -50 ℃) they seem to be 

stable at least for one year. Repeated freezing also does not seem to cause any effect (Garde & 

Hansen, 2005). 

Heterogeneity in HPA reactivity: gender and age 

Major demographic factors that influence the HPA axis are gender and age: women 

react consistently with a relatively smaller increase in the salivary cortisol than men 

independently of taking the oral contraceptives; and older men react with a higher increase than 

younger men (Kudielka, Buske-Kirschbaum, Hellhammer, & Kirschbaum, 2004; Kudielka & 

Kirschbaum, 2005). Women have been shown to react to a different stressor than men: when 

exposed to social rejection and achievement stressors, women responded with a larger cortisol 

reaction to the social rejection while men to the achievement challenge, with no difference in 

subjectively elicited mood (Stroud, Salovey, & Epel, 2002). Apart from this, the biological 

factors that reduce the cortisol response are behavioral training, alcohol consumption, smoking 

more than two cigarettes a day, massage, and specifically in women taking oral contraceptives 

and lactation (Foley & Kirschbaum, 2010). Social support from partners in love reduced cortisol 

response in men, but in women it had no effect or even increased cortisol reaction (Ditzen et 

al., 2007, 2008). There have also been a number of genetic factors and clinical conditions 

identified, such as atopic dermatitis and allergy, unresolved childhood trauma, obesity in 

women and major depression (Kudielka, Hellhammer, & Wüst, 2009).  



  34 

34 

 

Chronic stress 

Chronic stress is more difficult to measure using the primary markers of stress and 

typically it is measured by the secondary markers, i.e. health-related issues that are attributed 

to a long-term exposition to stress, like the prevalence of cardio-vascular diseases, mental health 

issues or depressions, or as stated in the previous sections, self-reports. The repeated samples 

carried out by subjects or ambulatorily at a pre-specified time are one way, be it cortisol, heart-

rate or blood-pressure (Gartland, O’Connor, Lawton, & Bristow, 2014; J. Hellhammer et al., 

2007; Stalder et al., 2016). However, a measurement may be confounded by many factors that 

subjects may forget about, which is often challenging (Lundberg, 2005). It is also possible to 

compare the cortisol-awakening response and then the profile of cortisol circadian cycle, but 

this requires several samples per day and is therefore rather expensive (J. Hellhammer et al., 

2007). 

Hair cortisol 

A newly established method uses the analysis of hair cortisol, instead of salivary one. It 

provides a reliable way to identify retrospectively the long-term levels of cortisol secretion 

(validated in Short et al., 2016). Hair grows approximately by one centimeter per month and 

therefore it is possible to show the average long-term activity of HPA axis and to compare 

several hair-segments – months with each other (Russell, Koren, Rieder, & Van Uum, 2012; 

Stalder & Kirschbaum, 2012; Staufenbiel, Penninx, Spijker, Elzinga, & van Rossum, 2013). A 

review of 39 studies found that hair-cortisol concentrations (HCC) associated with stress-

related disorders and chronic activation of HPA axis, and situations connected with stress, like 

shift-work (Wosu, Valdimarsdóttir, Shields, Williams, & Williams, 2013). 

However, new evidence on the connection of HCC with stress is rather mixed: HCC 

was significantly associated with aggression in a large sample of adolescents (Grotzinger et al., 

2018), was higher in 23 depressed patients (Dettenborn et al., 2012), was lower in a sample of 

37 subjects after completing an anti-stress treatment program (Iglesias et al., 2015), but in 

another study the long-term psychological stress explained only a small part of overall variance 

in hair-cortisol in a study of 37 couples  (Weckesser et al., 2019).  Medical internships caused 

a sharp increase in HCC, but as the situational demand continued, the levels dropped to increase 

only just before the end; HCC did not correlate with psychological variables assessing stress 

nor with the increased stressor demand measured with work hours or sleep (Mayer, Lopez-

duran, Sen, & Abelson, 2018). 



  35 

35 

 

Correlation of Physiological and Psychological Measures 

Interestingly, even though the coherence between the emotional, physiological and 

behavioral systems has been assumed for decades, it is not always the case. In an influential 

review assessing the physiological effects of different stressors, no correspondence was found 

between the magnitude of physiological response to a stressor and its perception of being 

distressing (Dickerson & Kemeny, 2004). Another review focusing only on the relationship 

between the emotional and physiological effects of similar stress procedures revealed that a 

mere 25% of studies report a significant relationship (Campbell & Ehlert, 2012). A striking fact 

comes out when this number is carefully looked at: that out of 359 studies the authors found at 

the time of literature search, 218 included a measure of a subjective appraisal, but only 49 

reported the relationship between the two. This suggests that in the remaining 169 studies the 

authors decided not to report probably an insignificant relationship which could have 

diminished the chance for publication in a psychology journal. Moreover, Het, Schoofs, 

Rohleder, & Wolf, (2012) reanalyzed previous studies to find a negative correlation between 

cortisol and negative emotions, which is a counter evidence pointing toward the protecting 

effect of cortisol and stress. When we look at emotional reaction, the response characterized by 

anger was associated with a reduced cortisol response (Kazén, Kuenne, Frankenberg, & Quirin, 

2012) compared to fear, which led to a greater increase (Moons, Eisenberger, & Taylor, 2010). 

These findings stimulate the discussion about the “good” and “bad” types of stress, the eustress 

and distress. Stress has commonly been assumed to be associated with negative emotional 

states, but it can include also a “good” stress when the reaction is stimulating, and the subject 

has impression that their resources can cover the situational needs. This challenge is normally 

limited in duration, results in feelings of mastery and accomplishment and may be perceived as 

pleasant and exciting (McEwen, 2002, 2007; Sinha, 2008). 

5.5. Standards of data analysis 

A standard way to investigate the causal effect of treatment intervention is to create a 

proper counterfactual scenario by randomly distributing the units of observation to the 

treatment(s) and control groups. After the treatment procedure takes an effect, the outcome 

variable is measured and compared across the group to reveal the causal effect labeled the 

“intention to treat” (ITT). If the treatment manipulation effectiveness is not obvious, it is usually 

verified by a manipulation check exercise that measures another variable as a proxy to the main 

channel the treatment intervention should work through. In case of measuring the causal effect 
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of acute stress on behavior, the treatment manipulation is represented by the exposure to 

stressor, the outcome variable is the behavior revealed in a task, and the manipulation check is 

comparing the primary markers of stress before and after the manipulation, and between the 

treatment and control groups, such as cortisol levels in saliva. The manipulation is deemed to 

be successful if the change in the variable is on average significantly different from zero, and 

different between the groups after the treatment. To show this, either a simple percentage 

change is analyzed, or in case of three and more observations per measure, the area under curve 

(AUC) is preferred since it considers also the dynamics of the reaction (Pruessner, Kirschbaum, 

Meinlschmid, & Hellhammer, 2003).  

Imperfect compliance – responder classification 

Of course, not every subject responds to the treatment manipulation which gives rise to 

the problem of imperfect compliance. If we want to investigate the average treatment effect on 

the treated (ATT), we need to work with the manipulation-check variable effect on an individual 

level. A simple way is to classify subjects as responders and non-responders to the manipulation 

using an established rule. The rule in this context for the cortisol reaction is that the individual 

increase needs to be higher than 1.5 nmol/l to make sure the change was not due to a random 

fluctuation (Miller, Plessow, Kirschbaum, & Stalder, 2013) in  order to classify the individual 

as responding to stress, i.e. being physiologically stressed. Another way is to make the median 

split on the cortisol reaction and classify the groups as the high- and low-responders. The 

analysis comparing the outcome variable between the responders and non-responders is then 

revealing only a correlation and not the causal effect. This brings us to an important caveat 

since some of the existing studies of behavior under stress focus actually on correlations of 

stress and change in behavior and not on the causal effect of stress while still heavily 

emphasizing the effects of stress on behavior (e.g. risk preferences, Buckert, Schwieren, 

Kudielka, & Fiebach, 2014; van den Bos, Harteveld, & Stoop, 2009). Showing a difference 

between high-cortisol and low-cortisol responders in the treatment group is potentially an 

important correlation, but since it does not does not show a causal effect of stress, it may just 

capture differences in underlying preferences among people who get stressed easily and those 

who do not (Trautmann, 2014).  

Even though it has been used in the literature (e.g. Cahlíková & Cingl, 2017; Goette, 

Bendahan, Thoresen, Hollis, & Sandi, 2015), it may be argued that the ATT investigation of 

stress effects on behavior using the assignment to treatment as the instrument for cortisol or 
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self-reported stress is theoretically wrong since stress affects many other processes in the body, 

because such analysis would fail the necessary exclusion restriction that requires only an 

indirect effect of instrument on the dependent variable (Esopo et al., 2019). In such case, the 

instrument violates the exogeneity condition and is not valid (Angrist & Krueger, 2001). The 

proper way to check if treatment effect goes through this channel is to compare the estimated 

coefficients using only treatment dummy and in the robustness check change the treatment 

dummy to the channel variable (see robustness checks in Cahlíková et al., 2019). 

5.6. Stressor types 

As described above, Hans Selye originally understood stress to be a non-specific 

reaction to the stressors since he observed similar symptoms in the studied animals that were 

exposed to different types of stressors (Selye, 1936). A more recent research however suggests 

that not all stressors trigger the same pathways of the stress reaction. The physiological as well 

as psychological reaction may depend on the type of stressor and its certain attributes. Stress 

reaction may occur purely physiologically without a need for cognitive appraisal as a reaction 

to certain biogenic/physical stressors, that possess the sympathomimetic characteristic. This 

type of stress may thus be labeled the physical stress with respective stressors being challenging  

circumstances for the body, such as heavy exercise, pain, food and sleep deprivation, electric 

shocks, blood-loss, infection, feeling extreme temperatures, and drug withdrawal states, but 

also intake of stimulants like caffeine, nicotine, guarana, yohimbine, or amphetamine. This type 

of stressor activates predominantly the “active” coping system, the SAM axis, and to a lesser 

extent the remaining pathways (Everly & Lating, 2013). Psychological stressors need to be first 

subjectively appraised as a threat to become stressors. They rather relate to important goals in 

social, emotional and/or personal life. Emotional stressors include e.g. interpersonal conflicts 

and a loss of a relationship or of a family member, while individual psychological stressors can 

be traffic jams, daily hassle, and meeting deadlines (Sapolsky, Romero, & Munck, 2000). A 

particularly important type of a psychological stressor is the psycho-social stressor.4 Since 

people are social animals, they have also a "social-self", which reflect their social values, 

esteem, status and is mostly based on individual perception of social position and identity. This 

situation usually also activates SAM, but more importantly it triggers the HPA axis with all its 

effects, including the final inflow of cortisol (Everly & Lating, 2013). In general, not only 

 

4 In some literature psychological and psycho-social stressors coincide (Everly & Lating, 2013). 
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physiological, but also the behavioral effects of different types of stressors may differ: 

Haushofer & Jang (2015) compare the effects of social, physical and economic stressors three 

on temporal discounting and find the opposing effects of the social stressor and the economic 

stressor, while the physical stressor had no effect. This implies that the researcher should be 

careful if the selected type of stressor is relevant for her research question, and with the 

generalization of the findings to other types of stressors, populations and environments. 

Stressor severity 

Stressors may cause stress reactions of different intensity, starting from mild challenges 

e.g. during competitions, over moderate levels of e.g. public speaking events, to traumatic life-

altering experiences that may result even to disorders like acute-stress disorder or the post-

traumatic stress disorder (PTSD). A crucial problem in cross-person comparison is the 

subjectivity of reactions. A certain stressor may not trigger the same magnitude of the stress 

reaction in two individuals, even if this event was standardized, which may be due to factors 

originating in the person, the environment or in the subjective intensity (Skoluda et al., 2015). 

The size of the effect that can be measured, e.g. on psychological scales or on stress markers, 

like the cortisol hormone, also cannot be compared cross-personally to indicate the relative size 

of the stress reaction, which leaves us with a basic yes/no (stressed/not stressed) framework. 

One of the implemented sociological approaches was to ask people if they had experienced a 

stressful event on current day, how stressful this event was, and then compare different stressors 

(Almeida et al., 2002). The most frequently mentioned by respondents were the arguments and 

tensions with others, work overload, and events happening in their networks.  

Standardized stressors qualities – HPA effects 

The measurement of the effects of different stressors has also been frequently carried 

out in a laboratory, where any confounding factors can be controlled. Dickerson & Kemeny 

(2004) in their meta-analysis of 208 papers identified five categories of psychological stressors 

used in the laboratory: public speaking and/or verbal interaction (speaking in front of others, 

interview, simulation of marital conflict), cognitive tasks (Stroop test5, mental arithmetic, 

 

5 Stroop test consists of naming out colors of font in which the words indicating colors are printed. 

Typically there are two conditions – one when the color of a font of the word coincides with the meaning, and one 

when the color and meaning differ, which makes it difficult to override the intuitive urge to automatically say the 

word meaning and not its color (Stroop, 1935).  
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vigilance-reaction time, tests of perception, and others), combinations (public speaking and a 

cognitive task together), emotion induction (presentation of emotion-inducing material) and the 

exposure to unpleasant noise. Apart from the type of the stressor they also note the attributes of 

the stressor: specifically, they focus on the uncontrollability of the situation, social evaluation, 

and motivated performance. The largest magnitude of the cortisol increase was in this sample 

of 208 studies elicited by a combination of public speaking and a cognitive performance task, 

while the cognitive performance alone, noise exposure and emotion induction resulted in an 

average of zero increase. They also note that passive tasks do not elicit an increase in cortisol, 

the same as a sole motivated performance. When there is uncontrollability of situation 

combined with a social-evaluative threat, motivated performance does increase cortisol. The 

largest increase results from the combination of the three situational attributes, without concern 

of the nature of the task. The authors also stress that it is not only the uncontrollability of the 

environment, but it must be present in a situation where a major goal of an individual is 

threatened. This implies that threat to the social status or to social identity in general can lead 

to the activation of stress reaction, especially when the conditions are uncontrollable for the 

subject, like many employees have in their jobs on a daily basis.  

5.7. Laboratory stressors 

There have been many different tasks developed for the induction of acute stress in 

humans since the first studies in 1950s, however only a few gained popularity due to their 

reliability in the stress induction and feasibility of standardized execution. The two most 

popular are arguably the Trier Social Stress Test, the Cold Pressor Test, but also other factors 

recently investigated for their stressfulness are reviewed in the following text. For the methods 

used in the earlier studies, please refer to a meta-analysis of 208 publications prior to 2004 that 

compares their efficiency in terms of the HPA response (Dickerson & Kemeny, 2004). 

Trier Social Stress Test  

Probably the most popular laboratory procedure that induces psycho-social stress is the 

Trier Social Stress Test (TSST), that has been developed in 1993 and used in hundreds of 

studies ever since (see reviews in Allen et al., 2014; and Frisch, Häusser, & Mojzisch, 2015; 

original procedure in Kirschbaum, Pirke, & Hellhammer, 1993). Before the procedure, 

participants usually have an initial resting period after entering the laboratory in order to 

establish reliable baseline measurements. The TSST procedure then starts with reading the 
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instructions for the first part which is followed by a few minutes for preparation while the main 

tasks are carried out in a separate room. Participants go through either the stress-inducing or 

the control condition, both of which include public speaking and a mental arithmetic task, but 

the control condition lacks the stressful attributes. The public speaking task in the stress-

inducing condition is framed as a role-play when the participant is asked to imagine a situation 

where she is in a job interview and she has to persuade the panel that she is the best candidate 

for the offered position. The panel members wear white laboratory coats, have a video-camera 

aside and they are trained to act completely neutrally. After the first part, a panel member 

explains the following mental arithmetic task, which is a serial subtraction of a two-digit prime 

number from a four-digit number. Both parts take about 5 minutes and are followed by the 

cognitive measurements and a recovery period. At the end a careful debriefing is necessary to 

explain the main purpose of the experiment. The whole procedure can also be executed in the 

group version which lasts about 30 minutes for 6 participants (TSST-G, von Dawans, 

Kirschbaum, & Heinrichs, 2011). The key attributes of the procedure are the combination of 

the tasks and attributes that in isolation do not induce stress, whereas in combination are reliable 

and usually induce moderate stress in the majority of participants (Kirschbaum et al., 1993; 

Kudielka, Schommer, et al., 2004). The procedure has been used both for the evaluation of the 

stress effects on behavioral tasks as well as for the examination of factors influencing the 

magnitude of the stress response, such as the influence of various psychopathologies. One 

version of the protocol used only the anticipation of the TSST procedure to induce considerable 

increases in cortisol (Engert et al., 2013), and another showed that stress transmits by mere 

watching another participant undergoing a TSST procedure (Engert, Plessow, Miller, 

Kirschbaum, & Singer, 2014), with no difference if the person is socially close to the observer 

or not (Erkens, Nater, Hennig, Häusser, & Giessen, 2019),6 and also the TSST executed in the 

virtual reality environment caused significant cortisol reactions (Zimmer, Buttlar, Halbeisen, 

Walther, & Domes, 2019).  

Montreal Imaging Stress Test 

In a similar vein, a protocol for stressing subjects while in a functional imaging setting 

was designed: the Montreal Imaging Stress Test (MIST) utilizes a combination of social 

evaluation and mental arithmetic task. The stress-inducing part of the protocol involves mental 

 

6 See more in a recent review (Engert, Linz, & Grant, 2019). 
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arithmetic tasks that are just above the subject’s individual abilities (Dedovic et al., 2005). The 

advantage of MIST is that it can be used in the brain scanners, the disadvantage is that the 

original protocol is on the border of deception. The MIST procedure is carried out in a 

computerized environment, and its principle lies in the algorithm that creates arithmetic tasks 

using up to four numbers (0-99) and up to four operations, while the solution is still one number 

between 0 and 9 so that a single key-stroke is needed for an answer. The key component is the 

difficulty gradient, which in the treatment condition makes the tasks increasingly difficult based 

on the level assessed during a training session in that the program continuously adjusts the 

response time to be by 10% less than the subject really needs, which induces 20-45% success 

rate. The experimenter then reminds the subject that the minimal threshold is 80% correct 

answers, which is the standard performance of others, and that all people in the room is 

watching the subject’s performance on a screen. The control condition is identical in individual 

difficulty, except for there is no time penalty imposed and the experimenter does not say 

anything about the standard performance or watching by others. 

Cold Pressor Test 

The cold pressor test (CPT) simply consists of putting the non-dominant hand or one 

foot into ice-cold water (0-4℃) for a period of 5 minutes, while the control condition the water 

has a mild warm temperature (35℃). It was developed to study the stress effects on 

cardiovascular reactivity in 1930s and has been used in almost every study on the topic ever 

since (Blandini, Martignoni, Sances, Bono, & Nappi, 1995; Hines & Brown, 1936). It is an 

example of a laboratory physical stressor, which increases both ACTH and salivary cortisol 

levels (Porcelli & Delgado, 2009a). A combination of this procedure with social evaluation 

gave rise to a Socially-evaluated CPT (Schwabe, Haddad, & Schachinger, 2008; Schwabe & 

Schächinger, 2018) that elicits reliably increases in cortisol as well as in ACTH, compared to 

standard CPT that affects mainly the SAM system and not always HPA axis (Lighthall, Mather, 

& Gorlick, 2009). The social evaluation principle is similar as the committee in the TSST 

procedure. 
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Competition 

Apart from the natural conditions (see further), competition was examined also in the 

laboratory using the well-known paradigm of Niederle & Vesterlund (2007),7 with conflicting 

results. This paradigm game consists of performing a simple task in three different exogenously 

imposed payment schemes: the piece-rate, the forced-tournament and the choice between 

tournament and a piece-rate scheme. A standard result in studies using this paradigm is that 

about two-thirds of men choose tournament in contrast to one third of women. The reason for 

avoiding the competitive environment could be that it is more stressful for women than men. 

One study aimed at this topic found that the heart-rate and subjective evaluation of stress 

increased during the forced tournament, but cortisol levels stayed the same which shows that 

rather than stress this form of competition induced more effort (Buckert, Schwieren, Kudielka, 

& Fiebach, 2017). In line with that, another study also found that the forced tournament does 

increase stress, but for both genders in the same direction. (Buser, Dreber, et al., 2017). In Halko 

& Sääksvuori (2017) the authors however do not find any difference between the piece-rate and 

tournament tasks using heart-rate and heart-rate variability. Cahlíková, Cingl & Levely (2019) 

use also the paradigm of Niederle & Vesterlund (2007), but they find a steady decrease of 

cortisol and heart-rate during the tournament task compared to piece-rate in the group of 

participants who underwent only competition compared to another group that was also exposed 

to the TSST-G. Another study included additional 40 mins long breaks between the rounds of 

calculation and found a mild  increase in cortisol and alpha-amylase during tournament round 

compared to piece rate (Zhong et al., 2018). Based on the results of the mentioned studies, 

competition seems to have only mild stressful effect in the laboratory, potentially due to low 

stakes involved.  

Other stressor tasks  

In the literature, many different tasks have been used to induce stress in participants, 

including exposure to competition (Buckert, Schwieren, et al., 2017), time pressure (Buckert, 

Oechssler, et al., 2017), economic games (centipede game, Haushofer et al., 2017; Haushofer, 

Prachi, Musau, & Ndetei, 2018), Stroop test (Stroop, 1935), and hydrocortisone or yohimbine 

administration that directly increase levels of cortisol and noradrenaline, respectively 

(Margittai, van Wingerden, Schnitzler, Joëls, & Kalenscher, 2018; Riis-vestergaard, Ast, 

 

7 See further section Willingness to compete for a detailed description of the procedure. 
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Cornelisse, Joëls, & Haushofer, 2018). It is important to note that stress reaction is complex 

and studying the role of one hormone is certainly important but cannot be interpreted as a study 

of the whole stress reaction. 

Relative efficiency 

To relate the impact of different stressors, an interesting study exposed 20 men in a 

within-subject design to four different stressors and compared their intensity in terms of HPA 

and SAM activation (Skoluda et al., 2015). The stressors employed were the Stroop test, the 

CPT, the TSST, and the bicycle ergometer which entailed cycling at 80-90 % of personal 

maximum. They sampled cortisol, salivary alpha-amylase, measured heartrate, and elicited also 

subjective responses on a visual analogue scale. The largest increase in subjective ratings of 

stressfulness and cortisol increase were caused by the TSST, the second in both scored the 

cycling on ergometer. For alpha-amylase and heartrate, ergometer created largest increases, 

while the second was the TSST. Stroop test was mildly higher than the baseline in all of the 

measures, similarly as did the CPT.  

Cultural influences 

It has been argued that most of experimental social research is being done on a highly 

selective subject pool, in particular on people from Western, educated, industrialized, and 

democratic countries, which is by far not representative for the whole world (Henrich, Heine, 

& Norenzayan, 2010). The nature of the most frequently used stress-inducing task, public 

speaking, further suggests that certain cultures may be used to public speaking from their 

natural environment, like the North Americans. A meta-analysis of 237 samples using the TSST 

paradigm covering 8487 individuals from 15 mostly Western countries revealed large 

correlations between the anxiety-related values and cortisol reactivity, that about 25% of 

variability can be attributed to between-country differences, and supported the finding that in 

North American samples the cortisol reaction is on average smaller than in Europe (Miller & 

Kirschbaum, 2018).  

Two different studies executed in Kenya on large samples of people recruited from 

slums of Nairobi used a between subject design to compare the effects of TSST-G, the CPT, 

and the centipede game (Haushofer et al., 2017), and in a similar study used the same stressors 

plus a direct hydrocortisone administration in a period of seven days (Haushofer et al., 2018). 

In the former study only subjective stress was elicited, and stressors induced different amounts 
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of it: the centipede game increased stress, CPT had no effect, and TSST-G decreased it. The 

latter study used additionally a cortisol measurement. Interestingly, the only manipulation that 

increased subjective stress levels is the TSST, and the only manipulation that raised the cortisol 

levels is the hydrocortisone administration. This suggests that people living in poverty and thus 

are exposed to chronic stress react to different stressors than in the Western world, which limits 

the generalizations of results across populations.  

Exclusion criteria 

It is important to note that the experiments where the stress levels are manipulated 

should not be executed on subjects that are not physically healthy, and most importantly on 

those who have history of psychological or psychiatric conditions. The reason is two-fold: even 

though the induced stress is typically mild, their condition may rebound again, and second, the 

subject may react to stressor abnormally, as is the case of e.g. patients with depression and the 

HPA dysfunction (Gutman & Nemeroff, 2010). A set of standard exclusion criteria then 

contains generally conditions that influence cognition, like alcohol and illicit drug use and 

certain acute illnesses. The intake of certain prescription drugs is also to be avoided or 

controlled, starting from the oral contraceptives, but it could be also beta-blockers, tranquilizers 

and mood-elevators. The remaining exclusion criteria depend on the situation of a researcher, 

most importantly on the biological processes she wants to measure so that the factors 

confounding the measurement are avoided. The extra criteria connected to the measurement of 

cortisol usually involve informing subjects that before the arrival to the laboratory they should 

not perform heavy exercise, smoke, drink sodas, coffee or alcohol, not eat fatty food. The 

specific time period when this should be avoided differs but is advised to be at least two to four 

hours. The adherence to the criteria should then be checked at the beginning of the experimental 

session (Gerin, 2010). 

5.8. Chronic stressors 

Chronic stressors are factors subjects are exposed to persistently over a longer period. 

The experimental manipulations applying the exposure to chronic stressors are rather scarce, 

and use either a repeated exposure to a standard laboratory stressor over several days 

(Haushofer et al., 2018; Kandasamy et al., 2014) or stressful environment the subjects must 

endure anyway, like the exam period at university or internship (Liston et al., 2009; Mayer et 
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al., 2018; Stowell, 2003). Other studies use the natural adverse conditions people live in, such 

as unemployment, harassment at the workplace, chronic poverty and violence, and competition. 

Stress at the workplace  

The literature on the relationship between work stress and health is large and relies 

mostly on reported measures and correlation analysis (see review in Ganster & Rosen, 2013). 

In a nutshell, work stressors such as role conflict, stressful events, immense workload and work 

pressure demonstrate strong correlations with affective well-being measures such as emotional 

exhaustion and modest correlations with physical measures of well-being such as self-reported 

physical complaints as well as with physiological responses (Ganster & Rosen, 2013). The 

stressors mostly include perceived uncontrollability of situation by individual, motivated 

performance, and social evaluation by others, consistently with Dickerson & Kemeny (2004), 

but also a persistent mistreatment and harassment e.g. due to different ethnicity or gender 

(Brondolo, Halen, Libby, & Pencille, 2010). The link between work-related stress and primary 

markers, like cortisol-related measures, has been so far rather inconclusive. Studies measuring 

the causal effect of work on employees' stress in randomized control trials manipulating major 

stressful attributes in a workplace such as lack of control and the role of ambiguity are scarce 

and not conclusive (e.g. for unemployment, see Sumner & Gallagher, 2016). Even though social 

evaluative threat is enough to elicit the cortisol response in laboratory, how and if it persists 

outside of the lab is thus still not well understood. On the other hand, the link between secondary 

and tertiary markers of well-being, such as the cardiovascular, immune system diseases, and 

mental health problems, is fairly well established thanks to high methodology standards in 

epidemiology research (Hammen, 2005).  

Poverty and violence 

More than 0.7 billion people live in poverty today (World Health Organization, 2014), 

despite uncountable amounts of money transferred as development aid and serious efforts 

carried out by institutions like the World Bank or the United Nations. There are many studies 

showing that poor people are constantly under, for example people in material hardship seem 

to be under stress in terms of elevated cortisol diurnal profile stress (for a summary of socio-

economic status relationship with stress, see Chandola & Marmot, 2010; Ranjit, Young, & 

Kaplan, 2005). Development economists regularly find that the poor make “bad”, risk-averse 

and short-sighted decisions that do not put them on the way to escape the poverty: in particular, 

they are typically found to be more risk-averse and tend to have troubles with saving larger 
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amounts of money which would generate sufficient returns to buffer them from falling back to 

poverty (Bauer & Chytilová, 2013). This, together with often dysfunctioning institutions and 

the exposure to violence and crime, lock them in the poverty trap. Haushofer & Fehr (2014) 

propose that it is stress caused by poverty what makes it so hard to escape this poverty trap 

because it imposes the behavioral effects of stress that bias the decisions of the poor. The 

proposed mechanism is through change in preferences and reduction of working memory 

through increased cognitive load (Boswell Dean, Schilbach, & Schofield, 2019; Schilbach et 

al., 2016).8  

Apart from correlational studies which make it hard to resolve this issue, several studies 

aimed at the revelation of the causal relationship are worth mentioning. The first study examines 

whether farmers in Kenya react to random weather shocks with their salivary cortisol levels. In 

contrast to metal workers, whose income should not be affected by weather, farmers in areas 

with low levels of rain react with higher cortisol the in the year following the drought and report 

higher levels of psychological stress in general (Chemin, Laat, & Haushofer, 2013). The second 

study utilizes a large randomized control trial where randomly chosen poor Kenyan households 

received large unconditional cash transfer (Haushofer & Shapiro, 2016). Among other 

variables, the authors measured subjective life satisfaction and stress together with salivary 

cortisol and its change over the program. The reported satisfaction increased by 0.15 SD and 

stress decreased by 0.14 SD, even though authors conclude that the overall effect on cortisol 

was absent. The levels of cortisol were moreover lower when the income was received by the 

wife and when it was handed out in lump-sum in contrast to the monthly installments. Another 

study compares the effect of free health-care insurance to cash-transfer of the same monetary 

amount to show that the health insurance reduces psychological as well as physiological stress 

among informal workers in Kenya more than the cash transfer (Chemin & Haushofer, 2016). 

They suggest that the reduction in the volatility of consumption due to insurance reduces stress 

more than improving the current consumption levels by giving people cash.  

 

8 This idea became a founding block of the only economic model of stress effects on behavior (Wälde, 

2015), see Section 7 for details of the model. However, the experiments on acute stress effects reveal usually no 

difference in attention between the stressed and control group, usually using the driver’s D2 test of attention 

(Brickenkamp & Zillmer, 1998). 
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Competitive environment 

Apart from the common work-place stressors, competition may serve as a stressor per 

se, since it often contains the crucial stressful attributes: uncontrollability of the outcome as the 

performance of others is out of one's hands plus publicly displayed ranking adds the social-

evaluative threat. The effect of competitive environment on productivity has been relatively 

well discussed, but only few studies show that it may act as a stressor. Recently a competitive 

climate at work has been identified in a questionnaire survey among sample of IT professionals 

as a predictor of perceived job stress, regardless the personality trait competitiveness (Fletcher 

et al., 2008). In another study, judo athletes were found to react to participation in competition 

as to a stressor (Filaire, Sagnol, Ferrand, Maso, & Lac, 2001). A large psychological literature 

on stress and competition, including the review of hormonal and  cardiovascular responses to 

competition, is summarized in Salvador & Costa (2009). The management and organizational 

behavior literature also points to the fact that performance-based incentives are stressful 

(Ganster, Kiersch, Marsh, & Bowen, 2011). 

Inter-generational transmission 

A large body of epidemiological literature shows correlations between the prenatal 

maternal and paternal exposure to traumatic stress episodes (e.g. exposure to famine, Holocaust 

survivors, Chernobyl disaster), the subsequent maternal behavior, and biological and 

psychological offspring outcomes (for a review, see Bowers & Yehuda, 2015). These studies 

usually compare the offspring outcomes to average prevalence in population, be it the PTSD, 

depression, abnormal HPA reactivity and its dysregulation, ADHD, anxiety, traumatization, or 

perceived stress. This literature also speculates about the channels of transmission, which 

started with learning the behaviors from parents, but soon revealed also a biological basis (e.g. 

via gametes) and epigenetics. It is unclear however if the traumatized samples have been 

specially selected from population, e.g. by the fact that they survived the events, which makes 

causal claims difficult. 

The economic literature suggests similar effects with a careful methodology that allows 

causal claims.  A study using rich administrative data from Sweden investigated the effects of 

in-utero exposure to maternal stress from a death of a family member on the well-being and 

mental health of the offspring from birth to adulthood (Persson & Rossin-Slater, 2018). The 

authors use a quasi-experimental setting when the loss of the family member happens randomly 

before and after giving birth, and so all children are exposed to socio-economic shock of losing 
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the family member, but only those that were unborn at the time were also exposed to 

physiological stress reaction of mother. The authors thus observe effects relative to such 

exposure shortly after birth. The results show a markedly higher consumption of drugs treating 

ADHD during childhood (25%) and for adults they observe a higher chance of consuming drugs 

treating anxiety and depression, with stronger effects observed with a loss of a closer family 

member. The in-utero hit children are more likely to have a lower birthweight and being 

hospitalized during the first year of life. Economic hardship during pregnancy was in another 

study also found to increase the likelihood of a mental-health distress condition in Ghana, when 

the researchers examined the impact of the variation of price of cocoa on the health outcomes 

of a nationally representative sample (Adhvaryu, Fenske, & Nyshadham, 2019). 

5.9. Coping, stress management 

From the managerial perspective, stress may be viewed as a tool that could be used to 

stimulate performance of employees. However, overusing it and not letting employees recharge 

their energy reserves may backfire in certain long-run outcomes, such as deterioration of health 

and motivation. What factors influence and facilitate coping which could be understood as an 

adaptive response to stress is therefore very important know. There may be multiple types of 

coping, be it avoidance or approach coping, coping through spirituality or religiosity, or coping 

through positive life-changes (Carver, 2010; Scheier & Carver, 1993). One of the important 

factors that reduces chronic stress and improves emotional coping seems to be social support 

(Taylor, 2006) and enough of quality sleep (Williams, Smith, Gunn, & Uchino, 2010). Several 

intervention studies also highlight the role of stress management practices, e.g. long-term stress 

management interventions involving relaxation and coping skills training with cancer patients 

seem to improve their life outcomes (see a summary in Carver, 2010).  

Cross-stressor adaptation hypothesis and exercise 

Regular exercise and physical activity are widely believed to play an important role in 

the stress reduction and coping, including prevention of the stress-related diseases. Another 

idea is that getting used to stress caused by one stressor helps to reduce reactivity and speed of 

recovery to stressors of other types, including physical stress from exercise and psychosocial 

stress, which has been labelled the cross-stressor adaptation hypothesis (Sothmann et al., 1996). 

There has been plenty of correlational evidence  that people who perform physical activity 

suffer less from the stress symptoms (Childs & de Wit, 2014; Klaperski, von Dawans, 
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Heinrichs, & Fuchs, 2013; Rimmele et al., 2009); but intervention studies show rather mixed 

effects on stress reactivity in cardiovascular and neuroendocrine domains (Edenfield & 

Blumenthal, 2010; Hamer, Taylor, & Steptoe, 2006). An interesting study randomized 61 

students to a 20 week training or a control group and measured the physiological symptoms of 

chronic stress during the examination period and found better outcomes for the exercise group 

(von Haaren et al., 2016). However, still most of the research is either correlational or carried 

on a small number of subjects to be enough persuasive. 
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6. Chapter two: Experimental evidence on 
behavioral effects of stress  

6.1. Introduction 

It can be assumed that for most economists, the only relevant part of stress research will 

be the its eventual causal effects on human behavior, taking the stress reaction essentially as a 

black box (Camerer et al., 2004). The body of published research in this area has been in the 

experimental domain dominated by psychologists with all pros and cons their heterogenous 

research practices bring, but recently also experimental economists started to contribute. Since 

chronic stress is more difficult to experimentally induce, the vast majority of reviewed studies 

deal with the effects of acute stress. The literature can be roughly divided into several areas by 

the main type of investigated behavior. First, the complex and strategic thinking is hit in 

different ways by reduction of working memory due to stress. Second, since stress may be 

understood as a linear productivity booster of individual performance, but the real effects are 

more complex, with dominating model from psychology that projects the relationship in the 

shape of an inverted-U (Yerkes & Dodson, 1908). Third, a set of studies looked at the impact 

of stress on confidence and competitiveness since these are essential traits in social competition 

and determine to a large degree the labor market outcomes. Their results converge on that stress 

decreases willingness to compete, while personality attributes may determine the impact on 

confidence. Fourth, probably the largest share this literature deals with the impact on risk-

preferences, where also the largest methodological differences can be found. The results in this 

domain do not form a clear picture and seem rather driven by certain details in the design, like 

the timing of the administration of risk-measurement, due to opposing effects of dominant 

hormones released to blood at different concentrations under different time-profile. A similar 

picture arises in the domain of other-regarding or social preferences, where the number of 

published studies is however much smaller. The most compelling domain of intertemporal 

discounting has attracted the least attention with most of the research executed by one group of 

authors, probably due to the large prevalence of null effects. Despite the large published 

literature, there remain still many open questions open, especially in the domain of chronic 

stress and using clean methodology with large samples.  
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6.2. Complex, strategic thinking 

Generally speaking, the early (Hartley & Adams, 1974; Hockey, 1970) as well as recent 

studies (Leder, Häusser, & Mojzisch, 2013; Schwabe & Wolf, 2009) of human behavior under 

stress point in the direction that acute stress is detrimental for performance in tasks demanding 

on complex and flexible thinking, but enhances performance in simple or well-practiced tasks 

(Ariely, Gneezy, Loewenstein, & Mazar, 2009). The neurological evidence shows that this 

behavioral change stems from the effects of stress on prefrontal cortex (PFC), which is the part 

of the brain responsible for the long-term oriented, rational behavior, working memory, and 

also the limbic system (Dedovic, D’Aguiar, & Pruessner, 2009; Dedovic, Duchesne, Andrews, 

Engert, & Pruessner, 2009; Porcelli et al., 2008). In particular, stress is thought to decrease 

working memory and cognitive capacities needed for complex thinking. 

To support this, a set of studies demonstrates the link between the cognitive capacities 

and poverty. The first study exposed visitors of a shopping mall in the USA to thoughts about 

an easy or a difficult financial situation and while thinking about how to solve this imaginary 

situation, the visitors were supposed to solve a test of cognitive abilities (Mani et al., 2013). 

After this they asked the visitors for their income in order to be able to distinguish relatively 

rich and poor by a median split and see if the financial strain had a different impact on their 

behavior. Indeed, the poor were able to solve fewer problems while thinking about a difficult 

financial situation, compared to the easy financial situation; and the rich were unaffected by 

either of the tasks. The authors also went into the countryside of India and examined the 

behavior of farmers living in a relative poverty and wealth, i.e. right before and after harvest, 

which brings them most of the financial resources. The results again showed that farmers living 

in a relative poverty have poorer score in cognitive ability tests, and as a mechanism the authors 

suspect stress which they measured using heartrate and blood pressure. In a similar vein, when 

debtors in Singapore were given an unexpected sizeable debt-relief, they reacted by an 

improved cognitive functioning, had reduced anxiety levels and smaller present-bias (Ong, 

Theseira, & Ng, 2019). 9 

Next, assuming worse cognitive capacities among the homeless people also due to their 

stigmatization, Hall, Zhao, & Shafir (2014) exposed them to a brief psychological exercise 

 

9 For a complex discussion of the role of cognitive function in poverty, see Boswell Dean et al. (2019) 
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aimed at removal of the pressure they bear due to their social status, the self-affirmation, or to 

a control procedure. The results show that the homeless in the treatment condition then scored 

higher in tests of executive control and fluid intelligence, and had a higher willingness to join 

the benefits programs, which points to the direction that the mere low social status may act as 

a stressor. This further supports the idea that having debt or financial difficulties in general 

functions as a chronic stressor and decreases the cognitive resources. On the other hand, the US 

low-income households were not found in an online survey to have weaker cognitive abilities 

when asked just before and just after pay-day (Carvalho, Meier, & Wang, 2016). The stressor 

may probably need to be more persistent and uncertain than knowing that the paycheck for sure 

arrives tomorrow to induce the changes in behavior through reduced cognitive functioning.  

Another important ability of complex thinking is to assess the beliefs of others and 

include them in decision making is an important part of economic analysis. Using games like 

the Keynes' Beauty contest, it has been shown that the behavior of people could be characterized 

using the k-level of thinking model, meaning that people typically do not think more than two 

or three step iterations (Nagel, 1995). Two papers have investigated the effect of stress on the 

level k of thinking. The first paper reports on an experiment where sixty male students played 

four rounds of the Beauty-contest game (as in Nagel, 1995) and were stressed using TSST-G 

protocol. Participants in the treatment group stated consistently higher numbers than the control 

group, with the overall distribution shift to the right, which suggests that the thinking of the 

treatment group was of a smaller k-level than the control (Leder et al., 2013). The second study 

applied the same game on students who were waiting for an important university exam and 

compared their answers to students waiting for a regular exam (Leder, Häusser, & Mojzisch, 

2015). The results again show impaired strategic decision making as the group of students 

waiting for the exam indicated significantly higher numbers in the game. Another experiment 

investigated the behavior in Beauty contest under time pressure to find that the convergence to 

equilibrium was remarkably faster and the quality of decision was  not worse, but the authors 

did not implement any validation of stress caused by the time-pressure treatment (Kocher & 

Sutter, 2006).  

6.3. Stress and Performance: Choking under pressure 

Different forms of pressure are often used as a means of boosting the performance of 

the employees in an assumed linear relationship between the pressure and performance. 

Examples of such pressure could be increasing the stakes or shifting from a flat-rate incentive 
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scheme to competitive or performance-based incentive schemes (Prendergast, 1999). Higher 

incentives may indeed increase effort, but a higher effort may not always translate into a better 

performance, due to the choking-under-pressure effect (Baumeister, 1984) when the higher 

incentives backfire, which is the core idea behind the well-known Yerkes-Dodson law (Yerkes 

& Dodson, 1908). The Yerkes-Dodson law poses that stress may be beneficial to performance 

up to a certain point from which it starts to be harmful in a stylized inverted-U relationship. The 

original idea behind the law was actually just the description of the relationship between the 

stimulus strength and habit-formation for tasks of different difficulty, however it turned popular 

due to its appealing simplicity and since then has been used in many less directly related ideas, 

such as the effects of punishment and reward, motivation, arousal, performance, anxiety and 

others (Teigen, 1994). Choking under pressure may be in general due to more channels, most 

commonly cited in psychological literature being a decreased working memory due to increased 

anxiety (potentially stemming from stereotype threat) which results in reduced attention and 

increased distraction, all resulting from a heightened pressure (Beilock, 2008; Beilock & Carr, 

2005; DeCaro, Thomas, Albert, & Beilock, 2011; Hill, Hanton, Matthews, & Fleming, 2010; 

Mesagno & Beckmann, 2017). 

The results of empirical investigations of the relationship between stress/pressure and 

performance realm remain rather inconclusive, suggesting the inverted-U relationship. There 

has been evidence from natural experiments on the effects of environmental pressure on 

performance, generally showing the rather negative effects in sports and education. Penalty 

shootouts in high-stakes competitions where the team starting the shootout was found to win in 

60% times (Apesteguia & Palacios-Huerta, 2010). After extending the dataset from 129 

shootouts to 540, however, no first-mover advantage was found (Kocher, Lenz, & Sutter, 2012). 

Another analysis of penalty kicks from German league revealed that players were more  likely 

to choke under pressure and miss the goal when playing in front of their home audience, but 

actually less likely to choke when stakes in competition were high (Dohmen, 2008). Analysis 

of almost 30.000 dart matches revealed that amateur and youth players choke  under pressure 

in important moments, while professionals not so much (Klein Teeselink, Potter van Loon, van 

den Assem, & van Dolder, 2019). In professional golf, with increased money lost due to missing 

a put on the final hole decreased the chance of actually hitting the ball (Hickman & Metz, 2015). 

A within-subject comparison of performance in low-stakes and high-stakes tennis games 

revealed consistent evidence of choking under pressure for men while much smaller and 

inconsistent effects for women (Cohen-Zada, Krumer, Rosenboim, & Shapir, 2017).  
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Different effects of pressure by gender have been also found in the education domain: 

a longitudinal study from a Spanish elite high-school found that girls performed persistently by 

0.18 SD better than boys in low-stakes exams, by 0.11 SD better in high-stakes exams, and by 

0.02 SD worse in the very-high-stakes national exams (Azmat, Calsamiglia, & Iriberri, 2016). 

A similar situation was found in French top MBA business school setting, where women 

outperformed men in a non-competitive, low-stakes setting, whereas the reverse was true for 

competitive, high-stakes matters (Ors, Palomino, & Peyrache, 2013). Moving from one 

selective  school to a nation-wide setting of the Czech admission system to universities, Jurajda 

and Münich show that women outperform men in a low-stake pilot run of nation-wide high-

school leaving exam, but in high-stakes admission exams to universities reveal that women of 

similar abilities apply to less selective tracks and even there they underperform compared to 

men (Jurajda & Münich, 2011). This overall suggests that stressful environment has different 

effects on performance of men and women. 

Laboratory experimental investigations provide a similar picture. Increasing stakes led 

to a better performance only in a routine, non-creative task, whereas when there was any need 

for creativity, large stakes decreased performance (Ariely et al., 2009). Imposing high 

emotional load and/or high uncertainty induced smaller earnings from a quiz in women, but not 

in men (Angelucci & Córdova, 2014). The first study with validated impact of stress in the 

literature Cahlíková, Cingl & Levely (2019) investigate the performance of men and women 

under stress and control conditions of the TSST-G using the paradigm of Niederle & Vesterlund 

(2007). Subjects of their experiment calculated summations of four two-digit numbers in two-

minute long rounds under different conditions and incentive structure. First, subjects performed 

in piece-rate scheme under no stress condition. Then, a first stage of the TSST-G protocol is 

executed followed by the two-minute calculations again under piece-rate condition. Comparing 

the performance levels between the stressed and control groups did not reveal any stress effects. 

Next, the subjects were performing the calculations in the forced tournament setting, which was 

beneficial for the performance of both men and women in the control group, men in the stress 

group, but was detrimental for the performance of women in the stress group. The authors 

speculate about the additive role of the two pressing forces, tournament competition and stress, 

and their effect being already choking for women but not for men, in the spirit of the Yerkes-

Dodson law. 



  55 

55 

 

6.4. Confidence  

Success in competition for social status is often not driven by objective level of abilities 

but rather ability to persuade others about own abilities and willingness to enter the competitive 

environment. Confidence is generally thought to be one of the main factors influencing the 

competitive decisions, including the biases of self-perception like over- and under-confidence 

(Taylor & Brown, 1988). Since stressful situations usually increase the costs and benefits 

associated with winning or losing in the social competition, stress may also influence individual 

behavior in such situations, including confidence and competitiveness. Confidence may be 

measured using multiple ways, most frequently using estimates of own ranking in distribution, 

estimates of an actual performance, and the estimate of precision of own belief (Moore & Healy, 

2008).  

An innovative way to measure confidence in own skills was used in an experiment 

designed to assess the impact of stress (Goette et al., 2015). In this experiment, 229 participants 

were a week before the lab protocol tested for the trait anxiety (Spielberger et al., 1983) in an 

online questionnaire, where they also participated in a test of cognitive abilities which gave 

them a certain score. In the laboratory a week later, they faced a choice between entering either 

a lottery or a contest with a randomly drawn another participant. The winner of the contest was 

determined using their scores from the cognitive ability test. Both lottery and contest paid 

nothing when participant lost, or the same prize when the participant won. Participants did not 

know the probability of winning in the lottery ex ante, but rather were supposed to state the 

smallest probability that would make them switch from preferring the competition to preferring 

the lottery. This switching probability was then taken as a measure of confidence, since a higher 

switching probability indicates a higher confidence in one's abilities. In the first game 

participants were not told relative ranking while in the second repetition they were informed if 

they scored better than the median. Participants had been exposed to either TSST-G or a control 

condition before participating in the games. The results showed that the change in confidence 

due to stress depended on the trait anxiety: in the control group, participants low and high did 

not show and significant change in confidence due to stress, while in the treatment (stress) 

group the low anxious group increased their confidence levels while the high anxious group 

decreased their confidence. The magnitude of this relationship was in line with the magnitude 

of the cortisol reaction. Additionally, even though men are consistently found to be more 

overconfident than women, interactions with neither gender nor with the score in the cognitive 

ability test were found. The second game with the signal of the relative performance did not 
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reveal any difference between stressed and control groups or an association with the trait 

anxiety, the only predictor of behavior was the signal. This study provides an example that the 

effects of stress may not be always detrimental to decision making, since they may depend on 

the personality profile of the subject. Therefore, when using stress, e.g. as a tool to stimulate 

performance, it should be carefully chosen who could be a target. 

6.5. Willingness to compete 

Another economically important trait is the willingness to enter the competitive 

environment. The growing literature shows consistent evidence that women shy away from 

competitive environment when compared to men (Niederle & Vesterlund, 2007, 2011) with 

direct implications for the real labor market situations that contribute to the gender segregation 

in positions and types of occupation that is prevalent in most countries in the world (Buser et 

al., 2014; Buser, Peter, et al., 2017; Flory et al., 2015). As argued earlier in the text, competition 

and stress go frequently hand in hand, for example during job-interviews and university 

entrance-exams, and several observational studies showed that behavior of men and women in 

such situations changes (Jurajda & Münich, 2011; Ors et al., 2013). Disentangling the role of 

stress and competitive incentives is however impossible from observational studies, and so 

several laboratory studies have addressed the question of how stress affects the gender gap in 

the individual willingness to enter the competition. All the following studies used variations of 

the game paradigm of Niederle & Vesterlund (2007). 

The game paradigm used for the study of this trait comes from Niederle and Vesterlund 

(2007). The experiment involves several rounds of performing a simple task in a given time 

frame out of which one is randomly selected for payment at the end of experiment. In the 

original setting the task was adding-up of sets of five two-digit numbers in the course of 5 

minutes. The rounds differ in the way the performance is rewarded. The first round uses the 

piece-rate scheme when each correct calculation is rewarded by a fixed amount of money (e.g. 

50 cents). The second round implements the forced tournament scheme, which rewards the 

performance more, but only for the winner in the group (e.g. $2) while the rest of the group 

receives no payment for this task. The group was in the original setting determined such that it 

comprised four people sitting in one row in the laboratory, which included two male and two 

female participants that could directly see each other. Before the third round, subjects can 

choose their preferred payment scheme for the subsequent performance, be it the piece-rate as 

in the first round or the tournament as in the second round. For the tournament scheme choice 



  57 

57 

 

they get additional information that they would compete against the result of someone else from 

their group from the round two, which avoids the self-selection of only the most confident or 

able into the third round, and by winning nobody makes the other person lose. After selection, 

participants perform the calculations under their preferred payment scheme. When this round 

is over, they are asked a similar question as before the third round, but now they chose the 

preferred payment scheme for the performance from the very first round, that was already done 

under the piece-rate scheme. Compared to the choice before round three, this choice does not 

include the subsequent performance and therefore allows to determine if overconfidence, risk, 

and feedback aversion alone. The last part includes the risk-elicitation task and beliefs about 

their rank in round one and round 2. 

Standard results show a persistent gender gap in the choice of payment scheme for the 

round three, where about one third of women and two thirds of men choose the tournament, 

and no differences in performance. Because the gap does not disappear even after controlling 

for risk-preferences, overconfidence, performance, and other observable factors, the authors 

conclude this residual is a unique trait. This has been recently challenged by argument that the 

competitiveness trait is just a summary statistic of risk-preferences and relative confidence with 

measurement error (Gillen, Snowberg, & Yariv, 2018). Overall, the original paper inspired a 

large literature investigating the drivers of the gender gap in the willingness to compete 

(Niederle & Vesterlund, 2011), with one important factor mostly ignored only until recently: 

acute stress. 

One study shows that changes in heart-rate variability during the tournament round 

predict the choice to enter the competition in round  three (Halko & Sääksvuori, 2017). They 

also find that women with a larger baseline heart-rate variability are less likely to enter 

competition but accounting for heart-rate variability still does not close gender gap. Another 

study uses two experiments to first show that competition is stressful and the increase in cortisol 

associates with competing is for women positively associated with the decision to enter 

tournament (Buser, Dreber, et al., 2017). The second experiment in this study uses the Cold 

Pressor Task to induce acute stress that leads to again no effect on men but to a positive effect 

on tournament entry for women. Finally, the authors show that the stress reaction still does not 

eliminate the gender gap. The stressful effects of competition have been further confirmed by 

Zhong et al. (2018) in their first experiment, along with a positive correlation of cortisol 

response to the choice of tournament entry. Importantly, they include 40min long breaks 

between the rounds, in order to properly measure the increase in cortisol. Their second 
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experiment used the TSST-G manipulation to induce stress, however they fail to replicate the 

gender-gap in the control group, and they also do not find any treatment effects.  

Cahlíková, Cingl & Levely (2019) also investigate the effects of the TSST-G on the 

gender gap in the willingness to compete. They show the standard gender-gap in the control 

group while in the treatment group the gap is of the same magnitude, but the levels of 

competitiveness are by about 8 percentage points lower for both men and women, though for 

genders individually the results were marginally insignificant. When explaining the gap, for 

women the channel seemed to be the worse performance under tournament incentives, while 

for men they eliminate performance, risk-preferences and confidence, to conclude that it is 

based on preference change. Contrary to Goette et al., they find no role of the trait anxiety in 

driving the results (Goette et al., 2015). 

Connecting on this work, Esopo et al. exposed 434 men in Kenya to cold pressor task 

and observed their choices between the piece-rate and competitive environments before the 

third round of the experiment. They find an 8 percentage point decrease in the willingness to 

compete, consistently with Cahlíková, Cingl & Levely (2019), and they also cannot attribute 

this change to any other driving force than to the change in preferences. Esopo et al. also 

perform a meta-analysis using the data from four mentioned studies (Buser, Dreber, et al., 2017; 

Cahlíková et al., 2019; Esopo et al., 2019; Zhong et al., 2018) to conclude that the effect is 

consistent in sing and magnitude and highly significant in the pooled setting.  

6.6. Risk preferences 

Risk is ubiquitous in our lives and our decision-making. The degree of how much a 

person is willing to take risk in own decisions constitutes risk-preferences. Together with other 

types of preferences, risk-preferences are one of the foundational blocks driving human 

behavior and underlying most of economic models. Most of the models assume the stability of 

preferences over time, but an increasing number of studies show that they may fluctuate or even 

shift in a long-term horizon (Schildberg-Hörisch, 2018), stress and related concepts playing an 

important role here. 

The area of stress effects on monetary risk-taking has been quite extensively 

investigated in laboratory, with not very conclusive results from the lab. Some studies point to 

an increased risk-taking under acute stress in the gain domain (Pabst et al., 2013a; Pabst, Brand, 

& Wolf, 2013b; Putman, Antypa, & Crysovergi, 2010; for high rewards, also Starcke, Wolf, 
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Markowitsch, & Brand, 2008), other find decisions to be more risky under stress for men, but 

less risky for women (Lighthall et al., 2009; van den Bos et al., 2009), or conclude on no change 

in risk preferences under stress (Sokol-Hessner, Raio, Gottesman, Lackovic, & Phelps, 2016; 

von Dawans, Fischbacher, Kirschbaum, Fehr, & Heinrichs, 2012). Porcelli & Delgado (2009b) 

obtained increased risk-aversion for gain domains, but increased risk-seeking for loss domains, 

Buckert, Schwieren, Kudielka, & Fiebach (2014) observe more risk-seeking in gain domains 

and no difference in loss domains among cortisol-responders. The literature is summarized in 

Table 1 for a better clarity. 

However, there are important differences in the methodology of these studies, leading 

to a variety of caveats. This may be due to several reasons: a variety of used methods to elicit 

risk-preferences, a variety of stress-inducing procedures, timing of the administration of the 

behavioral task, monetary vs. non-monetary outcomes, gains vs. losses, unclear terminology, 

and other methodological factors. A large part of literature has also used rather small samples. 

First, the terminology may be confusing. Economists generally distinguish risk from 

ambiguity in a way that risk is a situation with an unknown outcome but with a known structure 

of probability that will be used in the determination of the outcome; while uncertainty is a 

similar situation but the underlying probability is unknown (Knight, 1921). Uncertainty is 

sometimes referred to as ambiguity due to the ambiguity aversion paradox (Ellsberg, 1961). De 

Groot and Thurik for example argue that the Domain-Specific Risk-Taking Scale (DOSPERT, 

Blais & Weber, 2006)10 as well as Balloon Analogue Risk-Task (BART, Lejuez et al., 2002)11 

actually measure uncertainty and the name then creates confusion among economists (De Groot 

& Thurik, 2018). 

Therefore, when reading the literature, attention must be devoted to the task used for 

the measurement of behavior and its details since different studies use different tasks to measure 

risk-taking behavior, and especially in psychology literature the tasks are rather heterogenous. 

In short, economic literature prefers tasks that are related to the parameters of utility function 

as specified in expected utility theory or value function in the prospect theory (Charness, 

 

10 The DOSPERT Scale consists of a battery of questions asking respondent on her risk-attitudes in 

different domains of life, including for example finance, health and career. 

11 The Balloon Analogue Risk-Task consists of repeated decision to inflate of a balloon on a screen while 

with each click, the reward doubles, but the risk that the balloon pops also increases. 
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Gneezy, & Imas, 2013; Crosetto & Filippin, 2013; Harrison & Rutström, 2008), like the 

multiple-price lists (Dohmen et al., 2011; Holt & Laury, 2002)12 and recently also globally 

validated survey questions (Falk et al., 2018). The tasks used by psychologists reflect the 

freedom of choice and reward for originality in their discipline, but they are often confounded 

by multiple driving mechanisms of the change in risk preferences. One of these factors is a 

repeated feedback provided to subjects between different rounds of the task, since learning from 

and processing of the feedback is affected by stress (Hope et al., 2019; Porcelli, Lewis, & 

Delgado, 2012). In the Iowa Gambling Task (IGT, Bechara, Damasio, Damasio, & Anderson, 

1994),13 Cambridge Gambling Task (CGT, Rogers et al., 1999),14 Balloon Analogue Risk Task 

(BART, Lejuez et al., 2002) and in the Game of Dice Task (GDT, Brand et al., 2005),15 

feedback is given throughout the task and the performance.   

Next, the difference may come from the different stressor. Several studies use the TSST, 

other studies use different procedures, most frequently anticipation of a public speech or Cold 

Pressor Task. This may be a  source of differences since different stressors may yield different 

behavioral responses (Haushofer et al., 2017, 2018). It is impossible to say which stressor is 

better, since all have their pros and cons, and the researchers should always use the one that is 

the closest to the real-world situation they want to simulate in the laboratory, be it physical 

stress and pain, or psychosocial stress. 

If we focus on studies using TSST and a task that measures financial risk-taking 

behavior in gains evaluating the causal effects in the ITT manner, we get a more consistent 

picture. Von Dawans et al. (2019; 2012) included a risk game in their experiment that primarily 

measured pro-social behavior  to be able to control for changed risk preferences in the three 

 

12 Multiple-price lists usually consist of a set of questions, each of which exposes the participant to a 

choice between two alternatives, and the parameters of the two alternatives differ across the questions. Participants 

know that one of the questions will be selected at random after making the choices. For example, the binary 

decisions may include a safe alternative that is kept constant in all questions, and a lottery alternative where the 

chance of winning increases across the questions. The advantage of this type of task is that it directly measures 

one parameter of utility function, in particular the certainty equivalent (Dohmen et al., 2011). 

13 The Iowa gambling task consists of a repeated choice of a card that pays a pre-specified amount based 

on its rank from one of the two provided decks, where one deck is constructed to be disadvantageous. 

14 In the Cambridge gambling task subjects are presented with six boxes of two colors (red and blue) and 

should guess which of the two colors hide an orange token. If they choose red correctly, they gain 30 points, 

otherwise they lose 30 points. If they choose blue correctly, they gain 70 points, otherwise lose 70 points. The 

subjects are told that the probability of hiding the token is the same for all six boxes. 

15  
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other tasks, in the first paper only with 72 men and in the second only with 120 women. Stress 

was successfully induced using a full TSST-G protocol in both cases. The risk game consisted 

of a repeated choice between two lotteries, a high-risk one and a low-risk one. The main result 

is that the treatment and the control group did not differ in the number of risky choices, 

suggesting no effects of stress exposure on risk attitudes for men and women. However, the 

measure of risk attitudes used (number of risky choices) does not capture risk preferences in a 

systematic way and cannot give a more complex picture of individual risk preferences. 

Cahlíková & Cingl (2017) also used TSST-G and a validated multiple-price list for the 

measurement of risk-preferences in a one-shot manner with no feedback. They find men 

become more risk-averse due to exposure to stress after controlling for personal characteristics, 

and for women they observe a similar trend with no significant differences. In a later study with 

a similar task measuring the risk-preferences, they however do not find any stress-induced 

differences (Cahlíková et al., 2019).  

An interesting study of risk preferences under stress aimed at the possible time-

dependent effects of stress due to the fact that the physiological response axes (ANS and HPA) 

proceed with different speed and thus the effects may interact and possibly also counter-act; 

particularly the effects of adrenaline may quickly fade out while the effects of cortisol slowly 

kick in (Meir Drexler, Merz, Jentsch, & Wolf, 2019). They exposed three groups of subjects to 

TSST and then to Game of Dice Task, involving hypothetical stakes, in different time points 

after the exposure to stressor. The first two groups that played the GDT 5 and 18 minutes after 

stressor then showed less risky decisions than the control and the group that played it 28 minutes 

after TSST showed more risky behavior than the control. However, the groups consisted of 10 

male participants each, and the stakes were only hypothetical, but the results suggest the time-

dependent effects are likely to be present (Pabst et al., 2013a). 

In a similar vein,  the time-dependent effects of psychosocial stress induced by proper 

TSST-G were investigated using an incentivized risk-task on the sample of 352 men and women 

from Switzerland (Bendahan et al., 2016). The lottery task consisted of simply stating the 

smallest winning probability of 20 CHF that would make subjects choose lottery over a certain 

outcome of 10 CHF. It was administered three times with respect to execution of the stressor 

in a between-subject design (immediately after, 20 mins after and 45 mins after), so the decision 

was made by one participant only once. Stress group showed decreased risk aversion early after 

stress exposure, no differences in the intermediate time-point, and a slightly higher risk-

aversion in the late-condition, which was not significant. The authors then argue that   their 
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finding helps to explain the seemingly puzzling results found across other studies. Since von 

Dawans et al. (2012)  administered the risk game several times within 15-30 mins after stressor 

exposure, the time-dependent effects may have cancelled each other out. Other studies that 

administered the task shortly after stressor, they usually find a more risk-seeking behavior, at 

least among responders (Buckert et al., 2014; Lighthall et al., 2009; Porcelli & Delgado, 2009a; 

Starcke et al., 2008). The authors also  suggest that the difference in results they find compared 

to Pabst et al. (2013a) is due to a different nature of the task who included also losses. 

Not many experimental studies have investigated the effects of chronic stress on risk-

preferences. A noteworthy study manipulated the cortisol levels by exogenous administration 

of hydrocortisone in 36 subjects over the course of a week and a day (Kandasamy et al., 2014).   

They wanted to replicate the daily doses of  cortisol that were found in a preceding study of 

financial traders when their markets were hit by excess volatility (Coates & Herbert, 2008). 

They measured risk-preferences using a standard validated task and found no change in risk-

preferences after one day, but more risk-aversion after eight days of cortisol administration.  

The authors then argue for changing models of risk-preferences from assuming their stability 

to incorporation of the revealed dynamic features, especially with respect to economic 

fluctuation. However, the sample-size of 36 in this study was rather small and the division into 

three treatment groups did not help to increase statistical power, even in a within-subject setting.



   

 

 

Table 1: Summary of literature on acute stress and risk preferences (based on Starcke & Brand, 2012, extended) 

Study Results – Risk preferences 

under stress 

Participants Stressor Stress measurement Task Task measures Notes 

(Cahlíková et al., 2019) No effect 95 m, 95 f TSST-G Cortisol, heartrate, 

subjective 

Multiple-price list, 

gains 

Risk-preferences  

(von Dawans et al., 2019) No effect 120 f TSST-G Cortisol, heartrate, 

subjective 

Risk game: binary 

choices between 

low-risk and high-

risk lotteries 

Risk preferences Subjects knew effects of stress 

were studied (risk of self-

selection correlated with risk 

aversion) 

(Baltussen, van den Assem, 

& van Dolder, 2016) 

More risk aversion 80 students Stage 

performance 

None Deal-no-deal 

game 

Risk-preferences no manipulation check 

(Koppel et al., 2017) More risk-taking in gains 

(d=0.12), no difference for 

losses (d=-0.05) 

109 students, 

within-

subject 

Thermal 

stimulation – 

heat up to 

49℃ 

Subjective pain 

perception 

Safe or 50/50 

lottery, 5 trials 

Risk-preferences Time-pressure: 12s per answer 

Repetition of decisions 

(Cahlíková & Cingl, 2017) Less risk-taking for men, 

after controlling for 

observables; for women 

similar direction but not 

sig. 

Students, 70 

f, 81 m 

TSST-G Cortisol, heart-rate, 

subjective 

Multiple-price list, 

gains 

Risk-preferences  

(Sokol-Hessner et al., 2016) No effect on risk, loss-

aversion 

120, within-

subject, 2 

excluded 

CPT Cortisol 150 choices in 

risky monetary 

binary gambles 

Risk-preferences Repeated risk-taking task 



   

 

(Buckert et al., 2014) More risky behavior of 

cortisol-responders 

Students, 89, 

39f, 36m 

(+14 

excluded) 

TSST-G Cortisol, heart-rate, 

MDMQ 

Taylor-made Risk-preferences A third of subjects not stressed, 

not causal analysis 

(Kandasamy et al., 2014) More risk-averse after 8 

days 

20m, 16f Hydrocortison

e over 8 days 

Cortisol Hey & Orme 

(1994) 

Risk-preferences Direct administration lacks 

psychological effects of distress 

(Pabst et al., 2013b) Less risky behavior of 

stressed in losses, no effect 

in gains 

Students 

40m / 40f 

TSST, placebo 

TSST 

Cortisol, alpha-amylase, 

PANAS 

GDT framing with unequal 

distributed EVs across 

alternatives 

Testing between 10AM and 

12AM, subjects informed of 

stress 

(von Dawans et al., 2012) Men: No difference in the 

number of risky choices 

between treatment and 

control 

Students  

67 m  

TSST-G Cortisol, heart rate,  

subjective stress 

Risk game: binary 

choices between 

low-risk and high-

risk lotteries 

Risk preferences Subjects knew effects of stress 

were studied (risk of self-

selection correlated with risk 

aversion) 

(Simonovic, Stupple, Gale, 

& Sheffield, 2017) 

Stressed participants slower 

to avoid disadvantageous 

decks 

29 m, 31f 

students  

Anticipated 

Speech 

Blood pressure, 

subjective 

IGT Risk preferences, 

feedback processing 

(reward sensitivity, 

learning) 

 

(van den Bos et al., 2009) High-cortisol responders 

chose the disadvantageous 

(riskier) deck less often; U-

shaped relation  

Students & 

university 

staff  

30 m/34 f 

TSST Cortisol IGT Risk preferences, 

feedback processing 

(reward sensitivity, 

learning) 

Not a full control procedure in 

TSST; Analysis: not a causal 

effect of stress,  



   

 

(Lighthall et al., 2009) Men: higher average 

number of balloon pumps 

in treatment 

Women: lower average 

number of balloon pumps 

in treatment 

22 m/23 f CPT Cortisol BART Risk preferences, 

feedback processing 

(reward sensitivity, 

learning) 

No cortisol increase for men, 

mild for women; Task: in the 

analysis only observations 

where the balloon did not 

explode were used 

(Starcke et al., 2008) Stress led to more 

disadvantageous choices. 

Cortisol reactions and risky 

decisions are correlated. 

Students  

18 m/22 f 

Anticipated 

Speech 

Cortisol, alpha-amylase, 

STAI 

GDT Risk preferences, 

strategy application, 

feedback processing  

 

(Porcelli & Delgado, 2009b) On gain domain trials, 

stress led to more 

conservative choices, on 

loss domain trials, stress led 

to more risky choices 

Students  

14 m/13 f 

CPT Skin conductance Modified CGT Risk preferences, 

feedback processing 

(reward sensitivity) 

Within-subject treatment – 

control, then stress condition 

(order effects?) 

(Preston, Buchanan, 

Stansfield, & Bechara, 

2007) 

Men: Acutely-stressed men 

are risk-taking, acutely-

stressed women are risk 

averse 

Students & 

university 

staff 20 

m/20 f 

Anticipated 

speech 

Heart rate IGT Risk preferences, 

feedback processing 

(reward sensitivity, 

learning) 

Stressor less effective, no 

cortisol measure 

(Putman et al., 2010) Stress led to more risky 

decisions when the 

potential reward was high  

Students  

29m 

Application of 

cortisol 

Cortisol, STAI Modified CGT Risk preferences, 

feedback processing 

(reward sensitivity) 

 



   

 

(FeldmanHall, Raio, 

Kubota, Seiler, & Phelps, 

2015) 

Stressed subjects gambled 

more money 

60 subjects, 

4 excluded, 

28 m 28 f 

CPT Cortisol and alpha-

amylase 

36 gambles, 

feedback on 

winning 

Risk preferences, 

feedback processing 

(reward sensitivity) 

 

(Canale, Rubaltelli, Vieno, 

Pittarello, & Billieux, 2017) 

No main effect, mediated 

by impulsivity 

60 students 

(30m/30f) 

CPT Subjective stress 36 gambles, As in 

FeldmanHall et al. 

(2015) 

Risk preferences, 

feedback processing 

(reward sensitivity) 

Repeated feedback on gambling 

(Bendahan et al., 2016) Early group: less risk 

aversion 

Middle group: no effect 

Late group: more risk-

aversion, not sig. 

352 students TSST-G Cortisol, heart-rate, 

subjective reports 

Lottery games, 

three time points 

Risk preferences 18% in control, 45% in 

treatment cortisol responders 

(Steinbeis, Engert, Linz, & 

Singer, 2015) 

No effect on risk 145m Anticipatory 

TSST 

Cortisol, STAI Risk task (von 

Dawans et al., 

2012) 

Risk preferences, Deception; Only 25/73 in 

treatment increase in cortisol 

(Nowacki et al., 2019) If risk-task  novel, then 

stress decreased risk-taking 

32f, within 

subject 

TSST Cortisol, alpha-amylase, 

blood pressure 

BART Risk preferences, 

feedback processing 

(reward sensitivity, 

learning) 

Task repetition, feedback 

processing 

 

Notes: f=female, m=male; TSST=Trier Social Stress Test, TSST-G =Trier Social Stress Test for Groups, CPT=Cold Pressor Task; STAI=State Trait Anxiety Inventory; 

IGT=Iowa Gambling Task, BART=Balloon Analogue Risk Task. GDP=Game of Dice Task, CGT=Cambridge Gambling Task
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6.7. Time preferences 

Many daily decisions include the trade-off between immediate and delayed rewards, 

usually between a sooner-smaller and later-larger reward. The immediate or very short-term 

rewards are disproportionately valued which has been labeled a “present-bias” (Frederick, 

Loewenstein, & O’Donoghue, 2002). Situations where people make inter-temporal choices are 

again frequent, be it for example doctor making decision between a slower-more-efficient 

alternative and an immediate quick-fix. The very nature of stress reaction puts emphasis on 

avoiding the stressor in the very moment while postponing all unnecessary tasks into future. 

This suggests that a stressed person is more focused on present than on future, compared to a 

non-stressed situation. The standard way of measurement of time-discounting behavior are the 

multiple-price lists, where a subject should repeatedly indicate a preference between a smaller 

reward pain in a shorter horizon, or a larger reward paid in a longer horizon, with the reward 

consisting of money or effort (Augenblick, Niederle, & Sprenger, 2013). 

Even though field studies reveal correlations between stress, difficulty of self-control 

and the resulting present-biased preferences (for summary and references, see Haushofer & 

Fehr, 2014), laboratory studies on the effect of acute stress on inter-temporal choice provide 

mixed evidence (for a summary see Table 2). A large part of the studies come from one research 

group around Johannes Haushofer and the Busara center in Kenya (Chemin, Laat, Haushofer, 

et al., 2013), therefore the methodology and subject pool used in the studies is rather 

homogenous, for all the pros and cons this brings. Psychological literature investigated a lot of 

phenomena related to time discounting and stress using a wide variety of methods (for a review 

and meta-analysis, see Fields, Lange, Ramos, Thamotharan, & Rassu, 2014), but these were 

either non-incentivized, involved deception, or stressor was rather vaguely operationalized, as 

e.g. in Kimura et al. (2013), subjects operated with hypothetical discounting task which has 

been shown to matter in the context of eliciting preferences (Camerer & Hogarth, 1999; Siegel 

& Goldstein, 1959).  

Based on neurobiological evidence it could be hypothesized that acute stress should, 

via the increased hormonal and neurotransmitter levels, facilitate the short-term solutions 

immediately after the stressful situation, whereas later on the restorative slower changes would 

favor the long-term oriented goals (Haushofer et al., 2013). To examine this, Haushofer et al. 

(2013) exposed 142 male subjects to either TSST-G or control procedure and let them solve 

six blocks of inter-temporal choice task, where always a smaller reward was paid the next day 
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/ six months and one day, and a larger reward was paid in a later horizon, ranging from 3 and 

12 months / 3 and 12 months and one day. The smaller amount was then adjusted through the 

titration method to find an indifference point for the particular delay combination, which then 

identified individual discount functions of each subject (Mazur, 1988). This was carried out for 

treatment and control groups in short-term and long-term horizons after the exposure to the 

stressor, i.e. directly after the end of the TSST-G, or 20 minutes after. There were no effects 

found for either of the group in various specifications. The subjects who responded with an 

increase in alpha-amylase were found to be present-biased, but the relationship was only 

weakly significant and one among many statistical tests, so the authors do not consider it.  

Another study similarly hypothesized that cortisol would bring different effects based 

on the timing of behavioral measurement (Riis-vestergaard et al., 2018). The direct 

administration of hydrocortisone was used as a stressor and a proper elicitation of the time-

preference with a series of incentivized intertemporal decisions was carried out. The 79 male 

students were given the pill with hydrocortisone either 15 min before or 195 min before 

completing the time-discounting task, or placebo in case of the control group. The results show 

that the group where cortisol was induced 15 min before the task exhibited more impatience 

than the control group, while the group where cortisol was administered 195 min before 

decisions displayed no change in behavior. These two studies expose that stress is far more 

complicated that just the administration of hydrocortisone and the resulting effects on behavior 

may be completely different following different approaches.  

To follow-up on this, Haushofer, Jang & Lynham (2017) exposed 705 subjects from 

poor background in Nairobi to three different types of stressors: social (standard TSST-G), 

physical stressor (Cold Pressor Test) and an economic game (the centipede game); each 

executed in a stress-inducing and control condition. The time discounting was measured again 

using the titration algorithm. The authors did not take physiological measures of stress, only 

self-reports of stress and negative mood. The different stressors differently impacted the self-

reported stress and negative mood – the TSST induced no change between the treatment and 

control conditions; CPT impacted subjective stress but not mood; and centipede game impacted 

both stress and mood, but only modestly. The results show that the social stressor TSST 

decreases temporal discounting (makes subjects more patient), the physical stressor CPT has 

no effect, and the economic stressor robustly increases discounting. This further supports the 
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claim of the differential effects of different types of stress stemming from different types of 

stressors. 

A recent study from Kenya from the same research group extended the research design 

by using also the direct administration of hydrocortisone, in addition to TSST, CPT, and 

centipede game (Haushofer et al., 2018). The 1141 subjects of the study were recruited from 

the poor neighborhood in Nairobi and were randomly distributed to one of the four stressors 

(control or stress-inducing condition), to which they were exposed every day for 7 days. The 

behavioral measurement of time discounting used the multiple-price list of not money but effort 

in the form of the number of calls to experimenters in 10 min intervals in the evening. The 

stressors were again not very effective: this time the authors also sampled cortisol, which 

showed an increase only in the group with hydrocortisone administration, while the subjective 

rating of stress was higher only in the TSST group. The behavioral results reveal overall null 

results of stress on temporal discounting; while the self-report reveals consistent and small 

effects of stress on temporal discounting: on day 1 all four stressor pooled together created an 

impact of 4% increase in patience, and on day 7 a 3 % increase in patience. 

In a different study, 90 old people (50+ years old) were exposed to CPT or a series of 

three intelligence tests as cognitive stressors (Delaney, Fink, & Harmon, 2014). The time 

discounting behavior was measured first before and after the stressor, and then two days after 

again. Their results show a more present-biased preferences. Koppel et al. (2017) exposed 109 

subjects to a very high temperature on the arms as a stressor, and measured the time discounting 

using a set of binary questions on smaller-sooner or larger-later reward, in a within-subject 

design. They find that the high temperature made subjects more impatient but did not include 

a physiological measure of stress and included time-pressure in the form of a binding time limit 

of 12 s per answer, which could have confounded with induced stress. 
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Table 2: Summary of studies on acute stress and time-discounting 

Study Results – Risk preferences 

under stress 
Participants Stressor Stress 

measurem

ent 

Task Notes 

(Haushofer et al., 2018) Behavioral - no effect;  

Self-report - more patience - 

small effects using behavior, 

consistently more patient 

with survey  

Poor Kenyans 

525 CPT,  

527 hydrocort.,  

567 TSST,  

516 centipede game 

CPT, 

Hydrocortisone, 

TSST, centipede 

game over 7 days 

cortisol Multiple-price list 

of effort, gains 

and losses; self-

report 

No cortisol increase, except for 

hydrocortisone; no subjective 

stress increase except for TSST 

(Haushofer et al., 2017) TSST makes subjects more 

patient, CPT has no effect, 

Centipede game robustly 

increases discounting. 

Poor Kenyans 

235,  

97, 

348 

CPT, 

TSST, centipede 

game 

PANAS, 

self-reports 

titration No physiological measures of 

stress 

(Haushofer et al., 2013) No effects Students, 142 m TSST-G Cortisol, 

alpha-

amylase 

titration  

(Riis-vestergaard et al., 

2018) 

sooner administration more 

impatience,  

late administration: no effects 

Students, 79 m  Hydrocortisone 

administration 

Cortisol titration  

(Delaney et al., 2014) Stress increases discounting 

rates  

97 old people, 90 

finished  

CPT,  

Three intelligence 

tests 

Cortisol, 

heart-rate, 

blood-

pressure 

Multiple-price list Only old people enrolled (50-79 

y.o.) 

(Koppel et al., 2017) Stress makes people more 

impatient 

109 students, within-

subject 

Thermal 

stimulation – heat 

up to 49℃ 

Subjective 

pain 

perception 

Smaller-sooner 

vs. larger later, 4 

trials 

Time-pressure: 12s per answer 

Repetition of decisions 

(Kimura et al., 2013) Increased delay-discounting 

in cortisol responders, within-

subject 

39 students, 30 m TSST Cortisol. 

CRP, 

ECG, 

subjective 

Hypothetical   
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6.8. Social preferences 

Social preferences refer to how people rank different allocations to themselves and 

others (Camerer & Fehr, 2003). Contrary to the main assumption in neoclassical theory, 

consistent evidence stemming from several economic games shows that people are not 

inherently selfish and care about the outcomes of others, which gave rise to a large literature, 

including several well-known theories of other-regarding behavior, like the inequality-aversion 

models, fairness and reciprocity, and include among others cooperation, trust and altruism 

(Falk & Fischbacher, 2006; Fehr, Fischbacher, & Gächter, 2002; Fehr & Gächter, 2002; Fehr 

& Schmidt, 2006). They matter for economic growth (Berggren, Elinder, & Jordahl, 2008; Zak 

& Knack, 2001), but also for the effects of competition on market outcomes, effects of material 

incentives, determination of optimal contracts and property rights, and for the social norm 

evolution and  market failures (Fehr & Fischbacher, 2002). 

For the study of the non-selfish motivations in economic transactions, a set of games 

was established and widely tested (Camerer & Fehr, 2003; Charness & Rabin, 2002). First, in 

the dictator game (DG, Kahneman, Knetsch, & Thaler, 1986), the decision-maker is supposed 

to divide a sum of money between herself and an anonymous stranger, who knows about the 

division procedure but has complete passive role and can only accept the proposed division. 

This game has been widely used and established for the measurement of altruism, or “liking” 

(Engel, 2011). Second, if the receiver in the game gets the right to approve the proposed 

distribution, but also to reject it which results in no money given to anybody, this game is the 

Ultimatum game (UG, Güth, Schmittberger, & Schwarze, 1982). The frequent rejections of 

very unequal splits gave rise to inequity aversion theories and the fairness and reciprocity  

models (Falk & Fischbacher, 2006). Third, if the first-mover can invest money in the second-

mover in the form that the transfer is tripled by the experimenter, and  the second mover then 

can return a positive non-tripled transfer back to the first-mover, this game has been used for 

the measurement of trust (the first-mover’s decision) and trustworthiness (second mover 

decision) and labeled Trust game (TG, Berg, Dickhaut, & Mccabe, 1995). For the measurement 

of cooperation, the gold standard is the prisoner’s dilemma, or in the modification for more 

players the voluntary-contribution mechanism version of the public-goods game (Camerer & 

Fehr, 2003). 
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Earlier I have argued using the plentiful evidence that stress causes important changes 

in our cognition and behavior in favor of higher vigilance and physical capacity to increase the 

chance of successfully dealing with the stressor. From the evolutionary perspective there have 

been the frequently used the term “fight-or-flight” (Cannon, 1932) highlighting the two types 

of reaction stress facilitates, sometimes appended with in the way “freeze-fight-or-flight” 

(Roelofs, 2017), operated mainly through the SAM system. This has been challenged by a new 

concept originally tailor-made for women, the “tend-and-befriend” behavioral reaction 

suggesting that because women had a different role during evolution than hunting, stress 

reaction may have evolved in order to favor different type of response than for men: finding 

positive social support searching for safety for own offspring (Taylor et al., 2000) which has 

actually been soon after extended also to men for the case of reactivity in social dimension 

(Taylor, 2006). The “tend-and-befriend” reaction is based on observation that some stressors 

cause the release of oxytocin which is a hormone that should then increase the affiliative 

behavior, together with opioid and dopaminergic systems (Sandi & Haller, 2015).  

The social dimension of stress reactivity has been investigated in several studies using 

economic games under experimentally induced acute stress (for a summary, see Table 3). A 

prominent study in this field exposed a sample of 72 men to TSST-G and right in the middle 

of the stress protocol they played a set of simple dynamic economic games where the partner 

was always a non-stressed participant from another group to avoid the misery-loves-company 

effect (von Dawans et al., 2012). The games included always two options and were 

administered in a strategic form, which means that subjects were not informed of the real 

decision of the other participant, but they were supposed to give their answer for any situation 

that could have happened. For the measurement of pro-social behavior the researchers used a 

binary trust game including the trust-worthiness part and a sharing game, which was actually a 

binary dictator game; antisocial behavior was measured with a “punishment” game16 which 

was actually a variant on the ultimatum game; and a non-social risk game where subjects could 

choose either a low-risk or a high-risk situation, where they faced lottery with constant winning 

probabilities of 50%, but the variance of prizes varied (e.g. in the high-risk condition 52:4 

compared to 27:23 in low risk condition). The games were administered in two blocks with 

 

16 Punishment game consisted of two options for the non-stressed participant: either split the pie equally, 

or not, and in case of not splitting equally, the stressed participant could either accept, which resulted  in a large 

payoff for non-stressed compared to the stressed participant (e.g. 48:2), or he could reject, which resulted in zero 

payoff for everybody. 
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two variants of each game in each block that differed only in the payoffs. Subjects have been 

found to be more trusting, trustworthy and sharing, while they did not show a change in the 

non-social risk and "punishment" dimensions, compared to the control group. The results 

generally support the “tend-and-befriend” type of reaction, even though the sample consisted 

of men only. 

In a different study with the identical design, the same research group investigated the 

effects of psychosocial stress on women while paying special focus on the role of oral 

contraceptives that has been suspected to influence the stress reaction (von Dawans et al., 

2019). The results showed qualitatively similar results to the previous study that was done on 

men: stress caused women to be more trusting ( ), trustworthy ( ) and sharing 

( ) behavior with no effect on punishment and non-social risk. The group with oral 

contraceptives differed only a little from the group of free cycling women: the oral 

contraceptives group did not increase their trust under stress. The second study further supports 

the “tend-and-befriend” type of behavioral reaction. 

In another study, male participants went first through the TSST-G protocol and then 

were tested in prosocial decision making, but either directly after stressor or 75 minutes later 

to reveal time-dependent effects of stress on behavior (Vinkers et al., 2013). The games applied 

were the Ultimatum game with an anonymous non-stressed partner and a one-shot Dictator 

game where subjects could donate to charity. The stressed participants acted as responders in 

UG while the hypothetical identity of proposers and the proposed division of the pie was varied, 

but the participants were deceived. The stressed participants in the late condition showed a 

significantly smaller rejection rate when offered 30% of the pie (but not for 10%, 20%, 40% 

and 50%) in UG than the early condition, and than both late and early conditions in the control 

group. In the DG the stressed participants donated significantly a little bit less than the control 

group, while there were no differences in these groups with respect to timing of the game.17 

FeldmannHall et al. (2015) exposed 56 subjects to a Cold  Pressor Task or a control 

condition and then administered a binary-choice Trust game in 36 trials, each time being the 

first-mover with a different, non-stressed partner, being given a feedback on behavior of the 

 

17 For a more detailed discussion of the potential channels based on findings from neuroscience and 

animal studies, see Buchanan & Preston (2014). 



   

74 

 

second-mover.  The design involved deception because the partners were not real, their photos 

were taken from a different study because all the faces were similarly rated for trustworthiness, 

and their decisions were executed by a computer algorithm. The results show a little lower trust 

for the stressed group compared to the control, but the change is not significant. The authors 

then show the path-dependency of decisions in trust game is not present, compared to the non-

social risk domain.  

In a related study, Trust game was played with 96 participants who were stressed with 

the CPT or socially evaluated CPT, again with the deception about partner (Potts, McCuddy, 

Jayan, & Porcelli, 2019). Trust game was played in 36 trials, where in each trial subject had to 

decide whether to invest a pre-specified share of endowment of $12. The authors also included 

a variation in the time elapsing from the stress induction – either immediately after stressor, or 

25 mins after. This design resulted in individual cell sizes of 14 to 16 subjects, making 

statistical comparisons exposed to small power. They find smaller trust of the two stress groups 

for the highest offered share (100 %) of the $12, but marginally higher for $0 and $4 and not 

different for $8. The authors conclude that acute stress causes lower trust. 

Ultimatum game and prisoner’s dilemma (PD) were administered in another study to 

120 men and women, who underwent TSST or were doing nothing in a control condition 

(Nickels, Kubicki, & Maestripieri, 2017). The partner was again hypothetical and subjects were 

just shown a photo of a person of the same gender. The UG was played by subjects once being 

a proposer and once as a responder, and the PD was played over ten rounds. The authors also 

administered a hypothetical scenario of helping a person in danger. The results show no effect 

on offer in the UG, with the interaction of gender and treatment condition approaching 

significance in that men tended to offer a little less and women little more. There was also no 

difference in the rejection rates. In the PD, they found a significant interaction in that men 

exposed to stress cooperated a little less while women a little more.  

Ultimatum game was administered in another study, where the authors focused on the 

behavior of the second mover and manipulated the fairness of the offer (Youssef, Bachew, 

Bissessar, Crockett, & Faber, 2018). They used again the deception concerning the partner, and 

they also imposed time pressure in that the participants had for 1s revealed the partner’s photo, 

for 1s revealed the offer, and had 3s for making the decision. The main result is that for women, 

the stress manipulation reduced the rejection rates, while for men there was no effect. This 

result goes in the same direction as one previous study that was however executed with much 
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smaller number of participants and tested many conditions thus exposing their analysis to a 

high-risk of false-positive findings (Prasad et al., 2017). 

Dictator game was used in a study focused on time-dependent stress effects and social 

distance on sharing behavior (Margittai et al., 2015). Subjects went through the TSST-G or a 

control procedure and then were asked to share money with a person, where there were three 

rather similar stake sizes (13, 15, and 17 EUR) and eight social distance levels, giving 24 trials 

presented in random order for duration of 10s each, given in the early (20 min after stressor) 

or late (90 min after) condition. One of the trials was selected for payoff, in which case the 

participant was asked to provide the address of the counterpart if it was a friend, or the money 

was given to a random person on campus. For the analysis of generosity, they calculated area 

under curve of the amount shared by each participant that was transformed by fitting a 

hyperbolic function to the actual percentages of shared money. The generosity was found to be 

impacted in a time-dependent manner, when the early group had a higher sharing parameter to 

the socially close individuals than its control group, while the late group did not have a different 

sharing pattern than the control. Interestingly, they found an increase in subjectively rated 

positive mood for the treatment group and in negative mood for the control group. The authors 

argue that their results reconcile conflicting findings of Von Dawans et al. (2012) and Vinkers 

et al. (2013) because the recipients in the two studies differed in the social distance (a person 

in another room vs. charity). 

This research team followed up with  another study with a similar design using the 

social-distance task, but this time with an exogenous administration of hydrocortisone, 

noradrenaline (via yohimbine pills) and their interaction as they represent two most prominent 

hormonal drivers of the two activated physiologic axes during stress, the HPA and the SAM 

(Margittai et al., 2018). The authors used again the dictator game with variation in social 

distance, which was then used for the calculation of parameters of a fitted function. Their 

results show that cortisol alone increased generosity toward socially close others, but 

noradrenaline did offset this effect. This suggests that the different hormones released during 

the stress reaction may work in the opposite directions in behavioral outcomes and therefore it 

may matter when exactly the behavioral task is administered, if they are driven by the relative 

concentration of the hormones. 

The nature of the social closeness was further investigated using manipulation of 

interaction with an in-group or an out-group partner which was determined using the minimal-
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group-paradigm (Steinbeis et al., 2015). The authors follow von Dawans et al. (2012) design 

and administer Trust game, Dictator game, Ultimatum Game, Joy-of-destruction game and a 

non-social risk-task. Participants underwent the stress induction using the anticipated TSST 

that was introduced by a short presentation to the committee, but not actually presenting the 

public speaking task, and then a short video with the instructions was played to all participants 

in a session. The stress manipulation induced an increase in cortisol of at least 1.5 nmol/l in 

only 25 out of 73 subjects in the treatment group. The results show that subjects exhibited less 

trust in stress group compared to control; and more burning decisions against out-group. 

A large interesting study that used 352 students in the TSST-G paradigm examined the 

behavior in an anti-social risk game and compared the decisions to non-social risk (Bendahan 

et al., 2016). The antisocial risk game asked subjects to state the smallest winning probability 

that would  make them choose a lottery where they could win 20 CHF with 50% over a sure 

payment of 10 CHF; and moreover if they get the sure payment, another person from the study 

receives also 10 CHF, while if they get the lottery, the other person receives nothing. Stating a 

higher probability than in the case of non-social risk indicates pro-social preferences. The 

results show negative effect of stress on anti-social risk aversion on switching probabilities, 

which can be interpreted such that under stress subjects did not consider the wellbeing of the 

other person as much as the control subjects. This contrasts with results of other studies 

showing more prosocial behavior, and could be due to different social distance, richer set of 

alternatives in the task, or timing of measurement.  
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Table 3: Summary of studies on acute stress and social preferences 

Study Results – Risk preferences under 

stress 

Participants Stressor Stress 

measurement 

Task Notes 

(von Dawans et al., 2019) Women: more trust, trustworthiness 

and sharing, no effect on punishment 

120 f (+15 

excluded) 

TSST-G Cortisol, 

heartrate, 

subjective 

Trust game, 

Dictator game, 

Ultimatum game 

 

(von Dawans et al., 2012) Men: more trust, trustworthiness and 

sharing, no effect on punishment 

Students  

67 m (+5 

excluded) 

TSST-G Cortisol, heart 

rate,  

subjective stress 

Trust game, 

Dictator game, 

Ultimatum game 

 

(FeldmanHall et al., 2015) Stressed subjects trusted not sig. less  60 subjects, 4 

excluded, 28 m 

28 f 

CPT Cortisol and 

alpha-amylase 

Trust game – first-

movers, 36 trials 

Deception, path-dependent,  

(Vinkers et al., 2013) Time-dependent effects: in late 

condition, more rejections for 30% 

UG offer, but not 10%, 20%, 40% 

and 50%; smaller donations in DG 

80 m TSST-G Cortisol and 

alpha-amylase, 

self-report 

Ultimatum game, 

Dictator game 

Deception, weak results,  

(Potts et al., 2019) Stress group trusted less when 

supposed to invest 100%, unclear for 

the rest 

47f, 49m CPT, 

SECPT 

Cortisol, skin 

conductance 

Trust game, first-

movers, 36 trials 

Deception, small cell size – 

small power 

(Steinbeis et al., 2015) Less trust, more spite against out-

group 

145m Anticipator

y TSST 

Cortisol, STAI Trust game, 

Dictator game, 

Ultimatum Game, 

Joy-of-destruction 

Deception,  

Only 25/73 in treatment increase 

in cortisol 

(Nickels et al., 2017) UG: no main effects, trend for men 

giving lower offers in UG and 

women higher offers  

PD: men less, women more 

cooperation in PD 

60m, 60f TSST Self-reports Ultimatum game, 

Prisoner’s 

dilemma 

Prosocial 

hypothetical risk 

Deception, improper control 

procedure, no physiological 

measurement of stress 
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(Prasad et al., 2017) Women: less likely to reject unfair 

offer under stress 

Men: no effect 

Students 

20m, 19f 

TSST Cortisol, self-

reports 

Ultimatum game Deception, Small sample, 

interaction with testosterone; 

improper control group - 

relaxation 

(Youssef et al., 2018) Women: less likely to reject offer, 

no matter fairness 

Men: no effects 

62f, 56m (+24 

excluded) 

TSST Cortisol Ultimatum game, 

2nd movers, 24 

trials 

Deception, Time pressure: 1s 

see stake, 3s for decision 

(Margittai et al., 2015) Men: more sharing toward socially 

close in early group, no effect in late 

group  

78 m TSST-G Cortisol, alpha-

amylase, 

heartrate, 

subjective 

reports, STAI 

Dictator game, 8 

social distances, 3 

endowment levels, 

2 groups (early, 

late) 

Time pressure – 10s per trial; 20 

observation per cell; stress 

ratings – positive mood in stress 

group, negative mood in control 

(Margittai et al., 2018) Hydrocortisone: more sharing with 

close others; yohimbine: offsets 

hydrocortisone  

150 m Hydrocortis

one, 

yohimbine 

administrati

on, 

interaction 

Cortisol, 

noradrenaline, 

subjective 

reports 

Dictator game, 8 

social distances, 3 

endowment levels, 

2 groups (early, 

late) 

Bonferroni corrections of main 

effects 

(Bendahan et al., 2016) Stress increases antisocial risk 

seeking – taking others less into 

account 

352 students TSST-G Cortisol, 

heartrate, 

subjective 

reports 

Antisocial risk 

task, three time 

points 

18% in control, 45% in 

treatment cortisol responders 
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6.9. Related behavioral concepts 

Habitual vs. goal-directed behavior 

Habits are important automatically and repeatedly executed behaviors in response to a 

certain stimulus or a situation (Robbins & Costa, 2013). Training a behavior to make it become 

habitual is vital because it frees cognitive resources, which may prove to be especially 

beneficial in the time of acute stress, since stress disrupts learning and the functioning of the 

“rational” part of brain, the PFC, which is generally be demanding on working memory 

(Starcke & Brand, 2012). Imagine a Frenchman entering the UK in a car and from the right 

side of the road he must drive on the left. Suddenly many automatic routine actions need to be 

freshly processed and become goal-directed processes as opposed to habitual processes which 

they used to be in France. Reacting to a dangerous situation in the UK may be much more 

difficult than in France due to lower cognitive capacities. Acute stress seems to generally affect 

a flexible adaptation of behavior mainly due to worsened goal-directed control, so if a person 

has a choice, under stress  prefers the habitual processes (Schwabe & Wolf, 2013; Wirz, 

Bogdanov, & Schwabe, 2018). In an experimental investigation, 80 men and women received 

either a dose of hydrocortisone, yohimbine, or both, and participated in an instrumental 

learning task under socially evaluated CPT (Schwabe & Wolf, 2009). The instrumental 

learning task consisted of three types of trials where subjects were supposed to choose between 

two abstract symbols, out of which one led with a high probability to a food outcome (orange 

juice or chocolate milk delivered directly into mouth, or neutral trial with water) and low 

probability of peppermint tea, while the second symbol led with low probability to peppermint 

tea only. If the food outcome was not won, no liquid was delivered. Participants first indicated 

their decisions in 75 trials of each type where they should have learned the associated 

probabilities of outcomes (training) before eating either chocolate or oranges that devalued the 

utility of the particular food and playing 75 trials of each type again. The authors interpret a 

decrease in choice of symbol delivering the devalued food outcome as a goal-directed decision, 

while choosing the symbol with the same frequency as a habit performance. The stress 

treatment did not affect the learning curve in the first training part, while after devaluation of 

one of the food outcomes which the authors label the extinction test, subjects in the control 

group made significantly fewer decisions that would give them the devalued food, but in the 

treatment group no difference was observed, which is interpreted as a habitual behavior.  
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This task was used in another experiment where subjects were administered with 

hydrocortisone, yohimbine, or both (Schwabe, Tegenthoff, Höffken, & Wolf, 2010). The 

extinction test showed a behavioral adaptation to the devaluation of one of the food outcomes 

for the groups with sole hydrocortisone and sole yohimbine, but the group with both substances 

administered did not adapt and continued with choosing the devalued option with the same 

frequency. The authors then interpret it such that the effects of stress on habitual behavior stem 

from the combined effect of the two hormones. 

Conformity, imitation 

If acute stress occupies a part of working memory, it should be also more beneficial to 

pick up strategies that may work better in such environment, such as imitation of behavior of 

others. One study investigated the effects of time-pressure and Stroop test on the behavior in 

the Cournot duopoly game, where players could request information about the decisions of 

other players (Buckert, Oechssler, et al., 2017). The authors measured in 63 men the cortisol 

and heartrate change due to the task and manipulation and found a modest but significant 

increase in cortisol in both treatments compared to control condition, and they also found more 

requests for information in both treatments and more imitation instances under time pressure.  

In another study 140 subjects were exposed to TSST-G protocol and made repeated 

decisions with feedback in a tailor-made probabilistic task where they were supposed to update 

their priors based on a new signal that could have been either of a private or a public nature in 

a sense that the public signal revealed the decision of someone else, potentially of a group of 

other players (Cingl, 2018). The probabilistic task was administered before and after the TSST-

G and the results of the difference-in-difference analysis showed robustly no effect of treatment 

on the behavior of participants. 
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7. Chapter three: Theories of stress effects 
on human behavior 

There are many dimensions of the stress reaction that may be modelled. In the 

psychology literature, there have been mostly models of how the physiological stress reaction 

proceeds and affects different parts of body, but in the domain of how it affects human 

behavior, relatively few models have been constructed. The psychological models are mostly 

just conceptual, broadly predicting the stress effects on behavior in various domains. There is 

a substantial heterogeneity in what dimension of stress reaction is modelled, since there are 

marked differences between the stress effects in the short term and long term horizon, between 

the effects of stressors of different intensities, between the individual coping styles an resilience 

levels, and between genders. A general consensus posits that the short-term, acute stress 

reaction should enhance the organism’s chances at coping with the stressor, which resulted in 

the “fight-or-flight” (Cannon, 1932) and “tend-and-befriend” (Taylor, 2006) theories of bio-

behavioral response, mostly based on the observations from animals studies.  

These theories assume that the stress reaction functions through the SAM and HPA 

axes with an important role of oxytocin, and the behavioral effects should stem from the gender 

specific role of stress reaction that developed due to the selection process in the evolution 

favoring behavioral strategies with a higher fitness and survival rate, because the stress reaction 

was markedly shaped during the time of gender-specialized work (Taylor, 2006). For men, as 

their role throughout the history is assumed to be connected with hunting and warfare, the acute 

stress reaction should result in changes increasing vigilance, power, and immediate strategy 

selection due to adrenaline and nor-adrenaline secretion, followed by increased endurance due 

to cortisol inflow, which should ultimately improve the combat survival rate. For women, their 

role is assumed to be more related to gathering and childrearing than hunting, and for this 

purpose the selection pressure likely favored behavioral responses connected with finding 

social affiliation and support from conspecifics which helped them form winning coalitions 

that were important in probability of survival and reproduction. In the long run, because body 

intends to adapt to the challenge, the exposure to chronic stressors depletes the reserves of 

energy stored in the organism and results in worse health-outcomes due to suppression of 

certain immunity system functions, the reduction in working memory that keeps being pre-
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occupied with the stressor, load of negative emotions, and the results of general fatigue of the 

organism (Lupien, McEwen, Gunnar, & Heim, 2009; McEwen, 2007). The allostatic-load 

model has been conceptually used in the management literature in the area of the investigation 

of effects of stress on well-being at work (Ganster & Rosen, 2013) and in the quantification of 

the health-related costs caused by work stressors (Goh et al., 2015).  

Interestingly, the sole “real” mathematically rigour model in the economic literature 

examines the chronic emotional stress affecting the individual outcomes through the reduction 

of the cognitive load (Wälde, 2015), and still there has been no model of the effects of acute 

stress, probably due to on-going empirical work establishing the behavioral areas it might 

incorporate. There have been models of related phenomena, e.g. a model examines the effects 

of cognitive imperfections on meeting deadlines (Altmann, Traxler, & Weinschenk, 2017), 

which may be imported to the area of stress by assuming that stress increases the momentary 

cognitive constraints. 

7.1. Emotional stress as a cognitive load  

Wälde (2015) bases his model on the assumption that chronic stress reduces working 

memory capacities due to increased cognitive load, similarly to anxiety and cognitive 

depletion, and from a time to time results in an automatic adoption of a discrete uncontrolled 

coping strategy, such as talking to a friend or an emotional outburst. The model derives 

conditions for the emotional outbursts, including conditions when it is optimal to leave a job 

due to stress; distinguishes between productive and destructive types of stress; and derives 

conditions when money increases subjective satisfaction. Here the presentation is concise and 

the reader interested in details is advised for the original full paper. 

Emotional stressors can be assumed to be of two types based on the frequency of 

occurrence: an event happening rarely or frequently/daily. The rare event happens at an 

exogenous rate  that is set by the Poisson process, and causes a positive or a negative jump 

 at a time 𝑡 of a mean . An individual forms reference points in subjective expectation 

regarding the level of the jump of the size , hence a realization of the jump realizes a surprise 

when the actual and expected size of the jump do not match: . The daily stressors 

create exogenously set demand  that must be met given abilities of a person , with a relative 

intensity of a stressor being  that is constant across time. The coping strategies are captured 

by a control variable . An emotional outburst occurs at a rate of   once the stress intensity 
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exceeds a threshold �̅�  and decreases the stress level by a random amount Δ(𝑡): 𝑊 (𝑡) =
𝑊 (𝑡𝑏𝑒𝑓𝑜𝑟𝑒) − Δ(𝑡), where the Δ(𝑡) is drawn from a well-defined distribution with positive and 

negative realizations with a mean 𝜇Δ.  

Working memory is modeled using the approach of a finite source of the amount 𝑀 

that is additively occupied by a stressor 𝑀 = 𝑀(𝑊 (𝑡)) + 𝑀(𝑎(𝑡)), where 𝑎(𝑡) is the residual 

working memory that can be devoted for example to attention to work. This structure implies 

a consumption falling in stress level, if attention to work implies labour supply and 

productivity, linearly by factor 𝜅 > 0 which is the marginal rate of stress reduction on working 

memory: 𝑐(𝑡) = 𝑤(𝑀 − 𝜅𝑊 (𝑡))𝑒, where 𝑐(𝑡) is the momentary consumption and 𝑒 is effort. 

An instantaneous utility function therefore is increasing in consumption and decreasing in 

stress level 𝑢(𝑐(𝑡), 𝑊 (𝑡)). A stress level can get up to a point when it is optimal to stay home, 

and consumption is zero: 𝑊 𝑆 = 𝑀/𝜅, while a stressor that can induce such level will be 

denoted 𝑝𝑆 . The amount of stress stock in a given time follows a stochastic differential equation 

of the following form: 

  𝑑𝑊 (𝑡) = {𝜙 𝑝
𝑏 𝑊 (𝑡) − 𝛿0𝑊 (𝑡) − 𝛿1𝑚(𝑡)} 𝑑𝑡 − 𝜒𝑔(𝑡)𝑑𝑞𝑔(𝑡) − Δ(𝑡)𝑑𝑞Δ(𝑡)  (1) 

The first term combines situational and personal components of the stressor using the 

mismatch of situational demands and abilities of that person, and the appraisal parameter 𝜙 >
0 that indicates individual sensitivity to stress. The second and third terms indicate the 

depreciation of stress level over time unintentionally due to autonomous abilities to relax 𝛿0 >
0 and intentionally due to active coping activities 𝑚(𝑡) weighted by a productivity of the coping 

activity 𝛿1 > 0. The fourth term indicates the surprise as described earlier in the text, and this 

is weighted by individual parameter 𝜒 , potentially identical to 𝜙. The final term is non-negative 

and describes the emotional outburst that occurs when the stress level exceeds a certain 

threshold  𝑊.  

Optimal coping must incorporate the utility costs the coping activity needs 𝑣(𝑚(𝑡)) =
𝑣0𝑚(𝑡)1+𝜉  into the argument of the intertemporal utility function below, when 𝜉 denotes convex 

cost function. The instantaneous utility function is specified in a risk-neutral way, 

 𝑢(𝑐, 𝑊 ) = 𝜂𝑐 − 𝛼𝑊 .  (2) 
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 Here, 𝛼 denotes the marginal effect of stress on utility and 𝜂 denotes the marginal utility 

of consumption. After substituting the expression for consumption into the utility function 

while considering the sickness-threshold of stress, we get  

 𝑢(𝑐, 𝑊 ) = 𝜂𝑐 − 𝛼𝑊 = 𝜂𝑤𝑀𝑒 − (𝜂𝑤𝜅𝑒 + 𝛼)𝑊 for 𝑊 < 𝑊 𝑆 and − 𝛼𝑊 otherwise  (3) 

The utility function has a kink at 𝑊 𝑆 , and when individual gets a sick-day, marginal 

utility is reduced by the term 𝜂𝑤𝜅𝑒. Since we have costs of coping and instantaneous utility 

function, an intertemporal utility function can be formed by projecting expectations on state 

and control variables and using time-preference parameter 𝜌 > 0 and time variable 𝜏 > 𝑡, 

 𝑈(𝑡) = 𝐸𝑡 ∫ 𝑒−𝜌[𝜏−𝑡][𝑢(𝑊 (𝜏)) − 𝑣(𝑚(𝜏))]∞
𝑡

𝑑𝜏 (4) 

Individual maximizes the intertemporal utility subject to the constraints for stress 

depending on the stress levels: 

 𝑑𝑊 (𝑡) =
⎩⎪
⎨⎪
⎧ {𝜙 𝑝

𝑏 𝑊 (𝑡) − 𝛿0𝑊 (𝑡) − 𝛿1𝑚(𝑡)}𝑑𝑡 − 𝜒𝑔(𝑡)𝑑𝑞𝑔(𝑡)              
{𝜙 𝑝

𝑏 𝑊 (𝑡) − 𝛿0𝑊 (𝑡) − 𝛿1𝑚(𝑡)}𝑑𝑡 − 𝜒𝑔(𝑡)𝑑𝑞𝑔(𝑡) − Δ(𝑡)𝑑𝑞Δ(𝑡)
{𝜙 𝑝𝑠

𝑏 𝑊 (𝑡) − 𝛿0𝑊 (𝑡) − 𝛿1𝑚(𝑡)}𝑑𝑡 − 𝜒𝑔(𝑡)𝑑𝑞𝑔(𝑡) − Δ(𝑡)𝑑𝑞Δ(𝑡)
   (5) 

for  
⎩⎪⎨
⎪⎧ 0 ≤ 𝑊 (𝑡) ≤ �̅�

�̅� < 𝑊 (𝑡) < 𝑊 𝑆
𝑊 𝑆 ≤ 𝑊 (𝑡)

, 

and the effect of an outburst by choosing a path {𝑚(𝜏)}∞𝑡 of calm coping. The three 

ranges of stress level specified in the intertemporal utility function signify first the outburst-

free range, second the region where the person is still working but the outburst is possible, and 

the third region is when stress exceeds the threshold and person cannot work anymore, and still 

the outburst can happen. The individual tolerance level  �̅�  can potentially be modelled in an 

endogenous way, e.g. as a rational decision depending on its costs.  

The solution of the optimization problem gives a closed-form solution independent of 

tolerance level  �̅� and is given by  
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𝑚 = (Λ1  𝛿1(1 + 𝜉)𝑣0)
1𝜉 𝑓𝑜𝑟 𝑊 𝑠 > 𝑊 > 0

𝑚𝑠 = (Λ1𝑆  𝛿1(1 + 𝜉)𝑣0)
1𝜉 𝑓𝑜𝑟 𝑊 𝑠 ≤ 𝑊  

(6) 

where Λ1 = 𝜂𝑤𝜅𝑒+𝛼
𝜌−Φ  is the negative shadow price of stress and  Λ1𝑆 = 𝛼

𝜌−Φs is the negative 

shadow price of stress when not working, and the Φ and Φ  are the growth rates of stress given 

by Φ = 𝜙 𝑝
𝑏 − 𝛿0 and Φs = 𝜙 𝑝𝑠

𝑏 − 𝛿0. A corollary follows that the calm coping intensity 𝑚 rises 

in negative shadow price Λ , in its efficiency 𝛿1, and decreases in fixed costs of coping 𝑣 . 

Wälde then discusses the influence of the personality types, the dynamics of the stress levels 

and specifies conditions for an outburst to take place. One personality type he identifies is a 

“good stabilizer” which means that this person will never display outburst, and clearly holds 

for Φ < Φ∗ = 𝛿1𝑚
�̅�  so the growth rate of stress is outpaced by the compensation mechanism of 

coping or the tolerance level �̅�  is low, or the appraised relative demand 𝜙𝑝/𝑏 will be 

sufficiently low.  

The next part derives conditions for productive and destructive stressors in terms of 

productivity. Recall that the effective labor supply is given by the residual attention that is left 

after stress occupies part of working memory capacity 𝑙(𝑎(𝑡)), the effort 𝑒 and the education 

level  ℎ̃. The income effects of stress can be studies using a production function 𝑦 = 𝑦(𝐾, 𝐿) 
that needs labor and capital supply. The labor supply requires 𝑁  workers and sums up to 𝐿 =
∑𝑙(𝑎𝑖(𝑡)𝑒𝑖ℎ�̃�. A firm chooses the capital stock and efficiency units of labor given standard first 

order conditions. Under perfect competition, the marginal productivity determines the wage 

per efficiency unit �̃� = 𝜕𝑌 (. )/𝜕𝐿. Let’s define individual wage by multiplying marginal 

productivity by education 𝑤 = �̃�ℎ̃ we get an average income per worker  

 𝑖𝑛𝑐(𝑡) = �̃�𝑙(𝑎(𝑡))𝑒ℎ̃ = 𝑤[𝑀 − 𝜅𝑊 (𝑡)]𝑒 (7) 

This equation implies that stress reduces income. Now effort 𝑒 can be endogenized by assuming 

a link with stressors 𝑝. Wälde distinguishes productive stressors if they induce effort on the 

job, and private stressors 𝑝𝑝𝑢𝑟𝑒 that just increase stress, and in total they give the stress demand 

𝑝 = 𝑒 + 𝑝𝑝𝑢𝑟𝑒. This implies that in expectations, pure stressors reduce income, while productive 

stressors have ambiguous effects, since it has a direct positive effect on income, but also 
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increases stress levels which may turn into negative effect, which depends on a threshold level 

𝑝∗∗.  

The last part of the analysis derives conditions for a situation when the additional 

income does not increase emotional happiness, as has been empirically observed in the USA 

around threshold of $75.000 (Kahneman & Deaton, 2010), since more money means more time 

in the job and less time for using the money. A comparative static is impossible because both 

variables are endogenous, but both are a function of effort 𝑒 that may be influenced by the 

number of stressors on the job. The slope of stress to income is thus given by the ratio of the 

average expected stress Ψ = 𝐸0𝑊 (𝑡) to effort and income to effort:  

 
𝑑Ψ(𝑡; 𝑒)

𝑑𝐸0𝑖𝑛𝑐(𝑡; 𝑒) = 𝜕Ψ(𝑡; 𝑒)/𝜕𝑒
𝜕𝐸0𝑖𝑛𝑐(𝑡; 𝑒)/𝜕𝑒  (8) 

By using a numerical exercise Wälde shows a non-linear behavior in that increase in 

income above a certain threshold implies much more stress and leaves only a little of stress-

free time. The analysis then follows with the persistence of temporary events, gains from 

psychotherapy and a structural estimation of personality. By a simple extension, this 

framework could be used also to model spontaneous violent behavior that occurs only above 

certain threshold level of stress �̅� . 

Critical evaluation + suggested extensions  

The model laid by Klaus Wälde is without a doubt a great start in the economic analysis 

of stress. He discusses the effects of increases in stress on wellbeing, productivity, and income, 

and includes heterogeneity in personality which has been repeatedly observed in the empirical 

studies to matter. He also discusses the effects of psychotherapy, income level that does not 

bring happiness anymore, and stress-coping mechanism. The personality heterogeneity could 

account for the observed gender differences in responses to stress. One result is striking, that 

the growth-rate of stress guaranteeing no risk of emotional outburst Φ < Φ∗ = 𝛿1𝑚
�̅�  depends 

negatively on the level of tolerable stress, which intuitively should be the other way round.  

However, based on the empirical findings, it could be extended. First, the large 

literature on the effects of stress on risk-preferences could be incorporated in the utility function 

from 
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 𝑢(𝑐, 𝑊 ) = 𝜂𝑐 − 𝛼𝑊  (9) 

to a form extended by a parameter of risk-aversion that depends on the level of stress, 

e.g. in the most frequently used constant-relative-risk-aversion form 

 𝑢(𝑐, 𝑊 ) = {
𝜂𝑐1−𝜖−1

1−𝜖 − 𝛼𝑊 𝑓𝑜𝑟 𝜖 > 0 𝑎𝑛𝑑 𝜖 ≠ 1
ln(𝜂𝑐 − 𝛼𝑊 ) 𝑓𝑜𝑟 𝜖 = 1 , (10) 

where 𝜖 is the degree of risk aversion and may depend on the level of stress, for example 

in the following form since several studies suggest that a moderate stress leads to risk-aversion 

while excessive amount leads to risk-seeking behavior: 𝜖 = 𝜖(𝑊 (𝑡)) = 𝜖 + 𝑘(𝑊 ) where 𝑘(𝑊 ) 
is the correction for the excessive level of stress that could have some functional form with the 

resulting sign in the following way.  

  𝑘(𝑊) =
⎩{
⎨
{⎧ > 0 𝑓𝑜𝑟 𝑊 > 𝑊𝑆         

< 0 𝑓𝑜𝑟 𝑊 > �̅̅̅̅̅� < 𝑊𝑆        
= 0 𝑓𝑜𝑟 𝑊 < �̅̅̅̅̅� and 𝑊 = �̅̅̅̅̅� and 𝑊 = 𝑊𝑆        

 (11)

In a similar way the effect of stress on time preferences could be introduced, where 𝜌 

would depend on the amount of stress, potentially differently for different thresholds as in the 

case of risk preferences above. Both extensions however markedly complicate the derivation 

of the closed-form solution for the optimization process. 

Another extension could be done with the assumption that when a person hits a level of 

stress that makes her sick 𝑊 𝑆 , the simple fact that the person cannot do her job is additionally 

increasing the stress level, which then results in a diverging path in equilibrium, provided the 

coping technology would not offset this continuation. The empirical literature on the amount 

of stress a person can handle moreover suggests that this threshold may relate to the 

development of psychiatric stress-related syndromes like burnout, but also the PTSD or acute 

stress disorder, therefore another extension may go in this direction. In such case, person is 

completely unable to work for an extended period and cannot handle situations with the amount 

of stress as before. Moreover, the heterogeneity of types based on personality can not only 

distinguish the stress-prone and stress-resistant types, but also the naïve and sophisticated types 

where the sophisticated types are forward looking and can foresee the problems related to the 

excessive amounts of stress, and actively increase their coping strategies in order to avoid them 

(Duckworth, Milkman, & Laibson, 2018). This would result in a path-dependent model, 



   

88 

 

similarly as in the case of rational addiction where current consumption decisions would 

include the past and the future consumption (Becker & Murphy, 1988). Moreover, increasing 

active coping strategies as a means of stress reduction may in some cases rationalize 

procrastination (DellaVigna & Malmendier, 2006; Martinez et al., 2017) if the postponing of 

execution of the task is due to active coping against stress. 

The model should also be understood as the model of stress effects over the long run 

with serious limitations in the short-run, since the acute stress reaction typically is not 

connected with an increased cognitive load as measured by the attention tasks at the end of the 

experiments (Cahlíková et al., 2019; von Dawans et al., 2011), which is the main assumption 

of Wälde’s model. On the contrary, acute stress may actually help decision-maker to focus on 

the more important issues and not get distracted by the less important ones. 
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8. Part II: Empirics - Introduction18 

Following up on the current literature that investigates the causal effects of acute stress 

on individual decision making, which was reviewed in Part I of this thesis, several gaps have 

been identified and then subjected to an experimental investigation in a laboratory on a student 

sample. The first topic is concerned with speculative behavior in financial markets because if 

this behavior is exacerbated by stress, it may help fuel irrational exuberances during the market 

instability, which has been shown to be connected with stress (Coates & Herbert, 2008). 

Furthermore, a more complex financial decision-making under acute stress has not yet been 

investigated in the literature, except for the impact of stress on risk- and other types of 

preferences. For the measurement of individual willingness to speculate a recently introduced 

task was used – the Speculation Elicitation Task (Janssen, Füllbrunn, & Weitzel, 2018; Moinas 

& Pouget, 2013) that implies trading behavior in the experimental asset markets, where 

speculations and bubble creation are typically studied. 

The motivation for this topic comes from the world of trading floors where the 

professional traders deal everyday with huge amounts of money and continuously try to make 

money, which also includes outsmarting others under stress. Traders seem to be highly selected 

and self-selected type of people, and 99 % of them are men. Ideally, we would like to invite 

them into our laboratory and test the change in their behavior under stress. Since traders are 

rather difficult to persuade to participate in the experiment, and even more so if the experiment 

should include a stress-inducing part, we opted for the measurement of several of their traits in 

a supplementary experiment, including one trait that may be linked with the stress reactivity, 

as has been suggested in the literature (Goette et al., 2015). We find that commodity traders 

and applicants for this position in our sample are lower in this trait anxiety than the standard 

student population. We use this finding to examine the heterogeneity of results in the main 

experiment as a thin link to real traders. 

 

18 The data collection for the empirical part was supported by a grant from the CERGE-EI Foundation 

under a program of the Global Development Network. All opinions expressed are those of the authors and have 

not been endorsed by CERGE-EI or the GDN. Financial support from research grant IGA 6/2016 from the Internal 

Grant Agency of the University of Economics in Prague is also gratefully acknowledged. 
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The second topic is standard cooperative behavior measured using abstract version of 

Prisoner’s dilemma game and contrasted when the anonymous partner is a member of an in-

group or an out-group, which is important to examine with respect to the evolution of group 

discrimination and cooperation in general. There has so far been published only one attempt in 

this direction (Nickels et al., 2017), but the authors used hypothetical partners, unclear 

incentives and no in-group condition. The results go against the hypothesized increase in 

parochialism in cooperation in a gender-specific manner. 

The third topic is the role of emotions in decision making under stress and their change 

due to the exposure to stressor, since it has been an open question whether the psychosocial 

stress induces negative emotions or not (Campbell & Ehlert, 2012) with evidence so far 

suggesting the contrary (Het et al., 2012). Previous literature has exclusively used various self-

reports which may be biased in many ways (Hertwig & Ortmann, 2001), but no study so far 

has used automatic analysis of emotions from the recorded videos that should arguably not be 

affected by subjective biases in reporting. Despite losing about a third of observations, our 

results show no differences in the measured emotions between the treatment and control group, 

even though they seem to matter for the behavior in the two decision-making tasks. 

The experimental investigation of the three mentioned phenomena was carried out on 

a sample of 416 subjects, out of whom 208 underwent a proper control or a stress-inducing 

procedure of the Trier Social Stress Test for Groups (von Dawans et al., 2011) and the 

remaining 208 subjects served as non-stressed counterparts for the investigation of the out-

group effect. The effectiveness of the manipulation was checked using self-reports and the 

analysis of salivary cortisol, which shows more than 100 % increase in the treatment group that 

was exposed to the stress procedure and a mild decline in the control group. The compliance 

rate to the procedure was 83 %. 

In the following sections, first the introduction to each studied topic with a proper 

motivation is presented, followed by methodology which mostly describes the main experiment 

and the behavioral tasks in detail, and finally the results are presented and discussed in the last 

section. For the sake of brevity, the analyses of data present only the main results of the section, 

even though there may be many more aspects of the tasks that could be examined. The style of 

the analyses may slightly differ since the target journals of the prospective articles have 

different standards.  
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8.1. Financial speculations19 

Traders in commodity, financial and stock markets daily process enormous volumes of 

money through which they directly influence the process of price formation in these markets. 

Mispricing on these markets is not only common but also has a direct and profound influence 

on the real-world economy as has been repeatedly expressed during episodes of economic 

contraction in the course of the last century (Gjerstad & Smith, 2014), affecting lives of most 

people on the planet and imposing significant costs (Chauvin, Laibson, & Mollerstrom, 2011). 

Pure speculative behavior seems to markedly contribute to overall mispricing events and can 

be rationalized assuming some traders possess beliefs on the existence of other naive 

participants willing to pay even higher prices (e.g. Blanchard & Watson, 1982; De Long, 

Shleifer, Summers, & Waldmann, 1990a). 

If market instability is at least partially exaggerated by irrational exuberance and 

imperfections in cognition of market participants – such as by the effects of stress – reducing 

them may improve the wellbeing of many. Traders, 99% of whom are men (Coates, Gurnell, 

& Rustichini, 2009), are carefully selected from many applicants to be among the smartest and 

most resilient professionals in the financial industry, yet they are still only humans and 

therefore subject to limitations of human abilities. In particular, effects of stress which arise 

from an uncertain, uncontrollable and novel environment (Dickerson & Kemeny, 2004) apply 

also to them as has been documented in the literature (Abdellaoui, Bleichrodt, & Kammoun, 

2013; Coates & Herbert, 2008; List & Haigh, 2010; Lo & Repin, 2002; Oberlechner & 

Nimgade, 2005).  

In this empirical part we study how acute stress affects individual speculative behavior 

with respect to gender using a controlled laboratory experiment. Acute stress has been shown 

to seriously affect individual decision making, including financial behavior,  (for a review, see 

e.g. Starcke & Brand, 2012) and its effects may differ for men and women (Taylor et al., 2000). 

Behavior of traders during times of stress in markets is simultaneously determined by many 

 

19 This part concerning financial speculation under stress was prepared together with Miroslav Zajíček 

and was published in a working paper version only (Cingl & Zajíček, 2017). The author is thankful for the 

comments received at the GDN Annual 2016 Workshop in Prague, 12th Nordic Conference on Behavioral and 

Experimental Economics in Oslo, 2017 SEAM conference, the  research seminars at Masaryk University in Brno 

and at the University of Cagliari, and from individual discussions with Paul Wachtel, Peter Katuščák, Marc 

Willinger, Ian Levely, Jana Cahlíková, Vojtěch Bartoš, Martin Kocher, and David Schindler. 
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factors which makes it impossible to disentangle the contributions of the single factors using 

only observational data. Studying this phenomenon in the laboratory allows us to fully control 

the environment for potential confounds, eliminate other reasons that may contribute to an 

instability in financial markets and which could potentially be affected by stress, such as 

herding (Avery & Zemsky, 1998), momentum trading (De Long, Shleifer, Summers, & 

Waldmann, 1990b; Hong & Stein, 1999), or limits to arbitrage (Shleifer & Summers, 1990). 

Moreover, our careful design allows us to uncover some of the suspected channels of the 

behavioral change. 

We focus on gender-specific treatment effects due to several reasons. First, it has 

recently been proposed that the gender of traders may matter in a bubble formation at least in 

laboratory environments. Specifically, it has been proposed that the presence of women may 

reduce the size of the bubble arising due to pure speculations (Eckel & Füllbrunn, 2015), even 

though other papers show little or no support for this finding (Cueva & Rustichini, 2015; Eckel 

& Füllbrunn, 2017; Holt, Porzio, & Yingze Song, 2017). Second, women are generally found 

to be more risk-averse, less overconfident and more avoiding competitive situations in 

experimental measures (Charness & Gneezy, 2012; Croson & Gneezy, 2009; Niederle & 

Vesterlund, 2011). Third, studies examining a real-world financial performance of men and 

women show women to be more cautious investors (they invest more in the risk-free assets, 

follow less extreme investment strategies and trade less often), although their performance 

seems not to be that different from men's (Hariharan, Chapman, & Domian, 2000; Jianakoplos 

& Bernasek, 1998; Niessen & Ruenzi, 2015). Fourth, the psychological literature actually 

shows that the characteristic of response to stress as well as its magnitude are probably different 

for men and women (Kajantie & Phillips, 2006; Reschke-hern, Okerstrom, Edwards, & Tranel, 

2017; Taylor, 2006; Taylor et al., 2000). Since the trading industry is vastly dominated by men, 

we consider it of a vast importance to investigate the potential changes in the behavior of 

market participants due to the change in gender composition.  

Our design employs a recently introduced Speculation Elicitation Task (SET, Janssen 

et al., 2018; Moinas & Pouget, 2013) under acute stress and control conditions of the protocol 

Trier Social Stress Test for Groups implemented in a between subject design (TSST-G, 

Kirschbaum et al., 1993; von Dawans et al., 2011). According to Janssen et al., the speculative 

behavior revealed in score in the SET task should neither depend on individual risk-

preferences, gender, nor cognitive abilities – only on one's beliefs about the SET score of other 
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players, i.e. it represents a measure of  the "greater-fool-to-be-found" belief supposedly 

underlying the speculative behavior.  

The SET task consists of a sequence of three traders who decide whether to buy-and-

resell an essentially worthless asset or not, and they get paid a fixed fee for the execution of 

the trade but lose money for being stuck with the asset, which is what happens with certainty 

to the third trader in the sequence. When buying the asset, the trader therefore speculates on 

reselling it to another one. The core idea is that traders do not know their exact position in the 

sequence but receive an imperfect signal in the form of a price of the asset. Each price level 

conveys a probability distribution of chances of being at each of the three positions.  

Without the uncertainty and under the usual assumptions of common rationality, the 

analysis of the game using backward induction yields a unique subgame perfect equilibrium of 

no trade, similarly as in the case of the centipede game. However, it can be argued using the 

subjective Quantal Response Equilibrium that it may be individually rational to trade if the 

trader believes the probability the next one in the sequence will buy is high enough, thereby 

solving the individual rationality condition (McKelvey & Palfrey, 1995; Moinas & Pouget, 

2013). The idea of Quantal Response Equilibrium is that the traders in the market depart from 

the assumption of perfect responsiveness (i.e. they make mistakes) that predicts the no-trade 

Nash equilibrium and may be an important driver of speculations in the real markets (Moinas 

& Pouget, 2013), which is in line with the noise-trader theory (De Long et al., 1990a; Shleifer 

& Summers, 1990).  

The SET is not the only game where outsmarting others is essential for winning. 

Notably, the Keynesian Beauty Contest game requires also a good estimation of the behavior 

of others and subsequent reaction to it, highlighting the contrast between individual rationality 

and the common knowledge of rationality (Nagel, 1995). The standard setting of this game 

requires subjects to state one number between 0 and 100 when they are informed that the 

number closest to 2/3 of the average of all stated numbers will win. Based on the empirical 

distribution of the results, Nagel suggested that subjects operated in only several layers of 

reiterated perspective switches compared to the infinite iterations assumed by game theory and 

labeled her finding a “level-k rationality.” However, unlike in the SET, there is no role for risk 

preferences in the Beauty Contest. 
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The treatment intervention protocol TSST-G is widely used in the psychology literature 

and it is one of the most efficient procedures inducing psycho-social stress in terms of the 

cortisol increase (Allen et al., 2014; Dickerson & Kemeny, 2004); cortisol being a well-known 

biomarker of acute stress (D. H. Hellhammer et al., 2009). Participants' saliva and mood are 

sampled and analyzed for cortisol levels to check the effectiveness of the manipulation (Steyer, 

Schwenkmezger, Notz, & Eid, 1997).20 The faces of subjects were recorded by web-cameras 

in laptops during their SET decision-making phase. We further vary the gender composition of 

the sessions: there are 10 all-male, 8 all-female and 8 mixed (50 % males and 50 % females) 

sessions. 

We hypothesized that stress could operate through several channels that we separate in 

the design: (i) subjects under stress could directly change their preferences to speculate, (ii) 

they could strategically expect lower rationality of others without stress affecting their own 

behavior; (iii) stress could cause a more severe increase in risk aversion in men that could play 

a role in the aggregate market stability (Cahlíková & Cingl, 2017; Coates & Herbert, 2008), or 

(iv) they may change their beliefs, potentially due to the deterioration of cognitive capacities 

needed for the "greater-fool" type of thinking or "level-k rationality" (as suggested in Leder, 

Häusser, & Mojzisch, 2013, 2015).21  

In order to separate the effect of stress on preferences (channel i) from channel (ii) we 

let subjects in a within-subject setting make decisions on the SET first when they knew that 

two other players in the SET were from the same room (and thus are undergoing the same stress 

or a control procedure), and another time subjects performed in the SET knowing others in the 

task come from another group of participants that did not undergo the TSST-G procedure.22 

Channel (iii) is to be identified from the third and the last decision in the SET framework each 

 

20 Note that cortisol is a favorite biomarker of endured acute stress since it is easy to measure, but is not 

the only one and narrowing the effects of stress to the sole effect of cortisol could be misleading; see Everly & 

Lating (2013) for details about physiological effects of stress. Also, cortisol may increase due to other stimuli than 

stress; however, the treatment procedure TSST-G is validated for stress induction. 

21 In the domain of measuring the effect of acute stress on risk-preferences, different elicitation 

mechanisms and timings of measurements yield different results, ranging from increased risk-aversion (Cahlíková 

& Cingl, 2017) to increased risk-seeking (Buckert et al., 2014), while other authors claim the time-dependency of 

this effect (Pabst et al., 2013a). 

22 These counterparts that did not undergo the TSST-G procedure participated in the SET task as well 

and were referred to as "the participants of a different experiment that continued in the laboratory with different 

tasks on the computers" while any direct mention of stress was avoided. The number of subjects and the gender 

composition in these groups was the same as in the TSST-G groups. 
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subject made, which was a risk-preference elicitation task. Subjects were informed that this 

time it is a computer and not two other people in the SET task who is assigned to the SET with 

them; and they were informed about the precise probabilities that determined the decision 

making of the computer. Last, to separate the effect of stress on preferences (channel i) from 

the effect on cognitive capabilities (channel iv), we elicited beliefs about decisions of others in 

the SET task with human counterparts: if stress affects capabilities to operate level-k reasoning, 

then subjective beliefs should show the same reaction as the decisions made in the SET. We 

also investigate the role of physical stress and attention. 

A common objection against the external validity of laboratory experiment is the non-

representativeness of subject pool, who are typically undergrad students (Cappelen, Nygaard, 

Sørensen, & Tungodden, 2015; Henrich et al., 2010). In the case of financial and commodity 

traders, this worry may be even more pronounced, since they are carefully selected out of a 

large pool of applicants; their job moreover may attract only a special type of people, and the 

pressure they face may modify their behavior over the course of time. The literature on the 

heterogeneity in reaction to acute stress suggests that the trait anxiety (STAI-T, Spielberger et 

al., 1983) may predict if a person gets more or less confident under acute stress (Goette et al., 

2015). Therefore, we arranged a second experiment (for details, see the next section) for the 

sake of a measurement this trait among the professional commodity traders, and then compare 

their score with the student sample. Our results show that the sample of 16 professional traders 

and 8 final applicants for this position really scores on average by 0.45 SD lower in the trait 

anxiety. 

Our main contribution to the literature is, to the best of our knowledge, being the first 

to show the effects of stress on decision making in financial markets context. Moreover, only 

handful of studies examined the relationship of specific hormones and financial markets so far 

(Cueva et al., 2015; Kandasamy et al., 2014; Nadler, Jiao, Johnson, Alexander, & Zak, 2017), 

and the effect of the depletion of concentration resources on bubble formation (Kocher, Lucks, 

& Schindler, 2019). We generally contribute to the emerging literature on effects of stress on 

economic decision making. This literature has focused on the effects of an acute stress on risk-

preferences (Buckert et al., 2014; Cahlíková & Cingl, 2017; Porcelli & Delgado, 2009b; Sokol-

Hessner et al., 2016)), time preferences (Haushofer et al., 2013; Riis-vestergaard et al., 2018), 

social preferences (Vinkers et al., 2013; von Dawans et al., 2019, 2012) willingness to compete 



   

96 

 

(Buckert, Schwieren, et al., 2017; Buser, Dreber, et al., 2017; Cahlíková et al., 2019; Zhong et 

al., 2018), and competitive confidence (Goette et al., 2015).  

The SET score has been shown to predict the size of the bubble in experimental asset 

markets (Janssen et al., 2018) which connects our paper with this rich behavioral-finance 

literature (Palan, 2013; Powell & Shestakova, 2016; Smith, Suchanek, & Williams, 1988). 

Another contribution of our design is to compare decision making of stressed subjects not only 

toward other stressed subjects but also toward non-stressed ones. The only other study with a 

similar approach explores the effect of stress on social-preferences (von Dawans et al., 2012). 

However, stressed subjects in this study interacted with non-stressed counterparts only, not 

with each other.  

Interestingly, our results show that without considering the gender specific behavior, 

there is no aggregate effect of an acute stress on the SET score. However, when we look at men 

and women separately, the picture dramatically changes. In comparison to a control group, 

stress causes men to increase their speculative behavior by about the same amount as it induces 

women to decrease theirs. As to the investigated channels, we conclude that it is the preferences 

for speculations. Strategic expectations about the effect of an acute stress on others and the 

change in beliefs explain the observed gender differences only marginally. Remarkably, we do 

not observe any difference in risk-taking. The levels of cortisol in the stress condition were 

substantially elevated over the pre-treatment levels (by 112 % on average) while under the 

control conditions they mildly decreased (by -15%), which is also consistent with the type of 

treatment and the literature. The subjective measure of stress, the mood questionnaire, reveals 

that treated subjects felt worse, but not more tired or nervous than those in a control group. 

Using precisely this we show that an increase in pro-social behavior is also unlikely to drive 

our results. 
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8.2. Traders’ traits measurement23 

Traders in commodity, financial and stock markets trade daily enormous amounts of 

money and their activities actively influence the process of price setting in the world markets. 

The recent 2008-2009 crisis demonstrated that the problems in financial sector can spill over 

to the real sector in both developing as well as developed countries. Traders and other financial 

professionals have been shown to be overly risk-seeking, overconfident (Glaser, Langer, & 

Weber, 2005), and to suffer from behavioral biases more than students (Haigh & List, 2005). 

Having such people in a place with such influence over the economy may thus seem rather 

irresponsible from the side of governments. However, the evidence for these claims is mostly 

survey-based (Broihanne, Merli, & Roger, 2014; Gloede & Menkhoff, 2009), relies on 

confidence measures that may be confounded with the individual attitudes to risk (Murad, 

Sefton, & Starmer, 2016) or uses observational data which may be confounded by many other 

factors.  

Trading is also a stressful experience and even professionals who are exposed to it every 

day still react to demanding situations by physiological changes, particularly by increasing 

levels of cortisol (Coates, Gurnell, & Sarnyai, 2010; Coates & Herbert, 2008; Lo et al., 2005). 

Recent evidence shows that certain people may gain further confidence during periods of acute 

stress, based on their level of trait anxiety (Goette et al., 2015; Spielberger et al., 1983). Since 

trading is a highly selective profession, we could expect those who stay to be good at handling 

stressful situations. If we assume findings of Goette et al. (2015) can be generalized from Swiss 

students to professional traders, they imply that if traders really gain confidence over their 

abilities during stress, we should observe lower levels of STAI-T by them when compared to 

a regular sample. Here we report on an economic experiment with traders and students that 

uses incentivized protocols for the elicitation of confidence and risk-preferences in a lab and 

lab-in-the-field setting. 

Specifically, we conducted an economic experiment with 16 professional traders and 8 

final applicants for this position in a large energy company during the company's assessment 

center in a pen-and-paper manner. For a comparison, this experiment was run on 54 students 

in the laboratory. Subjects earned for decisions in the experiment tokens that would increase 

 

23 This part concerning the measurement of traits of professional traders was prepared together with 

Miroslav Zajíček.  
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the probability of winning in an end-lottery at the end of experiment. In the end-lottery sizeable 

monetary prizes were involved. In order to equate the motivational impact and opportunity 

costs of attending the experiment for traders and students, stakes were set to be five-fold higher 

for traders than students.  

In the first part of the experiment participants performed in 10 minutes a quiz containing 

ten logical questions based on the cognitive reflection test (CRT, Frederick, 2005) including 

the original three CRT questions. Participants were also asked to state their absolute and 

relative confidence; both answers were incentivized. Next, the procedure for the measurement 

of competitive confidence after Goette et al. (2015) was utilized: subjects were supposed to 

decide in ten situations whether they prefer either a competition with another participant, or a 

lottery where the chance of winning in a lottery increased by 10 pp per situation. The switching 

point then indicates the subjective probability of winning the competition, including the risk-

preferences. In the next part their risk-preferences were elicited using a task based on Dohmen 

et al. (2010): subjects again made decisions in ten situations; this time between a lottery and a 

certain safe amount of tokens. The lottery had fixed probabilities of winning or losing, while 

in the alternative option the sure amount increased by one token per situation. This was 

followed by a short questionnaire on personal characteristics and trait anxiety score. 

Our results go against the common notion regarding financial professionals since we 

observe no differences in the confidence levels of traders, applicants and students. These 

groups also do not differ in their baseline abilities (i.e. correct answers in quiz) and risk 

preferences. In their decisions over competition, subjects from all three groups carefully follow 

the expected number of points from the quiz in a similar fashion: in line with Murad et al. 

(2016), there is a strong positive relationship between the level of risk-tolerance and 

confidence, also when controlling for abilities and personal characteristics. The levels of the 

trait anxiety score confirm the predictions of Goette et al. (2015) in that we find higher levels 

of STAI-T in students compared to the other two groups. The regression analysis further reveals 

that after controlling for observable characteristics, applicants have STAI-T score by 0.45 SD 

and traders by 0.5 SD lower than the student sample. Thus we support the prediction of Goette 

et al. (2015)  about the self-selection into stressful situations which implies that traders and 

applicants that took part our experiment should become more confident under stress (which is 

a situation that we however did not observe).  
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We see the contribution of this research in showing that under equal conditions in a 

controlled environment, professional traders and applicants for this position do not differ in the 

levels of confidence and risk-preferences from a student sample. Nevertheless, we present 

evidence that traders and applicants possess personal characteristics that predispose them to 

reacting with increasing their confidence when they get under pressure and stress. This 

probably constitutes the important difference in behavior that causes the concern of a wider 

audience. Certainly, we are aware of the limitations of our study, particularly relatively small 

stakes involved, small sample size, and the fact that traders of only one company was involved. 

Anyway, we see our results as a significant contribution to the debate on the topic of the 

overconfidence and risk-tolerance of financial professionals. 
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8.3. Emotions  

Stress has been for many people inherently connected to negative emotions, as the in 

the subjective reports of participants undergoing stress procedures there frequently appear 

words such as harmful and threatening when describing the stimulus. The emotional reaction 

to stressor can be understood as being a part of the complete complex stress reaction in the 

psychological domain. However, the effect of stress on emotions is not that clear since stress 

has stimulating effects on the organism and depends on the framing of the situation and 

subjective appraisal what emotion will then prevail, and if this emotion lasts in a carry-over 

effect similarly as the physiological reaction after the exposure to stressor (Lazarus, 1993; 

Lazarus & Folkman, 1984). The empirical evidence on the link between the emotional stress 

and physiological stress is rather scarce and inconclusive, as a significant correlation between 

increases in cortisol and reported emotional state was found in only a fraction of published 

studies (Allen et al., 2014; Campbell & Ehlert, 2012; Frisch et al., 2015). Moreover, the method 

of assessment is predominantly a survey asking for direct evaluation of the situation, which 

can be plagued by the fact that knowingly expressing the emotion can decrease it (Xiao & 

Houser, 2005), which is basically the principle of psycho-therapy.  

Emotions have also been involved not only in psychology (Lerner, Li, Valdesolo, & 

Kassam, 2015), but also in the economic decision making (for a review, see Wälde & Moors, 

2017), for example the link between a positive or negative mood induced by weather and stock 

returns (Goetzmann, Kim, Kumar, & Wang, 2015), emotions induced by the cooperation and 

defection of others in public goods games (Joffily, Masclet, Noussair, & Villeval, 2014) and 

recently in controlled experiments with a better methodology and also mood-induction 

techniques (Andrade, Odean, & Lin, 2016). A standard way to measure emotions is to directly 

or indirectly ask and from the answers infer the felt emotion and its valence, potentially 

complement it with a complementary measure of physiological state, e.g. of arousal using the 

skin-conductance measurement (Butler & Cheung, 2019).  

A recent technological advancement allows for an unobtrusive emotion measurement 

by automatically analyzing the pictures or videotapes of human faces, the FacereaderTM 

software (Noldus, 2015). The FacereaderTM (FR) software analyzes the visualized faces and 

tracks a grid of more than 500 key points to infer the seven basic emotions from the movement 

of distinct facial muscles using a proprietary algorithm. The Noldus company that produced it 

claims that from version 6 further, the FR is validated in that it performs equally well as trained 
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annotators in the description of emotions from visual perception of subject and strongly 

correlates with the self-reported emotions (Uyl & Kuilenburg, 2005). The seven emotions it 

classifies (neutral, happiness, sadness, anger, fear, disgust, and surprise) appear to be universal 

across cultures and primates (Ekman & Cordaro, 2011). The FR technology can be used in 

synchronization together with Z-tree (Fischbacher, 2007) with the help of the µ-Cap program 

(Doyle & Schindler, 2019). 

Figure 1: Example of the grid Facereader tracks in a face. 

 

Source: Loijens & Krips (2018), p. 1 

In this part we investigate if the psychosocial stress induced using the procedure Trier 

Social Stress Test for Groups (Kirschbaum et al., 1993; von Dawans et al., 2011) causes a 

change in the basic emotions as measured by the FR software, in particular anger and fear, and 

if these correlate with the decisions in the other behaviors elicited during the experiment 

conducted with 208 subjects, namely financial speculations and cooperative behavior. We also 

look at the correlation of emotions with cortisol and stated emotions. We measured the 

emotions using the analysis of videotapes that were shot with web-cameras preinstalled on 

notebooks during the decision-making procedure in both sections (financial speculations and 

cooperation) and average the emotions over the whole time-span of each of the sections. For 
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the treatment group we also analyze the emotions during the performance of the stress 

procedure, which had two parts: the public speaking and mental arithmetic. 

Experimental economics has seen several studies using this approach: Positive 

emotional states as classified by FR were found to be positively correlated with risk-seeking 

(Breaban, van de Kuilen, & Noussair, 2016; Nguyen & Noussair, 2014), charitable donations 

(Fiala & Noussair, 2017), purchasing decisions and overpricing in experimental asset markets 

(Breaban & Noussair, 2018); observers in the ultimatum game were better than a chance at 

predicting which responders would reject and which would accept an unfair offer (Van 

Leeuwen et al., 2018).  

There has been a considerable debate about the accuracy of the emotions measured only 

from the face when compared to the really felt ones. One critique of the validity of FR data 

aims at the posed or pretended emotions compared to genuine emotions, since people may 

strategically decide to show different emotions than currently felt (D. L. Chen, Hopfensitz, van 

Leeuwen, & van de Ven, 2019). Another side of this argument questions what exactly genuine 

emotions are, since there could be different emotional expressions revealed in the face in 

reaction to a horror movie when watching alone compared to when watching with friends. The 

FR program cannot distinguish pretended emotions from the genuine ones, but as the rate of 

agreement with expert judgment is very high, we can interpret the outcome of FR analysis as 

what a consistent human judgement of emotions based on an appearance of a person would be 

like.  

We note that we did not instruct the subjects to keep hands and other objects away from 

face as it would be priming them with experimenter’s demand and it would likely also distract 

them from the decisions, which were the key outcome of the experiment. Unfortunately, this 

resulted in about a third of missing observations, because the FR software cannot determine 

the emotion if it departs from a certain angel from the camera (about 30 degrees) and if the grid 

of tracked key points in the face does not allow for a reliable assessment of emotions. The data 

is missing evenly across the experimental sessions and the affected subjects do not differ in 

decisions or characteristics.  

Our main result is that there is no difference between the treatment and control group 

in any of the measured emotions or valence. The correlations of the measured emotions with 

the mood dimensions reported in self-reports are mostly not significant, and if they are, they 



   

103 

 

do not show a consistent picture. The measured emotions however do seem to play a role when 

added into the decision-making tasks of financial speculations and cooperation. The reason for 

this may be the fact that subjects were making decisions alone in front of a computer which 

does not require the emotion revelation in the face as much as when interacting with a person, 

thus the emotions that were revealed and measured were already strong enough to be correlated 

with a change in behavior. We conclude that the automated analysis of emotions seems to be 

suitable more for the tasks where people interact face-to-face than when they are alone. 

8.4. Cooperation24 

Cooperation is a ubiquitous phenomenon that is included in most of the social 

relationships among humans but also other animals. We can define cooperation simply as when 

one individual pays costs for another individual receives a benefit, which could be connected 

with direct monetary reward, but also fitness and reproductive success (Rand & Nowak, 2013). 

It is a key to success in intergroup competition of units of various size, from family over 

companies, nation states to multinational organizations (Fehr & Fischbacher, 2003). 

Cooperation may be directly in material self-interest, but often it takes the shape of provision 

of benefits to more people with costs bearing only several individuals. In such cases of social 

dilemmas, economic incentives are insufficient to induce cooperation since free-riding 

maximizes own private gains and so is the dominant strategy, although collectively all 

members of the society would benefit if everybody cooperated. There are plenty of cases when 

people and other animals cooperate despite the predictions of game theory, be it for example a 

successful sequential trade, when one party must fulfill their part of contract first and trust the 

other party will not abuse the situation and cheat. In the history, cooperation dilemmas were 

frequent during hunting, when a large game required cooperation of multiple hunters, during 

warfare, and reciprocal food-sharing in the time of hunger. In the current society, we may 

mention public goods provision, social insurance, team production, or trade (Fehr & 

Schurtenberger, 2018). Cooperation with strangers is also one of the institutions that are vital 

for economic growth, together with trust and altruism (Thöni, Tyran, & Wengström, 2012; Zak 

& Knack, 2001). It varies across the countries with a predictable pattern based on macro-

 

24 This part has benefited from feedback received at the conference of the Cultural Evolution Society 

organized in 2017 in Jena, especially from Dr. Daniel Kelly. 



   

104 

 

economic conditions, also in terms of punishment of non-cooperators (Gächter, Herrmann, & 

Thöni, 2010; Herrmann, Thöni, & Gächter, 2008).  

The existence of human cooperation despite the presence of social dilemmas is puzzling 

and the way societies overcome it has been labeled as one of the key questions of the human 

existence (Pennisi, 2005). There are multiple theories that capture several mechanisms, 

including the intentions of moralizing and caring gods (Norenzayan, Henrich, & Slingerland, 

2013), direct and indirect, positive and negative reciprocity as norms to reward cooperators and 

punish cheaters that spill-over also into one-shot interactions (Delton, Krasnow, Cosmides, & 

Tooby, 2011; Richerson, Boyd, & Henrich, 2003), advantage in group competition (Fehr & 

Schurtenberger, 2018), and the strength of kinship structure (Enke, 2019). The evolutionary 

adaptation favored mechanisms that foster in-group cooperation and out-group hostility, which 

has been labeled as “parochialism” that captures both parochial altruism as well as xenophobia 

(Bowles & Gintis, 2004; Hruschka & Henrich, 2013; Rand & Nowak, 2013) and has been 

tested in the laboratory (Aaldering & Böhm, 2019; Abbink, Brandts, Herrmann, & Orzen, 2010, 

2012).  

Throughout the evolution, the social groups faced basically a stable selection pressure 

which includes also times of acute stress for example when facing attack by another group or 

a predator. If in-group cooperation really helped during inter-group competition, stress should 

increase it since it benefits the survival of the whole group and the freeriding strategy becomes 

less important. This effect should likely come on the expense of the cooperation with out-

group, as parochialism should generally strengthen. We contribute to the literature by being 

one of the first to study how is cooperation affected by acute stress, which is largely unknown.  

Evidence from field and observational studies consistently suggests that indeed crime 

violence and war can foster in-group cooperation, especially when they are exposed to the 

trauma during the formative period of their lives (Bauer et al., 2016; Bauer, Cassar, Chytilová, 

& Henrich, 2014). Violent crime and war indeed go hand-in-hand with severe stress experience 

for both the civilians as well as for the soldiers as can be seen from the rates of PTSD (Yehuda, 

2002). One study suggests that poverty and resource scarcity seems to affect the spiteful 

behavior towards in-group, but not cooperative behavior (Prediger, Vollan, & Herrmann, 2013, 

2014), which could be connected to the change in the norm enforcement prevalence (Bartoš, 

2018). War and environmental catastrophes also seem to stimulate religiosity (Henrich, Bauer, 

Cassar, Chytilová, & Purzycki, 2019; Sibley & Bulbulia, 2012) while the currently dominant 
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religions have pro-sociality embedded in their core teaching and helped shape human 

cooperation and likely allowed for the emergence of large-scale societies (Lang et al., 2019; 

Norenzayan et al., 2016). 

In this laboratory study we exogenously manipulate the level of stress the participants 

face using the Trier Social Stress Test for Groups (von Dawans et al., 2011) by exposing them 

to either the stress-inducing or the proper control procedure, validate the manipulation by the 

means of cortisol levels from saliva samples and stated emotions, and let them play the 

Prisoner’s dilemma game in two settings with two partners in a 2x2 design that allow us 

disentangle several motivations for the underlying behavior: (i) without any information on the 

decision of their partner; (ii) conditionally on what this partner would decide; and the partner 

is (a) another participant undergoing the same procedure in the same room; or (b) member of 

another group of participants not undergoing the stress or a control procedure. We also elicit 

beliefs about the behavior of each partner in an incentivized way. Comparing behavior in 

condition (i-a) and (i-b) we can isolate the effect of in-group out-group discrimination between 

the partners, if there is any, and how it is affected by stress. By comparing beliefs with 

unconditional decisions, we can isolate what role in the final decision play the preferences and 

beliefs. Finally, by comparing the unconditional and conditional decisions, we may speculate 

about conditional cooperation as compared to just having pessimistic beliefs.  

The role of social identity and distinguishing between in-group and out-group members 

can be particularly in the field of cooperation under stress pronounced (Balliet, Wu, & De Dreu, 

2014; Tajfel & Turner, 1973). Social identity and group-level interactions are central especially 

to social psychology, sociology, anthropology, and political science, and have been used for 

the analysis of racial conflicts, discrimination, and formation of human capital (Y. Chen & Li, 

2009). Only the feeling of being a part of a group can play an important role in the individual 

behavior without the in-group interaction (Bauer et al., 2018; Sutter, 2009), and this can be 

easily manipulated by e.g. the minimal group paradigm (Tajfel, Billig, Bundy, & Flament, 

1971). Acute stress may work as an especially bonding mechanism, even without any 

communication, and can bring important effects on the rate of cooperation, and no study so far 

has investigated this issue. 

We also pay special attention to gender differences in cooperative decisions and form 

experimental sessions consisting of only men, only women, or both, due to several reasons. 

First, the behavioral effects of stress are suspected to be gender-specific (Taylor, 2006; Taylor 
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et al., 2000) and differences in behavior have been found in the literature (Cahlíková & Cingl, 

2017; Cahlíková et al., 2019; Lighthall et al., 2009; van den Bos et al., 2009). Moreover, there 

are consistent differences in the stress reactivity between men and women, including the 

magnitude of physiological and psychological reaction, the type of a stressor, and the efficiency 

of buffering mechanisms like social support (Allen et al., 2014; Kelly, Tyrka, Anderson, Price, 

& Carpenter, 2008; Kudielka & Kirschbaum, 2005; Stroud et al., 2002). We have also reasons 

to suspect gender-specific effects on cooperation due to empirical findings of a meta-analysis 

(Balliet et al., 2014) and psychological theories, e.g. the “male warrior hypothesis” (McDonald, 

Navarrete, & Van Vugt, 2012; Vugt, Cremer, & Janssen, 2007). 

Our main hypothesis is that stress increases unconditional cooperation with in-group 

members and decreases cooperation with out-group members, with potential gender 

differences in the form of men being especially affected when in all-male sessions, as the male-

warrior and fight-or-flight hypotheses suggest. For women the tend-and-befriend hypothesis 

suggests more cooperation in general, with potentially no difference between members of in-

group and out-group. We also look at the change in the size of the gap between cooperation 

with in-group and out-group as it should grow under stress, especially for men. We then 

investigate the role of beliefs and conditional cooperation in the unconditional decisions. 

Several controlled laboratory studies exogenously manipulated stress levels and 

measured prosocial behavior in humans. These have shown that acute stress increases prosocial 

behavior towards strangers (von Dawans et al., 2019, 2012) while emphasizing the role of 

social distance (Margittai et al., 2015) and of major hormones released during the stress 

reaction (Margittai et al., 2018), but some have also found less trust and more spite against the 

outgroup (Potts et al., 2019; Steinbeis et al., 2015). These studies used variants of Trust game 

(Berg et al., 1995) and Dictator game (Kahneman et al., 1986), which however do not explicitly 

embody the nature of the social dilemma as the standard tasks used for the measurement of 

cooperative behavior, such as Prisoner’s dilemma (Rapoport, Chammah, & Orwant, 1965) and 

Public Goods Game  (Hardin, 1968). 

Notably, Nickels et al. (2017) included 120 students in their experiment, where they 

were exposed to the Trier Social Stress Test (Kirschbaum et al., 1993) or sat in a room doing 

nothing, and then participated in economic games Ultimatum game and 10 rounds of Prisoner’s 

dilemma game. The results show slightly lower rate of cooperation for men and significantly 

higher cooperation rate of women exposed to stressor compared to the control condition. The 
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participants were deceived in that they played against hypothetical partners who were presented 

as randomly selected other participants, which poses a threat to internal validity of the 

experiment, especially if they had been exposed to deceptive practices before (Hertwig & 

Ortmann, 2001, 2008; Jamison, Karlan, & Schechter, 2008). Moreover, the stress manipulation 

was validated only using subjective reports, which may not coincide with the physiological 

measures (Campbell & Ehlert, 2012), and the control procedure differed cognitively from what 

the participants in the stress-inducing condition faced.  

Our main finding is that contrary to the hypothesis of more pronounced parochial 

cooperation, under stress we observe less cooperation toward ingroup by men only. In the 

control group we observe a discrimination against outgroup in the form of a markedly lower 

cooperation which is driven by women.  However, the discriminatory behavior against 

outgroup is absent in the treatment group. We do not find and systematic pattern in the 

formation of beliefs about the partner’s decision, nor in the conditional cooperation, which 

suggests that the effects on the unconditional decisions are driven by the change in preferences.  

Our results contribute to the large literature on determinants of cooperation across 

different fields, including biology, psychology, and economics, and to the emerging literature 

on the effects of acute stress on economic behavior that apart from already mentioned prosocial 

preferences already covers risk-preferences (Cahlíková & Cingl, 2017; Kandasamy et al., 2014; 

Porcelli & Delgado, 2009a; Sokol-Hessner et al., 2016), time-preferences (Haushofer et al., 

2013, 2018; Riis-vestergaard et al., 2018), willingness to compete (Buser, Dreber, et al., 2017; 

Cahlíková et al., 2019; Esopo et al., 2019; Zhong et al., 2018) and competitive confidence 

(Goette et al., 2015). The results also contribute to the discussion over the “tend-and-befriend” 

and “fight-or-flight” patterns of the behavioral response under stress (for the discussion of 

channels, see Buchanan & Preston, 2014).   
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9. Methodology 

The core method used is a controlled experiment carried out with student sample in a 

laboratory, which is described in detail in this chapter. We report also on an auxiliary 

experiment with traders that was done for the sake of measurement of their personal traits. 

9.1. Online questionnaire 

Several days prior their scheduled participation, registered subjects were asked to fill 

in an online survey that included batteries of questions measuring the trait anxiety STAI-T 

(Spielberger et al., 1983), general risk-preferences (Dohmen et al., 2011), ambiguity 

preferences (Cavatorta & Schröder, 2014) and other characteristics including questions 

assessing subjects’ physical and mental health state that were meant to be preliminary screening 

conditions.  

General risk preferences were assessed with the question "How much are you willing 

to risk in general?" on the scale 0 to 10 that has been validated on the German population using 

an incentivized task (Dohmen et al., 2011). Apart from the question on general risk we included 

the domain-specific questions on the risk-taking in the domains of driving, financial matters, 

sports and leisure, career, and health. 

Ambiguity preferences were measured from the following question describing the 

Ellsberg urn experiment: "Please imagine the following situation: You can choose between 

drawing a ball from two different urns, urn A and urn B. Urn A contains 100 balls, some are 

white and some are black. However, you don’t know how many balls are white and how many 

balls are black. Any combination is possible. There might be from 0 to 100 white balls, with 

the remaining balls being black. Urn B contains 100 balls as well, but you know that it contains 

exactly 50 white balls and 50 black balls. Now choose a color, either white or black. Suppose 

you win £100 if you draw a ball of the color you have selected. If the ball is of the other color, 

you win nothing. From which urn would you prefer drawing a ball? 

1. I have a strong preference to draw a ball from urn A. 

2. I have a slight preference to draw a ball from urn A. 

3. I am indifferent between drawing a ball from urn A or from urn B. 

4. I have a slight preference to draw a ball from urn B. 
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5. I have a strong preference to draw a ball from urn B.” 

 

We also included four statements that participants were supposed to indicate their level 

of agreement with:  

 

1. Every duty can be done right but also wrong. 

2. I feel relief when an uncertain situation clears up. 

3.I have problems with making decisions when the outcome is uncertain. 

4. I voluntarily accept new challenges. 

5. I never act in an uncertain situation until I know all the risks.” 

 

The next part was the measurement of the Big-Five personality traits Openness to 

Experience, Extraversion, Conscientiousness, Agreeableness and Neuroticism that were 

calculated each from 20 questions set in a randomized but fixed order (Costa & McCrae, 1992).  

9.2. Task – financial speculation 

We closely follow the Speculation Elicitation Task (SET) protocol (Janssen et al., 2018) 

which is based on the Bubble game (Moinas & Pouget, 2013) that allows for elicitation of the 

degree of individual willingness to speculate. In the task, there is a sequence of three traders 

who can either accept or reject to buy an asset with a fundamental value of zero. If a trader 

accepts to buy the asset, a purchase involves an investment of 3 experimental currency units 

(ECU). Then, if the trader succeeds in selling it to another trader who is next in their sequence, 

she earns 10 ECU. However, if the trader is not able to sell the asset, either because the next 

trader does not want to buy it or there is no other trader in the sequence, she gets 0 ECU, i.e. 

its fundamental value. The game-tree with the resulting payoffs is depicted in Figure 2.  

Figure 2: The game-tree of the bubble game. Source: Janssen et al. (2018) 

 

The Nash equilibrium of this partial game can be obtained similarly as in the centipede 

game by backward induction: no trades resulting, hence no bubbles. The crucial feature of the 
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design is, however, that traders do not know their position in a sequence; rather they receive 

an imprecise signal from a known distribution. The signal is provided by a "price" of the asset 

which is not payoff relevant as traders have a limited liability and are financed from outside 

sources. In this game a decision to buy can be rationalized using the (subjective) Quantal 

Response Equilibrium (McKelvey & Palfrey, 1995; Moinas & Pouget, 2013) as some subjects 

may expect others may make a mistake or be altruistic.  

The signal/price is at the beginning of a sequence drawn randomly from a distribution 

of 𝑃1 ∈ {100, 101, 102, 103, 104} and if a trader sells it further, it increases by a factor of 10. 

Therefore, prices of 1, 10 and 100 are fully informative of not being the last in the sequence 

while the price of 1.000.000 implies being the last in the sequence with certainty. All 

participants make all decisions simultaneously and if anyone decides to buy, it is assumed that 

she wants to sell an asset further. Participants are making their decisions in the strategy-form 

for all possible prices that can arise and are fully informed of the implied probabilities of being 

the last in a sequence, given any price, starting with the highest possible price and then in steps 

descending to zero. If a price is being accepted, it is assumed that all lower prices are accepted 

as well. The SET score is directly related to the switching point from which on a participant 

decides to buy, i.e. the SET score is a rank of a switching price PS, see Table 4. 

Table 4: Elicitation of SET scores. Source: Janssen et al. (2015) 

Buy at this (or 

lower) price 

Never 100 101 102 103 104 105 
106 

Probability of being 

last (%) 

0 0 0 23.08 28.57 46.15 57.14 
100 

SET score 
0 1 2 3 4 5 6 

7 

The final payoff for a subject is calculated in a following way: first, one price is drawn 

randomly from the announced uniform distribution. Second, the decision buy/not buy for this 

price is examined. If subject doesn’t want to buy, she will keep the initial amount of 3 ECU. In 

case of buying the asset the position of a trader in a sequence is randomly assigned according 

to a known distribution (presented in Table 5), while the remaining two traders are randomly 

chosen from the current group for the other two positions in the trade sequence and their 

decisions determine the subject's payoff.  
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Participants are asked in an incentivized way25 to specify their beliefs about the SET 

scores of other participants for each price by answering question "How many of the participants 

in today's session start buying at this point?".  

Table 5: Price distribution by position 

Price Chance - position 1 Chance - position 2 Chance - position 3 

1 100 % 0 % 0 % 

10 60 % 40 % 0 % 

100 50 % 30 % 20 % 

1 000 30 % 40 % 30 % 

10 000 20 % 30 % 50 % 

100 000 0 % 40 % 60 % 

1 000 000 0 % 0 % 100 % 

Note: this table was presented to the participants during instructions and they kept it throughout the experiment  

Groups of traders – counterparts in the SET sequence 

Participants make their decision in the SET task three times that were evaluated 

separately for payoff: (i) knowing that the other two decision makers in the SET are two other 

people once from the same room, (ii) the other two decision makers are two people from a 

different, adjacent room, and (iii) the other two decision makers are in fact a computer that 

follows a pre-specified procedure that mimics the decision-making situation of a person in this 

situation, and was well explained beforehand.  

Comparing the decisions SET (i) and (ii) in the treatment group allows for the 

identification of the strategic expectations subjects may hold about the effects of stress on 

others (i.e. when other, also stressed people are in a trading sequence vs. when there are other 

but non-stressed people), while in the control group this contrast may reveal a pure out-group 

effect (see e.g. Charness, Rigotti, & Rustichini, 2007; Y. Chen & Li, 2009; Sutter, 2009). 

The computer’s decision to buy resulted from chances of not being the last in the 

sequence as indicated in Table 5, i.e. if the computer faced prices 1 or 10, it decided to buy 

 

25 If a subject correctly guessed the level for 6 and more other participants, they received a bonus of 3 

ECU; if they guessed 4 or 5 correctly, the bonus was 2 ECU. The bonus was paid no matter the selected task for 

payment at the end.  See the full instructions in the Appendix on how incentives were specified. 
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with 100% chance; if it faced the price of 1,000,000, it decided to buy with 0% chance, and in 

the rest of the cases the decision followed probabilities indicated in column 4 of the table. The 

first two SET decisions were administered in a counterbalanced order while the SET decision 

against computers was always the third.  

Since the task is rather complex and we wanted to make sure that there was full 

understanding of the procedures in the stress and control groups, most of it was explained 

before the treatment manipulation procedure and a series of control questions did not allow any 

participant to continue without full understanding. Subjects also had the tables indicating the 

chances of being at the respective position in the sequence printed out at the desk for their 

disposal. The only part of instructions that was left into the treatment room was about the SET 

decision itself and the procedure of the payment because we did not want them to make the 

decision even just mentally still in the baseline period before the treatment manipulation. 

Subjects had moreover enough time for each decision and a chance to revisit their decision 

before submitting it for good. 

9.3. Traders’ trait measurement 

Procedures 

We conducted an economic pen-and-paper experiment with 16 professional traders and 

8 final applicants for such position in a large energy company during the company's assessment 

selection procedures in one day. The experiment was also run on 54 students in the laboratory 

using the identical procedures. One session took approximately 25 minutes. The decisions in 

the experiment were rewarded with tokens that would increase probability of winning in an 

end-lottery at the end of experiment, which was based on the principle of pari-mutuel betting 

markets. In particular, the end-lottery consisted of drawing a token from an urn where all tokens 

of participants in a group were put, therefore having more tokens in the game increased the 

probability of winning and served as an incentive-compatible way of eliciting decisions. In the 

end-lottery sizeable monetary prizes were involved and stakes were set to be five-fold higher 

for traders than students (5,000 CZK vs. 1.000 CZK) in order to equate the opportunity costs 

of attending the experiment. Students also received 100 CZK as a show-up fee, and every 

subject started with one token as a participation fee. One prize was given in a group of roughly 

eight to ten people, traders and applicants participated in separate lotteries. Both students and 

traders could choose between the Czech and English version of the instructions.  
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Subjects had been given instructions for all tasks at once after introduction by the 

experimenters and had enough time to read through and ask clarifying questions, before they 

received the task (i) (quiz) that was restricted by time. The experiment comprised five parts 

and subjects were informed that before the end-lottery, one of the tasks (iii) and (iv) will be 

randomly selected for their payoff, and the final part (v) was a questionnaire. After the part (i) 

they could proceed in their own pace with making decisions in the remaining parts. The 

experimenters in the meantime graded the quizzes and when everybody was done, the selection 

of a task for payment (the same for the whole group) was determined using a ten-sided die. 

Then individually for each subject it was determined based on their decisions how many tokens 

they gained for the end-lottery. The end-lottery was executed immediately after the last subject 

had their tokens in the urn, payoffs were realized, and the experiment was over. 

Tasks 

In the part (i) of the experiment, participants performed in a strict time limit of 10 

minutes a quiz containing ten logical questions based on the cognitive reflection test (CRT, 

Frederick, 2005) including the original three CRT questions (see further in the section for the 

precise setting). After the time limit the quiz part was collected and evaluated. They were 

informed that the correct answers do not directly translate into money or tokens, but having 

more correct answers will give them an advantage in the next part. In part (ii) participants were 

asked to estimate their number of correct answers and their position relative to the median in 

their group; both answers were incentivized by an additional quiz-point each.  

Next, task (iii) was the procedure for the measurement of confidence after Goette et al. 

(2015): subjects were supposed to decide in ten situations (rows of the table) whether they 

prefer a lottery or a competition knowing one of these ten situation would be randomly selected. 

The lottery paid either 11 tokens or 1 token with a probability that changed in steps of 10 

percentage points between each choice, starting with 0% chance of winning 11 tokens and 

100% of winning 1 token, see Table 6 for the real look of the task. Subjects with consistent 

preferences should start in row 1 preferring the competition, where they have at least some 

positive chance of winning, and then according to their preferences switch toward lottery when 

in expectations it gave them higher payoff than the competition, and stick to this in the 

following rows.  
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Table 6: Confidence elicitation environment 

 Lottery   Competition 

1 0% payoff 11 tokens & 100% payoff 1 token  O O victory = 11 tokens or loss = 1 token  

2 10% payoff 11 tokens & 90% payoff 1 token  O O victory = 11 tokens or loss = 1 token  

3 20% payoff 11 tokens & 80% payoff 1 token  O O victory = 11 tokens or loss = 1 token  

4 30% payoff 11 tokens & 70% payoff 1 token  O O victory = 11 tokens or loss = 1 token  

5 40% payoff 11 tokens & 60% payoff 1 token  O O victory = 11 tokens or loss = 1 token  

6 50% payoff 11 tokens & 50% payoff 1 token  O O victory = 11 tokens or loss = 1 token  

7 60% payoff 11 tokens & 40% payoff 1 token  O O victory = 11 tokens or loss = 1 token  

8 70% payoff 11 tokens & 30% payoff 1 token  O O victory = 11 tokens or loss = 1 token  

9 80% payoff 11 tokens & 20% payoff 1 token  O O victory = 11 tokens or loss = 1 token  

10 90% payoff 11 tokens & 10% payoff 1 token  O O victory = 11 tokens or loss = 1 token  

 

In part (iv) their risk-preferences were elicited using a task similar to part (ii), which 

was based on Dohmen et al. (2010): subjects again made decisions in ten similar situations 

(rows of the table) and knew that one would be randomly selected for payment at the end of 

the experiment provided this part would be chosen (the real look of the task is provided in 

Table 7). The decisions were this time between a lottery and a certain safe number of tokens. 

The lottery had fixed probabilities of 50% of winning 11 tokens and 50% of winning 1 token 

in all ten situations, while in the alternative option the sure amount increased from 0 tokens in 

row 1 until 9 tokens in row 10.  

This was followed by part (v) which consisted of a short questionnaire on personal 

characteristics, including the domain-specific risk-taking questions from Dohmen et al. (2010) 

and the trait anxiety score (Spielberger et al., 1983). 

Table 7: Risk-elicitation environment 

 Lottery   Sure amount 

1 50% payoff 11 tokens & 50% payoff 1 token  O O 0 tokens 

2 50% payoff 11 tokens & 50% payoff 1 token  O O 1 token 

3 50% payoff 11 tokens & 50% payoff 1 token  O O 2 tokens 

4 50% payoff 11 tokens & 50% payoff 1 token  O O 3 tokens 

5 50% payoff 11 tokens & 50% payoff 1 token  O O 4 tokens 

6 50% payoff 11 tokens & 50% payoff 1 token  O O 5 tokens 

7 50% payoff 11 tokens & 50% payoff 1 token  O O 6 tokens 

8 50% payoff 11 tokens & 50% payoff 1 token  O O 7 tokens 

9 50% payoff 11 tokens & 50% payoff 1 token  O O 8 tokens 

10 50% payoff 11 tokens & 50% payoff 1 token  O O 9 tokens 
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Logical Quiz, English version 

For each correct answer to the following tasks you will earn one point. 

 

1. We have a pan and three pieces of bread that we want to fry in it. It takes 2 

minutes to fry one side of a piece of bread. There is space for two pieces of bread at once. What 

is the shortest time of frying when we want to fry all three pieces of bread on both sides? 

________minutes 

 

2. This year a father of a family turned 45. If his three sons are 7, 11 and 15, in 

how many years will the father's age be equal to the sum of his sons’ ages?____________ years 

 

3. A lake gets slowly covered with reed. Every day the surface covered by reed 

doubles (1st day 1m2,2nd day 2m2, 3rd day 4m2,4th day 8m2). If the reed covered the full lake in 

48 days, how many days did it take to cover half of the lake?  _______days 

 

4. Margaret is 31, is rather quiet, single and very smart. She majored in philosophy 

and during her studies she was interested in topics connected to discrimination and social 

inequality and she was arrested several times for participating in demonstrations for human 

rights. Which of the following statements is more probable? ________ 

 a. Margaret works in a bank 

 b. Margaret works in a bank and is an active member of Greenpeace  

 

5.  A drum and a drumstick cost 110 CZK in total. If the drum costs 100 CZK more 

than the drumstick, how much is the drum? __________CZK 

 

6. A father was driving his son to school and gets in a terrible car accident. The 

father and son are rushed to the hospital. The son is wheeled into the operating room and the 

doctor enters, takes one look at the boy and says, "I can't operate on this boy. He's my son." 

How come? 

_______________________________________________________ 

 

7.  Ian goes for a walk to visit Mary who lives in a village 12 km away with a 

constant speed of 4km/h. His dog can't wait to see Mary, so it keeps running back and forth to 

Mary's house and back to Ian. The dog has a speed of 16km/h. How many kilometers does the 

dog run until Ian enters Mary's door? ________km 

 

8.  Fill in a fitting number: 

 5+6=1  8+9=3  3+1=0 4+6=2 7+2=0 8+8=4 7+4=_______ 

 

9.  Imagine you participate in a TV show where you can win a car, which is behind 

one of three closed doors (the other two doors hide no prize). You can pick one door and get 

what is behind it. After you select your door but before you open it, the host opens one of the 

remaining two doors to show the car is not there. Now you can either switch from the originally 

picked door and change your choice to the remaining door. Is it better for you to switch to the 

remaining door? _________ 

 

10.  If 5 workers need 5 minutes to create 5 widgets, how long will 100 workers 

need for 100 widgets? __________minutes 
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9.4. Task - Cooperation 

Cooperation was measured using the standard abstract Prisoner’s dilemma (PD) game. 

In this game players decide in a one-shot interaction over two alternatives that determine 

simultaneously their payoff and the payoff of an anonymous interaction partner, see the payoff 

structure in Table 8. The game poses a dilemma between a cooperative choice X which if 

chosen by the other player as well creates the highest total income (6 for each, in total 12 ECU) 

for the group of the two players, XX is thus the socially optimal outcome. However, both 

players face a temptation to switch to the non-cooperative choice Y because it brings a higher 

payoff (10 or 3) individually for both choices of the other player and therefore strategically 

dominates X. Because the game is symmetrical, if players behave according to the predictions 

of Game Theory in a fully rational and selfish manner, they should choose the non-cooperative 

but dominant choice Y.  

This task was explained in an abstract framing using solely the description of the 

outcomes in the four potential situation and the payoff matrix, and the understanding of the 

game was checked in a series of four control questions. The payoff matrix was also displayed 

throughout the whole series of four decisions. The first decision was the so-called 

“unconditional” decision because the participant was not informed of the decision of the other 

player. The second decision the participant made was stating the beliefs regarding the other 

player’s decision, which was incentivized by 1 ECU that was paid no matter what part and task 

of the experiment was eventually chosen for payoff. The third decision asked the participant 

what her choice would be if the other player chose in the unconditional decision the non-

cooperative choice X, and the fourth and the last decision was for the case if the other player 

had chosen the cooperative choice Y. The sequence of the four decisions was always presented 

in the same order: unconditional decision, beliefs, conditional on non-cooperation, and 

conditional on cooperation. The sequence was repeated for the second type of other player, as 

once it was a randomly chosen participant from the same room while another time it was a 

participant of another experiment that took place in a different room (see subsection Procedure 

for more details). The type of the partner (same-room or different-room) was announced on a 

separate screen and was put in bold font, and the order of interaction was counterbalanced 

across sessions. 

For the determination of payoff in this task which happened only at the end of the 

experiment, one of the two types of partner was randomly selected, and one decision from the 
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unconditional and conditional decisions. All subjects were then paid according to this type of 

selected decision. If an unconditional decision was chosen, participant was paid according to 

the choice of the other player, and if a conditional decision was chosen, it was matched with 

an unconditional decision of the other player, and vice versa.  

Table 8: Payoff matrix in the Prisoner's dilemma game 

Your choice / choice of the 

other player 
Him: X Him: Y 

You: X 6, 6 1, 10 

You: Y 10, 1 3, 3 

Note: the payoff matrix was specified in this way on-screen during the TSST-procedure. ECU = Experimental Currency 

Units. 

The screenshot of the decision-making environment is presented Figure 3.
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Figure 3: Screenshot of the decision-making environment in the prisoner’s dilemma game, instructions. 
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9.5. Treatment procedure – TSST-G 

We utilize stress as an instinctive reaction to a perceived threat to an important desired 

goal of an organism, when the goal can be e.g. the preservation of biological or social self 

(Kemeny, 2003). It activates two main physiological pathways to restore homeostasis: the 

sympatho-adreno-medullary (SAM) system and hypothalamus-pituitary-adrenal (HPA) axis. 

The activation of SAM system consists of an instant increase in catecholamines (epinephrine, 

norepinephrine, dopamine) which stimulate the cardio-vascular system and can be traced by 

measuring heart-rate, blood pressure or body temperature (Dickerson & Kemeny, 2004). The 

activation of HPA axis follows in the matter of minutes and as the final product it massively 

releases cortisol into the bloodstream. Therefore, together with ease of its sampling, cortisol 

has been commonly used as a main  biomarker of stress, often combined with a supplementary 

measure of SAM (e.g. heart-rate) to provide an evidence of a real-time dynamics of the whole 

stress reaction (D. H. Hellhammer et al., 2009). Generally speaking, the fast-processed 

activation of SAM system and HPA axis typically manifest themselves in a rapid focused 

attention, hypervigilance and promotion of reflex-like behavior at the expense of goal-directed 

behavior (Schwabe et al., 2010).  

Since different stressors can trigger different stress reactions, we study the effect of 

psycho-social stress as we perceive it most accurately resembles the conditions traders face in 

real markets – a failure representing a threat to a goal of achieving a successful career and 

preserving their social status (Dickerson & Kemeny, 2004). Psycho-social stress can be reliably 

induced in laboratory conditions by means of the standard psychological protocol Trier Social 

Stress Test (TSST, Kirschbaum et al., 1993) in its modification for groups (TSST-G, von 

Dawans et al., 2011).  

The procedure which was carried out in a room separated from the laboratory consists 

of two parts: public speaking and mental arithmetic. The framing of these tasks is in our setting 

slightly modified from the original (von Dawans et al., 2011) one: in the first part of the 

treatment (stress-inducing) condition, subjects are asked to present themselves in a mock job-

interview for their dream job in two minutes; in the other part subjects were asked to pronounce 

loudly every second letter in the alphabet backwards (e.g. Z, X, V, ...) for one minute. Each 

subject receives a different letter to begin with. During this process they remain standing 

separated by cardboard walls in front of a panel of two people (Figure 4) who wear plain white 
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laboratory coats, make notes, and are specially trained not to give any feedback on subjects' 

performance. Subjects' performance was recorded by a video-camera operated by one of the 

panel members. To avoid hearing others, subjects had headphones with an ambient noise on 

while not talking to the committee. The whole procedure took about 30 minutes. At the end of 

the experiment the treatment group received a proper debriefing explaining the purpose of the 

speaking part. 

Figure 4: Scheme of the TSST-G room. Source: Adapted from von Dawans et al., 

(2011). 

 

In the full control procedure subjects perform cognitively comparable activities, but 

without the stressful aspects: the speaking part consists of reading of a text from a popular 

magazine in a low voice and in the arithmetic part subjects simply say the alphabet out loud 

for one minute. The timing and the length of the tasks in the control condition is the same as in 

the treatment condition. To make sure that the stress reaction was induced, we sampled 

subjects' saliva three times (before they receive instructions to the oral part, right after they 

finish the first oral part, and when they arrived back into the laboratory to make sure the 

dynamics of the stress reaction is comparable to similar studies) and had it analyzed for the 

concentration of free cortisol. Apart from that we measured their mood using a questionnaire 
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that consists of two parts containing a set of 15 questions each. The outcome is a score of three 

mood dimensions: good/bad, awake/tired and calm/nervous (MDMQ/MDBF, Steyer, 

Schwenkmezger, Notz, & Eid, 1997). To check whether attention resources are not 

differentially depleted, we administered a standard D2 attention test right after the arrival of 

subjects back to the laboratory (Brickenkamp & Zillmer, 1998).  

9.6. Emotion analysis 

The analysis of recorded videos of the subjects’ faces was performed using the 

FacereaderTM 6 software (Noldus, 2015). The FacereaderTM (FR) classifies facial expressions 

in visual objects like pictures and videos for the seven basic emotions: neutral, happy, sad, 

angry, surprised, scared and disgusted. The program applies different algorithms to the 

operations in the whole procedure of the emotion analysis. First, FR detects the face in the 

picture, then it creates a 3D model of the face using more than 500 key points that are then 

crucial for the emotion analysis. The FR has been trained using artificial neural network on 

over 10.000 images that were pre-classified by trained experts. The quality of emotion 

assessment crucially depends on the image quality, and if the quality gets below a critical 

threshold, the program cannot classify it. Similarly, the efficacy of FR depends on the angle of 

the face recording, since when it is more than 30 degrees, the modelling grid is incomplete, and 

the emotion cannot be determined. The newer versions also use Deep Face classification 

method that can assess the emotion even if the face is partially covered, but after our piloting 

we decided not to use this feature.  

Figure 5: Example of work environment of Facereader. Source: Lojiens & Krips (2018) 
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The output of the FR program consists of a number between 0 and 1 assigned to each 

emotion indicating its intensity, where 0 means no intensity and 1 is full intensity. The facial 

expressions are often simultaneous combinations of several emotions, therefore for each frame, 

each expression is assigned a value, which however do not have to sum up to 1. Apart from the 

mentioned emotions, FR calculates also the valence as the intensity of happy minus the 

combined intensities of sad, angry, scared, and disgusted.  

9.7. Procedures 

The study was approved by the Internal Review Board of the Laboratory of 

Experimental Economic (Ref. No. IRB_LEE_01_2014) where the experiment took place. First, 

the invitation email that was sent out by using ORSEE (Greiner, 2004), but any mention of 

stress was avoided in order not to cause a self-selection of subjects. Then, several days prior 

their scheduled participation, registered subjects for the TSST part of the experiment were 

asked to fill an online survey measuring the STAI-T (Spielberger et al., 1983), general risk-

preferences (Dohmen et al., 2011), ambiguity preferences (Cavatorta & Schröder, 2014) and 

other characteristics including questions assessing subjects’ physical and mental health state: 

subjects that indicated any potential problems were not allowed to participate in the 

experiment.26 For the day of the experiment, they were asked in another email not to smoke, 

perform heavy exercise, drink more than three cups of coffee and completely avoid alcohol so 

that the cortisol levels in their saliva would be accurately measured. The adherence to the 

requirements was checked via a short screening questionnaire before entering the lab. The 

different room counterparts did not receive any online questionnaire and they did not have to 

comply with any extra requirements. 

After their arrival to the lab, subjects were randomly seated at workstations in the main 

part of laboratory, simultaneously with another group of eight subjects that were seated in the 

auxiliary part of the laboratory that was separable by a door from the main part (group of 

counterparts in the SET from the “different room”). At every session it was publicly announced 

that there were two experiments running at the same time, and some parts of the experiments 

would be for both groups together while other parts would be different for each group. General 

instructions were read aloud for groups together and everybody signed an informed consent 

 

26 One response from the internet questionnaire was due to technical problems not recorded. 
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form (Figure 6 provides a timeline of the experiment). Subjects signed an informed consent 

form where the TSST part was referred to as an oral part executed in a different room. This 

door separating the main and the auxiliary parts of laboratory was at the beginning of the 

experiment wide open, but it was closed right after the end of the shared part of the experiment, 

i.e. by end of the SET control questions. We did this in order to ensure that subjects were aware 

if the presence of the other group in an unobtrusive way and their existence in the experimental 

task would be completely trustworthy. We checked this by asking subjects if they had any 

doubts about the existence of the outgroup in the final questionnaire. The gender composition 

was always the same in both groups, but this fact was not announced aloud. After listening to 

general instructions, subjects and counterparts filled a short on-screen personality 

questionnaire (Big-five dimensions of personality, Costa & McCrae, 1992) which was mainly 

supposed to calm them down in order to measure cortisol levels accurately. Then both groups 

were read the instructions for the SET aloud by an experimenter and answered a series of 

detailed on-screen control questions that did not allow a participant to proceed without full 

understanding. The first part of the SET instructions had also been handed out on paper, 

together with all tables informing about respective probabilities in the SET protocol, so that 

the participants could consult them whenever they felt necessary. Next, they proceeded with 

the first part of a MDM questionnaire evaluating their current mood (Steyer et al., 1997). After 

this, the door separating laboratory rooms with subjects and counterparts was closed and the 

group of counterparts continued with a different task. After closing the door, subjects were 

instructed how to use plastic tubes for saliva sampling and gave the first sample – the baseline. 

Next, the headphones with MP3 playing the ambient noise were set. When everybody was 

ready, subjects received the instructions for the first part of the TSST-G procedure and had 3 

minutes for preparation. The whole procedure in the adjacent room took about 45 minutes in 

total, including the TSST-G and behavioral decisions. To exploit the physiological stress 

response in its full immediate effect, subjects in the TSST-G room had laptops prepared at a 

desk behind them (Figure 4), where they would sit and make decisions right after the speaking 

parts. The SET protocol was administered simultaneously to all subjects after the last subject 

finished her first public speaking task (the job-interview). When subjects started working on 

the computer, the second sample of saliva was given. The remaining part of SET instructions 

concerning the principle of the SET decision and the payment procedure were presented on-

screen, and subjects made the three SET decisions. Subjects could change their mind once in 

each of the three settings (recall the other traders in sequence are (i) from the same room, (ii) 

from the different room, (iii) computerized). The first two settings included an incentivized 
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elicitation of beliefs. The whole SET-related part executed during the TSST-G procedure took 

approximately 10 minutes. After performing the second oral task (the mental arithmetic part of 

TSST-G), another computerized task was administered: the standard prisoner's dilemma (PD) 

in an abstract framing. Subjects made their decisions in the unconditional and conditional 

versions of the PD task, again once knowing the other person in the task is from the same room 

and another time when the other person is from the other room. The faces of subjects were 

recorded by web-cameras during the time they were working at laptops for a later analysis of 

emotions. The order of games was such that the SET task was always the first and the PD task 

was always the second, while the order of types of counterparts was counterbalanced across 

sessions. 

When the TSST-G procedure ended, subjects returned from the adjacent room to the 

lab, gave the third saliva sample, filled in the D2 attention test, the second part of the on-screen 

mood questionnaire, a brief questionnaire on their personal characteristics and were paid in 

private.  Subjects as well as the counterparts had been informed before making their first 

decision that in order to compute their payoffs, one decision would be selected randomly from 

all decisions they made in the SET task and another one from all they made in the PD task at 

the end of the whole experiment and there would be no feedback on their decisions in the course  

of the experiment. All elicited expectations were paid for unconditionally, like the show-up 

fee. The treatment (stress) group received a careful debriefing before the payoffs, when the 

counterparts had left the laboratory. The experiment was conducted in Czech, the head of the 

TSST-G committee was a male with a female colleague, the experimenter was a male and a 

secondary experimenter who ran sessions with counterparts was a female. 
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Figure 6: The timeline of the experiment 

 

9.8. Sample 

The 26 experimental sessions were executed in two batches with identical procedures 

in May 2016 and May 2017 with 208 subjects, and with additional 208 subjects as their 

outgroup “different room” counterparts. The experimental tasks were programmed in Z-TREE 

(Fischbacher, 2007). We invited 8 subjects per session and executed either the stress-inducing 

or the control procedure per session. Subjects were repeatedly informed that if the experiment 

becomes uncomfortable, they could withdraw at any time and leave with the show-up fee 

payment, but no participant decided to do so. There were 10 sessions with male subjects only, 

8 sessions with 50% male and female subjects, and 8 session with female subjects only (Cueva 

& Rustichini, 2015). All sessions started either at 15:00 or 17:30 in order to avoid any problems 

with cortisol measurement due to its fluctuation over the course of the day (Nicolson, 2007). 

Each day, one control session and one treatment session were executed in a counter-balanced 

order. The average length of a session was a little less than two hours and the average payment 

was 505 CZK (around 19 EUR). The conversion rate was 1 ECU = 25 CZK.  
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10. Results 

The analysis is primarily conducted on the sample of 208 subjects who participated in 

the full treatment or control TSST procedure and the 208 “different room” counterparts are 

taken only for the sake of robustness check as extension of the control group, because they 

went through several different tasks during the experiment, did not go through a proper control 

procedure of TSST, and their characteristics are a little different. 

10.1. Randomization check 

Randomization check reveals no significant differences between the treatment and 

control groups in their baseline attitudes to risk and ambiguity, trait anxiety and personality 

dimensions that were measured in the online questionnaire sent several days prior to the day of 

participation (F=0.99, only males F=1.52; only Females F=1.72, see Table 9 for the OLS 

regression results where the dummy variable Treatment is regressed on the personal 

characteristics, and Table 10 for summary statistics). 
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Table 9: Randomization check, explaining assignment to treatment 

  (1) (2) (3) 

VARIABLES / Sample Whole sample Males Females 

        

Female 0.0403   

 (0.0755)   

age 0.0310 0.0147 0.0443 

 (0.0280) (0.0399) (0.0388) 

Risk - general 0.00677 -0.000123 0.0104 

 (0.0169) (0.0246) (0.0253) 

ambiguity - general 0.0280 -0.0169 0.0988* 

 (0.0323) (0.0439) (0.0507) 

STAI 0.0526 0.0792 0.0255 

 (0.0414) (0.0601) (0.0592) 

NEO - Openness -0.00899 -0.00614 -0.00667 

 (0.00644) (0.00947) (0.00871) 

NEO - Extraversion 0.00366 0.00686 0.00410 

 (0.00692) (0.00846) (0.0118) 

NEO - Conscientiousness 0.00724 -0.00414 0.0178*** 

 (0.00486) (0.00689) (0.00623) 

NEO - Agreeableness -0.00606 -0.0104 -0.00198 

 (0.00579) (0.00790) (0.00842) 

NEO - Neuroticism -0.00530 -0.0150** 0.00279 

 (0.00534) (0.00711) (0.00800) 

Constant -0.111 0.891 -1.338 

 (0.721) (0.993) (1.114) 

    

F-statistic 0.99 1.52 1.72 

Observations 207 112 95 

R-squared 0.046 0.071 0.138 

Note: Risk 1, Ambiguity 1 and NEO-O to NEO-N are variables resulting from a non-incentivized internet questionnaire sent 

to subjects several days prior their participation. Risk 1 results from the question "How much are you willing to risk in 

general?" on the scale 0 to 10 and Ambiguity 1 results from the following question describing the Ellsberg urn experiment. 

NEO-O to NEO-N refer to the Big-five personality dimensions Openness to Experience, Extraversion, Conscientiousness, 

Agreeableness and Neuroticism that were calculated each from 20 questions set in a randomized but fixed order. 
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Table 10: Randomization check – summary statistics 

  Pooled Males Females 

    
Control  Treat.  Total  Control  Treat. Total  Control  Treat.  Total  

Female 
Mean 0.46 0.46 0.46             

SD 0.5 0.5 0.5             

Age 
Mean 20.97 21.25 21.11 21.21 21.36 21.29 20.69 21.13 20.91 

SD 1.42 1.28 1.35 1.33 1.3 1.31 1.48 1.25 1.38 

Risk 1 
Mean 5.36 5.48 5.42 5.57 5.79 5.68 5.11 5.13 5.12 

SD 2.14 2.13 2.13 2.19 2.16 2.17 2.07 2.05 2.05 

Ambiguity 

1 

Mean 3.35 3.4 3.38 3.45 3.21 3.33 3.23 3.63 3.43 

SD 1.15 1.11 1.13 1.19 1.16 1.17 1.11 1.02 1.08 

STAI 
Mean 39.17 39.63 39.4 37.75 37.91 37.83 40.85 41.65 41.25 

SD 8.45 9.07 8.75 7.46 9.08 8.27 9.3 8.72 8.98 

NEO O 
Mean 29.05 28.11 28.58 28.8 27.86 28.33 29.33 28.4 28.86 

SD 5.33 6.17 5.77 4.5 5.97 5.28 6.21 6.46 6.32 

NEO E 
Mean 31.88 32.55 32.21 31.38 32.5 31.94 32.46 32.6 32.53 

SD 6.46 6.48 6.46 6.85 6.94 6.89 5.99 5.96 5.94 

NEO C 
Mean 31.1 32.69 31.89 31.32 31.09 31.21 30.83 34.56 32.7 

SD 7.58 8.03 7.83 7.21 8.21 7.69 8.06 7.48 7.96 

NEO A 
Mean 30.06 29.26 29.66 29.86 28.55 29.21 30.29 30.08 30.19 

SD 5.65 6.48 6.07 5.78 6.28 6.05 5.54 6.66 6.09 

NEO N 
Mean 19.88 18.92 19.4 18.45 16.07 17.26 21.56 22.25 21.91 

SD 8.27 8.65 8.46 7.89 7.9 7.95 8.47 8.38 8.39 

 N 104 104 208 56 56 112 48 48 96 

Note: Risk 1, Ambiguity 1 and NEO-O to NEO-N are variables resulting from a non-incentivized internet questionnaire sent 

to subjects several days prior their participation. Risk 1 results from the question "How much are you willing to risk in 

general?" on the scale 0 to 10 and Ambiguity 1 results from the following question describing the Ellsberg urn experiment. 

NEO-O to NEO-N refer to the Big-five personality dimensions Openness to Experience, Extraversion, Conscientiousness, 

Agreeableness and Neuroticism that were calculated each from 20 questions set in a randomized but fixed order. 
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10.2. Stress reaction 

We assess the efficiency of the treatment manipulation mainly through the elevation of 

salivary cortisol level in the treatment vs. the control group, and as a second measure we use 

self-reported mood.  

Cortisol dynamics 

Subjects sampled their saliva first before they received the instructions to TSST-G 

(Sample 1) to check the baseline differences before the TSST-G procedure. Sample 2 was 

collected after the public speaking part of the TSST-G and Sample 3 was collected right after 

they had returned to the laboratory. The results are presented in Figure 7. The baseline levels 

are not different from each other (t-test ) while the treatment and control groups differ 

in the second and the third sample significantly (both ). Intra-individual change 

between Sample 2 and Sample 1 shows the cortisol level in the treatment group increased by 

112 %, while it decreased by 15 % in the control group (see also the last row in Table 12). 

Because we are also interested in gender differences in behavior, we also check the 

effectiveness of manipulation for both genders apart. For men in the treatment group, the 

increase was a little steeper as their cortisol rose by 120 %, while for women the increase was 

about 101 %, but the difference was is not significant (t-test ). Comparison of the 

Sample 3 to the baseline (Sample 1) yields an increase of 71 % for the treatment and a decrease 

of 27 % for the control group. When comparing sample 3 for men and women separately, we 

observe that for women cortisol levels remained more stable elevated than in men, as they show 

an increase of 82 % while men only of 60 %, but this difference is again not significantly 

different from zero (t-test  ). Overall, this provides evidence that the subjects in the 

treatment group were on average under considerable levels of physiological stress while the 

subjects in the control group were not.  
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Figure 7: Cortisol levels 

 

Notes: Darker color indicates the treatment group. The Y axis scale units are nmol/l. Error bars show 95% confidence 

intervals. Sample 1 (baseline) was taken before the TSST-G procedure, sample 2 in the course of the TSST-G procedure and 

Sample 3 after the return to the laboratory from the TSST-G room. 

On an individual level we can construct the difference between the baseline sample and 

the samples collected during the procedure. The average changes are presented in Figure 8. T-

tests of the individual change between the treatment and control group confirm the large 

increase in cortisol due to the TSST-G (both ). We can further examine the efficiency 

of the procedure and classify the responders to the manipulation if they reacted by an increase 

higher than 1.5 nmol/l (Miller et al., 2013). Table 11 presents the distribution of responders 

across treatment group. In the stress treatment group, 79 out of 104 subjects (i.e. 76 %) 

responded to the manipulation, while only 10 out of 104 in the control group. This gives an 

overall compliance rate of 83 %. 
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Figure 8: Differences in cortisol on an individual level. 

 

Notes: Darker color indicates the treatment group. The Y axis scale units are nmol/l. Error bars show 95% confidence 

intervals. Sample 1 (baseline) was taken before the TSST-G procedure, sample 2 in the course of the TSST-G procedure and 

Sample 3 after the return to the laboratory from the TSST-G room. 

Table 11: Cortisol responders across treatment groups 

 Total  
Treatment group 

 Control  Stress 

Responder (1) (2) (3) 

No 119 94 25 

Yes 89 10 79 

Total 208 104 104 

Notes: Numbers of subjects classified as cortisol responders across the treatment groups. Subjects were classified as 

responders if they displayed an increase in cortisol between the baseline and at least one of the later samples larger than 

1.5nmol/l. 
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Self-reported Mood  

The subjective nature of the TSST-G protocol was captured by the MDM 

questionnaire.27 Figure 9 and Table 12 present the score changes in the three dimensions 

calculated as the difference in the score measured after minus before the TSST-G protocol 

divided by the respective standard deviation; Figure 10 contains the same information divided 

by gender. Overall, subjects in the treatment group felt by about 0.42 SD worse than subjects 

in control group who actually felt better after the control procedure (Wilcoxon rank-sum test, 

), but no significant differences were found in the awake/tired dimension ( ) 

and the calm/nervous dimension ).  

When we look at the mood responses by gender (Figure 10), both men and women 

reacted to the stress protocol by reducing mood in the good/bad dimension by 0.2 SD, but men 

in the control group reported even by 0.39 SD better mood, which resulted in a significant 

difference ( ), while women in control kept the same mood in this dimension (

). In the remaining dimensions, for men we find differences in the calm/nervous dimension 

( ) but not in awake/tired ( ); and for women we do not find any differences 

(awake/tired , calm/nervous ) which suggests that for women, the magnitude 

of the psychological reaction was smaller than for men. These results resemble the differences 

in cortisol levels, showing a lower level of elevation for females albeit not statistically 

significant.  

When we examine the simple relationship between the variables, we see strong pair-

wise correlations (good-bad and calm-nervous ; good-bad and awake-tired 

). The simple Pearson correlation of the increase in cortisol with the 

change in mood in the good-bad direction is negative and significant ( ), 

but cortisol change does not correlate with the mood change in the other dimensions ( ).  

 

 

27 In session 1 where the control manipulation of TSST-G took place, the second part of MDM 

questionnaire was not administered due to technical problems. The presented results thus slightly overstate the 

real effect. 
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Table 12: Mood changes and cortisol increase 

    Females Males 

  Control Treatment Control Treatment Control Treatment 

    (1) (2) (3) (4) (5) (6) 

Good-Bad change 
Mean 0.22 -0.20 0.05 -0.20 0.39 -0.21 

SD 0.91 1.04 0.81 1.13 0.97 0.97 

Awake-Tired 

change 

Mean 0.09 -0.08 0.04 -0.21 0.14 0.02 

SD 0.99 1.01 0.99 1.00 1.00 1.01 

Calm-Nervous 

change 

Mean 0.09 -0.09 -0.05 -0.04 0.23 -0.12 

SD 1.01 0.99 1.11 1.00 0.87 1.00 

Cortisol - pct 

increase 2-1 

Mean -0.15 1.12 -0.17 1.01 -0.14 1.21 

SD 0.28 1.36 0.16 1.26 0.36 1.44 

Note: changes in the mood dimension scores that are standardized on the level of the whole sample.  

Figure 9: Mood differences, standardized 

 

Notes: Darker color indicates the treatment group. Error bars show 95% confidence intervals. Mood change is measured as 

the difference between the standardized score in the respective dimension before the TSST-G procedure and after the 

procedure. Y-axis scale units are the standard deviations from the mean. 
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Figure 10: Standardized mood differences by gender 

 

Notes: Darker color indicates the treatment group. Panel A – men, Panel B – women. Error bars show 95% confidence 

intervals. Mood change is measured as the difference between the standardized score in the respective dimension before the 

TSST-G procedure and after the procedure. Y-axis scale units are the standard deviations from the mean. 
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10.3. Speculations: SET scores 

Recall that the SET elicits answers on whether a subject would like to buy a worthless 

asset and try to resell it further. The price that the asset is offered for indicates the chance of 

being the last in the sequence of three traders but was not relevant for the individual payoff. 

The highest price indicates a 100 % chance of being the last and if a subject decides to buy, the 

asset will not be resold, subject loses initial endowment, and the recorded SET score for this 

decision is 7. On the other hand, if a subject never decides to buy the asset, even for the lowest 

price which indicated a 100 % chance to be the first in the sequence, the recorded SET score is 

0. The range of the SET score is therefore between 0 and 7. A higher SET score implies that a 

subject wants to speculate more in that they want to sell the worthless asset to another subject 

for a higher price which likely also reduces their chance of successfully sealing the deal.  

In the first step of the analysis, we examine the SET scores for all three types of 

decisions, with the treatment and control groups pooled together: (i) against other two traders 

from the same room (SR_SET), (ii) against other two traders from the different room 

(DR_SET), and (iii) against computerized opponents (COMP_SET). In Figure 11, no 

substantial differences in the distribution of the SET scores are observed when the other traders 

in the sequence are from the same room or from the different one. Note that several subjects 

with SET equal to 7 (4 in the same-room and 9 in the different-room setting) decided to buy 

even at the highest price which indicated being the last in the sequence for sure, which may 

cast doubts of their understanding of the protocol. However, no subject had entered SET equal 

to 7 in the risk-task, which suggests that subjects who entered SET equal to 7 in the two 

preceding tasks may either have had pro-social motivations to accept the sure loss of 3 ECU 

leading to a gain of 10 ECU for the other two participants, or that there was a learning effect 

despite having no feedback on their decisions. 
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Figure 11: SET scores by decision. 

 

Next we turn our attention to the general treatment effect, as well as to the gender 

specific treatment effects. We present histograms of the decisions in Figure 12, the means in  

Figure 13 and the summary statistics in Table 13, first lines of panels A, B and C. In terms of 

the general differences between the treatment and control groups in the three settings, none 

comes out as significant: the SR_SET (Wilcoxon rank-sum test, ), the DR_SET (

) nor the COMP_SET ( ).  
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Figure 12: SET scores histograms across treatments. 

 

Figure 13: Mean SET scores in tasks across treatments. 

 

Note: Darker color indicates the treatment group. Error bars show 95% confidence intervals.  
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Table 13: SET Scores - Summary statistics 

 Total  
Treatment group Diff 

T-C 

Rank-sum  

(p-value) 
N 

 Control  Treatment 

Sample (1) (2) (3) (4) (5)   

 
(A) SET score - Same room (SR_SET) 

All 3.66 3.65 3.66 -0.01 0.988 208 

Male 3.52 3.23 3.8 -0.57 0.035 112 

Female 3.82 4.15 3.5 0.65 0.045 96 
       

(B) SET score - Different room (DR_ SET) 

All 3.85 3.87 3.84 0.03 0.63 208 

Male 3.7 3.54 3.86 -0.32 0.2 112 

Female 4.03 4.25 3.81 0.44 0.056 96 

              

(C) SET score - Computer (COMP_SET) 

All 3.63 3.66 3.6 0.06 0.55 208 

Male 3.6 3.57 3.63 -0.06 0.888 112 

Female 3.67 3.77 3.56 0.21 0.308 96 

              

(D) Average beliefs - Same room (beliefs_SR) 

All 3.49 3.47 3.5 -0.03 0.724 208 

Male 3.34 3.19 3.49 -0.3 0.134 112 

Female 3.66 3.8 3.52 0.28 0.365 96 

              

(E) Average beliefs - Different room (beliefs_DR) 

All 3.53 3.48 3.59 -0.11 0.533 208 

Male 3.41 3.29 3.53 -0.24 0.259 112 

Female 3.68 3.7 3.65 0.05 0.689 96 

Note: mean SET scores (panels A – C) and mean average beliefs (panels D and E) by treatment and gender. Treatment 

indicates exposure to the stress-inducing procedure of the TSST-G protocol. Differences tested using Wilcoxon rank-sum 

test. 

Now we focus on the gender specific reactions that are summarized in Panel A of Table 

13 and for a better clarity also in Figure 14. Starting with the SR_SET setting we observe a 

pronounced gender difference as a result of stress manipulation: while the SET score for the 

men in the stress group is by about 0.59 points larger compared to men in the control group 

(Wilcoxon rank-sum test, ), women scored under the stress condition by 0.66 (

) less than women in the control group. Women in the control have by 0.93 higher score 

than men ( ) while in the treatment group the difference of 0.3 point is not statistically 

significant ( ). These results are supported by interval regression analysis presented in 

column 3 of Table 14 where we regress the SR_SET score on the dummy indicating assignment 

to the stress treatment, dummy indicating whether the subject is a female, and their interaction. 

The interaction term shows that the size of the difference-in-differences effect is about 1.25 

points on the 0-7 scale ( ), which can be considered sizeable.  
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Figure 14: SET - Treatment effects by gender. 

 

Note: Darker color indicates the treatment group. Panel A shows mean SET scores of males and panel B of females. 

Error bars show 95% confidence intervals.  

Table 14: Regression analysis, SR_SET 

  (1) (2) (3) (4) (5) 

Sample All All All Women Men 

            

Treatment 0.02 0.02 0.59** -0.66* 0.59** 

 (0.22) (0.21) (0.26) (0.34) (0.26) 

Female  0.30 0.93***   

  (0.22) (0.30)   

Female X Treatment   -1.25***   

   (0.43)   

Constant 4.15*** 4.00*** 3.72*** 4.64*** 3.72*** 

 (0.16) (0.18) (0.20) (0.22) (0.20) 

ln (  0.42*** 0.41*** 0.39*** 0.49*** 0.29*** 

 (0.06) (0.06) (0.06) (0.09) (0.09) 

      

Observations 208 208 208 96 112 
Notes: Coefficients are marginal effects estimated using interval regressions to correct for the fact the dependent variable 

was elicited in intervals. Robust standard errors in the parentheses. *** p<0.01, ** p<0.05, * p<0.1. The dependent variable 

is SR_SET which is the score in the SET when both other two traders in the task were from the same room as subjects. 

Treatment is a dummy indicating exposure to the stress-inducing procedure of the TSST-G protocol.  
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Channels: Multi-level modelling approach 

A clean way of assessing the role, size and significance of the examined channels is 

using the random-effects model where the individual decisions in all three SET settings and 

the beliefs are used as observations in a panel structure where one panel is defined as one 

individual. This way we do not have to worry about the endogeneity bias which would cause 

problems if we would simply regress SR_SET on the other decisions, because the decisions are 

outcome variables already affected by the treatment. The fact that the five decisions were made 

by one subject is thus explicitly recognized. Specifically in our setting in total we have  

observations on decisions  of each of the 208 subjects that were organized in  sessions, 

so , . 

We can describe this three-level model in the following way: 

 , (12) 

where vector  contains variables that vary across the type of decisions (currently used 

instead of the time dimension);  is a vector of subject-specific characteristics, the  is a 

subject-specific random effect, the  is a session-specific random effect, and the  is a 

conventional error term with zero mean and , which is the within-subject 

variance. The variances of the between-subject variance and of the session-level variance are 

given by . The random-effect approach recognizes that the 

individual panel intercepts are different and estimates their variance, which saves a lot of 

degrees of freedom compared to the fixed-effects approach and is thus more efficient.  

We have to take into account also the ordinal structure of the dependent variable and 

assume that the individual preferences may not directly hit the offered discrete choice of SET 

integers between 0 and 7, which we can do either with the ordered probit estimation, or the 

interval regression that considers also the choice space between the intervals and censoring on 

both sides of the interval. Eventually we opted for the random-effects panel-data interval 

regression estimator without the session-level dimension included, for the sake of an easy 

interpretation, feasibility of estimates, and the availability of the estimation software package.28  

 

28 The multi-level interval regression was not available in the statistical package at the time of writing 

the theses, and the random-effects interval effects estimator did not allow for clustering of the standard errors. We 
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Channel (ii) – strategic expectations 

To investigate the role of channel (ii) which included the expected decline in rationality 

among others, the participant (who was either in a stressed or not-stressed condition) was in 

another setting of SET matched with other two traders from a different room (variable 

DR_SET) who were clearly not stressed. A different behavior of the treatment group in this 

task compared to SR_SET might uncover the strategic expectations about the stress-effects on 

the behavior of others.  

When we compare the simple mean scores of DR_SET and SR_SET (Table 13, panels 

A and B, columns 2 and 3), we observe a little bit higher scores for DR_SET in all gender-

specific decisions, but with the exception of men in the control group (paired t-test ), 

all come out insignificantly different from zero. In the specification devoted for the 

investigation of the role of the channels, we include a dummy variable indicating the different 

type of decision where the baseline is the SR_SET and interact this dummy with treatment. In 

the first case of channel (ii) the different type of decision is the DR_SET. The specification 

used for the assessment of the role of the channel (ii) is the following: We have  

observations on decisions  of each of the 208 subjects, so 

. We estimate the following equation: 

 
 

(13) 

We can also enter subject-specific characteristics and as a robustness check control for 

observable characteristics in the vector , which we however start without. 

The investigation of the role of the first channel rests on the results presented in Table 

15, where we for the sake of clarity of presentation replicate the baseline model in Column 1. 

The estimates of the within- and between-subject variances  and  are both significantly 

different from zero in all models which informs us that the used approach of random effect 

panel estimation is reasonable. In column 2 we run the panel-data specification with the dummy 

 

re-ran the regressions also with multi-level ordered probit which allowed for the hierarchical structure of the data, 

but the estimation of the log-likelihood function often did not converge, but when it did, the were qualitatively 

identical to the ones obtained with the described approach. Similarly, when run using the multi-level linear 

regression, the results were qualitatively identical.  
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indicating the SET decisions made towards traders from a different room, and its interaction 

with treatment. The coefficients of Treatment, Female, and its interaction remain significant, 

but are reduced in their magnitude. The dummy Diff.Room is also significant, which means 

that in the control group we observe ceteris paribus an increase in speculative behavior toward 

different-room traders compared to the same-room. The interaction term Diff.Room X 

Treatment is not significant, which we interpret as that there is no differential reaction to 

treatment in the same-room and the different-room decisions. In the remaining columns we run 

the same estimation for men and women separately which shows that the main treatment effect 

holds stable for both genders as the coefficients of the dummy variable Treatment are 

significant and increase in their magnitude when the additional variables are included; and that 

the increase in speculative behavior toward the different-room subjects which we observe on 

the pooled sample is driven by the behavior of men.  

Table 15: Investigation of channel (ii) – strategic expectations 

  (1) (2) (3) (4) (5) (6) 

 Base model Random Effects Panel Regression 

Sample   All Women Men 

        
Treatment 0.59** 0.48* -0.53* -0.64* 0.46** 0.59** 

 (0.29) (0.27) (0.32) (0.34) (0.23) (0.25) 

Female 0.93*** 0.82***     

 (0.30) (0.27)     
Female X  

Treatment -1.25*** -0.99***     

 (0.42) (0.38)     
Diff. Room  0.22**  0.11  0.32** 

  (0.11)  (0.15)  (0.14) 

Diff. Room X  

Treatment  -0.04  0.23  -0.26 

  (0.16)  (0.24)  (0.20) 

       
  1.25***  1.42***  1.08*** 

  (0.08)  (0.18)  (0.09) 

  0.73***  0.79***  0.67*** 

  (0.04)  (0.15)  (0.05) 

Constant 3.72*** 3.77*** 4.69*** 4.63*** 3.88*** 3.72*** 

 (0.20) (0.19) (0.22) (0.24) (0.16) (0.18) 

       
Observations 208 416 192 192 224 224 

Number of panels   208 96 96 112 112 

Note: Interval regression in column 1, estimation in columns 2-7 is using panel-data interval regression with random-effects, 

panels defined on an individual level. *** p<0.01, ** p<0.05, * p<0.1. The dependent variable is SET which is the score in 

the SET in the two tasks (same room, different room) taken as separate observations when a dummy variable is added to 

indicate when the decision is towards traders in different room (Diff.Room). Treatment is a dummy indicating exposure to 

the stress-inducing procedure of the TSST-G, Female indicates a woman, the remaining variables are interaction terms with 

Treatment. 
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Channel (iii) – risk-preferences 

Speculative behavior could also change under stress due to a change in risk-preferences, 

even though previous research suggests it does not depend on it. The third setting of the SET 

framework (COMP_SET) thus serves us as a task-specific risk-preference measure. When 

looking at the means, the variable COMP_SET is not statistically different across the treatment 

status, nor gender (panel C in Table 13). We however do find that men are more risk-seeking 

than women in the survey question in the internet questionnaire that was sent beforehand 

(Wilcoxon rank-sum, ).  

We again investigate the role of this channel using the random-effects panel-data 

approach and put the choices against computer in relationship with choices against subjects 

from the same room. The specification used for the assessment of the role of the channel (iii) 

is the following: We have  observations on decisions  of each of the 208 subjects, so 

. We estimate the following equation: 

 
 

(14) 

Table 16 presents the results. In column 1 we again show the base model for an easier 

comparison. In column 2 we run the random-effects panel data estimation which reveals that 

the main effects hold but are smaller in magnitude, only the coefficient of the Treatment 

dummy marginally loses its significance , which represents the comparison of 

behavior of men between the control and treatment group. The coefficients of the dummy 

variable Comp and its interaction with treatment are not statistically significant, which suggests 

no important effect of this channel on the treatment effects.  

However, when we look at the regressions that are run separately for genders, we see 

that the risk-preferences actually do play a role, but completely the opposite one for both 

genders. Importantly, for both genders the coefficient of Treatment increases in magnitude after 

adding the new variables. Then for women, coefficient of Comp is significant and negative, 

which means that women in the control group wanted to speculate a little less against computer 

than against subjects in the same room, and the interaction term is positive, which means that 

for women in the treatment group this tendency was reversed and they speculated more against 

computer. For men, the situation is reversed: they want to speculate more against computer, 
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but this tendency is reversed in the treatment group. Risk-preferences seem to be affected by 

treatment in a gender-specific way, but do not change the main result which is the increase in 

preferences to speculate by men and a decrease by women. 

Table 16: Investigation of channel (iii) – Risk preferences 

  (1) (2) (3) (4) (5) (6) 

 Base model Random Effects Panel Regression 

Sample   All Women Men 

              

Treatment 0.59** 0.35 -0.43* -0.65** 0.32** 0.58** 

 (0.29) (0.23) (0.25) (0.28) (0.15) (0.23) 

Female 0.93*** 0.56**     

 (0.30) (0.22)     
Female X Treatment -1.25*** -0.74**     

 (0.42) (0.31)     
Comp  0.01  -0.38**  0.34* 

  (0.13)  (0.18)  (0.18) 

Comp. X Treatment  -0.08  0.45*  -0.52** 

  (0.19)  (0.25)  (0.26) 

       
  0.91*** 1.07*** 1.08*** 0.74*** 0.76*** 

  (0.07) (0.11) (0.11) (0.11) (0.10) 

  0.90*** 0.85*** 0.83*** 0.94*** 0.92*** 

  (0.05) (0.07) (0.07) (0.07) (0.07) 

Constant 3.72*** 3.89*** 4.45*** 4.64*** 3.90*** 3.73*** 

 (0.20) (0.16) (0.18) (0.20) (0.12) (0.16) 

       
Observations 208 416 192 192 224 224 

Number of panels   208 96 96 112 112 

Note: Interval regression in column 1, estimation in columns 2-7 is using panel-data interval regression with random-effects, 

panels defined on an individual level. *** p<0.01, ** p<0.05, * p<0.1. The dependent variable is SET which is the score in 

the SET in the two tasks (same room, against computer) taken as separate observations when a dummy variable is added to 

indicate when the decision is towards computer (Comp). Treatment is a dummy indicating exposure to the stress-inducing 

procedure of the TSST-G, Female indicates a woman, the remaining variables are interaction terms with Treatment.  
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Channel iv – beliefs 

As channel (iv) we analyze average beliefs of the participants.29 The analysis runs 

analogously along the same lines: we add as the variable indicating the different decision 

beliefs while other traders are from the same room (variable bel_SR). Panels D and E in Table 

13 show that without considering gender, the difference between treatment and control in both 

beliefs variables is negligible. When broken down to gender-specific effects, the sign of the 

difference between the treatment and control is the same as in the real decisions, but they are 

much smaller in magnitude and statistically insignificant. The regression specification used for 

the assessment of the role of the channel (iv) is the following: We have  observations on 

decisions  of each of the 208 subjects, so . We 

estimate the following equation: 

 
 

(15) 

The regression analysis where the average beliefs about other traders in the same room 

are investigated in Table 17. The results reveal that the main effects are almost not affected by 

the additional variables, not even when investigated separately by gender. If we assume that 

the beliefs mirror the abilities of the level-k thinking, our results suggest they were only 

marginally affected and thus seem not to be the driving channel of the behavioral change. 

Therefore, we rule out this channel as well. 

  

 

29 These were calculated as the average believed SET score of others elicited after the main decision in 

an incentivized way. 
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Table 17: Investigation of channel (iv) - beliefs 

  (1) (2) (3) (4) (5) (6) 

 Base model Random Effects Panel Regression 

Sample   All Women Men 

              

Treatment 0.59** 0.55** -0.56* -0.66** 0.42* 0.58** 

 (0.29) (0.28) (0.33) (0.33) (0.22) (0.26) 

Female 0.93*** 0.90***     

 (0.30) (0.29)     
Female X Treatment -1.25*** -1.15***     

 (0.42) (0.41)     
BEL_SR  -0.32  -0.41  -0.23 

  (0.21)  (0.32)  (0.20) 

Beliefs X Treatment  0.41  0.86*  -0.35 

  (0.32)  (0.46)  (0.34) 

  1.31*** 1.32*** 1.44*** 1.30*** 1.28*** 

  (0.10) (0.16) (0.15) (0.09) (0.10) 

  0.60*** 0.82*** 0.65*** 0.40*** 0.33* 

  (0.13) (0.17) (0.18) (0.10) (0.17) 

Constant 3.72*** 3.73*** 4.61*** 4.65*** 3.74*** 3.73*** 

 (0.20) (0.20) (0.23) (0.23) (0.13) (0.18) 

       
Observations 208 416 192 192 224 224 

Number of panels   208 96 96 112 112 

Note: Interval regression in column 1, estimation in columns 2-7 is using panel-data interval regression with random-effects, 

panels defined on an individual level. *** p<0.01, ** p<0.05, * p<0.1. The dependent variable is SET which is the score in 

the SET in the same room and average beliefs about others in the same room taken as two separate observations per person 

when a dummy variable is added to indicate when the decision is belief (BEL_SR). Treatment is a dummy indicating 

exposure to the stress-inducing procedure of the TSST-G, Female indicates a woman, the remaining variables are interaction 

terms with Treatment. 

Role of trait anxiety  

Since in Goette et al. (2015) it is argued that trait anxiety (STAI-T) mediates the relative 

confidence and subjects low in STAI-T increase their confidence under acute stress, that may 

also play a role in the size of the SET score. From own measurements of the trait anxiety 

presented in another section carried out on 16 professional commodity traders of a large energy 

company and 8 final applicants for this position we know that they have by 0.45 SD smaller 

STAI scores than a student sample, respectively, which fits the sketched idea that only people 

who gain confidence remain in such positions.  
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Here we run the main specification (from Table 14) again with adding the 

standardized30 trait anxiety score (STAI-T) and its interaction with treatment, also separately 

for genders (Table 20, columns 1 to 3). We further perform a robustness check and split the 

sample into low-STAI and high-STAI groups according to median (Table 20, columns 4 to 9). 

Results show that neither of the coefficients of variables STAI or STAI X Treatment is 

statistically significant in the baseline setting, and the coefficients of the main variables do not 

change in their magnitude nor in significance. Interestingly, the coefficients in the regressions 

run only on the low-anxiety group (columns 4-6) are larger in magnitude than those from the 

whole sample and keep being statistically significant, while the results from the high-anxiety 

group (columns 7-9) are all smaller in magnitude and all insignificantly different from zero. 

These results suggest that the main results are driven especially by the low-anxious subgroup. 

We might speculate that if traders are low in STAI-T and we observe effects only for the low-

anxious group, they may react similarly.  

Table 18: The role of STAI-T in same room speculations 

  (1) (2) (3) (4) (5) (6) (7) (8) (9) 

    STAI-T - low STAI-T - high 

Sample All Women Men All Women Men All Women Men 

                    

Treatment 0.59** -0.64* 0.58** 0.68 -2.00** 1.06* 0.44 -0.16 0.38 

 (0.26) (0.34) (0.26) (0.52) (0.91) (0.55) (0.50) (0.79) (0.51) 

Female 0.91***   1.16***   0.63   

 (0.30)   (0.40)   (0.47)   
Female X  

Treatment -1.23***   -1.95***   -0.48   

 (0.43)   (0.56)   (0.67)   
STAI-T -0.05 -0.17 0.08 0.32 0.95* -0.08 0.10 -0.26 0.36 

 (0.16) (0.23) (0.21) (0.38) (0.55) (0.43) (0.25) (0.46) (0.26) 

STAI-T X  

Treatment 0.07 0.29 -0.13 -0.13 -1.04 0.37 -0.07 0.02 -0.12 

 (0.22) (0.38) (0.27) (0.60) (1.14) (0.67) (0.39) (0.72) (0.37) 

ln sigma 0.39*** 0.49*** 0.29*** 0.30*** 0.35*** 0.23* 0.46*** 0.59*** 0.32** 

 (0.06) (0.09) (0.09) (0.09) (0.11) (0.14) (0.10) (0.15) (0.12) 

Constant 3.72*** 4.62*** 3.72*** 3.97*** 5.67*** 3.68*** 3.64*** 4.58*** 3.50*** 

 (0.20) (0.23) (0.20) (0.36) (0.51) (0.39) (0.29) (0.53) (0.29) 

          
N 207 95 112 103 49 54 104 46 58 

Notes: Coefficients are marginal effects estimated using interval regressions to correct for the fact the dependent variable 

was elicited in intervals. Robust standard errors in the parentheses. *** p<0.01, ** p<0.05, * p<0.1. The dependent variable 

is SR_SET which is the score in the SET when both other two traders in the task were from the same room as subjects. 

Treatment is a dummy indicating exposure to the stress-inducing procedure of the TSST-G protocol.   

 

30 We find a significant level difference in the STAI-T variable between genders; therefore, we 

standardize the variable in terms of standard deviation change from the mean score of the gender-specific group. 
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Role of physical stress 

Is the change in behavior driven by the physical reaction represented by the cortisol 

change? If we assume for simplification that stress causes the only change in the body that may 

affect behavior, which is the cortisol increase, we may then perform an exercise where we use 

the instrumental variable approach. This way we would establish the causal link between the 

treatment procedure and the behavior going through the cortisol increase. We instrument the 

cortisol increase with the assignment to treatment, which is clearly exogenous and as the 

reaction to treatment procedure was largely successful (see section Stress reaction above), the 

instrument will also likely be strong.  

Table 19 presents the OLS estimation of the correlations between SR_SET31 with the 

percentage cortisol increase (columns labeled OLS) and the average treatment effect on the 

treated (ATT) using the instrumental variable (columns labeled IV) estimation when the 

cortisol increase is instrumented by the dummy Treatment. We observe that while the plain 

correlations are insignificant, the IV estimates are significant and similar in sign and magnitude 

as the main results in Table 14. This suggests that while in general the change in cortisol does 

not relate to the speculative behavior, the change due to the Treatment intervention does 

replicate the original Intention-to-treat results well. Physical reaction to stress due to the stress 

treatment is the plausible cause of the behavioral effects. 

  

 

31 Results for the DR_SET in this and the next sections are available upon request. 
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Table 19: Physical response to stress: SR_SET 

  (1) (2) (3) (4) (5) (6) (7) (8) 

Sample: All Males Females 

Estimation: OLS IV OLS IV OLS IV OLS IV 

         
Cortisol - pct increase 

(2-1) 0.00919 0.00756 0.0996 0.425** 0.0996 0.425** -0.133 -0.544* 

 (0.0786) (0.165) (0.109) (0.203) (0.108) (0.202) (0.117) (0.294) 

Cortisol - pct increase 

(2-1) X Female   -0.232 -0.969***     

   (0.159) (0.357)     

Female 0.306 0.306 0.414* 0.761***     

 (0.213) (0.216) (0.231) (0.259)     

Constant 3.513*** 3.514*** 3.465*** 3.291*** 3.465*** 3.291*** 3.879*** 4.052*** 

 (0.139) (0.163) (0.145) (0.173) (0.145) (0.173) (0.180) (0.194) 

         

Observations 208 208 208 208 112 112 96 96 

R-squared 0.010 0.010 0.018 -0.059 0.008 -0.078 0.007 -0.064 

Note: The dependent variable is SR_SET. *** p<0.01, ** p<0.05, * p<0.1. Robust standard errors in parentheses. Treatment 

is a dummy indicating exposure to the stress-inducing procedure of the TSST-G protocol. Cortisol – pct increase (2-1) is the 

percentage increase in the cortisol levels between the baseline sample collected before the start of the TSST-G (Sample 1) 

and the sample taken after the first part of the TSST-G procedure (Sample 2). In the IV estimations (columns 6 and 8) the 

cortisol increase is instrumented by Treatment dummy, and in column 4 also with the interaction with Female. 

Role of attention 

The stress-inducing treatment procedure might also exhaust subjects' concentration 

resources and the effects could also be driven by the differences in their attention. Subjects’ 

attention was measured with the number of errors in the standard D2 attention test towards the 

end of the experiment. We observe that the treatment group produced slightly more errors32 

than the control group ( , , rank-sum ), which persists 

even after the exclusion of several obvious outliers ( ). Therefore, we repeat the 

exercise with the correlations and the ATT effects from the previous paragraph to identify 

which of the variation could be attributed to the Treatment intervention. Table 20 presents the 

results that indicate very weak relationship between the number of errors and the SR_SET score 

(column 3), but the IV regressions indicate no significant relationship. The change in attention 

as the channel of the behavioral change can thus be ruled out. 

 

32 The D2 test results consist of the Type-1 and Type-2 errors; we analyze the number of mistakes 

combined, but the main source were the Type-1 errors. 
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Table 20: Attention as channel of behavioral change. 

  (1) (2) (3) (4) (5) (6) 

Sample All Males Females 

Estimation: OLS IV OLS IV OLS IV 

       

Errors D2 0.00303 -0.0494 0.00614* 0.410 -0.0135 -0.263 

 (0.00481) (0.132) (0.00360) (1.059) (0.0228) (0.192) 

Female 0.393* 0.351     

 (0.217) (0.269)     

Constant 3.417*** 3.685*** 3.401*** 1.343 3.881*** 4.956*** 

 (0.141) (0.714) (0.141) (5.769) (0.195) (0.758) 

       

Observations 200 200 104 104 96 96 

R-squared 0.017 -0.133 0.004 -17.629 0.003 -0.954 

Note: The dependent variable is SR_SET. *** p<0.01, ** p<0.05, * p<0.1. Robust standard errors in parentheses. Treatment 

is a dummy indicating exposure to the stress-inducing procedure of the TSST-G protocol. Errors D2 is the total number of 

errors done by subject in the test, type 1 and type 2 errors combined. 

Mixed sessions 

Last, we look at how the presence of the other gender in the same session impacts the 

outcomes. There were single-sex (all-male and all-female) or mixed sessions in which strictly 

50 % men and women were recruited, both to the "same-room" as well as into "different-room" 

groups. It is important to note, that examination of  the gender-specific behavior in SR_SET for 

the mixed sessions is the one with rather small numbers in respective cells, as there were only 

16 men (women) in a treatment group and 16 men (women) in a control one in all mixed 

sessions.  

Males in the mixed control sessions speculate less than in all-male control sessions, but 

there is no significant difference between the behavior of males in treatment mixed and all-

male sessions. As the interaction term is insignificant (col. 3, Table 21), the size of the 

difference between the treatment and control group is not different in the mixed and all-male 

sessions ( ). This suggests that men, in the presence of women, react under treatment 

only a little more than when they are not around.  

For females, the difference between treatment and control in the all-female sessions is 

about -1 point (col. 6, Table 21), but this difference gets much smaller and the point estimate 

is even positive in the mixed sessions, as shown by the positive interaction term (linear 

combination of Treatment + Treatment X Mixed: , ). For women, the 
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presence of men in the session results in diminished treatment effects, as they do not decrease 

the speculative behavior as women in the all-female group.  

Extrapolating from our results to the real-world situation in the trading floors where 

almost no women are present, having roughly equal proportion of men and women would likely 

decrease speculative tendencies of men in the quiet times, but in case of stress in the markets, 

they would increase their speculative behavior to the same level as if no women were present. 

For women, there would likely be no impact of stress on how much they want to speculate. 

However, we are hesitant to take these results seriously as they stem from rather low number 

of observations and this question would need a proper comparison in a separate research paper 

(see e.g. Apesteguia, Azmat, & Iriberri, 2012; Cueva & Rustichini, 2015). 

Table 21: Mixed sessions: SR_SET 

  (1) (2) (3) (4) (5) (6) 

 Males Females 

              

Treatment 0.571** 0.571** 0.350 -0.646* -0.646* -1.062** 

 (0.257) (0.256) (0.282) (0.332) (0.330) (0.426) 

Mixed  -0.375 -0.762*  0.500 -0.125 

  (0.310) (0.451)  (0.328) (0.478) 

Mixed X Treatment   0.775   1.250* 

   (0.615)   (0.640) 

Constant 3.232*** 3.339*** 3.450*** 4.146*** 3.979*** 4.187*** 

 (0.192) (0.198) (0.210) (0.219) (0.243) (0.265) 

       

Observations 112 112 112 96 96 96 

R-squared 0.043 0.058 0.074 0.039 0.059 0.092 

Note: The dependent variable is SR_SET. *** p<0.01, ** p<0.05, * p<0.1. Robust standard errors in parentheses. Treatment 

is a dummy indicating exposure to the stress-inducing procedure of the TSST-G protocol. Mixed indicates if the session was 

composed of 50 % males and 50 % females, otherwise these were single-sex sessions.  
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10.4. Results – traders’ traits measurement 

We start with presenting the descriptive statistics presented in Table 22. Because the of 

the small numbers of traders and applicants, for the sake of analysis we pool them together 

under the label Traders.33 We can see that the two groups do not differ in most of the measured 

traits. They differ only in that on average they make fewer competitive choices in the 

incentivized task ( ), there were fewer women in their group and they were older. 

Interestingly, their STAI-T score was lower by about 0.5 SD ( ). 

Table 22: Descriptive statistics, traders’ traits 

      Group     

  
Total Students Traders 

Diff  

(T-S) 

p-value 

test 

Variable   (1) (2) (3) (4) (5) 

Quiz - correct answers 
mean 5.36 5.47 5.13 -0.34 0.55 

SD 2.32 2.25 2.49  Ranksum 

Quiz - Estimate of correct 

answers 

mean 7.25 7.47 6.75 -0.72 0.21 

SD 1.67 1.37 2.15  Ranksum 

Quiz Overconfidence - 

Absolute  

mean 0.1 0.09 0.13 0.04 0.89 

SD 0.31 0.3 0.34  Ranksum 

Quiz - Overconfidence - 

Relative 

mean 0.62 0.67 0.5 -0.17 0.16 

SD 0.49 0.48 0.51  Ranksum 

Confidence – no of 

competition choices 

mean 6.39 6.72 5.67 -1.05 0.09 

SD 2.03 1.61 2.65  Ranksum 

Risk – no of lottery choices 
mean 5.73 5.81 5.54 -0.27 0.49 

SD 1.07 1 1.22  Ranksum 

Female 
mean 0.25 0.34 0.04 -0.3 0.005 

SD 0.43 0.48 0.2  Ranksum 

Age 
mean 24.43 21.89 30.04 8.15 0.000 

SD 5.48 1.84 6.62  T-test 

Risk - general 
mean 4.75 4.64 5 0.36 0.59 

SD 1.87 1.88 1.87  Ranksum 

Risk - finance 
mean 4.58 4.4 5 0.6 0.41 

SD 2.34 2.32 2.36  Ranksum 

STAI-T 
mean 1.94 2.01 1.77 -0.24 0.046 

SD 0.48 0.52 0.32  T-test 

Do you play poker? 
mean 0.37 0.33 0.46 0.13 0.27 

SD 0.49 0.47 0.51  Ranksum 

Observations   78 54 24     

Note: SD = Standard Deviation, STAI-T = Trait anxiety 

 

33 Four subjects indicated inconsistent choices in the confidence task in that they switched from preferring 

the competition to lottery and back and three subjects were inconsistent in the risk-task. Normally these would be 

dropped and used in the robustness check, but due to the low number of observations from their group we keep 

them in the analysis and take the overall number of competitive/lottery choices instead of the switching row. 
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In the next part we regress the number of competitive choices in task (iii) on dummy 

indicating a trader (or an applicant) and then we add variables for the number of correct answers 

in the quiz, number of lottery choices in the risk-task (iv), age, trait anxiety score, and in the 

last two columns we run the regressions separately for traders and students. Results are 

presented in Table 23 and show that in the first two specifications, we observe a significant 

difference in that traders put on average about one fewer choice of competition than students, 

but this difference disappears after controlling for risk-preferences in Column 3 with the 

number of lottery choices in the risk-task. We observe that the quiz performance and risk-

attitudes are the only important variables determining the number of competition choices, while 

age and trait anxiety are not statistically significant.  

Table 23: Regression analysis of confidence choices. 

  (1) (2) (3) (4) (5) (6) (7) 

 Total Traders Students 

                

Trader -1.05* -0.96* -0.76 -0.54 -0.47   

 (0.58) (0.57) (0.52) (0.72) (0.79)   

Quiz - Correctly solved tasks  0.26** 0.27*** 0.27*** 0.27*** 0.18 0.32*** 

  (0.11) (0.08) (0.08) (0.08) (0.20) (0.07) 

Risk-preferences - no.of lottery 

choices   0.74*** 0.74*** 0.75*** 0.76** 0.75*** 

   (0.18) (0.18) (0.19) (0.36) (0.22) 

Age    -0.03 -0.03 -0.04 0.05 

    (0.06) (0.06) (0.08) (0.11) 

Trait anxiety score     0.14 0.39 -0.04 

     (0.48) (1.40) (0.49) 

Constant 6.72*** 5.27*** 0.91 1.49 1.24 1.22 -0.37 

 (0.22) (0.69) (1.23) (1.64) (1.85) (3.67) (2.61) 

        

Observations 77 77 77 77 77 24 53 

R-squared 0.06 0.15 0.30 0.30 0.30 0.19 0.37 

Notes: OLS. Robust standard errors. *** p<0.01, ** p<0.05, * p<0.1. The dependent variable is the number of competition 

choices in the task (iii). Trader is a dummy indicating a trader or an applicant for this position.  

Next we look at the characteristics that drive the trait anxiety scores. In this analysis we 

do distinguish between traders and applicants for this position and compare those to student 

sample. In Table 24 we present the results where we regress the trait anxiety first on two 

dummy variables indicating traders and applicants, and then we add several observable 

characteristics – in column 2 we add the performance in the quiz which high-lights the 

significance of variable Trader, in column 3 we add number of competition and lottery choices 
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from tasks (iii) and (iv), and in column 4 we add also age and gender. The results show that 

after controlling for quiz performance we obtain stable significant differences in the trait 

anxiety between traders, applicants and the students, that reach 0.3-0.5 points or 0.2-0.45 SD 

and are driven by the answers of the applicants.  

Table 24: Determinants of STAI-T 

  (1) (2) (3) (4) 

 Trait anxiety score 

          

Applicant -0.35*** -0.39*** -0.39*** -0.48*** 

 (-0.22) (-0.28) (-0.28) (-0.34) 

Trader -0.18 -0.22** -0.22** -0.45** 

 (-0.15) (-0.21) (-0.21) (-0.43) 

Quiz - Correctly  

solved tasks  -0.01 -0.01 -0.01 

  (-0.04) (-0.05) (-0.06) 

Confidence - no.of choices of 

competition   0.00 0.00 

   (0.01) (0.02) 

Risk-preferences -  

no.of choices of lottery   -0.03 -0.03 

   (-0.06) (-0.07) 

Female    -0.07 

    (-0.07) 

Age    0.02 

    (0.25) 

Constant 2.01*** 2.09*** 2.22*** 1.85*** 

     

Observations 78 77 77 77 

R-squared 0.06 0.10 0.11 0.14 

Note: Robust normalized beta coefficients in parentheses.  *** p<0.01, ** p<0.05, * p<0.1. The dependent variable is the 

score in trait anxiety STAI-T. Trader is a dummy indicating a trader, Applicant is a dummy indicating an applicant for the 

position of a trader. 
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10.5. Discussion of results – financial speculations & 
traders’ traits 

In this section we present the results of a controlled laboratory experiment that shows 

the existence of a strong gender-specific causal effect of stress on speculative behavior: men 

under stress speculate more while women speculate less than their non-stressed controls, and 

the only channel seems to be the preference change due to physical stress response induced by 

the treatment as measured by the cortisol increase. Furthermore, we have shown that the effects 

seem to be only very little driven by the treatment-induced change in abilities for k-level 

thinking and strategic expectations, while task-specific risk-preferences and loss of attention 

seem to play no role at all. Furthermore, the speculative behavior seems not to be modulated 

by the trait anxiety, even though the results hold only for the low-anxious subjects.  

If the SET score implies behavior in the asset markets (as in Janssen et al., 2018), since 

we find that men under stress speculate more, the reduction of stress traders undergo might 

lead to the reduction of the amplitudes in the markets.  Our results for men further support the 

findings of Kocher et al. (2019) who used a standard psychological ego-depletion task (the 

Stroop test) to test the effect on the size of the bubbles in the SSW markets. The depleted 

subjects created significantly larger bubbles than the non-depleted, while their risk-preferences 

and of the cognitive resources were unaffected. The authors however did not search for any 

specific effect of gender. We check for the effects of cognitive depletion by measuring the 

attention of subjects after the experiment and show that the number of mistakes in the test does 

not explain the variation in the speculative behavior. 

Our finding that the change in the behavior is not caused by any change in the risk-

preferences contributes to the existing literature by contradicting some studies (Buckert et al., 

2014; Cahlíková & Cingl, 2017) that suggested risk-preferences being one of the channels for 

stress to affect the speculative behavior (Fellner & Maciejovsky, 2007), on the other hand by 

supporting the opinion that the relationship between stress and risk-preferences is more 

complicated depending on the nature and the timing of the task (Pabst et al., 2013a; Sokol-

Hessner et al., 2016; Vinkers et al., 2013). Furthermore, in the context of financial markets the 

argument of Coates & Herbert (2008) about hormones irrationally amplifying the business 

cycle through changes in preferences seems according to our results to work well for men, but 

not for women. Moreover, our results from the gender-mixed sessions suggest that simply 

increasing share of women would lead to more stability: women in the gender-mixed sessions 
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did not react to the stress-induction, unlike women in the all-female sessions who decreased 

their speculative behavior. More women in the markets would thus lead to smaller amplitudes 

caused by pure speculative behavior. We repeat however, that our results in this dimension rest 

on a rather small number of observations and thus should be taken with a grain of salt. 

Recently two orthogonal mental dimensions have been proposed to explain the 

heterogeneous trading styles in asset markets: the quantitative and the perspective-taking 

capabilities (Hefti, Heinke, & Schneider, 2016). We focused on the perspective-taking 

capability since experiments using the Beauty contest suggest the effect of stress on strategizing 

abilities (Leder et al., 2013, 2015). If we assume beliefs about speculation of others reflect 

those, they seem to play only a minor role in the explanation of the speculative behavior in our 

experiment. We do not measure the quantitative capabilities and assume that the SET is 

quantitatively not demanding and does not depend on it (as argued in Janssen et al., 2018).  

We also contribute to the literature on the heterogeneous stress effects based on trait 

anxiety STAI-T that has been shown to direct the effects of stress on confidence (Goette et al., 

2015). Our analysis of the median split of the sample based on the STAI-T scores present that 

the subjects high in STAI-T do not show any treatment effect and the main results are driven 

by the low-anxious subjects, which is what should be observed if stress increases confidence 

of the low-anxious subjects. We did not measure confidence directly, however. We claim that 

this provides an increased external validity to our results gained in the laboratory since it may 

be argued that the real-world traders are specially self-selected to be good under stress, which 

may manifest by a lower trait anxiety score than average population, which is what we found 

in a separate experiment. 
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10.6. Cooperation – Prisoner’s dilemma 

In the first step of our analysis we look at the summary statistics of the decisions and 

compare the rate of cooperative responses between the treatment and the control group, as 

presented in Table 25. The main difference in the cooperative decisions if the partner is from 

the same room is not significant (Wilcoxon rank-sum test ) with a small tendency for 

a smaller cooperation in the stress group (34 % vs. 27 %), which can be interpreted as a no 

general increase in parochial preferences toward in-group members, almost the contrary (Panel 

A in Table 25). 

Result 1: There is no general impact of acute stress on unconditional cooperation with 

in-group members. 

When broken down by gender (presented in Figure 15), we see that this absence of a 

statistically significant effect is the case mainly for women, who made slightly more 

cooperative choices by 4 percentage points (pp) in the treatment group compared to control 

group (rank-sum ). For men we observe a sizable and statistically significant drop of 

16 pp from 36 % to 20 % (rank-sum ), which constitutes a decrease of 44%.  

Result 2: Acute stress decreases unconditional cooperation with the in-group members 

for men but not for women. 
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Figure 15: Cooperation rates – Same room, by gender 

 

Note: mean cooperation rates in the Prisoner’s dilemma game divided by gender. Darker color indicates the treatment. Error 

bars indicate 95 % confidence intervals. 

The second step of the analysis is the investigation of the in-group out-group bias in 

cooperation and how this is affected by treatment. Here we compare the rates of cooperation 

toward in-group members that participated in the experiment in the same room and contrast 

them to the rates of cooperation toward the out-group who were participants of another 

experiment in a different room than subjects in a within-subject manner (panels A and B in 

Table 25). When we look at the control group, we observe an expected large drop in 

cooperation levels by 10.6 pp (paired t-test ), which is however absent in the 

treatment group, where the levels were essentially unchanged (26 % vs 28 %, ). Under 

stress we don’t observe the outgroup discrimination.  

Result 3: In the treatment group we do not observe a decrease in unconditional 

cooperation with the out-group compared to in-group, which we do observe in the control 

group. 

When broken down by gender, the outgroup discrimination in the control group is 

mostly due to the behavior of women who decrease the cooperation toward out-group 

compared to in-group by more than a half, from 31 % to 15 % ( ), while for men we 

observe a similar trend but not a significant difference ( ). In the treatment group, the 
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gap for men is small and not significant ( ), and for women we even observe exactly 

the same proportion of the cooperative choices toward in-group and out-group. When we then 

compare the cooperative behavior of women toward outgroup between the control and 

treatment group, we observe a difference of 20 pp (15 % vs 35 %), which corresponds to almost 

42 % (rank-sum ). 

Result 4: The gap in cooperation between in-group and out-group in the control group 

is due to the behavior of women. 

The next step of our analysis is the investigation of beliefs about the partner’s choice, 

if they mirror the behavior in the unconditional decisions, or if the effect is due to change in 

preferences. Panel C and panel D in Table 25 show no significant differences between 

treatment and control group, also broken down by gender, neither in the in-group nor out-group 

setting. We can see that subjects were on average optimistic about the cooperation of their 

partner since they expected larger rate of cooperation than they themselves cooperated. When 

we compare the expected cooperation from a partner who was a member of an in-group with a 

member of an outgroup, we do not observe any statistically significant differences, even when 

broken down by gender (all p-values larger than 0.2). This suggests that the change in 

unconditional decisions was due to impact on preferences and not on beliefs. 

Result 5: There are no stress effects on beliefs. 

The last two decisions where subjects decided conditionally on the partner’s decision 

help us examine the retaliatory behavior toward a kind or an unkind action of the partner and 

in particular observe effects of stress on conditional cooperation. We start with the stress effects 

on conditional cooperation, which is depicted in panels E and G of Table 25. There we observe 

no differences between the treatment and control group, no matter the in-group or out-group 

setting (all p-values over 0.51), also when looking at a gap between them (all p-values over 

0.18). We observe a similar tendency of women to discriminate against out-group, but the size 

of this effect (5 pp or 16 %) is much smaller than in the unconditional decisions.   

Result 6: There are no differences in conditional cooperation if partner cooperates. 

The decisions conditional on partner’s defection (panels F and H of Table 25) are 

plagued by a floor effect since most of them are below 10 %. In the in-group condition we 

again do not observe any differences between the treatment and the control group, not even 
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when broken by gender. When we look at the size of the gap due to in-group and out-group 

discrimination, we observe no gap in the control group, but in the treatment group the 

cooperation rate with in-group is almost twice as large as with the out-group, which came out 

marginally significant (11.5 % vs 6.7 %, ). When broken down by gender, we observe 

a similar negative tendency for men and women, albeit not statistically significant. Finally, 

when we compare the rate of cooperation toward the outgroup between the treatment and 

control, we observe much smaller cooperation among women in treatment group (19 % vs. 4 

%, rank-sum ).  

Result 7: Conditionally on defection, we observe a larger discrimination of outgroup 

in the treatment group with both genders contributing to the effect.  
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Table 25: Summary statistics – PD decisions 

 Total  
Treatment group Diff  

T-C 

Rank-sum  

(p-value) 
N 

 Control  Stress 

Sample (1) (2) (3) (4) (5)   

(A) Cooperation – Same room - unconditional  

All 0.3 0.34 0.27 -0.07 0.29 208 

Male 0.28 0.36 0.2 -0.16 0.06 112 

Female 0.33 0.31 0.35 0.04 0.66 96 

(B) Cooperation – Different room - unconditional  

All 0.26 0.23 0.29 0.06 0.34 208 

Male 0.27 0.3 0.23 -0.07 0.4 112 

Female 0.25 0.15 0.35 0.2 0.02 96 

(C) Cooperation – Beliefs - Same room    

All 0.4 0.44 0.37 -0.07 0.25 208 

Male 0.39 0.45 0.34 -0.11 0.24 112 

Female 0.42 0.44 0.4 -0.04 0.68 96 

(D) Cooperation – Beliefs - Different room 

All 0.38 0.38 0.38 0 1 208 

Male 0.39 0.43 0.36 -0.07 0.44 112 

Female 0.38 0.33 0.42 0.09 0.4 96 

(E) Cooperation - SR Conditional on cooperation 

All 0.25 0.25 0.26 0.01 0.87 208 

Male 0.3 0.3 0.3 0 1 112 

Female 0.2 0.19 0.21 0.02 0.8 96 

(F) Cooperation - SR Conditional on defection 

All 0.12 0.13 0.12 -0.01 0.83 208 

Male 0.12 0.09 0.14 0.05 0.38 112 

Female 0.13 0.17 0.08 -0.09 0.22 96 

(G) Cooperation - DR Conditional on cooperation 

All 0.23 0.21 0.25 0.04 0.51 208 

Male 0.28 0.25 0.3 0.05 0.53 112 

Female 0.18 0.17 0.19 0.02 0.79 96 

(H) Cooperation - DR Conditional on defection 

All 0.1 0.13 0.07 -0.06 0.16 208 

Male 0.08 0.07 0.09 0.02 0.73 112 

Female 0.11 0.19 0.04 -0.15 0.03 96 

Note: Means of cooperative responses in respective decisions and groups. PD= Prisoner’s dilemma, SR= Same room, 

DR=different room. Differences between the treatment and control group are tested using Wilcoxon rank-sum test. 
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Regression analysis 

Unconditional cooperation 

The next section is using the regression analysis. Table 26 presents the results of a linear 

probability model where the decision to cooperate is regressed on the Treatment dummy, 

Female dummy, and their interaction. Columns 1 and 4 show no general differences between 

the treatment and control groups in cooperation with in-group (col. 1) or out-group (col. 4), or 

between the genders. When we include the interaction Female X Treatment in column 2 and 

allow for the comparison of the subgroups, the results confirm the findings from the previous 

section. When the partner is from the same group, the cooperation of men decreases by about 

16 pp due to the treatment intervention, while there is no effect on women. When the partner 

is from the different room (column 5), the coefficient of the variable Female indicates that in 

the control group women cooperated by 16 pp less than men ( ). The coefficient of 

the interaction term indicates that there is the opposite trend in the treatment effects on men 

and women: men decrease their rate of cooperation with out-group members due to treatment 

while women increase it ( ). Columns 3 and 6 demonstrate the stability of effects after 

the addition of observable characteristics. 

Table 26: Regression analysis, unconditional cooperation 

  (1) (2) (3) (4) (5) (6) 

Sample: Cooperate: Same room Cooperate: Different room 

              

Treatment -0.07 -0.16* -0.16* 0.06 -0.07 -0.06 

 (0.06) (0.08) (0.09) (0.06) (0.08) (0.09) 

Female 0.06 -0.04 -0.04 -0.02 -0.16* -0.16* 

 (0.06) (0.09) (0.10) (0.06) (0.08) (0.08) 

Female X Treatment  0.20 0.19  0.28** 0.26** 

  (0.13) (0.13)  (0.12) (0.12) 

Constant 0.31*** 0.36*** 0.38 0.24*** 0.30*** 0.10 

 (0.06) (0.06) (0.35) (0.05) (0.06) (0.34) 

       

Observations 208 208 207 208 208 207 

R-squared 0.009 0.021 0.062 0.005 0.030 0.095 

Controls NO NO YES NO NO YES 

Note: Linear Probability Model. Dependent variables Cooperate – Same Room and Cooperate – Different Room Robust 

standard errors in parentheses.  *** p<0.01, ** p<0.05, * p<0.1. Controls include: Survey risk and ambiguity preferences, 

Big-5 personality traits, and Trait Anxiety 
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In-group out-group gap in cooperation 

The gap in cooperation between the in-group and out-group can be taken for example 

as their difference, variable Outgroup Gap (SR-DR), and to show the drop in cooperation by 

women exposed to stress, we can regress it on the Treatment dummy, Female and the 

interaction of the two. Table 27 presents the regression results, also when run separately for 

men and women (columns 5-8). Column 1 shows that in the pooled sample we observe a 13-

pp large negative effect of treatment procedure on outgroup gap ( ). In Column 2 we 

add the dummy Female, which does not turn out to be significant, which we interpret as no 

level differences in cooperation between men and women. After adding the interaction term in 

Column 3, we see the coefficient of Female significant, which indicates that women in 

treatment group increase the size of the gap ( ), and after addition of control variables 

in Column 4 this becomes marginally insignificant ( ). When broken down by gender, 

we can observe that the effect is clearly driven by women, it holds also when controlling for 

observable characteristics, and size of the gap for women is about 16 pp. 

Table 27: Regression analysis – Outgroup gap in cooperation (same - different room) 

  (1) (2) (3) (4) (5) (6) (7) (8) 

Sample 
Total  Males Males Females Females 

                  

Treatment -0.13** -0.13** -0.09 -0.09 -0.09 -0.09 -0.17** -0.15* 

 (0.05) (0.05) (0.06) (0.06) (0.06) (0.06) (0.08) (0.09) 

Female  0.07 0.11* 0.12     

  (0.05) (0.07) (0.07)     
Female X 

Treatment   -0.08 -0.07     

   (0.10) (0.10)     

Constant 0.11*** 0.07* 0.05 0.28 0.05 0.11 0.17*** 0.67 

 (0.03) (0.04) (0.04) (0.26) (0.04) (0.27) (0.05) (0.57) 

 -0.13** -0.13** -0.09 -0.09 -0.09 -0.09 -0.17** -0.15* 

Observations 208 208 208 207 112 112 96 95 

R-squared 0.031 0.041 0.044 0.058 0.020 0.091 0.043 0.092 

Controls NO NO NO YES NO YES NO YES 

Note: Linear Probability Model. Dependent variable Outgroup Gap (SR-DR) which was constructed as taking the rate of 

unconditional cooperation with partner in the same room minus the cooperation with a partner from the different room. 

Robust standard errors in parentheses.  *** p<0.01, ** p<0.05, * p<0.1. Controls include: Survey risk and ambiguity 

preferences, Big-5 personality traits, and Trait Anxiety. 
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Mixed sessions  

Next we can examine the role of mixed sessions. Recall that there were 10 all-male, 8 

all-female and 8 mixed sessions. In Table 28 we present the results of the specification where 

we regress the unconditional cooperation towards the ingroup on the dummy mixed indicating 

the sessions with both men and women present, and its interaction with treatment. In Column 

2 and 3 we add the dummy indicating Female and its interaction with treatment. The regression 

is run first for the whole sample and then separately for men and women for a better clarity of 

presentation. Column 1 shows no general differences between Treatment and control group, 

and between single-sex and mixed sessions.  

When we add the interaction for the analysis of subgroups, the coefficient of the 

variable mixed in Column 2 becomes significant and negative ( ) which indicates that 

in the control group, cooperation was lower with an in-group in the mixed sessions than in the 

single-sex sessions. The coefficient of dummy Treatment is also significant and negative (

), which indicates a lower rate of cooperation in treated single-sex sessions compared to 

the untreated ones. The interaction term Mixed X Treatment is significant and positive (

) which implies that in the treatment group the effect in the mixed sessions went in the 

opposite direction than in the single-sex sessions. In the treatment group, participants in the 

mixed sessions cooperated more than in the single-sex sessions, while the opposite is true for 

the control group where cooperation in mixed sessions was lower. Column 3 adds the dummy 

Female and its interaction with treatment, but the coefficients remain stable.  

For a better clarity of presentation of the gender-specific results, in Columns 4 and 5 

there are regressions run separately for men and women in order to look at the effects 

underlying what has been found in the pooled sample: for men, being in a mixed session does 

not make a difference when exposed to stress, but they cooperate less in the control group. For 

women, the coefficient of Mixed X Treatment is significant and positive ( ), which 

means that the effect on cooperation went in the treatment group in the opposite direction than 

in the control group: while in the control group they cooperate less in mixed sessions, in the 

treatment group they cooperate more.  
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Table 28: Regression analysis, role of mixed sessions – Cooperation SR 

  (1) (2) (3) (4) (5) 

Sample Total Total Total Males Females 

            

Treatment -0.07 -0.15** -0.24** -0.20* -0.09 

 (0.06) (0.08) (0.09) (0.10) (0.12) 

Mixed -0.03 -0.17* -0.17* -0.15 -0.19 

 (0.07) (0.09) (0.09) (0.14) (0.13) 

Mixed X Treatment  0.28** 0.27** 0.14 0.41** 

  (0.14) (0.13) (0.18) (0.20) 

Female   -0.04   

   (0.09)   

Female X Treatment   0.19   

   (0.13)   

Constant 0.35*** 0.39*** 0.41*** 0.40*** 0.37*** 

 (0.05) (0.06) (0.07) (0.08) (0.09) 

      

Observations 208 208 208 112 96 

R-squared 0.01 0.03 0.04 0.04 0.04 

Note: Linear Probability Model. Dependent variable Cooperation SR (col. 1-3) and the Outgroup Gap (SR-DR) which was 

constructed as taking the rate of unconditional cooperation with partner in the same room minus the cooperation with a 

partner from the different room. Robust standard errors in parentheses.  *** p<0.01, ** p<0.05, * p<0.1. 

 

Mixed sessions – Outgroup gap 

In Table 29 we repeat this exercise with the in-group out-group gap in cooperation. 

Column 1 shows no level difference between mixed sessions and single-sex sessions, only a 

reduction of the gap in the treatment group. The specification in Column 2 however indicates 

that the role of mixed sessions is important since the coefficient of mixed is significant and 

negative, which means subjects in control group discriminated less in mixed than single-sex 

sessions ( ), and the coefficient of the Treatment dummy indicates that subjects in 

single-sex sessions discriminated less when under treatment intervention compared to control 

( ). 

In case of men (column 4), the outgroup gap in the control group is decreased in the 

mixed sessions compared to single-sex sessions, as the significant coefficient of variable mixed 

shows ( ). However, the exposure to stress treatment does not affect their cooperation 

rates across the two types of gender composition. For women, we see a smaller gap in the 

single-sex sessions in the treatment compared to control group as the coefficient of Treatment 
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dummy is significant and negative ( ), but we do not see any of the variables mixed 

or its interaction with treatment being significant, which suggests that the presence of men does 

not change the outgroup discrimination for women, not even under acute stress. 

Table 29: Regression analysis, role of mixed sessions: Out-group gap 

  (1) (2) (3) (4) (5) 

Sample Total Total Total Males Females 

            

Treatment -0.13** -0.17*** -0.13* -0.10 -0.25** 

 (0.05) (0.06) (0.07) (0.07) (0.10) 

Mixed -0.09 -0.15** -0.16** -0.16** -0.16 

 (0.05) (0.06) (0.06) (0.08) (0.10) 

Mixed X Treatment  0.14 0.14 0.04 0.25 

  (0.10) (0.10) (0.13) (0.16) 

Female   0.12*   

   (0.07)   

Female X Treatment   -0.08   

   (0.10)   

Constant 0.13*** 0.15*** 0.10** 0.10** 0.22*** 

 (0.04) (0.04) (0.04) (0.05) (0.07) 

      

Observations 208 208 208 112 96 

R-squared 0.05 0.05 0.07 0.06 0.07 

Note: Linear Probability Model. Dependent variable Outgroup Gap (SR-DR) which was constructed as taking the rate of 

unconditional cooperation with partner in the same room minus the cooperation with a partner from the different room. 

Robust standard errors in parentheses.  *** p<0.01, ** p<0.05, * p<0.1. 

 

Physiological reaction as the channel 

If we make a necessary simplifying assumption that stress causes only one 

physiological change which is the increase in cortisol, we can perform a robustness check 

exercise in the form of an instrumental variable regression where we take the assignment to 

treatment as an exogenous instrument. This analysis considers the imperfection of the treatment 

manipulation in increasing the cortisol levels of 100 % of the sample, but we can ask what 

effect on the outcome variable the increase in cortisol brings, which was caused by the 

treatment procedure. A valid instrument should be exogenous but also relevant, which means 

a high correlation with the instrumented variable, which can be demonstrated on the first stage 

results if the F-statistics is larger than 10. Two tables present the results of the linear probability 

model where on the left hand side we have the Cooperation in same room (Table 30) and the 
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Outgroup gap in cooperation (Table 31) and instead of Treatment dummy on the right-hand 

side we include the percentage increase in cortisol levels due to the TSST procedure, and 

compare them to the instrumental variable (IV) estimation where the cortisol increase is 

instrumented by the Treatment dummy.  

The plain correlations in the LPM columns do not show any significant results, and also 

the IV regression including both men and women in column 2 of Table 30. However, when run 

separately by gender, the IV result supports previous finding: that for men stress reduces their 

cooperation with in-group while for women it does not (Table 30, column 4 and 6). Stress is 

therefore a viable channel driving the effect, even though we had to assume that stress does not 

influence the behavior through any other channel which is in reality not true since it is a very 

complex reaction and there may be other hormones at work.  
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Table 30: IV Regression analysis – cortisol increase, Cooperation - SR 

  (1) (2) (3) (4) (5) (6) 

Sample Total Males Females 

Model LPM IV LPM  IV LPM IV 

              

Cortisol - pct increase (2-1) -0.03 -0.10 -0.03 -0.12* 0.01 0.04 

 (0.03) (0.08) (0.03) (0.06) (0.05) (0.08) 

Female 0.03 -0.01     

 (0.07) (0.08)     

Cortisol pct increase X 

Female 
0.05 0.12     

 (0.05) (0.10)     

Constant 0.29*** 0.33*** 0.29*** 0.34*** 0.33*** 0.32*** 

 (0.05) (0.07) (0.05) (0.06) (0.05) (0.06) 

F-statistic of first stage 
 39.84  46.11  42.01 

Observations 208 208 112 112 96 96 

R-squared 0.01 -0.01 0.01 -0.05 0.00 -0.00 

 Note: Dependent variable Cooperation SR. Linear Probability Model in columns 1, 3 and 6, Instrumental variable 

regressions in columns 2, 4, and 6; only 2nd stage presented for the IV regressions. Robust standard errors in parentheses. For 

the IV regressions, the small-sample statistics is reported. *** p<0.01, ** p<0.05, * p<0.1. 

Table 31: IV Regression analysis – cortisol increase, Outgroup Gap (SR-DR) 

  (1) (2) (3) (4) (5) (6) 

Sample Total Males Females 

Model LPM IV LPM  IV LPM IV 

              

Cortisol - pct increase (2-1) -0.00 -0.17** -0.00 -0.07 -0.01 -0.14* 

 (0.02) (0.07) (0.02) (0.05) (0.03) (0.07) 

Female 0.08 -0.01     

 (0.05) (0.06)     
Cortisol pct increase X 

Female -0.01 0.16**     

 (0.04) (0.08)     

Constant 0.01 0.10** 0.01 0.04 0.09* 0.14*** 

 (0.03) (0.04) (0.03) (0.04) (0.04) (0.05) 

F-statistic of first stage  39.84  46.11  42.01 

Observations 208 208 112 112 96 96 

R-squared 0.01 -0.17 0.00 -0.07 0.00 -0.13 

Note: Dependent variable Outgroup gap (SR-DR). Linear Probability Model in columns 1, 3 and 6, Instrumental variable 

regressions in columns 2, 4, and 6; only 2nd stage presented for the IV regressions. Robust standard errors in parentheses. For 

the IV regressions, the small-sample statistics is reported. *** p<0.01, ** p<0.05, * p<0.1. 
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10.7. Cooperation - Discussion of results 

The analysis shows a consistent picture with several important results that go against 

the ex-ante formulated hypotheses. First, we do not observe the parochial misery-loves-

company effect in the form of a general increase in cooperation under stress toward in-group 

members that underwent the same procedures in the same room, i.e. that were also stressed. 

The same prediction followed from the evolutionary theories of the stress effects on 

parochialism, the tendency to affiliate with conspecifics and be hostile against intruders, which 

can be argued for to be more pronounced under stress. For men, we even observe a significant 

decline in the cooperation levels toward in-group stressed partners, which is completely 

contrary to the ex-ante predictions.  

The increase in parochial tendencies also implies stronger discriminative tendencies 

against the out-group members, which should then emerge in our design as a decrease in 

cooperation rate with the out-group. We do observe discrimination against out-group in the 

control group in the form of a markedly lower cooperation rate, which is driven predominantly 

by the decisions of women. Interestingly, the in-group out-group gap is not present in the 

treatment group: the participants exposed to the stress procedure cooperate in the same rate 

with other stressed participants from the same room, and with other non-stressed participants 

from the different room.  

We do not observe any effects of treatment on beliefs about the decision of the partner, 

also in terms of the in-group out-group gap. We further do not observe any effects on the 

conditional cooperation, which leads us to the conclusion that the effects that we observe in the 

unconditional decisions are preference-based. The only support for the increase in parochial 

tendencies that we do observe is a decrease in cooperation rate conditional on the other person 

defecting, to which both genders contribute similarly. Our results are further robust to the 

inclusion of the personal control variables and are consistent with physical stress being the 

main channel. 

Regarding the heterogeneity of results with respect to the gender composition of 

sessions, we note that we have rather low number of observations in the treatment cells after 

the breakdown and therefore a low statistical power, the conclusions here are thus rather 

speculative. We find that the gender composition matters for the in-group cooperation as in the 

control group we observe a significantly smaller rate of cooperation in the mixed sessions than 
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in the single-sex sessions. In the treatment group this tendency is reversed, mainly due to the 

decisions of women. When examining the size of the in-group out-group gap in cooperation, 

the behavior of subjects in mixed sessions shows a smaller gap with no impact of treatment, 

while in the single-sex sessions, the treatment intervention decreases the size of the gap, which 

is again driven mostly by the decision of women. 

The absence of the pro-social effect of stress on cooperation rates is in contrast with the 

related literature that shows that both men and women become more pro-social using sharing 

and trust games, where the counterparts in the games were non-stressed out-group only (von 

Dawans et al., 2019, 2012), which could be related to the conditional cooperation in our setting. 

The only study that also investigated the effects of psychosocial stress on cooperation using 

the Prisoner’s dilemma game (Nickels et al., 2017) found a non-significant tendency of men to 

cooperate less while women cooperated more in the stress compared to control condition. The 

partners in the game were presented as other participants from the experiment, which relates to 

our in-group condition. We find no effect for women and a strong decrease for men, which is 

generally consistent with their results for men. We also find that women under stress 

discriminate less against the out-group, which could be interpreted in line with the results of 

Nickels et al., that generally women behaved more pro-socially. 

Note that we do not observe interactions of stressed towards other stressed out-group 

members, only towards non-stressed out-group members, and we also do not observe 

interactions of stressed participants towards non-stressed ingroup members, which limits the 

generality of our conclusions. We argue, however, that our setting is sufficient for the testing 

of the very basic form of the misery-loves-company effect in the domain of cooperativeness 

and the more complicated relations call for more research.  

We also point out that we observe only the effects of acute stress and cannot speak to 

the effects of chronic stress, which can be markedly different. It is also important to distinguish 

whether people are currently under the influence of chronic stress, or if it has been already 

avoided, since we study the effects of acute stress and not its aftermath as the effects may also 

differ due to timing (Margittai et al., 2015). For example the evacuated African-Americans 

from New Orleans during the aftermath of the Hurricane Katrina were more pro-social and 

more cooperative towards others in their group in an adapted dictator and public-goods games 

(Whitt & Wilson, 2007); the impact of trauma from the civil war in Burundi made the affected 

people more altruistic towards their neighbors (Voors et al., 2012) and people affected by 
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tsunami in 2004 became more trusting and trustworthy (Cassar et al., 2017). People hit by the 

Great Recession of 2008 on the other hand showed greater selfishness and higher emphasis on 

efficiency than on equity, especially when being primed by economic hardship (Fisman et al., 

2015).  

The results of our experiment open several new questions to be answered. The first is 

related to the stability of the effect of acute stress on pro-social behavior and the moderating 

factors, since the growing literature is far from showing consistent effects. The second 

important finding of our experiment that we feel deserves more investigation is the absence of 

in-group out-group discrimination in the treatment group, even though we found it only for 

women. The role of mixed sessions can also play a role as we propose, but we suggest 

examining it in a more elaborate way with better theoretical predictions and sufficient statistical 

power.  
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10.8. Emotions – automated analysis 

During the experiment the faces of subjects were measured throughout the decision-

making periods on notebooks in the TSST room, i.e. when the last subject finished the public 

speaking part they turned around, sat at the notebook and made their decision in the financial 

speculation task in the first block and in the cooperation task in the second task. Apart from 

that, the faces of subjects performing the stress-inducing public speaking procedure of TSST 

protocol were also videotaped and analyzed, but the video quality was inadequate and resulted 

to too few observations, therefore we do not report on it here.  

About a third of subjects kept their hands in some form in front of their faces, which 

resulted in about a third of the data missing, because the FR program could not get enough 

information for the analysis. Table 32 shows the distribution between control and treatment, 

which was almost even, resulting in no significant differences ( ). 

Table 32: Missing data overview 

Emotions data Control   Treatment Total 

Missing 33 37 70 

Measured 71 67 138 

    

Total 104 104 208 

Are those missing any different in terms of behavior? To answer this question, we can 

regress the dummy variable for missing data on the set of observables and the main decisions 

from the tasks. When doing this exercise, we find that there are slightly more men missing (

), but the F-statistic of the whole regression does not get over 1, which means a high 

similarity of the two groups, therefore we carry on with the analysis (results in Table 34). 

Table 33 gives an overview of measured facial emotions for the two parts of 

experiments when the decisions were made: in the upper part of the table there are emotions 

for the SET part while in the lower part there are emotions for the Prisoner’s dilemma part. It 

is apparent that there are no significant differences in any of the emotions between the treatment 

groups, even when broken by gender. The prevailing emotion was Neutral, in which women 

were slightly more intense than men, while the second most common emotion was Happy. 

When carrying out regressions with observables as controls, the results only confirm that there 

are no significant differences between the treatment groups (not presented).  
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Table 33: Emotions by Treatment 

    Females Males 

SET part  Control Treatment  Control Treatment  Total Control Treatment  Total 

Neutral 
Mean 0.70 0.72 0.74 0.74 0.74 0.67 0.69 0.68 

SD 0.13 0.14 0.12 0.13 0.13 0.14 0.16 0.14 

Happy 
Mean 0.03 0.02 0.03 0.02 0.02 0.03 0.03 0.03 

SD 0.02 0.02 0.02 0.01 0.02 0.02 0.03 0.02 

Sad 
Mean 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.02 

SD 0.03 0.03 0.02 0.03 0.03 0.04 0.02 0.03 

Angry 
Mean 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 

SD 0.02 0.01 0.02 0.01 0.02 0.02 0.01 0.02 

Surprised 
Mean 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 

SD 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 

Scared 
Mean 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

SD 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Disgusted 
Mean 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 

SD 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.01 

  N 71 67 32 37 69 39 30 69 

PD part         

Neutral 
Mean 0.71 0.70 0.75 0.70 0.72 0.68 0.70 0.69 

SD 0.15 0.17 0.13 0.15 0.14 0.15 0.19 0.17 

Happy 
Mean 0.03 0.03 0.03 0.03 0.03 0.03 0.04 0.04 

SD 0.02 0.04 0.02 0.04 0.03 0.03 0.03 0.03 

Sad 
Mean 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01 

SD 0.02 0.02 0.01 0.02 0.02 0.03 0.01 0.02 

Angry 
Mean 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 

SD 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 

Surprised 
Mean 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 

SD 0.01 0.02 0.01 0.02 0.02 0.01 0.01 0.01 

Scared 
Mean 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

SD 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01 

Disgusted 
Mean 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 

SD 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 

  N 71 67 32 37 69 39 30 69 

Note: emotions measured from facial expressions using the Facereader 6 program.  
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Table 34: Regression analysis, emotions data recorded or not 

  (1) (2) 

      

Treatment -0.04 -0.09 

 (0.07) (0.08) 

Female 0.13* 0.13* 

 (0.07) (0.07) 

age 0.02 0.02 

 (0.03) (0.03) 

STAI -0.03 -0.00 

 (0.04) (0.04) 

Risk - general 0.01 0.02 

 (0.02) (0.02) 

ambiguity - general -0.04 -0.05 

 (0.03) (0.03) 

NEO - Openness 0.00 0.00 

 (0.01) (0.01) 

NEO - Extraversion -0.01 -0.01 

 (0.01) (0.01) 

NEO - Conscientiousness 0.00 0.00 

 (0.00) (0.00) 

NEO - Agreeableness -0.00 -0.00 

 (0.01) (0.01) 

NEO - Neuroticism 0.00 0.00 

 (0.01) (0.01) 

PD_SR  0.07 

  (0.08) 

SR SET  -0.03 

  (0.02) 

Cortisol - pct increase (2-1)  0.02 

  (0.03) 

mdmq_gb_diff  -0.00 

  (0.01) 

Constant 0.50 0.37 

 (0.71) (0.75) 

   

F-statistic 0.95 1 

Observations 207 199 

R-squared 0.04 0.06 

Note: Linear probability model, dependent variable is a dummy indicating that the data for the emotions analysis was 

successfully recorded an analyzed or not. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.  
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We also calculate valence and contrast it between the treatment groups. Table 35 

presents the means of valence across the treatment and control groups, with a break-down by 

gender. There have again been found no significant differences between the treatment and the 

control group in any of the situations, not even between men and women separately, which 

contrasts with the measurement of mood using the questionnaires. 

Table 35: Average valence across the two decision-making parts 

        Females Males 

  Control Treatment Control Treatment Control Treatment 

Valence -  

SET part 

Mean -0.01 -0.01 -0.01 -0.02 -0.01 0.00 

SD 0.04 0.04 0.04 0.04 0.05 0.04 

Valence -  

PD part 

Mean 0.01 0.01 0.01 0.00 0.00 0.02 

SD 0.04 0.05 0.03 0.05 0.05 0.04 

Note: mean and standard deviations (SD) of emotional valence calculated during the decision-making parts SET Speculation 

Elicitation Task (SET) and Prisoner’s dilemma (PD). 

In the next step we look at the relationship between the reported emotions and the 

emotions measured by FR. Table 36 presents the results of a regression analysis where we 

regress the levels of mood score calculated from the questionnaire administered after the TSST-

G procedure, and in the last two columns the change in cortisol levels, on the emotions 

measured in the second part of decision-making except for Neutral and Surprised, separately 

for treatment and control groups. The results show rather inconsistent pattern with several 

variables significant, but of an opposite sign in treatment and control groups. In case of 

good/bad dimension, there is no correlation with the measured emotions. For the calm/nervous, 

there seems to be a significant correlation with the emotion Scared, but in the control group the 

sign is the opposite than in the treatment group. In case of the awake/tired score, there is only 

the Sad emotion that correlates, and only in the control group. This emotion is also correlated 

with the cortisol reactivity, but again with a different sign for the treatment and the control 

group.  
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Table 36: Correlations between surveyed and measured emotions 

  (1) (2) (3) (4) (5) (6) (7) (8) 

VARIABLES GB_score after CN_score after AT_score after 

Cortisol -  

pct increase (2-1) 

GROUP Control Treatment Control Treatment Control Treatment Control Treatment 

                  

bHappy 36.30 5.80 40.42* 18.34 27.52 -0.57 0.35 0.49 

 (22.08) (33.09) (24.15) (22.27) (21.53) (24.31) (1.02) (5.18) 

bSad 3.30 -56.38 -21.29 14.38 83.84*** -33.52 1.63*** -16.71* 

 (20.73) (61.08) (17.66) (53.23) (22.90) (55.00) (0.61) (8.83) 

bAngry 3.23 -48.52 11.28 -68.89 -1.83 -37.17 -1.54 -2.59 

 (32.04) (67.65) (36.22) (54.26) (47.47) (54.01) (2.00) (12.46) 

bScared -93.70 19.78 

-

250.74*** 306.71* -101.67 -246.27 0.04 74.26 

 (91.20) (243.96) (82.82) (181.71) (62.11) (174.05) (2.18) (86.53) 

bDisgusted 138.95 265.94 -29.77 292.84** -31.52 241.37 -1.44 56.57 

 (126.63) (179.22) (125.31) (141.47) (126.10) (176.25) (3.64) (46.66) 

Constant 21.28*** 21.37*** 22.47*** 20.91*** 18.55*** 19.78*** -0.17*** 1.08*** 

 (1.20) (1.69) (1.16) (1.34) (1.28) (1.46) (0.04) (0.32) 

         

Observations 67 67 67 67 67 67 71 67 

R-squared 0.06 0.06 0.11 0.09 0.11 0.06 0.05 0.08 

Note: OLS, dependent variables indicated in the 2nd row. GB=good/bad, CN=calm/nervous, AT=awake/tired. Robust 

standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.  

The last step in the analysis repeats the core regression specifications from the 

evaluation of the speculations and the cooperation sections. First, we repeat the main 

specification from the section Speculations: SET scores, and add the measured emotions in the 

negative valence direction, that is Sad, Angry, Scared and Disgusted. Table 37 presents the 

results. The main effects after the addition of emotions are weaker in statistical significance 

and magnitude, but remains there (column 2), and the only significant emotion is Scared. 

Adding the emotions interacted with the Treatment does not change anything for the main 

effects.  

In the remaining columns we can see the regressions run separately by gender, which 

inform us that the emotions channel impacted both men and women. For women, adding the 

emotions results in a larger coefficient of the Treatment dummy, in column 6 almost twice as 

large and the driving emotions seems to be Scared, while for men the addition of emotions 

results in the coefficient of the Treatment dummy be effectively zero. This suggests that in 

general, emotions measured by the FacereaderTM program matter for the decision-making, 

when revealed by the subject.  



   

177 

 

Table 37: SET scores with measured emotions 

  (1) (2) (3) (4) (5) (6) (7) (8) (9) 

Sample All All All Women Women Women Men Men Men 

                   

Treatment 0.59** 0.24 -0.36 -0.66* -0.72* -1.34* 0.59** 0.03 -0.32 

 (0.26) (0.34) (0.51) (0.34) (0.40) (0.76) (0.26) (0.33) (0.51) 

Female 0.93*** 0.72* 0.68*       

 (0.30) (0.38) (0.39)       
Female X 

Treatment -1.25*** -1.04* -1.10*       

 (0.43) (0.54) (0.57)       

Sad  -2.76 -8.03  6.73 6.67  -9.86* -10.77 

  (4.19) (7.27)  (5.39) (15.20)  (5.63) (7.33) 

Angry  -1.88 -6.04  -2.98 -4.68  -1.93 -7.92 

  (8.64) (9.22)  (9.04) (8.59)  (14.71) (19.02) 

Scared  -122.19* -167.64  -366.07*** -658.95**  24.24 14.56 

  (63.23) (102.26)  (115.71) (281.42)  (64.06) (74.84) 

Disgusted  16.37 3.59  -122.92* -121.15  38.80 34.72 

  (33.21) (44.10)  (72.32) (136.24)  (40.97) (53.56) 

Sad X  

Treatment   15.40*   2.36   11.72 

   (9.06)   (16.44)   (10.89) 

Angry X  

Treatment  20.64   -0.21   25.77 

   (21.99)   (33.21)   (24.79) 

Scared X  

Treatment  41.76   361.02   -33.12 

   (125.36)   (296.78)   (124.27) 

Disgusted X  

Treatment  12.11   -11.96   -0.33 

   (64.12)   (158.33)   (78.22) 

          

 0.39*** 0.45*** 0.43*** 0.49*** 0.48*** 0.46*** 0.29*** 0.28** 0.27** 

 (0.06) (0.08) (0.08) (0.09) (0.11) (0.11) (0.09) (0.11) (0.11) 

Constant 3.72*** 4.11*** 4.41*** 4.64*** 5.37*** 5.85*** 3.72*** 3.92*** 4.06*** 

 (0.20) (0.29) (0.36) (0.22) (0.38) (0.49) (0.20) (0.27) (0.35) 

          

Observations 208 138 138 96 69 69 112 69 69 

Note: OLS. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.  

The last table (Table 38) shows the results when we include the measured emotions in 

the specification for the unconditional cooperation with a person in the same room and in the 

different room. The addition of the emotions reduced a little the size of the coefficient of the 

Treatment dummy and made it insignificantly different from zero, which suggests that negative 

emotions play an important role in the decision to cooperate for men.  
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In case of cooperation with a person in the different room we observe that the addition 

of the emotions reduces but does not eliminate the p-value of the interaction term, while it does 

eliminate the significance of the Female dummy.  

We may conclude that the emotions were probably strong enough to both be revealed 

in the face as well as influence behavior. However, their multi-dimensionality makes a proper 

analysis of their role in the decision-making difficult.  

Table 38: Emotions and cooperation 

  (1) (2) (3) (4) (5) (6) 

 Cooperate SR Cooperate DR 

              

Treatment -0.16* -0.14 -0.14 -0.07 -0.08 -0.03 

 (0.08) (0.10) (0.14) (0.08) (0.10) (0.14) 

Female -0.04 -0.03 -0.03 -0.16* -0.09 -0.09 

 (0.09) (0.11) (0.11) (0.08) (0.10) (0.10) 

Female X Treatment 0.20 0.27* 0.26 0.28** 0.28* 0.26* 

 (0.13) (0.15) (0.16) (0.12) (0.15) (0.15) 

Sad  1.96 1.32  2.13 1.71 

  (1.60) (2.24)  (1.71) (2.56) 

Angry  2.54 2.50  2.94 3.45 

  (2.50) (2.98)  (2.59) (2.97) 

Scared  -18.47 -7.67  1.22 9.13 

  (15.90) (31.04)  (16.63) (31.04) 

Disgusted  -1.66 -1.91  -2.48 1.73 

  (9.13) (13.97)  (9.05) (14.21) 

Sad X  

Treatment   1.47   0.59 

   (2.87)   (3.30) 

Angry X  

Treatment   0.92   -2.22 

   (5.51)   (5.61) 

Scared X  

Treatment   -15.53   -8.14 

   (36.62)   (37.42) 

Disgusted X  

Treatment   0.66   -5.65 

   (19.11)   (19.33) 

Constant 0.36*** 0.27*** 0.27** 0.30*** 0.20** 0.18 

 (0.06) (0.09) (0.12) (0.06) (0.09) (0.11) 

       
Observations 208 138 138 208 138 138 

R-squared 0.02 0.07 0.07 0.03 0.06 0.07 

Note: OLS. Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1.  
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10.9. Discussion of results – Emotions – automated 
analysis 

Using the FacereaderTM software, we measured the seven emotions during the two 

decision-making phases of the experiment and calculated simple averages over these periods. 

We note that we are missing about one third of the data, but the subjects that we do not have 

the data for do not seem to differ from the rest. Interestingly, no difference in the emotions and 

valence in any of the two decision-making phases was found between the treatment group that 

was exposed to the stress-inducing procedure and the control group. There was mostly no 

significant correlation between the measured emotions and self-reported mood dimensions, and 

when there was a significant relationship, like between the Calm-nervous dimension and 

feeling Scared, and between being Sad and the cortisol change, the sign of the coefficient was 

different in the control and treatment group.  

The last step of the analysis was an exercise correlating the decisions in the main 

specifications of the decision-making sections with emotions measured during the particular 

phases. First, when regression the decision to speculate against traders from the same room on 

dummy variables treatment, female and their interaction, the coefficients seem to be affected 

as they lose levels of significance and partially also the magnitude. The emotions are mostly 

not significantly explaining the decisions. A similar picture appears when the analysis is done 

separately for men and women. For women the addition of emotions variables and their 

interaction with treatment doubles the magnitude of the coefficient of Treatment, while for men 

this results in the loss of significance and even reversed sign of the coefficient. As the emotions 

affect the coefficient estimates of the originally included variables, they probably are related 

to the decision, but in a more elaborate indirect way. Another step of the analysis may be to 

isolate directly the time period of the decision in the continuously measured emotion data rather 

than taking just the crude average.  

In case of the extension of the original specification of the analysis of cooperation, the 

addition of emotion variables does not really change the magnitude of the estimates, they only 

increase a little in the standard errors, which results in different p-values. There is also no 

statistically significant coefficient of an emotion variable in the regressions, which suggests 

that in the second decision-making part, the emotions were either hidden and not measured 

from the videos, or unrelated to the decisions.  
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11. Conclusion 

This theses in the first part presented facts about the importance of studying stress for 

economists, continued with the overview of the current state of the art of practices of the 

experiments that manipulate the stress levels, and provided an exhaustive overview of the 

empirical results in the literature. The only formal model of stress that has appeared in the 

literature so far was presented in a separate chapter with suggestions for extensions. The second 

part of the thesis presented the showcase example of an experiment where individual 

willingness to speculate and cooperation were investigated how they change due to acute 

psychosocial stress. Apart from the change in behavior, also the a-priori suspected channels of 

the change were investigated, including the emotions measured with an automated program 

Facereader.  The results of the studies pointed to the more complicated behavioral effects that 

originally expected, with a strong role of gender-specific effects. The reader should note that 

there remain many more dimensions of analysis of the individual phenomena that have not 

been included in this thesis, such as multiple robustness checks of the effect, which was done 

for the sake of brevity of the overall text. 

The methodology allowed for a clean estimation of the causal effect of acute 

psychosocial stress in novel areas and contributes to several streams of literature, as argued in 

the introduction. Despite the strengths of the research project that also include engaging a much 

larger number of student participants in the experiment and not omitting women, as is standard 

in the psychological research, there remain certain weaknesses. The number of observations 

for the analysis of the effect of mixed session is rather low and the results are therefore rather 

speculative. The large part of missing data in the section where the face emotions are analyzed 

by software also does not allow for drawing strong conclusions. In case of the supplementary 

experiment with the professional traders, we note these are commodity traders and in case of 

stock traders the results may also differ, especially with respect to their risk-taking attitudes.  

The reader is advised that there are still many more avenues of stress research that are 

waiting to be revealed, and the conflicts in results of different studies that need to be resolved. 

A large unexplored area covers the effects of chronic stress measured in the controlled manner 

that is still ethically feasible. The current literature offers only several approaches that are either 

rather short in duration, like repeating a laboratory stress-induction procedure over several days 
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(Haushofer et al., 2018) or administering hydrocortisone over several days (Kandasamy et al., 

2014), or the stressors are stemming from the natural environment stimuli like university exams 

(Leder et al., 2015), medical internship (Mayer et al., 2018) or poverty and adverse work 

conditions (Chemin & Haushofer, 2016; Haushofer & Fehr, 2014), which are often confounded 

by self-selection of people with certain non-random attributes and cannot be properly varied 

by researchers. The new method of analysis of hair-cortisol offers a tool for the objective 

assessment of long-term exposure to stressful events, its relationship to the psychological 

experiences is however debated in the literature (Weckesser et al., 2019). Chronic stress may 

therefore be even more complicated than has so far been established in the medical literature, 

even not speaking of its behavioral effects. A potentially feasible and ethical way of examining 

its causal effects on behavior may be rather than imposition of stress on randomly chosen 

people, lifting randomly chosen people from the conditions that put them under chronic stress, 

as has been done with the very poor or with the workers in adverse conditions with providing 

them with a sizeable cash transfer and medical insurance, respectively (Chemin & Haushofer, 

2016; Haushofer & Fehr, 2014). Cheaper alternatives that may also reduce the levels of stress 

could be certain versions of mindfulness training, cognitive-behavior therapy, meditation, 

nature visits or having pets (Aldwin, 2004; Blattman, Jamison, & Sheridan, 2017; Heller, 

Pollack, Ander, & Ludwig, 2013; Kelly et al., 2008). Furthermore, there have been new 

techniques developed in the virtual reality that may either increase stress levels (Zimmer et al., 

2019) or decrease them (Kothgassner et al., 2018). This allows for a low-cost alternative of 

repeating stress manipulation at home and examining its effects, including the habituation to a 

particular stressor. 

Another important area that needs more research is establishing the respective roles of 

different hormones that are suspected to drive the differences in results across different studies. 

The immediate impact of acute stress that manifests with the increase in adrenaline and nor-

adrenaline may impact behavior differently than the activation of the HPA axis which follows 

in the course of minutes. The published studies investigating this have been not exhaustive and 

also due to a rather low number of subjects and heterogenous methodology still rather 

suggestive than persuasive (Bendahan et al., 2016; Margittai et al., 2015; Pabst et al., 2013a).  

A completely different dimension of the stress research is applying the gained insights 

in the field, such as implementing stress-reduction measures in areas where they may matter 

for the economic outcomes of the affected people. For example, Cahlíková, Cingl & Levely 
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(2019) find that the combination of stress and competition is detrimental for the math 

performance of women, which has implications for the labor market and management practices 

that call for being tested. The stressful and competitive assessment centers that are now a 

favorite form of a selection procedure to large companies may not reveal the true qualities of 

women, and the reduction of stress in this procedure may help to remove this bias. Competitive 

incentive schemes have already been found in a natural field experiment to deter women more 

than men (Flory et al., 2015), the manipulation of stress levels is still waiting to be tested. The 

general avoidance of negotiations over promotions which is also a stressful situation may slow 

down the career advances of women (Leibbrandt & List, 2015). This may be avoided by 

scheduling regular meetings over the course of a year where salary would be negotiated, or 

with a pre-defined fixed plan of salary raises when conditions for them are met or comforting 

the negotiations in other ways so that the stress levels reduce. 
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13. Appendix – SET Instructions  

Instructions - Part 1 
In several tasks in part 1, you will decide in randomly created groups of three. Each of 

you will receive ECU 3 at the beginning, for which you will be able to buy an "asset". Your 

task will be to decide whether you want to buy this asset depending on its price. If you decide 

not to buy, you will keep your initial 3 ECU. If you decide to buy, it will matter if you sell the 

asset to another trader. This asset does not bring any dividends, which means that if you stay, 

it will bring you ECU 0, but if you can sell it, this trade will give you 10 ECU. 

The price of the asset for which you buy or sell does not affect your payout from the deal. If it 

costs more than the 3 ECU you have, you will still be able to buy it. Imagine that you have an 

external partner who will provide you with the necessary extra means to do business, but does 

not interfere directly with the game.  

 

Example: If you buy an asset, for example, for 100,000 and sell it for 1,000,000, you get only 

10 ECU, or if you do not sell, you lose only the initial ECU 3. The rest always gains or loses 

an external financial partner who only provides you with the funds to trade. 

The market in this group of three traders proceeds as follows: 

 

- Trader No. 1 (T1) decides as the first whether to buy the asset or not. 

 

• If T1 does not buy the asset, all three traders keep 3 ECUs for the payment. 

 

• If the T1 purchases the asset, it is automatically assumed he will offer it to trader No. 

2 who then decides whether to buy it or not. 

 

- Trader No. 2 (T2) 

 

• If T2 does not buy, T1 gets 0 ECU, and the remaining two traders keep their 3 ECU. 

 

• If T2 purchases the asset, T1 will receive 10 ECU and the asset is automatically 

offered to T3. 

 

- Trader No. 3 (T3) 

 

• If T3 does not buy the asset from T2, he keeps 3 ECU, T1 keeps 10 ECU and T2 gets 

nothing. 

 

• If T3 purchases the asset, he does not have anybody to offer the asset to anymore, so 

he will keep the asset and receive 0 ECU, while the remaining two traders will receive 

10 ECU. 

 

The process is illustrated in the following figure. Payoffs in individual situations are written 

using three digits, where the first digit denotes the payout for T1, the second for T2 and the 

third for T3. 



   

210 

 

 

At the beginning, no trader knows where their position is, or their number is in a row. 

The positions are divided randomly and each trader has the same chance to be in each of the 

three positions. However, each trader can guess at which the position is likely to be thanks to 

the price that is offered to him. Trader 1 will be offered one randomly selected price level (see 

Table 1). If he succeeds in selling, the next trader 2 has to bid ten times the offered price, which 

is also true for trader 3. Table 1 shows the chances that trader 1 will be offered given price. 

This price is then the initial price in a row and the next two prices are ten times the previous 

one. 

 

Example: If Trader 1 receives a security to buy at P1 = 1, Trader 2 will face P2 = 10 and Trader 

3 at P3 = 100. 

 

The price that you can get in reality will have only values of multiples of ten, between 1 and 

1,000,000 (inclusive). Thus, the offered price of 1 means for the trader can be sure he is in 

position 1, while the price of 1 000 000 means for him he is surely at the position 3. 

 

Example: If Trader 1 gets a purchase price for P1 = 10,000, Trader 2 will face P2 = 100,000 

and Trader 3 P3 = 1,000,000. Trader 3 cannot face a higher price than that. 

 

For the sake of clarity, see Table 2 below what the different levels of prices mean to you - what 

chances for your position in a series of traders each price of the asset means. Keep Table 2 

close during your decisions. 

 

Please note again that the price of the asset you buy or sell does not affect your payment. 

This means that if you buy for example for 100,000 and sell for 1,000,000, you only get 10 

ECU. If you do not sell the asset, you will lose only the initial ECU 3. The rest always gets or 

loses an external financial partner who only provides you with funds for business. 

 

Do you have any questions about this process? Now the control questions follow, which we 

administer only in order to make sure everyone understands the process. These questions and 

your answers have no effect on your payment. 
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Control questions (Z-tree): 

 

1. If you have not already been offered a price, what is the chance that you are at position 3? 

a. 100% 

b. 75% 

c. 10% 

d. 33.3% 

 

2. What is the chance that a trader in position 1 will receive an offer of 1,000? 

a. 0% 

b. 15% 

c. 20% 

d. 30% 

 

3. What is the chance that a trader in position 1 will receive an offer of 100,000? 

a. 0% 

b. 15% 

c. 20% 

d. 30% 

 

4. When you get the price of 1,000, what is the chance you are NOT at position 3? 

a. 10% 

b. 30% 

c. 40% 

d. 70% 

 

5. What is your payoff if you are in position 1 and you decide to buy, but trader 2 decides not 

to buy? 

a. 0 ECU 

b. 3 ECU 

c. 10 ECU 

 

6. What is your payoff if you are in position 1, you decide to buy and trader 2 also decides to 

buy? 

a. 0 ECU 

b. 3 ECU 

c. 10 ECU 

 

7. What is your payoff if you are in position 2 and you decide not to buy, but trader 1 decides 

to buy? 

a. 0 ECU 

b. 3 ECU 

c. 10 ECU 
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Task 1 (Z-TREE - TSST room) 

 

On the next few screens, you will see all seven prices from highest to lowest. Your task will be 

to decide for each of them if you want to buy the asset for it. Right now you do not know what 

price you will be offered, and you are now deciding for any option that may occur. Two other 

traders in your group will be randomly selected participants in the experiment from this room. 

Once you make your decisions, your computer performs these three steps to calculate your 

payout: 

1. Randomly selects one of seven prices, each with the same chance. Then it looks at your 

decision on whether to do (buy / not buy) for this price. 

2. Next, the computer randomly selects your position in a row, according to the chances that 

correspond to the scheme specified in Table 2 given the randomly selected price. 

3. Then the computer will assign you the remaining two merchants whose decisions will 

determine your payoff as described earlier. 

 

This evaluation will only be done at the very end of the experiment. 

 

Note: if you decide to buy at a certain price, we take it automatically as that you want to buy 

at all lower prices than that, as there is then always a greater chance that you will not be in 

position 3. For example, if you decide to buy the asset at a price of 1,000, we assume you want 

to buy also for prices 100, 10 and 1. If everything is OK, click on "Continue" or click "Fix" if 

you want to fix something. 
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Table 1 

price Chance that Trader 1 gets this price 

1 15% 

10 20% 

100 30% 

1 000 20% 

10 000 15% 

 

Table 2 

price 

Chance - 

position 1 

Chance - 

position 2 

Chance - 

position 3 

1 100 % 0 % 0 % 

10 60 % 40 % 0 % 

100 50 % 30 % 20 % 

1 000 30 % 40 % 30 % 

10 000 20 % 30 % 50 % 

100 000 0 % 40 % 60 % 

1 000 000 0 % 0 % 100 % 
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Expectations 1 (part of Task 1) 

 

Now, we would like to ask you what you think other merchants, who are the other participants 

of the experiment in this room, have done. Just as you have been, they have been offered prices 

of the asset between 1,000,000 and 0, and starting with one price from this set, they decided to 

buy the asset. It is this highest price for which they decided to buy what we are interested in. 

All the highest prices are listed in the following table. In total there are 8 participants in this 

room. Your task is to write to each maximum price the number of other participants you think 

that buy at that price. The sum of participants should give 7. 

 

Example: If you think all other subscribers have started buying at the price of 1,000,000, you 

will write a “7” in the respective field and 0 into other fields. 

 

If you correctly estimate the decision of 6 or more other players, you will receive a bonus of 3 

ECU accuracy. If you correctly estimate the decision of at least 4 participants, you will receive 

a bonus of 2 ECU. This bonus will be paid out regardless of whether this part will be drawn 

for payout at the end of the experiment. 
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